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LETTER OF TRANSMITTAL

DELEGATION OF THE UNITED STATES OF AMERICA
INTERNATIONAL CONFERENCE

ON PEACEFUL USES OF ATOMIC ENERGY

The Honorable
THE SECRETARY OF STATE
Washington, D.C.

SIR: I refer to the letters to me dated February 14, 1955, and July 28,
1955, the first requesting me as Chairman of the Atomic Energy Commission
to assume responsibility for the technical preparations for United States
participation in the International Conference on the Peaceful Uses of
Atomic Energy, and suggesting that I serve as Chairman of the United
States Delegation; the second conveying instructions and setting forth
for the guidance of the Delegation the Department's views concerning the
Conference and United States participation. In conformity with those
instructions, I submit the attached report.

I take pleasure in complimenting, and in expressing my sincere
appreciation of, the spirit and the manner in which all members of the
United States Delegation fulfilled their responsibilities. In the
fullest sense, the United States presentation at the conference was the
product of unstinting effort on the part of every segment of the United
States atomic energy program-—of industry, of academic institutionms,
and of the Government. The scientists and engineers of all these or-
ganizations produced the technical papers which formed so large a part
of the United States contribution to world progress in the peaceful uses
of atomic energy. Industry contributed not only notable papers but
helped to build a large and breedly representative technical exhibit.
The cooperation of other agencies ol the Government was wholehearted.

I have written to express our thanks to the hundreds of in-
dividuals and organizations that helped to make the United States par-
ticipation, and the conference itself, a worthy contribution of promoting
the peaceful and beneficial uses of atomic energy throughout the world.

I take this opportunity to bring to your attention a few among the

many who made contributions. The idea for an international conference
occurred to a number of leaders of science: it was broached informally by me
in December, 1953, during the President?s Bermuda meeting with the

prime ministers of the United Kingdom and France. Subsequently,
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Dr. Alan Waterman, Director, National Science Foundation, independently
proposed such a conference and offered the services of his agency to help
organize it. Dr. Isidor I. Rabi, Chairman of the General Advisory Com-
mittee, Atomic Energy Commission, made a similar suggestion. Dr. Rabi,
with Dr. Robert A. Charpie, of Oak Ridge National Laboratory, as his deputy,
was the United States architect of the conference, and of United States
participation. Dr. George L. Weil left his private business as a con-
sultant for some months to prepare and organize all technical aspects

of the United States participation. Harry S. Traynor, of AEC, ably
served as Executive Officer for the Delegation. Gerard Smith, Assistant
to the Secretary of State for Atomic Energy Affairs; Consul General
Franklin Gowen and his staff of Geneva; John McKnight, of the United
States Information Agency, and the Office of International Conferences,
Department of State, gave invaluable assistance.

Respectfully yours,

Lewis L. Strauss
Chairman

iv
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LETTER_FROM DEPARTMENT OF STATE

February 14, 1955

Dear Mr. Chairman:

The President's proposal to have convened an international scien-
tific conference, announced by you on April 19, 1954, has moved several
steps nearer to fruition. It was, at United States initiative, the sub~
ject of a resolution of the General Assembly. Pursuant to this resolu-
tion, the Advisory Committee to the Secretary General of the United
Nations met and advised concerning a topical agenda for the Conference
and the Rules of Procedure that should govern it. I am enclosing a
copy of despatch 605 of February 4 from our Delegation to the United
Nations which encloses, in turn, a copy of the Secretary General's
invitation to the United States Government to participate in the Con-
ference and also the topical agenda and Rules of Procedure.

Since the Conference will be convened on August 8 at Geneva,
the Rules provide for the submission of titles and abstracts of Con-
ference papers, if nossible, not later than May 15. In view of this
tight time schedvle, .very effort will have to be made to take immediate
steps to plan for this Government'!s presentations at the Conference,
to organize the United States Delegation to the Conference, and to plan
for exhibits by the United States at the Conference.

In view of the initiative taken by you in the matter of the
Conference and the technical and scientific character of the Conference.
I feel that the Atomic Energy Commission should take the primary res-
ponsibility in the technical planning for United States participation,
although the over-all political responsibility for United States par-
ticipation in the Conference, of course, resides in the Department of
State. Specifically it would seem appropriate for the Commission to
solicit appropriate technical papers, screen all papers (solicited and
unsolicited), insure that only the best United States papers are pre-
sented to the Conference, make recommendations to the Department on
the composition of the United States Delegation, and plan for signifi-
cant exhibits by the United States at the site of the Conference.

I understand that Dr. George L. Weil, formerly Assistant Direc-
tor of the Commissionts Division of Reactor Development and now a
Consultant to the Commission, is agreeable to serving in the capacity
of Technical Director for United States participation in the Conference.
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The Department of State will inform all interested agencies of the United
States Government about the Conference and at the same time furnish copies
of the pertinent documents. It is assumed that Dr. Weil, in his capacity
of Technical Director, will undertake to secure the views of these other
agencies as to the possible contributions of a technical and scientifiec
nature they are prepared to make to the Conference. In order that these
agencies may be informed of the important role that Dr. Weil will play

in connection with United States participation in the Conference, copies
of this letter are being sent along with the other documents referred

to above,

It will be noted that this Government is obligated to provide
the Secretary General of the United Nations at an early date with the
name of an American citizen for designation as one of the Vice Presi-
dents of the Conference. Also, suggestions should be offered the Secre-
tary General as to individuals who may be designated to act as Chairman
and Rapporteurs of Sections of the Conference. Your views on nominees
for these positions would be appreciated.

Under Rule 2 of the Rules of Procedure, each participating
State may designate five Representatives to the Conference. The Repre—
sentatives may be accompanied by such number of Advisers as may be
required to insure adequate presentation and discussion of technical
papers. I should like to suggest that you consider accepting the
position ¢f Chairman of the United States Delegation to the Conference.
In addition, your comments as to the other members of the group, both
governmental and non-governmental, would be most helpful.

With respect to United States representation, it sheuld be re-

membered that the United States nominee for the position of Vice Presi-
" dent of the Conference and any suggested Chairmen and Rapporteurs of

Sections accepted by the Secretary General, should be members of the

United States Delegation as the expenses of their attendance will be

a charge against this Government and not the United Nations. Formal

nominations of delegation members should be accompanied by a statement

attesting ts their loyalty and security.

Rule 4 of the Rules of Procedure provides that credentials
shall be presented to the Conference Secretary General not less than
14 days before the opening of the Conference. After receipt of your
recommendations, the Department will determine the composition of the
Delegation to meet this deadline. Any commitments concerning partici-
pation will, of course, be contingent upon such approval.

There is one other point that I would like to bring to your
attention, namely the issuance of an initial press release on United
States participation in the Conference. I believe that such a release
should be issued jointly by the Department and the Atomic Energy Com~
mission. It should include information on the agenda, Rules of Pro-
cedure, and point up the Commission's responsibility within the United
States Government for the scientific and technical planning for United
States participation in the Conference. :

vi
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The Cffice of the Special assistant for Atomic Energy and the
Bureau of Internaticnal Organizaticn Affairs will continue to be re-
sponsible in the Department for all phases of the planning and prepara-
tion for the Conference and will be in constant touch with Dr. Weil

and his staff.

Sincerely yours,

(Signed) Herbert C. Hoover, Jr.

Under Secretary
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REPORT_ON THE CONFERENCE

As Chairman of the United States Delegation, and on behalf of
myself and the other Official Representatives--Dr., Willard F. Libby,
Dr. Detlev Bronk, Dr. I. I. Rabi, and Dr. Shields Warren--I tender
this report on the International Conference on the Peaceful Uses of
Atomic Energy, held by the United Nations in Geneva, Switzerland,
between August 8 and August 20, 1955.

Every indication points to the conclusion that the Conference
must be regarded as an unqualified success. The statements of dele-
gates of the 73 nations represented, the messages conveyed from the
heads of states to the Conference, the interest of the public, and
the comments of the news agencies throughout the world, all support
this Judgment. It is equally the considered consensus of the
Official Representatives of the United States and their advisers.

The volume of the scientific and technical information ex-
changed is evidenced by the fact that the United Nations will
require 16 volumes to publish the Conference proceedings.* In the
judgment of the United States Delegationts Technical Advisers, the
quality of the papers submitted, and the discussions of these papers,
matched the best scientific forums. The discussions among delegates
were deemed generally free and frank. The spirit of cooperation and
friendliness among delegates of all the Nations represented at the
Conference was entirely in harmony with that engendered a few weeks pre-
viously in Geneva during the Conference of President Eisenhower with
the Prime Ministers of France, the Union of Soviet Socialist Republics,
and the United Xingdom.

The measure of the Conference'!s success in all these particulars
was the unanimity of the response to President Eisenhowsr's expressed
hope, which I was priviieged to voice in Geneva, that another inter-
national conference on peaceful uses of atomic energy could be held
within two or three years., Prime Minister Bulganin of the USSR later
made a similar suggestion in a formal message sent to the Conference's
closing session. Secretary-General Dag Hammarskjold in his report on
the Conference to the United Nations General Assembly on September 14,
1955, stated that the President of the Conference, Dr. Homi J. Bhabha,
of India, had found that there was Muniversal sentiment, . .for another
scientific conference . . -to carry forward the work so well begun."

It ie gratifying to be able to report the conviction of the
United States Official Representatives that this Conference has made a
genuine contribution toward opening the way for world-wide cooperation

* See Appendix XVI
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to place atomic energy at the peaceful service of all nations. President
Eisenhower's leadership in this broad effort was generously praised. ‘
Speakers at the Conference referred repeatedly to the President's address
before the United Nations General Assembly on December 8, 1953,%* in
which he declared:

", . .the United States pledges before you-—and therefore
before the world--its determination to help solve the
fearful atomic dilemma. . . to devote its entire heart
and mind to find the way by which the miraculous in=-
ventiveness of man shall not be dedicated to his death,
but consecrated to his life."

At the Conference, Official Representatives of the United States
called attention to the positive steps which this country was taking in
cooperation with other nations, and would continue to take, to fulfill
this pledge:

the United States commitment to allocate 200 kilograms of
fissionable uranium for use by other nations in research reac-
tors;

the offer to contribute to the cost of building research
reactors in other countries;

the opening of reactor training courses to students from
abroad;

the invitations to medical and surgical experts from
abroad to share in the work of cancer hospitals where
atomic energy products are used in research and therapy;

the gifts of technical libraries of US Atomic Energy Com-
mission publications to 29 nations;

the bilateral agreements of cooperation initialed or
signed with 27 nations to share with the United States in
development of peaceful uses of atomic energy, the discuss-
ions looking toward further agreements; and

the new approach to speedier development accomplished
by ameniding United States atomic energy law so as to pro-
mote wider participation by United States industry, and
wider dissemination of information through international
cooperation,

The international pool of atomic energy materials and knowledge,
and the forming of an international agency to promote the peaceful uses

¥*

Text of President Eisenhower's address in Appendix XI

xvi
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of atomic energy, which President Eisenhower proposed, could not be
discussed in a nonpolitical conference, dedicated as this one was to
scientific and technical information and problems. Several speakers
nevertheless referred to the formation of an international agency as
being highly desirabls.

It will not be possible for some time to appraise fully the
results of the Conference. Certain results can be cited with confidence,
and others can be inferred as probable, In the opinion of the United
States Official Representatives, the Conference accomplished these
things:

1l. The exchange of information, and the friendly inter-
course among delegates to the Conference, began the re-
astablishment of world-wide communication among atomic
scientists and engineers., The stimulation of these con-
tacts, the access to new and broader information, provides
an opportunity for the inventive imagination of the world
of science to explore, to discover, and to develop new
knowledge for the benefit of all nations.

2, Great quantities of scientific and technical informa-
tion, some of which never before had been made generally
available, were freely exchanged among the delegates of
all nations. All nations learned new facts. Countries on
the brink of wide atomic development will consequently be
able to plan ahead with greater confidence. Nations still
without atomic programs have acquired a workable basis for
determining what they can best undertake and how to go
about it.

3. Through the full reports on the Conference which were
widely carried by the news services of the world, pesople
everywhere have had the opportunity to learn of the many
useful and constructive purposes to which atomic energy
can be applied for their betterment and welfare. As a
consequence of this and of further cooperation among
nations, it is reasonable to hope that the blind dread of
atomic energy, which many may have felt if they knew
atomic energy only as a destructive force, may be abated.
This is particularly true since the Cunference emphasized
the highly significant fact that the scientific and in-
dustrial development changes being brought about by atomic
energy, which can profoundly alter the economies and
patterns of life of peoples throughout the world, is being
guided by considerations for the biological requirements
of man, and directed toward advancing human welfare.

xvii
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In the opinion of the United States Official Representatives,
these accomplishments must be regarded not only as gains for the world,
but equally as progress in the fulfillment of fundamental United States
policies. It seems to us further that, from the standpoint of national
self-interest, certain additional results should be listed:

L. The volume and quality of work reported by the
United States to harness atomic energy for the welfare
and betterment of man, and this nation's willingness to
share its knowledge and to learn from others, could not
have helped but convince delegates from other nations
of the sincerity of United States efforts to "strip the
atom of its military casing and to adapt it to the arts
of peace."™ The reports these delegates make to their
nations, and the news of the Conference which has pre-
ceded them, should convey a new understanding of the
peaceful policies and intentions of the United States,

-

follow as a result of the Conference that people in
other nations will have a greater understanding of
the United States desire and efforts to achieve a
decent and enduring peace.

5. If we are correct in this estimate, it must

The Official Representatives would urge that this hopeful
progress toward bettering world conditions and toward achieving world
peace be considered no more than tentative at this point. They
believe that the gains can be consolidated by continuing and expand-
ing, as rapidly as may be feasible, the positive actions this country
has taken under the Presidentts Atoms for Peace program., We submit
that the Conference has fully justified the money, the effort, and
time invested in it, as the President recognized in urging that this
conference should be followed by another to continue "this great
beginning of international cooperation.™

To assure that the United States in future conferences will
continue to measure up to the obligations placed upon this nation by
its position of world leadership in the development of peaceful uses
of atomic energy, and to enable the United States to promote by
this means its determined policy of international cooperation for
peace and human welfare, the United States Official Representatives
recommend :

xviii
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Respectfully submitted,

Chairman

Lewis L. Strauss

Vice~Chairman

I. I. Rabi

W

Detlev W. Bronk

’

Shields Warren



THE INTERNATIONAL CONFERENCE ON THE

S

PEACEFUL USES OF ATOMIC ENERGY

A Summary -

Sixty member states of the United Nations and 2L, other states
represented on 10 specialized agencies of the United Nations, as well
as representatives of the 10 specialized UN agencies themselves, were
invited by the Secretary-General of the United Nations on February 1,
1955, to participate in the International Conference on the Peaceful
Uses of Atomic Energy, held in the United Nations! Geneva, Switzerland,
headquarters, the Palais des Nations, between August 8 and August 20,
1955.

Secretary of State John Foster Dulles had proposed consideration
of the Conference as an agenda item in an address* before the United
Nations General Assembly on September 23, 1954. The General Assembly's
Resolution 810 (IX),*t approved unanimously on December 4, 1954, was
jointly sponsored before the General Assembly's Committee I by seven
nations: Australia, Belgium, Canada, France, the Netherlands, the
United Kingdom and the United States. The invitations issued by
Secretary-General Dag Hammarskjold °incorporated a topical agenda and
a statement of rules and procedures,’* These were promulgated by Mr.
Hammarskjold after consultation with the Conference Advisory Committee
established by Resolution 810 (IX) and comprising members from Brazil,
Canada, France, India, the Union of Soviet Socialist Republics, the
United Kingdom, and the United States.

The members of the Conference Advisory Committee were:

Brazil - Mr. Jayme de Barros Gomes.
Alternate: Prof. Joaquim da Costa Ribeiro.
Canada - Dr. W. B. Lewis.
France - Dr. Bertrand Goldschmidt.
India - Dr. Homi J. Bhabha.
USSR - Academician Dimitri Skobeltzin.
UK -~ Sir John Cockcroft.
Alternate: Dr. J. V. Dunworth
Us - Dr., I. I, Rabi.

The rules of procedures as accepted by the Conference Advisory
Committee, and promulgated by Mr, Hammarskjold, were designed to keep the

#* Text of addresses by Secretary of State Dulles and by Ambassador Henry Cabot
Iodge are in Appendix XIII,
#% Text of Resolution, Rules and Procedures and Topical Agenda are in Appendix XIV.

XX
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Conference focused strictly on technical and scientific discussions, to
prevent the intrusion of political issues, and to facilitate organization
of the Conference, and to define simple and precise procedures so as to
make it possible to handle the great volume of information presented at
the Conference by a large number of participants. Ample powers were given
to the Secretary General of the Conference, and to the presiding officers.
Officers were appointed by the UN Secretary General on recommendations of
the Conference Advisory Committee, and affirmed by acclamation at the Con-
ference's opening session.

The officers of the Conference were:
President: Dr., Homi J. Bhabha (India).

Vice-President: General Bernardino C. de Mattos (Brazil),
Dr. W. B. Lewis (Canada),
Professor Francis Perrin (France), :
Academician D. V. Skobeltzin (USSR),
Sir John Cockecroft (UK),
Dr. I. I. Rabi (US).

Conference
Secretary Professor Walter G. " hitman (US).
General:

Conference Deputy
Secretary Dr. Viktor S. Vavilov (USSR).
Gensral:

Ahairmen and Vice-Chairuen of the 52 technical sessions were appointed
by the United Nations on th basis of nominations by the various countries,
and with the advice of the representative of each country on the UN Secre-
tary General's staff.

Seventy-three nations and eight specialized agencies of the United
Nations were represented at Geneva: a total of 1,428 delegates. In ad-
dition to 902 representatives of the news services and media of the world,
there were 1,334 official observers, principally from nongovernmental or-
ganizations, academic institutions and industrial concerns. A total of
1,067 technical and scientific papers was submitted to the Conference from
23 Nations and from four UN agencies: the World Health Organization, the
Food and Agriculture Organization, the United Nations Economic, Social, and
Cultural Organization, and the United Nations Organization.

The agenda of the Conference was balanced between plenary sessions
on general subjects, and sections on technical subjects. There were plenary
sessions on August 8, 9, 10, and morning of August 11, and the afternoon of
August 20-—eight half-day sessions in all. On the afternoon of August 10
and the mornirg of August 11, there were two concurrent technical sectionms,
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Dr. I. I. Rabi (left), United States, shaking hands with
Academician Dmitri V. Skobeltzin, Soviet Union, before meeting of Ade
visory Committee for Conference at U. N. Headquarters. Standing between
them is Dr. J. V. Dunworth, United Kingdom.

xxii
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and during the rest of the Conference, there were three technical sections
each morning and afternoon (except Sunday) through the morning of August 20,
a total of 52. Plenary sessions dealt with such broad topics as future
world needs for energy, the economics of atomic energy, programs of inter-
national cooperation, and scientific education. The technical sections
discussed research and power reactors; reactor theory; reactor physics;
fuel elements; fissionable products and their extraction; raw materials
exploration and processing; waste disposal and health protection; radio-
active materials in diagnosis and therapy, in industry, and in agricul-
ture; and production, handling, and use of radioisotopes.*

In addition to the general and technical sessions of the
Conference, a series of 10 evening lectures was scheduled in which leading
men of science from seven nations discussed matters of general scientific
or public interest.®* Nine nations presented technical exhibits which
were placed in and about the Palais des Nations: Belgium, Canada, Denmark,
France, Norway, Sweden, the Union of Soviet Socialist Republics, the
United Kingdom and the United States. An educational and commercial
exposition was held simmltaneously at the Palais des Expositions in
downtown Geneva. This was not an official part of the Conference, but
was under the auspices of the Swiss Federal Council, the United Nations,
the Scate Council of the Republic and Canton of Geneva, and the Ad-
ministrative Council of the City of Geneva. Industries from eight
nations took part in the commercial exhibit: Belgium, France, Lichten-
stein, Netherlands, Switzerland, United Kingdom, United States, and
West Germany. The governments of France and the United Kingdom pre-
sented educational exhibitions; the United States sponsored an edu-
cational "Atoms for Peace™ show, and US commercial and industrial or-
ganizations made independent arrangements to take part in the trade
fair,3¢

A program of documentary and technical motion pictures was
presented daily in a small theater at the Palais des Nations, rotating
21 films prepared in the four official languages of the Conference:
English, French, Russian and Spanish. Canada presented two filme,
France two, Norway one, the USSR three, the United Kingdom five, and
the United States eight for this program.

The Conference was unique among international scientific
conferences in that it was the first to be held in which all phases of
a broad field were covered, from fundamental physics and biology, to
their application in medicine, engineering, and industry.

* Full agenda and the full program of the Conference are given in
Appendix XV
% See Appendix X.
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General view of the opening session of the International Cone
ference on the Peaceful Uses of Atomic Energy in the Assembly Hall of
the Palais des Nations, taken from near the rostrum.

xxvi
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US PARTICIPATION IN THE CONFERENCE
A_Summary |

The United Nations Conference evolved from earlier United States
plans to hold a similar conference on the peaceful uses of atomic energy.
The first public suggestion for such a conference was made by Chairman
Lewis L. Strauss, of the Atomic Energy Commissionr in an address on
April 19, 1954, when he stated on authority of President Eisenhowers

",..the President!s intention to arrange. . .an
international conference of scientists. . .devoted
to the exploration of the benign and peaceful uses
of atomic energy.'*

A few days later, Chairman Strauss requested Dr. I. I. Rabi,
Chairman, General Advisory Committee to the Atomic Energy Commission, to-
undertake preliminary planning. Out of his work with officials of
the AEC and the Department of State, and his consultations with British,
Canadian and French scientists, grew the plan which ultimately re-
sulted in the International Conference of the United Nations.

The Atomic Energy Commission began active planning for United
States participation in the Conference in October, 1954, still under
the guidance of Dr. Rabi. On December 14, 1954, Dr. Rabi was appointed
US Representative on the UN Conference Advisory Committee. In February,
1955, after the State Department formally requested AEC to undertake
preparations, Chairman Strauss appointed Dr. George L. Weil, private
consultant and former AEC official, to take charge of technical prepara-
tions for US participation, to assemble the technical papers, plan -
and arrange exhibits, and take such other steps as were necessary to
assure that the US presentation was representative of atomic energy
enterprise in the United States.

Under the rules of proc:dures of the United Nations Conference,
each participating nation was ercitvled *o appoint five official repre-
sentatives,** to be accompanied by tcchnical advisers and other staff.
as required. The Official Representatives of the United States weres

Mr, Lewis L. Strauss, Chairman, Atomic Energy
Commission, Chairman of the Delegation.

Dr. Willard F. Libby, Atomic Energy Commissioner,
Vice-Chairmanr of the Delegation.

*Text of address by Chairman Lewis L. Strauss is given in Appendix XII
#=0fficial representatlves of other 72 participating nations, with their
advisers are listed in Appendix XVI
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The bench of the Official Representatives of the United States
in the Assembly Hall of the Conference: Right to left, Chairman
Lewis L. Strauss; Conference historian, Mrs. Laura Fermi; Commissioner
Willard F. Libby, Delegation vice-chairman, and Dr. John A. Hall,
Director AEC Division of International Affairs.
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Dr. Isidor I. Rabi, Chairman, General Advisory
Committee, AEC; Higgins Professor of Physics,
Columbia University. .

Dr. Detlev W, Bronk, President, National Academy
of Sciences; President, Rockefeller Institute
for Medical Research.

Dr. Shields Warren, Scientific Director, Cancer
Research Institute, New England Deaconess
Hospital.

The Official Representatives had eight Congressional advisers, 192
technical and other advisers, and a secretariat and staff comprising 84
‘principals (including 9 of the advisers) and 118 others——a total of 398
persons,* of whom 327 were accredited to the Conference., The Congress-
ional advisers, all from the Joint Congressional Committee on Atomic
Energy, were: Senator Clinton B. Anderson, Chairman; Senator John O.
Pastore, Senator Bourke B, Hickenlooper, Senator John W. Bricker, and
Representative Carl T. Durham, Representative Chet Holifield, Representa-
tive W. Sterling Cole, and Representative Carl Hinshaw.

Members of the US Delegation named as Chairmen of Conference Technical
Sections were: Dr. J. C. Bugher, Dr. J. P, Howe, Dr. D. J. Hughes,
Dr. W. F. Libby, Dr. Glenn Seaborg, Dr. F. H. Spedding, Dr. V. F. Weisskopf
and Dr. E. P, Wigner.

The technical and scientific direction and administration of the US
Delegation was under the leadership of Dr. Weil who headed the Office of
Technical Programs and Exhibits, with Mr. Thomas O. Jones as his adminis-
trative officer. He was assisted by Dr. Paul W, MeDaniel (AEC), Technical
Papers Officer; Dr. George Manov (AEC), Reactor Officer; and Dr. Alberto
Thompson (AEC), Technical Exhibits Officer. The Delegation's Information
Office was under the direction of John P. McKnight (USIA) with Mr. Morse
Salisbury (AEC), Mr. Joseph Hanson (USIA), and Mr. Richard Friedman (State)
as deputies. The Office of Liaison and Protocol was under Mr. John A, Fall
(AEC), and the Classification Office under Dr. Charles D. Luke (AEC), with
Mr. C. L. Marshall (AEC) as deputy. The Special Services Office had Mr.
Daniel H. Clare, Jr. (State) and Mr, Bryan F, LaPlante (AEC) as co~directors,
with Mr., K. O, Lynch (State) and Mr. R. G. Cavanaugh (AEC) as deputies.

The Administrative Office was headed by Mr. Albert J. Ciaffone (State) with
Mr, H, D. Anamosa (AEC) and G. R. Koontz (Staote) as Aepntias,

The Exscutive Officer of the US Dalzpation was r. arr” 3

(AEC); Deputy Executive Officer, Mr. George M. 7 n=2uors (Stata).

#* Complete list of advisers and staff is given in Appendix XV1

xedii

1035218



- Congressional advisers to the United States delegation at the
Conference, seated behind the United Kingdom delegation (Royaume-Uni),
left to right, Senator Clinton P, Anderson,-Chairman, Joint Congressional
Committee on Atomic Energy, Representative Carl T. Durham, Senator Bourke
B. Hickenlooper, Representative Sterling Cols, Senator John W. Bricker,
Senator John A. Pastore.
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The United States submitted 512 technical papers for the Conference,
nearly 48% of the total contributed by all Nations. It presented 176 of
the 450 papers given orally at the Conference--39% of the total. US Scien-
tific Secretaries were appointed for each plenary session or technical sec-
tion of the Conference. They provided brief records of discussions for
the convenience of the US Delegates, and in addition called pre-section
meetings of US Delegates in order to assure the best possible presenta-
tion of material and to promote good discussions. The US Scientific
Secretaries were: Dr. Walter D. Claus, Dr. R. Carson Dalzell, Dr. Edward
Epremian, Dr. L. E. Glendenin, Dr. George A. Kolstad, Dr. Karl M. Mayer,
Dr. Robert D. Nininger, Dr. Paul B. Pearson, Dr. Alvin Rzdkowsky, and
Dr. Ulysses M. Staebler.*

Delegates from the US delivered four of the ten evening lectures.
On August 11, Professor Ernest O. Lawrence spoke on "High Current Accele-
rators"; on August 15, Professor Hans A. Bethe discussed "Elementary
Particles: Light Mesons", and in another parallel lecture, Professor
Willard F. Libby spoke on "Radiocarbon Dating®; on August 17, Dr. Alexander
Hollaender lectured on "Modification of Radiation ResponseM.:¢

. The US technical exhibit was in five parts: the US Research
Reactor Exhibit, an operating pool-type research reactor, installed in a
specially constructed building on the grounds of the Palais des Nations
which was visited by approximately 63,400 persons during the two weeks

of the Conferencesi==t the US Technical Exhibit, in Room XV of the Library
Wing of the Palais des Nations, to which]Q5 academic, non-profit, and
commercial organizations contributed and which drew about 36,200 visitors;i=st
the Mobile Health Unit set up in a truck semi-trailer on the Palais Grounds,
which was visited by some 25,000 persons::==t the US Technical Library
Exhibit, also in the Library Wing of the Palais des Nations, which served
as a reference library for delegates, and which had about 19,500 visi-
torss#at and the 8-film contribution to the UN Conference program of
technical and documentary motion pictures.:s«t

In the educational and commercial exhibit held at the Palais des
Expositions in downtown Geneva under Swiss and United Nations auspices,
the United States Government presented the United States Information
Agency's educational display. # #* % This included an "Atoms for Peace™
show from West Germany and exhibits from 18 US organizations. AdJjoining
it were exhibits by 20 US industrial and commercial organizations which
had made independent arrangements with the Swiss sponsors. Altogether,
in these exhibits, and including the 105 contributors to the Technical
Exhibit at the Palais des Nations, 143 separate institutions and orga-
nizations participated. In addition, 50 associations and publishing
houses assisted in the Technical Library Exhibit.

% Summaries of Conference Sections, papers and discussions, are given
in Appendices I and II
% Appendix III gives a report on the evening lectures.
¥t Appendices IV, V, VI, VII, IX, and X give details and descriptions
of these five exhibits .
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" The US Delegation's Information Office was organized for three main
purposes: (1) to provide service to news media, particularly in interpreting
technical material; (2) through Conference coverage to keep the Official
Representatives closely in touch with all Conference activities; and (3)
to advise on the needs of news media as they developed.

Before and during the Conference, a number of news releases was issued.*
News conferences were held by Dr. Rabi at New York and Pairs in May and by
Chairman Strauss and Dr. Weil at New York and Washington in June, and by
Dr. Weil at Geneva in August. During the Conference, two press conferences
were held by Chairman Strauss and Commissioner Libby.* In the first, Chair-
man Strauss paid tribute to the Conference for "reopening lines of communi-
cation between men who have not been in communication for many years", and
announced establishment by the Ford Motor Company of a $1 million fund to
provide world-wide atoms-for-peace awards. In the second, Chairman Strauss
discussed the prospects for thermonuclear power. He confirmed that the US
had a program in this field but counseled that "™there has been nothing in
~ the nature of break-throughs that would warrant anyone assuming that this
was anything except a very long range--and I would accent the word 'very'—
prospect. .

The US took the occasion of the Conference to announce on August 8,
1955, its prices for lease of enriched uranium and for sale of normal uran-
ium and heavy water,

A major news release was a showing in Geneva of a motion picture on
production of electricity by the AEC's experimental bolling water reactor,
Borax II. The film pictured the town of Arco, Idaho, normally supplied
with electricity by a conventional system, being lighted and powered ex-
perimentally for one hour with electricity generated by heat from the re-
actor on July 17, 1955—the first American community to receive its entire
supply of electricity from a nuclear reactor.

Early in the planning stages of US participation in the Conferencse,
AEC undertook to prepare an 8-volume set of selected reference material,
a collection of technical unclassified information on various peaceful uses
of atomic energy, together with a special introductory volume which was
printed in the four official languages of the Conference: English, French,
Russian, and Spanish.** An initial presentation of the introductory volume
was made at a luncheon August 9 to officers of the Confersence; other cop-
ies were made available through the US Technical Library at the Palais des
Nations to all official representatives of all nations. -

On the final day of the Conference, the US presented to the UN a
reference and depository library, which formed the core of the US Technical
Library Exhibit at the Conference. This was similar to 34 libraries that
have been presented by the US to other countries. On that day also, Chair-
man Strauss, on behalf of the US goverrment, signed over to Prof. Paul
Scherrer, acting on behalf of the Swiss goverrmment, the research reactor

* Text of press releases and transcripts of press conferences are given
in Appendices XVIT and XVIII. An analyses of press coverage abroad
on the Conference is in Appendix XIX

#%t See Appendix VIII for details and description.

xxviii
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exhibited at Geneva which they had arranged to purchase under an agree-
ment of cooperation signed July 18, 1955.%

In the planning stages of the Conference, Dr. Rabi pledged to
other nations that the US would throw its "full weight™ behind prepara-
tions for the Conference, and would gather "the best work of the best
brains™ for its participation. The Official Representatives of the US
believe that this promise was fulfilled in the US presentations at the
Conference, and that the US contribution to world knowledge through the
Conference was entirely representative of US progress in developing, in
all its many aspects, the peaceful uses of atomic energy. '

% Appendix XX lists other special activities of US Delegation in Geneva
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APPENDIX I — PLENARY SESSIONS OF CONFERENCE

\

Opening Session of Cenference — 1

The Conference, which President Eisenhower characterized as in-~
comparable in "scope, importance {and! widespread interest" to the world,
convened August 8 in “he Assembly Hall of the Palais des Nations. All
2000 seats at the first plenary session were occupied by delegates,
advisers, ohservers, ana the news correspondents. Presided over by
Dr. Homi J. Bhatha {India) President, the Conference heard greetings
and good wishes from the chiefs <f state of France, India, the Union of
Soviet Socialist Repuklics,*he United Kingdem, and the United States,
read by members cf the respective delegations. Chairman Strauss read
the message from President Eisenhower.

The Conference regan with a welceme from M. Max Petitpierre,
President of the Swiss Confederation, delivered in French.

"Solidarity,"™ he =said, 'has heern forced upon us by events. We
must at last understiand that udniess we air go Torward together, we shall
all go back together." He forecast thst the Conference would enable
scientists of all the participating ccuntries to share discoveries in
the use of atomic energy for the nltimate benefit of mankind.

Dr. Bhabha then introduced Mr, Dag Hammarskjold, Secretary
General of the United Nations who rscalied that the Conference had
its origins in President Eisenhower's address to the General Assembly
of the United Nations in December, 1953, Mr. Hammarskjold declared he
was sure that the exchange of scientific data at the Conference would
"turn men's thoughts away from war to peace" by the removal "of bar-
riers *o understanding and friendsnip® of thes postwar decade.

Messages were itnen read from chiefs 5t those states which played,
in Dr. Bhabha's words, "a prominent rcle in organizing this Conference.”
M. Guiliaumat, head of the French delegation, read a message from Zdgar
Faure, Chairman of the Council of Ministers of France; Dr. Bhabha read
the message from Jawaharlal Nszhru, Prime Minister of India; Academician
D. V. Skobeltzin, head of the USSR delegation, read a message from
Nicholai Bulganin, Chairman of tne Council of Ministers of the Union
of Soviet Socialist Republics; and Sir Edwin Plowden, Chairman of the
British Atomic Energy Authority, read a message from Prime Minister
Sir Anthony Eden. IR
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M. Faure, Mr. Nehru, and Sir Anthony expressed a common hope
that the Conference would show ways to develop peaceful uses of atomic
energy so that its development could help in time to raise the standard
of living throughout the world. Mr. Bulganin stressed particularly
a hope that the Conference would be an important step toward inter-
national cooperation among nuclear scientists.

Mr. Strauss then read President Eisenhower's message in which
he reaffirmed the pledge given in his address to the United Nations
General Assembly, nearly two years before, that the United States was
determined to employ atomic energy for the general use, and not abuse,
of all mankind. In his message to the Conference, the President said:

"Please accept my warmest greetings and sincere
good wishes —- on behalf of the people of the United
States — for the success of this first International
Conference on the Peaceful Uses of Atomic Energy, held
under the auspices of the United Nations.

"You -- the world!s foremost nuclear scientists
and engineers, who are penetrating the mysteries of
atomic energy --— most surely know how the atom stands
ready to become man's obedient and tireless servant,
if man will only allow it.

"The knowledge and vision which you possess
carries with it a great opportunity -- and a great
challenge. Your lives are dedicated to the search
for knowledge and truth. You hold the respect of
your peoples because they look to you for words
of calm, unadorned scientific fact.

ou can best unfold to the peoples of the world
the bright promise of the benign atom.

. "You meet in Geneva under conditions favorable
" to this great purpose.

"No other scientific gathering of such scope
and importance, or of such widespread interest, has
ever taken place. The peoples of the world are repre-
sented. At hand is a rich opportunity to restore
old lines of free scientific communication which have
been disrupted for so many years. The knowledge and
skills which each of you has acquired in his own country
to put the atom to work for peaceful purposes will be
circulated and shared in the friendly atmosphere of
hospitable Switzerland with its age-old tradition of
freedom.
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"This atmosphere is encouraged also by the fact
that the United Nations Resolution of last December 4th,
which created your Conference, limited its concern to
scientific and technical matters. It is expressly non-
political.

"You meet, therefore, as free men of science,
interested only in enriching man®s store of knowledge
about this wonderful discovery.

"Science speaks in many tongues. The advance-
ment of the nuclear arts has been the work of men of
many nations. That is so because the atom itself is
non-political. It wears ro rnationality and recognizes
no frontiers. It is neither moral nor immoral. Only
man?s choice can make it good or evil. The phenomenon
of nuclear fission having been revealed to man, it is
still left to him tc determine the use to which it shall
be put.

"On December 8, 1953, I had the privilege of ad-
dressing the General Assembly of the United Nations on
the subject which occupies this Conference — world co-
operation for the Peaceful Uses of Atomic Energy.

"I stated then, and I reaffirm now, that the
United States pledges its determination to help find
ways by which the miracuious inventiveness of man
shall not be dedicated to his death, but consecrated
to his 1life.

"This pledge which we gave 20 meonths ago has
become the law of our land, written into our statutes
by the American Congress in the new Atomic Energy Act
of 1954. The new act states in forthright language
that we recognize our responsibilities to share with
others, in a spirit of cooperation, what we know of
the peaceful atomic art. To further encourage such
cooperation with other nations, the new act relaxes
the previously existing restrictions on independent
atomic research and development by private industry,
thereby further clearing the way for cooperation with
others.

#Since our new Atomic Energy Act became law
a year ago, we have striven in many ways and ever in
a spirit of good will tc translate its words and its
purpose into concrete action.



"That is the way we interpret our responsibility
and the responsibility of all nations of good will.

"We appeal not alone to Governments to join with
us in this cooperative endeavor. We are hopeful also that
business and professional groups throughout the world will
become interested and will provide incentives in finding new
ways that this science can be used.

MAll of the enlightened nations of the world are
spending large sums every year on programs of health,
‘education and economic development. They do so because
they know that disease, ignorance and the lack of economic
opportunity are the dark breeding places of disorders and
wars.

. "Every scientific tool available has been brought
to bear in this effort.

UAtomic science is the newest and the most promis-
ing tool of all.

"In your capable hands, I am confident it can be
made to perform greatly for the betterment of human
living."

Dr. Bhabha, as Conference President, delivered the major address
of the opening session. He declared that atomic power had become "an
absolute necessity.m

He spoke of three epochs in human history, each of which was
marked by a revolutionary change in the energy pattern of society.

In the first epoch, he said, man existed on earth for about
250,000 years although the earliest recorded civilizations only date
back some 8,000 years. These early civilizations had a common foun-
dation: all energy for doing work was supplied by muscle, either
animal or human.

In the second epoch, Dr. Bhabha said, men turned to the wide-
spread use of chemical energy, especially that obtained by burning
coal and oil, and this leads tothe industrial evolution. As a re-
sult, total consumption of energy rose enormously, is still going
up, and will continue to rise, together with the world's population.
This would mean, Dr. Bhabha believed, that world reserves of coal,
oil, gas shale and oil shale would be exhausted in under a century.
Presently known reserves of coal and oil were insufficient, he said,
to enable under-developed countries, containing a major part of the
world's population, to attain and maintain a standard of living
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comparable to that of industrially advanced countries. This meant,
Dr. Bhabha said, that atomic energy will be not merely an aid; it will
be "an absolute necessity."

The third epoch was atomic, relatively near at hand. This
would, Dr. Bhabha said, bring quantities of fissionable material into
the hands of many nations. JSuch a responsibility would demand, there-
fore, Man international society in which major states have agreed to
maintain peace.?

"The historical period we are just entering in which atomic
energy released by the fission process will supply some of the power
requirements of the world, may well be regarded cne day as the primi-
tive period of the atomic age", Dr. Bhabha said. "It is well known
that atomic energy can also be obtained by a fusion process, as in
the H~bomb, and there is no basic scientific knowledge in our pos-
session today to show that it is impossible for us to obtain this
energy from the fusion process in a controlled manner. The technical
problems are formidable, but one should remember that it is not yet
fifteen years since atomic energy was released in an atomic pile for
the first time by Fermi. I venture to predict that a method will
be found for liberating fusion energy in a controlled manner within
the next two decades. When that happens, the energy problems of
the world will truly have been solved forever, for the fuel will be
as plentiful as the heavy hydrogen in the oceans.”

Dr. Bhabha concluded his address with these wordss

"All the basic discoveries upon which atomic energy is based
were made before the Second World War by scientists of many nations
working in free and full collaboration. The war put an end to this
free exchange of knowledge, and most of the technical developments
concerning atomic energy were made subsequently by a few nations,
each working in isolation behind a wall of secrecy. This Conference,
arising out of the bold initiative of President Eisenhower, has al-
ready broken down many of these barriers and we have come to know
of the remarkable advances in atomic energy achieved in several coun-
tries of which we were totally ignorant hitherto. It is to be hoped
that through the remarkable improvement in the political climate
which has taken place recently, and which we hope will continue, the
barriers which remain will gradually disappear altogether. If so
much has been achieved through the individual and isclated efforts of
a few countries, how much more could be achieved by the combined ef-
fort of all. Those who have the good fortune to participate in this
Conference are privileged to be in the vanguard of the march of
history. . "

In closing the first session, the Conference confirmed by ac-
clamation the list of officers of the Conference, and the chairmen
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and vice chairmen of the various sessions who had been previously ap-
pointed by Secretary-General Hammarskjold. This concluded the first
session.

PLENARY SESSION 2 - WORLD ENERGY NEEDS
by Karl M. Mayer

Nathaniel B. Guyol, of the United Nations Secretariat, pre-
sented paper No. 902, "World Energy Requirements in 1975 and 2000"
which described in detail the world's energy consumption pattern as
of 1952, the sources of supply, and the use of energy. Use of
energy was analyzed by types of consumers and geographic reglons.
Mr. Guyol concluded that by 1975 about three times as much energy
would be used in the world as in 1952, and that by 2000, consumption
would be 8 times 1952 totals.

A second paper, by Pierre Ailleret (France) was No. 326
"An Estimate of Energy Requirements" which stressed that energy re-
quirements should not be lumped under a single unit of measure - for
example, in terms of kilowatt-hours,but should be stated in terms
of heat, power, etc., requirements. Ailleret pointed also to the
difference in the elasticity of demand of "big" as opposed to
"small™ users of energy. The demands of the large user in most
cases are more elastic, and the impact of price on consumption 1s far
greater.

The third paper, No. 757, “"The World!s Need for a New Source
of Energy" was given by E. A. G. Robinson (UK) who stated that Guyol
gave what might be termed an ™upper 1limit™ of the amount of energy
to be used in 2000 AD. Robinson estimated that the "lower limit"
is about half Guyolt's figure.

The fourth paper, No. 802, "Energy Requirements and Economic
Growth" was given by E. S. Mason (US) who stressed that although
large investments are needed to generate power, still larger invest-—
ments are necessary to use power. This is particularly important in
the development of less advanced countries, in which slow capital
formation and lack of foreign exchange might constitute serious
barriers.

The general papers were followed by a series on the needs of
individual countries, and the possibilities for power and heat. In
addition to a UN paper, others were presented by delegates of Brazil,
Yugoslavia, Australia, Belgium, Czechoslovakia, Japan, Argentina and
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India, and additional remarks were made ty delegates of Egypt, Pakistan,
Israel and Ceylon.

Paper No. 1116, "Contribution of Nuclear Energy te Future World
Power Needs" by P. Sevette stressed that the needs for energy, and
the ability to satisfy those needs in individual countries, must be
subjected to thorough analyses within each nation. The Brazilian
paper, No. 125, "The Brazilian Plan of Electrification and the Possi-
bilities of Nuclear Power! by E. Motts Rezende, stressed the importance
of fuel transport costs in the vast territsry of Brazil. The Yugoslav
paper No. 962, "Requirements and Possibilities of Production of Energy
in Yugoslavia® by A. Blazek, et al., indicated that country would
develop atomic power even if conventional sources were adequate be=—
cause of the qualitative differences inhersnt in nuclear energy. The
Australian paper, No. 987, "Electric Power in Australia - 1955-2004"
stated the country has 60 power netweorks sssentially not inter—connected;
nuclear power, therefore, would go intc those places cr networks where
transport costs were being incurred.

It was pointed out in ths Belgian paper, No. 949, "Probable
Evolution of Energy Needs in Belgium and che Possible Role of Nuclear
Energy" by R. Van Mele, that the power industry of Belgium was almost
completely dependent on coal and that a fuel crisis could be expected
within a few decades - certairly from 1980 onward. The Czech paper,
No. 799, "Prospects of Power Developme1t in Czechoslovakia and the
Part to be Played by Nuclear Energy fcr Peaceful Purposes" by A.
Sevcik noted that the current trends in Czechosinvakia were such that
the use of electricity was increasing at a 7ar faster rate than the
use of energy as a whole. The Japanese paper, No. 1060, "Japan's Erergy
Utilization, the Present and the Future", gave projections showing
an increasing dependence on foreign scarv2s of energy in the coming
decades. The Argentine paper, No, 998, "EZrergy Needs and Resources
of the Argentine Republic" by G. Meraive.zua, pointed out that the
energy sources of Argentina were generai.y far removed from energy
consumption centers and great transport costs were consequently in-
curred.

The Egyptian delegation stavement by A. Rahman indicated that
Egypt had given detailed consideraiion to guestions involving national
energy economics. The Pakis'an representative, N, Ahmad, stated that
Pakistan is looking to atomic ensrgy t-~ speed up economic development.
E. D. Bergmann stated that Isrezel®’s use cf pcwer, especially for ir-
rigation, was growing so fast tha® 1t caannt rely on conventional
sources alone—it must look to atomi: srergy. The Ceylon statement-—
by C. J. Eliezer~—was that the island has no 2il, no coal and only
a very small amount of hydro potertials Ceylon therefore was looking
to atomic power to help eliminate peverty.
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The final paper, No. 868, "The Role of Atomic Energy in India
and Its Immediate Possibilities'" by H. J. Bhabha of India, reviewed
the energy resources of the country and discussed the possible role
of atomic energy in the years immediately ahead and in a highly in-
dustrial economy in the more distant future.

PLENARY SESSION 3 - THE BUILDING OF A NUCLEAR ENERGY ENTERPRISE
by Karl M. Mayer

The first part of Plenary Session 3 considered "Experience
with Nuclear Power Plants! and consisted of one USSR paper and one
from the United States.

Paper No. 615, "The First Atomic Power Station in the USSR
and the Prospects of Atomic Power Production by D. I. Blokhintsev
and N, A. Nikolaev, presented by Blokhintsev, contained a descrip-
tion of the flow sheet, physical peculiarities, materials, reactor
design,and operating characteristics of the first Russian power
reactor. Blokhintsev stated the atomic station was competitive
in costs with coal stations and prospects for atomic power develop-
ment were summarized. The USSR paper contained a number of con-
clusions regarding the operation of the first USSR power station
for a period equivalent to the production of 10 million kilowatt
hours. Among these statements were that (1) No fuel element failures
occurred; (2) The reactor operation was very stable; (3) Radioactive
contamination in the plant was kept considerably below tolerance,
and (4) The operation of the atomic power station proved to be
simpler than the operation of a conventional coal station.

Paper No. 851, "Design and Operating Experience of a Proto-
type Boiling Water Power Reactor™ by J. R. Dietrich et al. was given
by Walter Zinn (US) and contained a detailed description of the
design of the Argonne National Laboratory boiling water power re-
actor. The US paper discussed the operating characteristics of
the reactor and gave a cost analysis. The US paper stated that
the power reactor described had a rating in the 5 to 10 MW range.
The facility was built in order to acquire operating experience
and, in particular, to test the stability of the boiling water re-
actor. The effect of feed water temperature, throttling of the
steam exit, and of power production as a function of reactivity
added by the control rods, were studied. The reactor was found
to be remarkably stable under operating conditions. Cost data for
the construction and operation of the plant were given in detail
and the calculated cost of nuclear power from the facility was
shown.
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Q%estion: Lewis (Canada) asked whether there were any in-
strumentation problems in the operation of the USSR reactor.
Answer: Blokhintsev replied they had some instrumentation problems
during the first few months of operation; however, they had no
problems at this time.

Question: Libby (US) commented that in the United States
the tendency in working toward economic nuclear power was in the
direction of attaining high conversion ratios, but that the USSR
reactor had a low conversion ratio and burned U 235. He asked
whether the USSR had conversion ratios approaching unity in its large
reactors and, if so, how did the USSR plan to change its fuel element
for this purpose. Answer: Blokhintsev said the USSR reactor program
planned to move in the direction of zirconium, to change the lattice
and the reactor structure so that the conversion ratio would move
toward unity and settle perhaps at about 0.5.

Questions Went (Netherlands) asked what was the alloy com-
position of the USSR fuel element and did they use a uranium-molybdenum
alloy, for example. Answer: Blokhintsev said such an alloy would be
possible.

Question: Dunworth (UK) asked whether the USSR would build
many 5000 MW reactors. Answer: Blokhintsev said the USSR would build
larger reactors.

Question: Dunworth (UK) recalled that Malenkov had said that
a 100,000 kw reactor would be built in the USSR. Answer: Blokhintsev
said that a 100,000 kw reactor would be constructed within one year.

Question: Shankar (India) asked whether there was much de-—
composition of water in the primary circuit and how was this taken
care of., Answer: Blokhintsev said there was some decomposition at
low pressures, but at the pressure the USSR used no detonating mix- .
ture was formed, and the decomposition was not substantial.

Question: Gamba (Argentina) asked for further information
on the reactor fuel element fabrications. Answer: Blokhintsev
said a detailed USSR report was available on fuel elements and on
the influence of radiation on uranium and uranium alloys.

Question: Weinberg (US) asked how, if the fuel element had
a jacket and was cooled only internally, the stability of the ele-
ment was controlled. Answer: Blokhintsev said the USSR used a
plastic material to keep the fission products from the graphite.

Questions Weinberg asked whether the USSR jacket was bonded

to the fuel. Answer: Blokhintsev said there was a molecular liaison
between jacket and fuel element.
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Questions Weinberg then asked Blokhintsev about the neutron
spectrum and breeding coefficient regarding their work on fast re-
actors. Answer: Blokhintsev answered that a conversion ratio of
more than 2.0 had never been observed. He gave the number of neutrons
per fission at 2.72 (hard)} for 900 KV spectrums got 2.9 neutrons per
fissionjand for a 300 KV spectrum got 2.6 neutrons per fission.

Question: Kruzhilin (USSR) stated that Professor Zinn's
report on the heterogeneous boiling-water reactor was of great tech-
nical interest. On the basis of industrial-scale experiments, the
report gave a clear account of the most difficult problem of the
reactor?'s stability. Direct experiments had shown that the use of a
boiling-water reactor to generate power was feasible. As a result,

the prospect of using a reactor in which steam is raised in the reactor
vessel itself would become a reality. For a high load, natural cir-
culation was unstable. He then asked what was the maximum amount of
power a water boiler could make? Answer: Zinn answered that they
thought they could make 1000 MW of heat. They expected to make
pressure vessels over two meters and up to 4 meters in diameter. The
reactor was fueled with enriched uranium thereby lessening the prob-
lem of size. The removal of heat from the core was more important
than the heat transfer in the fuel element. Since they could not

rely on natural circulation,forced circulation was necessary for large
power outputs. Water channels were wide and the head on pump was

low.

General Electric had suggested it is possible to withdraw
heat from the core, flash the steam and increase the power of the
reactor without lessening the safety.

Questions Goodlet (UK) stated that he had a certain ag-
nosticism about boiling reactors because there was a fundamental
contradiction which had never yet been resolved. If one wished to
obtain a large amount of power from a boiling reactor it was neces-—
sary to produce a large amount of steam. In producing a large
amount of steam there was a large amount of voidance in the core
and oscillation difficulties which were described in Dr. Zinn's
paper. He stated that if a steam main of a boiling reactor fractures
it was necessary to let pressures down to something like atmospheric
with the result that a large amount of flash steam would form. The
flash operation would also cool what water remains in the reactor,
and one would be left with a reactor full of water at about 100°C.
That would alsc happen in pressurized water reactors and from that
point of view as regards ultimate safety,and fractures resulting
from water and steam,he could see very little difference between
these two reactors. Answer: Zinn answered that they had actually
opened a steam line in the primary and let the reactor depressurize
itself. One had 30 to 40 seconds in which to insert the rods. It
was therefore not hazardous because of the time lag.

10
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Question: Dunworth (UK) asked if the aluminum reacted with
the water. Answer: Zinn answered that no chemical reaction between
the aluminum fuel elements and water in the reactor had been ob-
served. There was no substantial aluminum - water reaction unless
the metal was finely subdivided.

In the second part of the Session, two papers on capital costs
of nuclear energy were presented, one by tie United Kingdom, one by
the United States.

In the UK paper No. 391, "Capital Investment Required for
Nuclear Energy" by J. M. Hill and S. W. Joslin, Hill gave estimates
of the construction cost of nuclear power stations and gaseous
diffusion plants. He concluded that a country that wished to pro-
duce nuclear electricity with a minimum capital investment could
purchase a reactor of proved design at about 50% above conventional
costs; that independent development programs would require the
diversion of substantial economic resources.

The paper from the United Kingdom gave a description of the
facilities and staff at Harwell and the approximate cost. In addi-
tion the cost of nuclear power facilities was indicated. A dis-
cussion was given of the cost of the projected UK nuclear power pro-
grams and in terms of the probable drain on Britain's resources.

The paper concluded with an assessment of the capital investment
required for the UK program and pointed out specifically the diffi-
culties encountered in trying to fix a "correct" rate of invest-
ment in the case of the United Kingdom.

In presenting paper No. 477, "Capital Investment Required
for Nuclear Energy," W. K. Davis gave analyses of fixed charges
associated with reactor investment under a number of circumstances.
The size of the investment required was given for various portions
of a nuclear power industry all the way from exploration to nuclear
power plant construction, to irradiated fuel processing.

It was stressed in the US paper that much of the investment
required by a nuclear power industry would be for conventional equip-
ment used in conjunction with a reactor. The effect of radiation on
the design and cost of nuclear facilities was discussed.

It was assumed that most nuclear power systems would be first
operated on uranium cycles. However, since it might be desirable to
switch to thorium at some time in the future, the cost of converting
from uranium to thorium-using facilities in terms of new capital in-
vestment required, was discussed.

The US paper concluded that nuclear capital investments would
probably be high to begin with; however, as technological progress
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was made, the investment required by atomic and conventional power
units would be the same for equivalent capacities.

PLENARY SESSION 4 - FACTORS IN THE USE OF NUCLEAR ENERGY |
by Karl M. Mayer and Walter D. Claus

The first part of Session 4 — "Economics of Nuclear Power! —
consisted of two papers. Paper No. 476 "Economics of Nuclear Power'
by J. A. Lane (US) outlined present reactor development programs
planned or under way in the United States, and gave estimated costs
for capital and fuel.

Lane considered the operating and fuel costs associated with
(1) highly enriched U 235 reactors; (2) natural or slightly enriched
uranium reactors; (3) thorium breeders; and (4) plutonium fast breeders.

In addition the fuel inventory costs of various reactors were
considered in detail. The fuel burn-up costs were shown to be affected
by such factors as the system's neutron economy, length of fuel cycles,
and the costs of reprocessing spent fuel elements. The various fuel
element costs were combined with fixed and operating cost elements to
yield specifications for reducing nuclear power generating cost to
6.7 mills per kwh. He concluded that the outlook for competitive,
large~scale nuclear power in the United States was very promising.

UK paper No. 390, "The Cost of Power and the Value of Plutonium
from Early Nuclear Power Stations" by J. A. Jukes, analyzed the gross
costs of a 150 MW gas-cooled, graphite-moderated nuclear power station.

He stated that expected costs of nuclear power from early
reactors should be equal to or below the cost of electricity from
coal fired stations. It was stated, however, that it was difficult
to give firm operating costs at this time. The importance of fixing
plutonium credits at the correct economic level was stressed and
various methods considered for deriving plutonium credits. The in-
terplay of projected demands for plutonium and plutonium prices was
treated in detail.

Question: Wigner (US) asked what the specific power of the
first UK reactor was. Answer: Jukes answered that there was about
100 to 150 tons of fuel per reactor. There were two reactors per
station; therefore, there would be about 1/2 MW output per ton of
fuel. An enrichment of 0.75% had been provided for flexibility.
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The 1limit of power output was the temperature of the fuel elements
(400°C at the fuel element surface) near the center of the reactor.
With enrichment one could flatten the reactor neutron flux and run
more elements at the maximum (400°9C) temperature.

Questions Davis (Canada) asked if the price of new uranium
metal at this time was stable at around $28 per pound, what would
happen to the price of plutonium in the UK if the price of uranium
were cut in half. Answer: Jukes answered that in the UK reactor a
large portion of the fuel cost resided in the cost of enrichment and
fabrication. A drop in the price of new uranium metal would reduce
the gross cost of electricity in the UK and also the net cost. How-
ever, a change in the price of uranium would lower the price of plu-
tonium thereby encouraging the construction of natural uranium reac-
tors and discouraging enriched, thorium, and plutonium reactors.

Question: Lawson (Canada) asked if waste disposal was in—
cluded in the cost figures shown in the UK paper. Answer: Jukes
answered that the figures did include the cost of waste disposal
from present plants; however, the cost of processing was just
a few pounds per gram.

A short paper, No. 867, entitled "The Possible Role of
Thorium in Nuclear Energy" by J. V. Dunworth (UK) followed the dis-
cussion on power costs. Dunworth summarized the nuclear data avail-
able, the material available, the material needed and the manner
in which it might be employed. He concluded that thorium could
possibly become a more valuable power fuel than uranium.

The UK paper noted that present nuclear data indicated that
a thermal homogeneous reactor system fuelled with thorium and U 233
was self-maintaining, and that it might be possible to make a System
with a small gain factor. The exact gain factor would be determined
by economic considerations but would probably not be higher than 10%.
Systems with either negative or positive gain factors were studied.
The achievement of a positive gain factor, however, was not con-
sidered to be of crucial importance.

Question: Lewis (Canada) asked if he increased his exposure
level from 3000 to 5000 MWD/tons, how could his conclusions be changed.
Answer: Dunworth answered that the 3000 MWD/ton applied only to the
uranium.

Yoshio Fujioka presented paper No. 1063 by K. Suzue. The
paper discussed in three parts the attempts of Japan to cope with
"Administrative and Legal Problems on the Use of Radioisotopes in
Japan." Part I described training of isotope users and technical
administrators abroad and at home. Part 2 outlined 12 points being
studied by the Scientific and Technical Administration Committee of
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the Prime Ministerts Office in preparation for setting up a National
Research Institute for Radiation, in 1956. Part 3 dealt with problems
of applying to radiation cases Japan's existing workmen'!s compensa-
tion laws.

Paper No. 400 "Administrative and Legal Problems of Widespread
Use of High Level Radiation Sources -~ Industrial Health and Safety,
Radiological Health Safety Codes,! was presented by W. Binks (UK)
who reported that, in the past, those responsible for protective
measures depended on "self-regulation' by radiation workers and
supervisors, based on recommended codes of protection. He said that
violations were forcing the Ministry of Health to draw up specific
codes for radiation protection of workers and populations.

The statutes were being drawn to be as simple and restricted
as possible, while granting heads of radiological departments a rea-
sonable measure of freedom in devising laboratories, techniques and
protective measures. He said that, in general, the statute specified
that International Committee on Radiation Protection codes be complied
with. Binks stated a complete legislative code could not be enforced
and some calculated risk to workers and populations must be allowed.

Under the statutes, licensing for use of radioisotopes would
require setting up four classes of laboratories, depending on the
nature of work and levels of activity handled. In addition, the
Ministry of Health was setting up a special service to assist many
small laboratories which could not afford well-trained health physi-
cists, rather than attempting to control them through rigid regula~
tion.

Question: Taylor (US) asked whether it was planned to require
inspection before granting permission to use radiation sources. Answer:
Binks said inspection for licensing was difficult, and licenses might
be based on assurance that the laboratory and personnel knew the regu-
lations and would comply. The Ministry would have to feel its way
for awhile.

Questions Taylor then asked whether the UK would have a code
to give detailed guidance as to definition of class of laboratory.
Answer: Binks said various codes were under preparation and would be
released shortly.

Paper No. 778 "The General Problems of Protection Against
Radiation from the Public Health Point of View," was presented by
Dr. Pierre Dorolle, Deputy Director-General for the UN World Health
Organization. In it, he reviewed what he believed to be the res-—
ponsibilities of WHO in protecting world health against harmful ef=-
fects of radiation, particularly in studying genetic effects. Res-
ponsibility for the location of nuclear energy plants would eventually
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fall on public health officials, he said. In the disposal of solid,
liquid and gaseous wastes, international agreement should certainly

be reached on criteria and locations for disposal. The paper out-
lined a suggested public health program, including training, dissemina-
tion of pertinent information, and a world-wide scientific study of
somatic and genetic effects of background radiation.

Question: Cambel (Turkey) asked whether WHO would attempt to
specify control of radiocactive water and mud baths for therapeutic
purposes. Answer: Dorolle said that regulations to date had been
designed only for artificial sources, but certainly WHO would consider
the desirability of controlling radioactive baths where such might
be producing adverse effects, but this had not been thought of as a
matier of radiation protection.

Question: Bolanos (Salvador) asked how could protection be
assured against health hazards of reactor wastes which might be buried
in the ground or in the sea. Answer: Dorolle answered that this
question required much further study. International agreement on
waste disposal was needed——there should not be indiscriminate dumping
in the sea.

Paper No. 319, "The Achievement of Radiation Protection by
Legislation and Other Means" by L. S. Taylor (US), treated control
methods as they appeared to be developing in the United States.
Trends were much as in England — voluntary compliance with the codes
of the National Committee on Radiation Protection was insufficient,
and both state and Federal regulations were being, or had been,
drafted. NCRP started in 1953 to draw up a model law which suggested
that states adopt only such regulations as they could enforce, and
attempt to write laws only to cover cases which actually occurred in
a given state rather than attempt to cover every possible situation.
The NCRP model suggested certain small quantities of radioisotopes
be exempt from regulation, and also covered licensing, permissible
levels of exposure, monitoring methods, reporting, and waste dis-
posal.

PLENARY SESSION 5 — THE RCLE OF NUCLEAR POWER IN
THE NEXT 50 YEARS :

by Karl M. Mayer

UN paper No. 893, "Some Economic Implications of Nuclear Power
for Under-Developed Countries" by R. P. de Breuvery (United Nations)
pertained to the correlation of present world-wide power supply with
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general economic development area by area. In the second part, the
cost of nuclear power for undeveloped ccuntries was outlined and such
aspects as the use of small reactors, the lcad factor, the cases of
transmission and distribution, the investment in supplementary facili-
ties, and the dependence on imported fuel or equipment were considered.
The UN paper concluded that nuclear power in suzh countries could
accelerate development, diversify the eccnomy and facilitate the ex~
ploitation of mineral resources.

Paper No. 11, "An Economic Forecas® of the Role of Nuclear Power
in Canada™ by J. Davis and W. B. Lewis (Canada), looked toward the
construction of an increasing number of ruclear plants between 1960 and
1970.

Paper No. 327, "Integration of Nuclear Energy Among the Means
of Energy Production® by P. Ailleret and P. Taranger (France), looked
toward the gradual integration cf ri:clear energy into the power sys-
tem of France.

Paper No. 758, "The Role of Nuclear Energy in Relation to Other
Methods of Electricity Generation" by J. M. Kay (UK) was given in five
parts. First a comparison between the sconomics of nuclear and con-
ventional thermal stations was given. Second, an outline of hydro
characteristics was presented. In the third part, the economics of
joint nuclear-thermal plants was examined. In the fourth part the
exclusion problem was discussed, and, in the final section, several
-examples of interconnected systems with thermal~hydro-nuclear facili-
ties were given.

Paper No. 145, "Economic Significance of Nuclear Power for
Brazil" by B. C. de Mattos and J. da Costa Rebeiro (Brazil) contained
a general survey of the electric power instailed ir Brazil. Statis-
tics on past electric power consumption wers given and projections
into the future were made. Selling prices of thermal and hydro power
in Brazil were compared. Estimates of hydro, cval, oil uranium
and thorium reserves were made. Tentative concliuzions were reached
with respect to the use of nuclear power in various regions of
Brazil.

Paper No. 1002, "Hole of Atomic Energy in the Argentine
Republic" by P. E. Iraolagoitid (Argentina) stressed the lack of
energy resources at or near the ersrgy -omsuming regions in the
country.

For example, it was stated that nuclear power development in
the central and eastern part of the couniry are essential since those
regions are undergoing considerable industrial development at this
time. Nuclear power development in Argentina will be based on the use
of domestically mined uranium and thorium. However, personnel will
probably have to be trained overseas.
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Paper No. 475 "The Zconomic Potential of Nuclear Energy" by
K. M. Mayer (US) gave a detailed analysis of the economic potential
of nuclear energy in the US and made projections on a world-wide
basis.

It was stated, for example, that the quantities of energy
marketable in the US power economy at corresponding costs of genera-
tion and at a near future date such as 1965 were calculated to be
1.3, 9.6, 12.9 and 34.1 thousand million kilowatt hours per year for
bus-bar generating costs of 9, 8, 7 and 6 mills per kwh respectively.

Paper No. 389, "The Contribution of Nuclear Power to United
Kingdom and World Energy Up to 1975" by J. D. Cockeroft (UK) out-
lined the United Kingdom nuclear power program. He gave some esti-
mates of his country's electrical power requirements up to the year
2000 A.D. in terms of coal equivalent and discussed the ability of
nuclear fuel to carry some of the burden. The effect of uranium
utilization on requirements and its relation to reactor development
were considered. The paper concluded that Great Britain will place
ever greater reliance on nuclear energy for power production in the
coming decades.

Question: Skobeltzin (USSR) asked if the UK expected to sub=-
stitute water reactors for graphite reactors, could he explain the
provisional trend to graphite, gas-cooled reactors. Answer: Cockeroft
answered that the UK expected to begin with graphite and then go on
to more advanced designs such as water if it proved to be economic.

It now appeared that UK would go to water reactors by about 1965.

Question: Blokhinstev (USSR) asked what the cost of power
at Calder Hall was. Answer: Cockcroft replied that the cost of
power given by Mr. Jukes was 0.6d for power with a plutonium credit
and 0.76d without a plutonium credit. The credit for plutonium in-
cluded plutonium processing; however, fuel elements were considered
once through and fabrication was not included.

Question: Libby (US) asked if uranium ore supplies were suf-
ficient to support the projected UK program. Answers Cockcroft
answered that the UK has relied on projections made by Jesse Johnson
of the United States who maintained that there was plenty of uranium
ore available. Better utilization in the coming decades would im-
prove the position.

Questions: Davis (US) asked de Breuvery if he would comment,
in connection with small reactor plant location, on the difficulties
of transportation and the importance of cooling water. Answer: de
Breuvery (UN) answered that in order ot exploit minerals located in
remote areas it would be necessary to transport fuel by air and
cooling water must be available.
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Question: Davis (US) asked if he considered a nuclear plant
in competition with a conventional plant, should he consider each
at the same load factor. Answer: de Breuvery answered that in the
case of under-develloped areas, one should consider the load factor
somewhat differently. There were numerous places which had no power
so a comparison was very hard to make.

Question: Davis (US) asked if it would be possible to under-
take economic studies involving the costs of conventional and nuclear
power in underdeveloped countries such as Pakistan. Answer: de
Breuvery replied yes; that such studies could be supported through
some form of international assistance, or the cost of the study could
be borne by the country itself.

Question: Davis (US) asked how he would use a small reactor
where oil was cheap and the market dispersed. Answer: de Breuvery
replied that oil might be cheap at the production point but not at
the point of consumption. Since the markets were dispersed, trans-—
port costs were involved, and nuclear power might be the answer.

Question: Davis (US) asked if there was a market for power
at 30 mills kwh at a 50% load factor. Answer: de Breuvery answered
yes, that in fact there was a market for power at costs as high as
155 mills kwh.

Comments: Cats (Israel) commented on the fact that the rate of
interest in a particular country such as Iraq was very important;
capital charges must be offset by low fuel charges. At 15% returns and 60%
load factor the capital charge was already 4.3 mills kwh. The solution
was in lowering nuclear capital charges through international public
finance.

Question: Skobeltzin (USSR) asked Davis (Canada) if the low
temperature operation of a nuclear plant wasn't a great disadvantage.
Answer: Davis replied that nuclear fuel as a heat source was very
interesting -~ it had a low temperature advantage and could be used
in such industries as pulp and paper in Canada. Electricity might
be the by-product. It might be possible to use heat from the turbine
for space heating.

Question: Skolbeltzin (USSR) asked if it were possible that
the conclusions presented in the UK paper would be upset by techno-
logical advance. Answer: Kay (UK) answered that his paper was con-
cerned with developments foreseeable in the next 10 years. He could
not foresee any startling technological developments during the next
ten years.

Question: Skobeltzin (USSR) commented that nuclear plants
must have a high plant factor in order to be economic. He asked Mayer
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how this affected the market for nuclear power. Answer: Mayer (US)
answered that most calculations of nuclear power cost were based on
high plant factors. However, in assessing the economic position of
nuclear energy one must look first to the current and projected power
market. In the final analysis, the market would determine the pattern
of energy consumption. In studying the potential market for nuclear
energy power in the United States the plant factors were taken into
account automatically. In order to use the potentials shown, one must
calculate the cost of nuclear power with the correct plant facter,
size, etc. and then one can read the share of the market which nuclear
power should capture directly from the data given in the study.

Question: Skobeltzin (USSR) asked how a reduction in trans-
mission costs might affect the market potential of nuclear energy.
Answer: Mayer (US) replied that advances in the technology of power
transmission and distribution would benefit both nuclear and conven-
tional power. Reduced costs at the point of delivery would stimulate
the consumption of power. After corrections had been made for the
cost of exclusion or containment, it would still be necessary to com-
pare the costs of nuclear and conventional power generation at the
bus bar.

PLENARY SESSION 6 — HEALTH AND SAFETY ASPECTS OF NUCLEAR ENERGY
by Robert J. Hasterlik and U. M. Staebler

Under the chairmanship of W. B. Lewis (Canada), Section 6 of
the United Nations International Conference on the Peaceful Uses of
Atomic Energy was divided into two parts, the first dealing with
"Biological Effects of Radiation, the second with "Reactor Safety -
and Location of Power Reactors.n

The first speaker was J. F. Loutit (UK) who delivered paper
No. 392 on "The Experimental Animal for Study of the Biological Ef-
fects of Radiation". Loutit stated that it was to be expected the
higher animals, including man, would be more sensitive to ionizing
radiations than would lower forms. In order to collect data and set
reasonable levels for radiation exposure to man, the International
Commission on Radiation Protection had been organized. It was neces-
sary to collect all available data concerning deleterious effects
in the human which fall, in general, into four categories.

1. Superficial injury, such as the radiation burns suffered
by the early radiologists.
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2. General effects, such as the production of aplastic
anemias following prolonged exposure to radiation.

3. Induction of tumors, such as have appeared on the
skin after a latent period of 20 to 30 years follow=
ing irradiation of the skin in a child at levels of
1500 roentgens. (Studies on skin carcinogenesis in the
hairless mouse were presented.)

L. Other deleterious effects such as the production of
cataracts, genetic effects, etc.

Future progress was to be expected on the basis of study using
the experimental animal.

Certain studies of great importance have been going on in
several countries concerning factors affecting recovery of the hemo-
topoietic systems from irradiation. These include studies on para-
biosis; shielding of tissue such as spleen, liver, head; and the
injection of bone marrow.

Loutit believed that periodic blocd counts were not a suf-
ficiently sensitive indicator of the occurrence of irradiation damage
and recommended that the periodic blood count be replaced by physical
methods of monitoring. During the course of his presentation, Loutit
suggested that natural levels of radiation probably play little part
in the natural mutation rate except in long-lived animals such as
man.

The second paper, No. 616, "The Influence of the Ionizing
Radiations on Animal Organisms,™ was presented by Prof. A. V. Lebe-
dinsky (USSR) who stressed the importance of the therapeutic use of
ionizing radiation but pointed out the limitations imposed by the
development of "radiation sickness". USSR studies have for the
most part been directed toward the effects of radiation on the
nervous system. '

A first approach has been by means of histological study of
nervous tissue after irradiation. Nemenov has studied the effects
of 2,500-3,500 r on conditioned reflexes in dogs. Nemenov'!s data
demonstrated that, after radiation, there was a marked decrease in
the latent period between the stimulus and appearance of the con-
ditioned reflex, salivation, which was in larger volume than normal.
After a lapse of time, a reverse effect was noted.

Gorizontov has irradiated rats with 600 r. He has found a
fall in Minternal inhibition" of the central nervous system, followed
by a "depression of cortical activity"™, followed by a disappearance
of reflexes, followed by their return.
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Livanov and Anyanev have studied the changes in electro-
encephalographic changes in rabbits following 500-1000 r. They found
a general depression of wave activity following irradiation up to 18

hours.

Lebedinsky reported studies on electroencephalographic studies
done on six human beings irradiated for therapeutic purposes. He
stated that caffeine administered before irradiation yielded an in-
crease or no change in cerebral cortical electrical activity. After
irradiation caffeine plus stimulation resulted in a decrease in cor-
tical activity. He postulated that Moverstrained" cortical cells
respond to stimulation by inhibition. He also had no doubt that these
effects occurred immediately following irradiation.

As a further example of the nervous system effects, Lebedinsky
stated that the injection of acetyl choline causes a rise in blood
pressure. Two days following irradiation the rise does not occur on
injection of the drug, at three days there occurs a heightened blood
pressure response, followed at four days with a normal responssz.

The third paper, No. 478, by R. J. Hasterlik and L. D.
Marinelli (US) on "Physical Dosimetry and Clinical Observances on
Four Human Beings Involved in an Accidental Critical Assembly Ex-
cursion", was presented by Hasterlik.

On June 2, 1952, three men and one woman were exposed to
gamma rays and slow neutrons in an accident at the Argonne National
Laboratory. The doses were respectively 190 rem, 160 rem, 70 rem,
and 12 rem. The fast neutron energy component was approximately 2%
of the total rads and the slow neutron component, approximately 0.5%.
Detailed studies on the dosimetry, including a rerun of the recon-
structed assembly at known power levels established the validity
of the radiation doses.

Marked amino-acidura was a prominent finding in all indi-
viduals. One patient excreted as much as 5500 mg. in one day. 4n
increased level of urinary amino acids persisted in one individual
until four months following exposure.

Complete data on the hematologic findings were presented.
Studies indicated that the sperm counts had returned to normal levels
in the male patients at 20 months.

The last paper of the session, No. 617, "Two Cases of Acute
Radiation Sickness in Man", by A. K. Guskova and G. D. Baisogolov
(USSR) was presented by M. D. Domshlak.

Two individuals were exposed in an experimental reactor'
accident to 450 r and 300 r. No details were given concerning the

21



L

type of reactor or the details of dosimetry. It was reported that the
individuals have been studied for 18 months following the exposure.

The authors stressed the changes occurring in "cortical activity™
on the central nervous system and described the marked changes in chro=
naxie which they observed during the course of the radiation sickness
and recovery.

Both individuals appeared clinically ™well"™ until the 24th day,
at which time their clinical condition deteriorated. Marked bleeding
tendencies were seen and the patient exposed to 450 r developed a
severe ulcerative pharyngitis and tonsollitis. The patients were
treated with penicillin, neucleotides, frequent 200 ec blood transe
fusions, caffeine, cardiazol, oxygen, and bromides.

Question: Tatsuke (Japan) asked Domshlak (1) what he believed
to be the effect of neutrons on the bone marrow, and (2) would he esti-
mate the importance of the therapeutic effect of blood transfusions?
Answer: Domshlak stated (1) the authors did not deal with the ques=
tion of neutrons and the bone marrow, and, in answering (2) stressed
the importance of early prophylactic effect of blood transfusion.

Question: Farr (US) asked what specific therapy could be
used for the reported effects of radiation on the central nervous
system? Answer: Domshlak (USSR) said bromides could be used in the
stage of excitation and caffeine in the stage of nervous activity
depression,

Question: Pearson (US) asked what were the relative propor-
tion of neutrons and gamma rays in the exposures. Answer: Domshlak
said the authors did not give the exact figures but believed the
greatest amount was gamma rays, not much neutrons.

Question: Loutit (UK) asked whether Domshlak believed the
effect on the central nervous system was primary or secondary?
Answer: Domshlak (USSR) said this has been clarified by Lebedinsky
in his paper, since alterations in the nervous system arise im-
mediately.

Question: Mitehell (UK) asked (1) was there any evidence
for the distribution of the radiation dosage to the body of the two
patients, and was it uniform; and (2) what was the evidence for the
value of pentoneucieotides or other nucleic acids in the treatment
of the patients? Answer: Domshlak replied that the authors did not
state the distribution of radiation, and (2) that the drugs mention-
ed had not been administered and studies were not made.

- Question: Cambel (Turkey) asked Loutit whether he believed
the mechanism of carcinogenesis in the hairless mouse to be the same
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as in other mice? Answer: Loutit (UK) said the hairless mouse differed
from the normal mouse only in having a hereditary absence of hair fol-
llcles, that sebaceous glands were present, and he believed the meche
anism to be the same.

Question: Cipriani (Canada) commented that animal data were
not always applicable to man and asked how could these difficulties
be obviated? Answer: Loutit said it was necessary to study effects
in several species and pointed out that data on humans could be ob-
tained from radiotherapeutic irradiations, and accidental human ex-
posures. He stressed the extreme value of a "world clearing-house"
for the assembly of all human data.

Question: Roche (Venezuela) asked whether a nitrogen balance
study was carried out and, if so, what were roughly the data? Answer:
Hasterlik (US) said nitrogen balance studies were not carried out.

The first speaker in the second part of Section 6 was C. R.
McCullough (US) who summarized paper No. 853, "The Safety of Nuclear
Reactors", reviewing briefly the history, organization and respons-
ibilities of the Advisory Committee on Reactor Safeguards. It was
emphasized that this Committee was anxious to see rapid and fruitful
development of reactor technology but insisted on prudent precau-
tions against dangers. Reactor hazards are off-site as well as on-
site and must be guarded against by careful design for intrinsic re-
actor stability, plus careful administrative controls. The nature
of reactor hazards was described, and McCullough made it clear that
a bomb-type explosion was not to be expected but that radiocactive
contamination over rather wide areas could occur. Since large land
areas often could not be provided, design for containment of radio-
activity in case of an incident was believed desirable. Develop-—
ment of reactor fuses was cited as a promising means for increasing
reactor safety.

It was stated that if an accident occurred, the spread of
contamination,even though no one were killed, might make it necessary
to evacuate an area near the reactor for some years.

The second talk was a review of paper No. 481, "Experimental
Determinations of the Self-Regulation and Safety of Operating Water-—
Moderated Reactors", presented by J. R. Dietrich (US). This talk
sunmarized results of experiments on the transient behavior of
homogeneous reactors at Los Alamos and Oak Ridge National Labora-
tory, and on heterogeneous water-moderated reactors by Argonne
National Laboratory at the National Reactor Test Station in Idaho.
Most of the talk was devoted to the latter experiments. Results
were presented covering the effects of lattice geometry, pressures,
initial temperature and excess reactivity added. The final des-
tructive experiment of the boiling water reactor,which was planned

23

1035246



_to melt fuel plates, was described and a short movie was shown on the
effects of this experiment. It was emphasized that the extreme
conditions imposed for this experiment were difficult to achieve
and that they would be virtually impossible in a well designed nuclear
power plant.

The final presentation, by W. G. Marley (UK) reporting on
paper No. 394, "Radiological Hazards from an Egcape of Fission
Products and the Implications in Power Reactor Locations™, expressed
a philosophy similar to that of McCullough. Noting that McCullough
had described the nature of reactor behavior which made reactors
potentially hazardous, the speaker concentrated on suggested toler=-
ance levels, and actions which should be taken in the event of radio-
active contamination. It was pointed out that some radiocactive ele~
ments which are long-lived or which seek sensitive areas of the body
on ingestion, such as Sr 90 or Pu 239, could not be tolerated to
nearly the same extent as other short-lived and easily removed con-
taminants. Possible concentration of activity in foed from plants
and milk from cows was estimated. The effects of rain or dry
weather conditions in deposition from a radiocactive cloud were noted.
A release under conditions of turbulence in dry weather, of fission
products restricted to 0.1 MW of reactor power, should not necessi-
tate lengthy evacuation of population outside a narrow sector ex-
tending 1.7 km downwind. Temporary evacuation or restriction on
living habits may extend to 5.7 km, while seriously contaminated milk
might be expected, temporarily, from pastures up to 20 km. Marley
concluded that satisfactory locating of high power reactors which
incorporate suitable engineering safeguards could not present an
insuperable problem in the development of nuclear power.

Question: Cockcroft (UK) asked what kind of reactor fuses were
being developed? Answer: (McCullough) said there were many varieties
which mainly consist of a reactor poison, such as boron, under pres—
sure which will be released by heating of some mechanism under high
neutron exposure.

Question: Morgan (US) asked whether Marley had considered
the advantage which might come from short fuel cycles which might be
achieved in a homogeneous type reactor. Answer: Marley said it had
been considered but that the cycle would have to be reduced drastically
to have any important effect. If very short cycles could be achieved
it would reduce potential contamination from a reactor accident.

Question: Lavigne (Canada) asked whether there was any
evidence of chemical reactions in the water boiler reactor experi-
ments which Dietrich described. Answer: Dietrich said there was
no conclusive evidence. The destructive effects were consistent
with the nuclear energy released, thus it was not necessary to
assume that a chemical reaction took place. Most of the fuel was
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left in the immediate vicinity of the reactor, according to radio-
logical surveys, so no large fraction could have reacted. Some
aluminum oxide was found but was believed to be due to burning

in air.

Question: Mummery (UK) noted that large scale reactor
designs differed from the reactor described in which the transient
experiments were performed and asked for a comment on the applica-
tion of these experimental results to large reactors and to reactors
using heavy water. Answer: Dietrich said results were not suffi-
cient for a complete analysis, but that results of experiments with
different lattices suggested that a given amount of energy must be
supplied per unit of volume; but the steam void coefficient of re-
activity also would be less in this particular comparison. Heavy
water would have a longer neutron lifetime which would reduce the
reactor period for a given reactivity increase.

Question: Went (Netherlands) asked what was the policy of
the United States regarding degree of isclation required for a
reactor. Answer: McCullough said that when feasible, reactors
have been located in remote areas. When this was not feasible for
power reactors, the U. S. was working on a policy which would con-
sider (a) design, (b) administrative control, (cg containment, and
(d) location. In response to a further question from Went about
gas-tight buildings, Dietrich stated that they were not explosion-
proof, but that it was believed possible to design buildings which
would prevent release of dangerous amounts of fission products in
case of a reactor accident.

PLENARY SESSION 7 — THE USE OF RADIOACTIVE ISOTOPES
by Paul C. Aebersold, H. B. Tukey, and Walter D. Claus

Section 7, dealing in three parts with "Isotopes in Technology
and Industry'", "Isotopes in Medicine, Biology, and Agriculture,
and "Waste Disposal Problems," was chaired by General Bernardino C.
de Mattos (Brazil).

The opening paper of part one (No. 308, "Importance of Iso-
topes in Technology and Industry") by P. C. Aebersold (US), the first
in the Conference devoted-entirely to isotope utilization, was in-
troductory and broad. It outlined the power and versatility of the
isotope tracer technique and the basic principles of all applications:
(1) radiation used to affect materials, (2) radiation used to study
or measure materials, (3) radiation used to trace material. Indus-
trial applications were enumerated for each principle. In the United
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States alone radioisotope utilization results in savings of $100 million
a year and uses are growing rapidly, Aebersold said.

Seligman (UK) gave a paper (No. 395, '"Recent Developments of
Radioisotopes Used in Industry"§ on isotopes in technology and indus-
try and covered some recent specific uses in England. The illustrated
uses demonstrated application to problems of special importance in

the United Kingdom. Since piping in water systems and industrial
concerns in the United Kingdom may often be quite old, corrosion

and leaks are a serious problem. A gamma-ray reflection gauge was
described which can measure thickness of pipe by access to the outside
alone. The device is more sensitive to lower-energy backscattered
rays than to the direct rays from the source. The unit is quite
portable, uses only a small Co 60 source and measures wall thickness
to 4 4% for up to 2 cms of steel. Local irregularities, due to cor-
rosion, larger than 1 cm in diameter, can be located.

A procedure was Cescribed for locating leaks in underground
water mains. Short-lived Na 24 was used so that the water or pipes
would not be long contaminated and the procedure could be used
with safety.

To find leaks far underground a deep probing system was
described. Leakage of fuel in planes was tested by radiotracer
methods. An interesting large scale tracer study was the use of
activated scandium oxide sand to study movement of silt in the
Thames over a distance of more than 20 km. The results indicated
tidal effects calling for revision of dredging procedures. General
industrial tracer research uses were also noted.

In the discussion period, Dr. Seligman was asked a few
details on the limits of accuracy of gauges and methods described.
The Chairman gave Jules Gueron (France) a special opportunity, after
commenting on the papers, to add experience on uses in France.
Gueron indicated that the Aebersold paper had covered the broad
principles of use and had glven good arguments for the economic
and training value cf isotope usage, noted that the Seligman paper
had given interesting specific examples, then offered statistics
on isotope utilization in France and expected future growth.

Shields Warren (US), presenting the first paper in the
second part of the section (No. 309, "Radioisotopes in Medi-
cine") pointed out that the uses of isotopes may be placed in two
general categories, namely, (1) tracer techniques and labeling, and
(2) radiation effects, involving therapy, sterilization, food pres-
ervation and gene changes. He gave several examples of how isotope
tracer techniques may be used to advantage. Thus, (1) from tracer
studies it has been learned that there is much greater mobility
and change of substances in the organism than has previously been

26

1035249



ML

appreciated; (2) by assaying with isotopes, many tedious chemical methods
of analysis have been greatly lightened, and frequently without dis-
turbing the organism itself; (3) the ability of an organism to form a
substance can be measured directly by the isotope technique, without
calculating the total net gain from adding and subtracting materials

of both constructive and destructive metabolism; (4) enzyme patterns

can be followed in both plants and animals. Standards of operation

have been established for work with tracers. The technique is of
greatest importance and extremely promising.

Warren described therapeutic use of radioisotopes as both (1)
external, and (2) internal. The ability to concentrate isotopes in
certain tissues makes interior treatment far superior to external
treatment. The advantages of low-=cost, low-level reactors close to¢
the source of use are many, and should receive careful consideration.

Question: Cambel (Turkey) asked whether cesium~teletherapy
could be cheaper and superior to cobalt-teletherapy? Answer: Warren
said that the chief saving for cesium would be that its softer radia-
tion required less shielding, but since its rays are less penetrating,
its use would be limited.

Question: Milcou (Romania) asked whether synthesized radio-
active hormones been used in therapy? Answer: Warren said their
radioactivity was so slight as not to be helpful in therapy, but
that as tracers they helped understanding of metabolism.

A. L. Kursanov (Paper No. 618, "The Utilization of Radioactive
Isotopes in Biology and Agriculture in the USSR") said Russian scien-
tists have used tagged atoms rather extensively in research. They
have done considerable work on roots where activity is fairly easily
followed. P 32 is being used by field stations in dozens of loca-
tions in the USSR.

Among reported findings was that a much higher percentage
of applied fertilizer was used by the plant than had been previously
supposed. For example, 40 to 60 percent of the phosphorus used by
a plant might come from applied fertilizer instead of the 10 to 12
percent as frequently suggested.

- By the isotope technique, a more rational distribution of
fertilizer could be made in the soil. For example, it had been found
that the M"efficiency" of a root could be greatly increased by being
in contact with the fertilizer. Thus, using P 32 it had been shown
that as little as 4 to 5 percent of the root system of some plants
could take up the phosphorus requirements of the entire plant,
meaning an increase in Wefficiency” of 20 times.

Kursanov said it had been possible to follow the produc-
tion of materials by micro-organisms and to ascertain the uptake and
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utilization of these materials by the plant. A study of the disine
tegration of humus had shown that CO2 might be picked up by the roots
from the soil, transported to the leaves, and there used in photo-
synthesis fully as effectively as COp from the air.

He said that the discovery of some steps in photosynthesis
in vitre had been made simultaneously with a similar discovery made
by US investigators.

It had been shown that both proteins and carbohydrates might
be synthesized in the leaf in the presence of light. Further, the
red-green portions of the spectrum was used in carbohydrate synthesis,
and the blue portion in protein synthesis.

It had been found that the speed of movement of materials,
and the buildup and breakdown of materials in the plant was very
great. He pictured a dynamic system of great change and mobility.

The USSR scientists had studied the ™on-root" intake (foliage
intake) of plants. Following these studies many thousands of acres
of plants had been given foliar feeding, mostly sugar beets, in cool
areas, and under conditions where nutrients were not readily available
at critical times.

It had been shown that sucrose was manufactured in the leaves
of beets, and then moved to the roots. Because of this, greater
attention was now being paid to leaves. In studies with fruits
(poppy) it had been found that COp might be evolved in the center
of the fruit, and that the COp might then diffuse to the periphery
where it might be used in photo synthetic processes. There was a
mechanism for maintaining the O, and the CO, levels at proper con-
centrations in different parts of the seed and the fruit.

Studies of latex synthesis had revealed some processes in-
volved, notably that latex appeared very suddenly in some plants.

Questions: Mitsui (Japan) asked about isotopes in soil
erosion studies. Spinks (Canada) asked whether universities par-
ticipated in the program and was assured that they did. Reifer
(Poland) asked for more information on synthesis of alkaloids.

S. A. Silow (FAO) in Paper No. 780, "The Uses of Atomic
Energy in Food and Agriculture®, stated that the world supply of
food could be increased by (1) reducing the heavy losses that now
occur in storage, transport and handling; (2) increasing the produc-
tive areas of the world; and (3) opening up new areas to precduction.
Atomic enérgy could help eventually through producing cheaper power
80 as to remove salinity from water and provide better drainage, and
through the use of isotopes.
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Isotope studies might not stimmlate preoduction directly, so
far as was known, but atomic energy radiations could induce mutations,
sterilize foodstuffs, provide better knowledge of insect and disease
control, show how fertilizers could be most economically applied,
discover fishery sources and hence promote better production of fish
and help determine adequate balance of diet. '

Silow made a statement that only 1% of sunlight was used by
plants. Wassink (Netherlands) pointed out that this might be so for
an entire year but was not true for certain short phases of plant
development and in low light intensities.

Opening the discussion of waste disposal, F. Glueckauf (UK)
made estimates in his paper (No. 398, "Long-Term Aspects of Fission
Product Disposal™) on the product-by-product problem of reactor
wastes. Krypton 85 released into the air would be less than that
produced by cosmic rays, and hence negligible. He calculated that
after one year of aging, the other radiocactive residues would con-
sist of only 12 isotopes, and after 20 years only 7 isotopes, in-
cluding strontium and cesium. If these two (Sr and Cs) were removed
from the wastes for other purposes, the biologically weighted relative
activity of the remainder of the wastes would drop in 5 years to
one~hundredth of the one-year total activity and in 20 years to about
5 x 10=2 of the one-year activity.

Storage of wastes for 13 years would generate a number of
stable isotopes (such as rubidium, ruthenium, palladium and xenon,
and the rare element technetium), all highly valuable, which perhaps
would Justify the costs of prolonged storage. There was a possi-
bility that americium might eventually become so large a proportion
of wastes through radiocactive decay of other isotopes as to cause a
bias against disposal to ground or sea, even though strontium and
cesium were removed for other purposes.

The paper proposed storage and utilization of "wastes" for
13 to 50 years before disposal to ground or sea. It assumed that
not more than 1000 tons of fissionable material would be consumed
anmually in the foreseeable future.

Dr. A. Wolman (US) in his paper (No. 310, "Management
and Disposal of Radioactive Wastes') declared that actually dis-
posing of 41 tons of fission products annually by the year 2000
would challenge the ingenuity and imagination of scientists and
industrialists.

Present methods of control are adequate, but expensive,
and these would not constitute "disposal' in the way the word is

applied to industrial wastes. Low and middle-level wastes are re-
turned in a controlled and safe concentration to nature, but high-
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level wastes are stored expensively. The AEC is conducting a large num=
ber of s udies on the fixation of radicactivity in prepared soils,
locking :oward ultimate storage in the earth or sea, Wolman said,
poii.tir , out tiat indiscriminate disposal to air or sea might have

ob: :ctionable ~nvironmental results and cause international complica-

ti ns. For t' : present, the AEC continues to store its high-level
wastes under .lose supervision.

Dr. R. Revelle, Director of Scripps Oceanographic Institute,
made a brief statement on the work which oceanographers are doing to
understand the resources of the ocean to receive industrial wastes:
the rates of diffusion and current flow of deep waters; the vertical
"turn-over! of deep water which would carry deep deposits into the
surface waters where marine life abounds; sedimentation; and inter-
actions between ocean, atmosphere and lithosphere.

Questions Taylor (US) said he understood Glueckauf to state
that, because public opinion was so ssnsitive, ocean disposal could
be considered only under conditions which guaranteed absolute safe-
guards against fission products entering human food or water supplies,
and accidental exposure of the public to radiation levels above tolerance.
He asked Glueckauf and Wolman to discuss the possibility that public
opinion would become less sensitive in time, and that controlled re-
lease of radicactivity into the environment might in time become en=-
tirely acceptable? Answers Glueckauf said that controlled release
of low-level activity to the environment might be acceptable, but
high levels never would. Wolman said he felt Glueckauf'!s statement
was proper with respect to the release of material of very high acti-
vities, but that waters are capable of absorbing tremendous quantities
of wastes of all kinds when properly managed. He said it should be
possible to release large quantities of radiocactivity to the hydro-
sphere without hazard to life.

Question: Dahl (Norway) asked whether Wolman would depend
on a container to prevent dilution of waste disposed to the ocean,
or on currents to produce dilution. Answer: Wolman said that, for
certain lower levels of activity, many would prefer dilution. With
very concentrated wastes, fixing would perhaps be better, and studies
were under way to learn how to confine them. Answer: Wolman said
AEC interim policy was to store, meanwhile seeking better disposal
knowledge.

Question: Parker (US) said that, according to Hanford
calculations, storage cost of high=level waste would be less than
1% of sales price of the power and asked Wolman to comment? Answer:
Wolman said storage was Mexpensive! as related to cost per unit volume
on an absolute basis, whereas Parker referred to cost as a portion of
total cost of production. Wolman said $1 per gallon to store would
be expensive for ordinary industrial waste disposal, but as 1% of
total cost it might not be prohibitive.
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Question: Libby (US) asked Glueckauf what would be the ultimate
cost of fission product disposal? Answer:. Glueckauf said estimates of
cost were speculative, and were as well treated in his report as was

now possible.

Question: Lawroski (US) asked Glueckauf whether it was likely
that recovery of rare stable elements from wastes after long storage
might lead to an undesirably high level of contamination of materials
in industrial channels. Answer: Glueckauf said ruthenium was the
most likely contaminant because of the difficulty of its chemical re-
moval, but since it has a half life of only one year, its contamina-
tion would be eliminated in a few years.

CLOSING PLENARY SESSION NO. 24
by Karl M. Mayer

The closing general session of the Conference considered '"In-
ternational Cooperation in the Peaceful Uses of Aiomic Energy," and
"Education and Training of Personnel in Nuclear Energy.® It was closed
by the presidential address of Dr. Bhabha {India) who was also session
chairman.

In presenting paper No. 619, 'Assistance of the Soviet Union
to other Countries in Peaceful Application of Atomic Energy," M.
Lavrishchev (USSR) stated that cooperation, previously confined to
neighboring countries, would be extended to other nations. The USSR
wanted extensive international cooperation.

He stated that experimental piles and elementary particle
accelerators are being designed by the USSR for the development of
nuclear physiecs in China, Poland, Czechoslovakia, Rumania, Bulgaria,
Hungary, and East Germany. Physicists and radiochemists from various
countries were being trained in nuclear science in the Soviet Union.

He closed his presentation with the hope that many more such conferences
would be held.

Paper No. 805, "The United States Program of International Co-
operation for Peaceful Uses of Atomic Energy,'" by Willard F. Libby*
(US) referred to the address of President Eisenhower to the United
Nations . General Assembly on December 8, 1953, and the proposal that
an international atomic energy agency be established under the aegis
of the U. N. He stated that the U. S. had already taken steps toward
international cooperation in advance of the formation of the agency. -

#The text of Dr. Libby'!s paper is in Appendix XVII.
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Dr. Libby stressed that the development of conventional sources
of energy should not be neglected. Atomic energy would not make ime
mediate large-scale contributions, but there might be a significant
start of nuclear power generation in 10 years. He stated that announced
prices for heavy water and fuel were so fixed that the United States
neither gained nor lost through the sale of materials.

Sir John Cockeroft (UK) made an informal report on UK coopera=
tion. He stated that the United Kingdom was grateful for the help
received from Canada and the United States, and that the United Kingdom
would help others through reactor instruction, and university post
graduate training. The United Kingdom helped found a European technie
cal society and would welcome visiting engineers to study reactor
operation and experience costs, he said. The United Kingdom looked
forward to seeing visitors at Harwell and would welcome another such
conference as the present one in 3 to 4 years.

Nabor Carillo (Mexico) stated that ) -xico left the Conference
with profound satisfaction. The most impor: it development was the
fact that the Conference took place, Scient_sts had demonstrated that
they were men of good will and that they had mutual respect for one
another; they have impressed the whole world.

Pawel Szulkin (Poland) declared the two papers presented in
the session were very important in the future development of atomic
energy. Further cooperation would take place, it was predicted.
Poland planned to help in whatever way it could. The Polish program
included exchange of information, mutual visits, and training of young
scientists.

The fourth statement was made by Keiichi Tatsuke (Japan).
He stated that the Conference was a success and that other conferences
should be held. A hope was expressed that an International Atomic
Energy Authority would be set up.

Pavle Savic (Yugoslavia) stated that the most noteworthy
. aspect of the Conference was the daily cooperation of men of science.
Savic said Yugoslavia would cuoperate in any way it could in order to
lead to a solution of the discrepancies in the development among dif-
ferent countries. A statement of good wishes and congratulations by
President Tito was read.

Gunnar Randers (Norway) then commented about scientific co-
operation between Norway and Holland. He stated that Norway and
Holland had a Jjoint reactor program and plan to build reactors for
power and research. The golden rule of cooperation, Randers stated
had the following elements: (1) There must be mutual need and desire;
there cannot be a donor-receiver relationship; (2) There must be full
cooperation with no "keep out" signs, and (3) Scientific cooperation
and progress thrives in laboratories and not in offices or even in
public meetings.
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Paper No. 983, "Training of Research Staff in the Field of
Peaceful Uses of Atomic Energy! was presented by Pierre Auger (UNESCO).
He stressed the need for balance in education of the young. The general
training should not be neglected and specialization in science should
be encouraged. UNESCO would help nations meet the new needs of educa-
tion in the atomic age.

Pierre Dorolle (WHO) stated that training of radiation protec-
tion personnel was an essential part of any public health program.
WHO would help countries in organizing such training programs.

Dr. Nazir Ahmad (Pakistan) stated Pakistan was in agreement
with the sentiments expressed by Mexico earlier. Pakistan would
develop rapidly if it were helped by more advanced countries. Pakis-
tan suggested the establishment of regional centers of research under
the guidance of people from more advanced countries.

Henri Medi (Holy See) stated that the world must have a search
for truth tased on the love of man. Any discovery belongs to all
men. The world should try to distribute its wealth to the less fortu-
nate, he said, and correct the unequal distribution of wealth all
over the world.

In the closing presidential address, Dr. Bhabha stated that
the Conference had been a great success. He stated that speakers of
the Conference held to time schedules because they had something con-
crete to say. He gave the highlights of the Conference as follows:

1.) The feasibility of atomic power generation
: is no longer doubted.

2.) The economics of atomic power have been
greatly clarified.

3.) The Conference will lead to many serious studies
of the utilization of atomic energy.

4.) Progress has been made in the field of biology
and medicine but more knowledge is needed in
the field of genetics.

5.) Knowledge once given cannot be withdrawn—the
free flow of knowledge has been established.

6.) Another meeting should be held.
President Bhabha read a note of good wishes and congratulations

from President Bulganin of the USSR, and ended by saying that President
Eisenhower had also sent a congratulatory message.
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APPENDIX IT ~- U.S. SCIENTIFIC SECRETARIES! REPORTS ON TECHNICAL
SECTIONS OF THE CONFERENCE

"A" SECTIONS OF CONFERENCE -—— PHYSICS AND REACTCRS

Section 6A - Special Topics in Nuclear Physics

By George A. Kolstad and
V. Weisskopf

A. Bohr (Denmark) was chairmari.

The first paper, No. 714, was delivered by H. V. Pasechnik
(Ukr. SSR) on the MInelastic Scattering of Fast Neutrons by Atomic
Nuclei". The neutron energies were 2.5, 3.3, 4.1 and 14 mev, and
threshold detectors were used.

Discussion: Walt (US) pointed out that Pasechnik got a
different value for Pb and Bi, whereas US values are equal.
Kazatchovsky (USSR) reported on photographic work on inelastic
scatterings.

The next two talks were by R. B. Day and M. Walt (US). Day
in No. 581, reported on "Gamma Rays from Neutron Inelastic Scattering"
as studied at Los Alamos. " In No. 588 MAngular Distribution and Non-
Elastic Neutron Scattering® by Walt et al., Walt reported on the angu-
lar distribution of elastically scattered neutrons and on non-elastic
cross-sections.

Pasechnik (Ukr. SSR) asked about the resolution of Day's gamma
detector. » $one , . ;

The following talk, No. 830, "The Theoretical Prediction of
Neutron Cross Sections of Non-Fissionable Elements for Energies up to
10 Mev," was by V. Weisskopf (US) who gave a resume of the status of
the theoretical predictions of neutron cross sections. In the dis-
cussion, Blokhintsev asked about the connection between the optical
model and the Bohr theory of nuclear deformation.

The next talk, No. 650, "Investigation of the Neutron B-Decay",
was given by M. S. Kozodaev (USSR) who reported on work by P. E. Spivak
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et al. on neutron decay. He measured the lifetime of the neutron by a
method similar to that of Robson in Canada. Kozodaev gave some prelim-
inary results on the angular correlation of the decay electrons. Dis-
cussion focused on the accuracy of the measurement. Snell/(US) asked
how it was possible to determine the lifetime as accurately as given
(12+1 minute). .

The next talk, No. 651, was given by B. P. Adiaseviech (USSR)
on the work of L. V. Groshev et al. on "Thermal Neutron Capture Gamma
Rays". Groshev used a Compton electron magnetic analyzer and covered
the range from 0.3 mev to 10 mev.

In the discussion which followed Weisskopf (US) complimented
the study and asked whether the measurements had been extended to heav-
ier elements. Adiaseviech then showed new results with heavy elements.

The next paper, No. 941, "Investigation of the Struct&re of
Molecules and the Structure of Liquids by Scattering of Thermal Neu-
trons" was given by M. H. Niewodnietzanski (Poland). The work done
by J. Janik was on neutron scattering by organic molecules and the
determination of their structure, using a small radium-beryllium
neutron source.

The last paper, No. 870, "Thermal Inelastic Scattering of Cold
Neutrons in Polycrystalline Solids" by K. S. Singur and Kothari, was
given by L. S. Kothari (India.) Corrections to Placzek's theory were
calculated on the basis of the Debye Model.

SECTION 7A - FISSION PHYSICS

by George A. Kolstad

V. F. Weisskopf (US) was chairman.

A. Bohr (Denmark) presented Paper No. 911, "Collective Motion
in Atomic Nuclei®, which described the properties of fission which
result from the fact that there are a very small number of levels of
non~-collective nuclear motion which can come into play near threshold
and said that the angular momentum of these states could have important
consequence. DBohr gave a qualitative discussion of the influence of
conservation laws on this process.

J. A. Wheeler (US) in Paper No. 593, "Fission Physics and
Nuclear Theory", discussed the fission process.
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Paper No. 993, "The Time Involved in the Fission Process" was
given by D. Popovik (Yugoslavia) who was the first scientist to publish
the width of a fission resonance. He referred to 'this unfortunate
period (of secrecy) which we hope is disappearing".

J. S. Auslander (Rumania) gave Paper No. 1089, "Statistics of
Photographic Fission Tracks and Range Estimates of Fragments", on work
by himself and T. Visky, a theoretical analysis of an experimental pro-
cedure.

Discussion: Wigner (US) said he felt that the ideas of Bohr
were quite new and therefore difficult to understand wlthout further
thought. In the discussian of the papers of Bohr and Wheeler, it
was brought out that the whole fission process is not adlabatic since
the correct state for going over the potential barrier must be arrived
at by a non-adiabatic process. However, while the barrier is actually
being surmounted, the process may be considered as adlabatic.

Blokhintsev (USSR) in discussing questions on Wheeler?'!s paper,
said that he questioned adiabatic approximation. He said also that
heavy nuclei were formed in excited states. Since the fission width
increased with excitation energy, these states would fission rather than
decay by gamma emission to the ground state. - Thus one would not expect
to form appreciable quantities of heavy nuclei in the ground state.

He stated further that heavy nuclei did not exist because of the diffi-
culties with the Dirac equation.

Peierls (UK) made the comment that for higher excitations, as
in slow neutron fission, the adiabatic approximation may be questionable,
for with the high number of degrees of freedom, there might not be a
"high density of nucleonic levels, so that the situation might be more
nearly analagous to that occurring in the theory of solids.

V. V. Viadimirsky (USSR) commented that the liquid drop theory
gave too high a threshold for fission. Changing the Weissacker formula
by putting in an additional surface tension term, which depends on the
neutron-excess, gave better results. ' .

Mostovoy (USSR) quoted a theory, erroneously attributed to Wigner,
to the effect that the number of alphd particles from spontaneous
fission was greater than that from induced fission by 60% in the mode
of decay where alphas are also emitted.

M. D. de Souza Santos (Brazil), gave Paper No. 897, "Studies of
the Nuclear Photoeffect®, by himself and associates, describing the
first work done in Brazil with a machine purchased from the United
States. He said he hoped to do fission threshold measurements.

A. Lundby (Norway) gave Papers No. 884, "Angular Correlation
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of Fission Neutrons" by K. Skarsvag, and No. 891, 'High Energy Gamma
Rays from Short-Lived Fissicn Products™ by Lundby et al.

R. B. Leachman (US) in Paper No. 592, "Determination of Fission
Quantities of Importance to Reactoras® discussed the measurement of nu
and nu average for U-233, U-235, Pu-239, Pu-240, etc., and .the energy
spectrum of fission neutrons.

Discussicn: Kozodaev (USSR) complimented Leachman for a good
paper and reported on the work of Spivak aad coworkers on the relative
determination of nu (thermal) for U-233, U=-235, Pu-239, and spontaneous
fission nu for Pu=240 and Pu=24l, as fellows:

mu (U=233) = 2.6
ru (J=235) = 2.5
nu (Pu=239) =3.0
ma (Pu=240) = 2.2
nu (Pu=241) = 3.1
Kozodaev said that the proceedings of the Moscow Conference

were available to all delegations.

Egglestaff (UK) made some additional comment and showed some
UK data on fast fission cross ssctions.

Question: Sanders (UK) asked Leachman about what difficulties
were experienced with gamma rays in Diven's big scintillation chamber.
Divens answered the question by describing discrimination techniques.

SECTION 8A ~ RESEARCH REACTORS

by Ulysses M. Staebler

Dr. C. N. Watsomn=Murr< (Australia) was chairman of Section 8A.

L. Kowarski (UMESCO) gave paper No. 946 '"Report on Research
Reactors® in which he described 10 diffsrent types of organisations or
institutions which might fird a research reactor valuable. These ranged
from facilities doing basic ressesrch tn hcsgpitals using radiation
therapy. The speaker previded a btzckground te heip crganizations to
decide whether or nct to anquire a reactor and to select one suited to
particular needs.

Kowarski listed as activities wnich could be carried out with
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research reactors (a) studies of the behavior of the reactor (b) ghysi-
cal research, (¢) chemical research, (d) biology and medicine, (e
reactor engineering, and (f) other branches of applied research.

Technological factors affecting the choice of a research reactor
were discussed including (a) performance rating, (b) nature of the fuel
required, (c) moderator and reflector design and utilization, (d) cooling
problems for high neutron flux, (e) shielding design, and (f) equipment
for control and experimentation. Kowarski also discussed costg as affec-
ted by reactor choice and building requirements. Fluxes of 1012 n/cm?/
sec should be possible for an initial investment of about $400,000, and
annual operations expenges of ibout $100,000, he said. Reactors giving
a flux of many times 1043 n/cm</sec might cost $4 to 5 million and $1
million a year to operate.

The second speaker, A. H. Snell (US), in paper No. 484 "The
Nuclear Reactor in Basic Science,!" described many specific basic research
activities involving a reactor. These included studies of new materials
such as technetium, radiation chemistry, and 'hot atom" chemistry.
Snell said gamma radiation from sources such as Co 60 was more desirable
for many jobs than reactor radiation, which includes neutrons that cause
secondary effects. He believed that many baslc absolute nuclear measure-
ments, such as the neutron-neutron interaction, would bear repetition.
It was emphasized that already the impact of reactors on basic science
is very broad though we have just begun the many investigations they
make possible.

The third presentation (paper No. 401, "Research Reactors™)
by E. Bretscher (UK) included similar material. He noted certain
conflicts which could develor between physicists and engineers in the
design of a research reactor. He gave costs for construction of a high
flux reactor that were higherthan those stated by Kowarski.

In opening the discussion period the chairman stated there were
many questions on costs of research reactors, but he would permit only
limited discussion on this point because of lack of comparability
among cost figures from different countries.

Question: Deoan (US) commented on Kowarski's statement about
relative costs of MIR and ORR, and pointed out that the lower cost of
the ORR was largely due to experience. He stated that an MIR type
reactor probably could be built now with its neutron fluxes in much
larger volume for less money.

Question: Zinn (US) noted that costs of the ELL3 given by Bret-
scher were much higher than the actual cost of the US CP-5 reactor by
almost a factor of two, and asked if this represented additional facili-
ties or high cost.of building research reactors in Great Britain.
Answer: Bretscher said research facilities were included. He believed
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the flux to be slightly higher than in CP-5.

Question: Gomberg (US) commented on a statement by Kowarski
regarding confusing prices for the Geneva research reactor ($180,000)
and a similar one for Michigan State University, and stated that the
Swigs would have to spend additional money for such things as experi-
mental facilities and cooling, if they wanted high flux and that there
was no great inconsistency in actual costs of a similar reactor.

Question: Buras (Poland) asked for a statement regarding the
formula on exclusion distance in Kowarski's paper in relation to the
experiments described by Dietrich. Answer: Kowarski said the formula
was copied.

Question: The Chairman asked whether Zinn could amplify?
Answer: Zinn said that exclusion considerations normally invelved an
assumption that the core had many fission products built up in it,
whereas the reactor core used in the transient experiments did not have
them built up to any appreciable level. The formulae would have pro-
vided adequate isolation.

Question: Billington (US) supplemented Snell's paper with a
brief description of apparatus for, and results from, experiments at’
20° K inside a reactor.

Question: Dunworth (UK) expressed concern over statements in
Kowarskits paper regarding short~term interest in zero-energy systems
and cited interesting and important work being done in such systems.

Question: Weinberg (US) commented on the future of the pre-
sent generation of research reactors being designed and built on the
basis of using natural uranium fuel. He noted that there was always
a strong incentive to increase the power level and this usually could
be done if adequate provision was made for shielding, reflector cool-
ing, and similar items. He cited that the Oak Ridge reactor (X-10)
had increased from 400 kw to 4000 kw and that ORR had gone from 5000
kw to 20,000 kw while under design. In addition to higher powers, in-
creased thermal neutron flux density in limited areas could be provided
vithout increasing power by using enriched fuel as was done in the CP-3
reactor.

Question: Went (Netherlands) said that Bretscher stressed the
evident importance of installing new types of hot loops in a reactor
instead of building a prototype reactor. If it were rossible to reduce
considerably the dimensions of such a reactor, he asked, would it be
worthwhile building a small prototype reactor immediately instead of
a hot loop? Answer: Watson-Munro said he knew of some experiments
costing on the order of $250,000, and in some cases it would be better
to build a separate high flux reactor running with the fuel element in
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question, rather than to carry out the separate test in a high flux
reactor that existeds He said it depended upon the test being carried

out.

Question: Wirtz (West-Germany) wanted to know whether, if en=
riched uranium and h water were not available and a research reactor
with a flux around 1 was wanted, it would be better to build a sepa=
ration plant for enriched uranium or a heavy water plant to get heavy
water. Answer: Dunworth (UK) said he thought it should be possible in
future to purchase either one or the other from some source, and that
there was no straight answer, because neither a diffusion plant ner a
heavy water plant would be built solely to enable construction of a
research reactor.

The second part of Section 84, M"General Principles and Prace
tical Experience", was opened with paper No. 888 ("Practical Experiemce
with the JEEP Reactor® by T. J. Barendregt), presented by N. e,
Norway. This reactaor operates at 350 kw producing a flux of 10 n/cm?/
sec using heavy water moderator at less than 100°C. The speaker des=
eribed the reactor and operational experience during an experimental
program.

Question: Doan (US) asked was there a period meter operating
a scram circuit on the reactor. Answer: Hidle replied there was not
and the Chairman added that this seemed reascnable for a rsactor of
this size.

The next speaker, (R. F. Jackson, UK, No. 762 "Experience
with BEPO*), described a reactor similar in many respects to X-10 at
Oak Ridge.

Question: Huffman (US) asked about techniques for measuring
flux in this reactor. Answer: Jackson described in some detail a
thermocouple arrangement using boron coating on the hot junction and
said this gave nearly linear responses as long as the temgerature
difference between hot and cold junctions was less than 5°C. He also
mentioned activation of silica rods which worked satisfactorily since
the activation cross section and half-life were about right for conven-
ience.

The final presentation of the section (No. 485, "Materials
Testing Reactor Experimental Program and Reactor Operation" by R. L.
Doan and J. R. Huffman, US) gave the first complete public description
of the core of this reactor, which produces the highest neutron fluxes
of any known reactor. The fuel elements and operating cycle were
described in detail as well as control rods. After describing the
reactorts construction and operating specifications, the speaker re-
viewed research programs. It was emphasiged that this reactor was
particularly useful for studying radiation damage since it provided
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high intensities of both fast and thermal neutrons in a number of experi-
mental facilities. Mention was made of the Reactivity Measurement Faci-
lity recently added in the water canal in the MIR building to help
accurate measurements of reactivity effects on materials irradiated in
the MTR. Other research programs described were isotope studies,
neutron cross section studies, isotope production, and gamma irradiaticn
studies.

Question: Murmery (UK) asked for a breakdown of the reactivity
in the reactor. Answer: He was given, as an approximation, 4.9% in
xenon, 4.7% for Xenon override, 5 to 5% for experiments, and 5 to 7% for
fuel depletion.

Question: Grout (UK) asked (1) whether the beryllium reflector
was essential, (2) what was the area or volume of maximum flux, and
(3) was H,0 or D)0 better as a moderator for a high-flux materials
testing reactor.” Answer: Huffman said (1) that in current operation,
portions of the beryllium reflector had been removed and the space_used
for experimental purposes, (2) the maximum flux of 3.5 x 1014 n/cm2
sec was an unperturbed flux and decreased in the presence of experi-
mental material, and its volume was about 2 to 3 inches by about 12
inches. Huffman and Weinberg gave the opinion that H;0 gave a higher
fast neutron flux at a sacrifice in space, and that it might be some-
what easier to run an ordinary water reactor at very high neutron flux,
but that H2O and D20 each had advantages and disadvantages.

SECTION 9A - RESEARCH REACTORS AND DESCRIPTIONS
by U. M. Staebler

Dr. J. J. Went was chairman.

The first talk, by V. V. Vladimirsky (No. 623, USSR, MA Heavy
Water Research Reactor"), described a reactor that started operation in
April 1949. Vliadiminsky said it operated at 500 kw and utilized 5
tons of heavy water plus 2.5 to 3.0 tons of uranium. He also descrited
exponential experiments on varying rods and lattices during the planning
of this reactor. The uranium rods were hung vertically from an aluminum
plate which could rotate. The reactor had a graphite reflector about
one meter thick. Control was by four cadmium rods which could operate
either manually or automatically.

Experimental facilities included three good channels for column-
ating neutron beams and a 9 cm diameter aluminum tank down the center
of the core. A platinum catalyzer was used to recombine the mixture o’
hydrogen and oxygen gas formed during operation. The speaker indicated
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plans to reconstruct the reactor for a tenfold increase in neutron flux.

In the second presentation, (No. 387, "The Saclay Pile, Two
Yearst Experience in Heat Transfer of Pressurized Gases"™ by J. Yvon,
France) the Saclay reactor was emphasized as a heat transfer experiment.
Yvon said the reactor contained 6 tons of uranium in 136 rods, 3 tons
of heavy water, and was cooled with gas. The gas originally was nitro-
gen but argon in air contamination caused radiocactivity which limited
operative time more than was considered acceptable. The French switched
to carbonic gas-- the blowers were not designed for helium. Yvon said
the gasoleft the reactor at 120°C and the hottest fuel element jacket
was 320°C.

Paper No. 915 '"Description of the Swiss Research Reactor® pre-
pared by F. Alder et al. and read by W. Zunti (Switzerland), described
a reactor and shop and laboratory facilities to be built 30 km from
Zurich. It was conceived as a low temperature reactor moderated and
cooled by heavy water with natural uranifg fuel, The design power was
10 MW, the maximum thermal flux 2.5 x 10-° n/cm?sec.

Question: Lichtenberger, (US) asked Vladimirsky what was done
to keep the heavy water in the USSR reactor clean? Answer: Vladimirsky
said that corrosion was very low and the water needed to be cleaned very
infrequently.

Question: Zinn (US) asked about a footnote of the USSR paper
that mentioned the tank had been replaced. Answer: Vladimirsky ex-
plained that a fuel rupture occurred in 1953 and that, in the process
of removing the rod through the top of the tank, the rod broke, dropped,
and damaged the bottom of the tank. Spare tanks were on hand so the tecp
and fuel were removed and the tank replaced. They met the greatest
difficulty in disjointing the tank because radiation reached an intensity
of 700 r/hr.

Question: Hurst (Canada) asked for more information on planned
nmodification to the USSR reactor. Answer: Vladimirsky said about
250 kg of uranium containing 2% U 235 would be used in fuel elemerts
that would be cooled inside and outside. The power would be raised to
over 3 MW, using forced flow rather than gravity circulation. A 10-
fold net increase in neutron flux was expected.

Question: Spinrad (US) asked what was the rate of motion of
control rods or rate of possible increase in reactivity? Answer:
Vliadimirsky said the rods held 1 to 1-1/2% k and could be withdrawn in
about one-half minute.

Question: Spinrad (US) asked what was the mean lifetime of

thermal neutrons in the core, and what was the effect of filling the
central pit with uranium? Answer: Vladimirsky said no measurements
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had been made, but calculations were made by the Pontecorvo method. With
uranium in the center, the lifetime would be shorter.

estion: Beck (US) asked whether the French reactor gave any
difficulty due to activity of gas impurities other than argon, i.e., dust,
or products of fuel ruptures. Answer: Yvon said no fuel ruptures had
been experienced; that dust had been found but the activity was not dis-
turbinge.

Question: Liljeblad (Sweden) asked whether the large gas leak-
age reported by Yvon could be stopped by welding joints. Answer:
'Yvon agreed welding would help, but claimed advantages alsc for ease
of disassembling an unwelded system.

The second part of the section was opened with paper No.
860, "The Brookhaven Reactor" by M . Fox, presented by D. Gurinsky (US),
which Gurinsky illustrated profusely with slides showing construction
stages, design features such as fuel elements, and experimental equip-
ment arrangements. It was noted that the graphite-moderated and air
cooled construction provided large volumes of reactor space for ex-
perimental purpcses at a sacrifice in neutron flux for a given power
level. Operating experience with the reactor, including effects of
operation on graphite, was mentioned briefly. The speaker also told
of plans to Bse enriched fuel to increasi the maximum available flux
from 5 x 1012 n/cm?/sec to 3 x 1013 n/cm® sec.

The next paper (No. 488, "Design and Description of Water
Roiler Reactors™, by L.D.P. King, US), surveyed the origin, design,
and operating characteristics of small enriched homogeneous reactors
which have become known as 'water boilers?, with cenphasis on the Los
Alamos versions, particularly one lnown as <70, IL whr »nfnfad out
that two similar redctors had bzeri oullt by Lorth Anofitua avidt_on,
Inc., one by North Carolina State College, and others were being
planned. Advantages of this type reactor were cited as (a) inherent
safety, (b) small size and material requirements, (c) absence of fuel
elements needing to be replaced, (d) ease of operation, and (e) auto-
matic removal of fission gases. _The chief disadvantage was low neutron
flux, limited to about 1012 n/em® sec even in advanced designs.

Question: Jackson (UK) inquired about ruptures of finned fuel
cans at Brookhaven and whether this influenced the decision to modify
the design. Answer: Gurinsky reported there had been three ruptures
leaking fission products into the exhaust air, and other less severe
leaks, but said that the primarv incentive for changing design was to
get a higher neutron flux. He stated ruptures occurred more frequently
in the center of the reactor due to higher flux and higher gas velocity
which caused "fluttering® of fuel elements, over 50% of the original
fuel was still in the reactor.
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The next portion of the section opened with papers No. 621,
"The Experimental Nuclear Reactor with Ordinary Water and Enriched
Uranium" and No. 622, ™A 2000 kw Thermal Power Nuclear Reactor for
Research Purposes", both read by Y. G. Nikolaev (USSR). He described
a reactor fueled with uranium containing 10% U-235 (3.5 kg U-235),
water modgrated aBd cooled, and designed to operate at 300 kw with flux
of 2 x 10-2 n/em/%/sec.

: In addition to a brief physical description of the reactor with
the aid of slides, Nikolaev gave results of certain physics ~xperiments
on critical mass, lattice spacing, and thermal neutron distribution
through the reactor. The second part of the talk gave some informa-
tion on modifications planned, mentioning an increase of power to

2000 kw. The coolant flow would be increased to 900 cubic meters per
hour in the primary system and 250 cubic meters per hour in t?e second-
ary system., The maximum heat transfer rate would be 3.8 x 10 cal/m?/hr.

The final talk, by A. Weinberg (US), was based principally on
paper No. 490, "The Materials Testing Reactor and Related Research
Reactors"®. Weinberg observed that the Soviet design of a graphite-

- moderated reactor sacrificed fast neutron flux to get volume. He said
ordinary water reactors could provide high thermal and fast neutron
flux but generally in small volume. Basic philosophy and problems in
the design of the MIR type reactors were discussed. A comparison was
made of various reactors in the MIR family including the MTR, the Oak
Ridge Research Reactor, the low intensity testing reactor, and the pool
reactor. He reported also on the status of measurements and tests on
MTR type fuel elements made with uranium containing 20% U-235 such as
the US will make available to other countries under Bilateral Agreemsnts
for Cooperation. It was noted that U-Al alloy becomes brittle and diffi-
cult to fabricate at U. concentrations which would be required for this

‘material. A technique had been developed ugifig'a uranium oxide and
aluminum oxide compact. Measurements on critical mass showed the diff-
erence between fully enriched U-235 and 20% U-235 material to be lisss
than one percent. Sample fuel elements made by this technique had been
tested in ise LITR and the MTR without fail zs up to a maximum expcsure
of 30 x 10*7 NVT at a maximum flux of 2 x 1 n/cm? sec. This corres-
ponded to 20% burnup of U-235, Weinberg said.

Question: Mummery (UK) asked whether the shape of the curve
shown by Nikolaev for the effect of temperature on reactivity neglected
the change in slowing down area in the reactor. Answer: Nikolaev re-
plied that the effect was a 'non-monotonous™ development which depended
upon the coefficient of thermal utilization of neutrons and the delay
or tau function. At the time of measurements one percent in reactivity
was in control rods.

Question: Spinrad (US) observed that the plot of neutron flux
through a lattice cell did not continue through the fuel element.
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Answer: Nikolaev said no measurements had been made in the region, only
theoretical calculations using diffusion theory with necessary adjustments.

Question: Mummery (UK) asked whether, in the 2000 kw reactor,
the uranium would be combined with an alloy? Answer: Nikolaev stated
that unlike fuel in the US the USSR uses U and UO2 with Mg.

Question: Kalitzine (Bulgaria) asked what radioactive content
of air was observed? Answer: Nikolaev said it was not great or danger-
ous, being several hundredths of a curie per hour, and was projected
for the future as about a tenth of a curie per hour.

Question: Schmid, (Switzerland) asked what kind of slowing down
theory was suited for criticality calculations of beryllium-reflected
MIR-type reactors. Answer. Weinberg said designers had very good resuits
in MIR calculations using 51mple one~ or two~-group diffusion theory.

He states this probably was due to the fact that most of the neutrons
leaking to the reflector were fast neutrons.

SECTION 10A ~ RESEARCH REACTORS, DESCRIPTIONS AND FUEL CYCLES
by U. M. Staebler

Prof. M. Oliphant (Australia) chaired Conference Section 10A.

First, G. N. Kruzhilin (USSR) reviewed Paper No. 620 M"Reactor
for Physical and lechnical Investigations®, a USSR equivalent of the
United States MTR. It "™went into operation™ on April 15, 1952, compared
to criticality of MIR on March 31, 1952, and full power on May 22, 1952.
Water was first considered as a moderator Kruzhilin said, but since loops
were needed for fuel element tests it was decided to use graphite as
moderator, and water as coolant. He mentioned the Brookhaven reactor
as the most powerful graphite research reactor but said the USSR design
used enriched material and a more compact lattice in which water provided
about 50 percent of the moderation. The USSR reactor had five loops,
two cooled by water at 100 to 200 atmospheres pressure, one cooled by
molten metal, and one cooled by gas. Kruzhilin reported that a fuel ele-
ment chosen for the large USSR power reactor had been operating in this
test reactor for over a year. The reactor was described as one of the
first in the USSR with a cloged circulating system, operating at 10 MW
with maximm flux of 8 x 1043 n/cm? sec.

Next, F. W. Fenning (UK) reviewed paper No. 402 ("The Experimen-
tal Facilities of E 443M™) which emphasized the need for high neutron flux
as a reason for building theE 443 heavy-water moderated and cooled research
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reactor. He gave present flux limits at Harwell as 1.5 x 1013 n/em? sec.
"Fenning said the planned reactor would be fueled with about 2.5 kg of
U 235 in MTR type fuel elements. Experimental facilities would include
- (a) neutron beam columators, (b) irradiation facilities with no environ-
mental control, and (c¢) irradiation facilities designed for careful con-
trol of temperature, pressure and other environmental factors. The cost
of the reactor and certain laboratory facilities was expected to be under
2 million pounds (about $5.6 million).

Question: DBrooks (US) asked what was the actual thermal neutron
flux. Answer: Kruzhilin said the thermal flux of, the USSR reactor with
experimental equipment in place was about 4.5 x 10 n/bmz‘sec; no figurc
was available for fast neutron flux.

Question: Weinberg (US) asked whether any provision had been
made for gas-tight containment of the USSR reactor? Answer: He was
told the helium atmosphere of the reactor was hermetically contained,
but that experimental reactors in the Soviet were built without con-
tainment.

Question: Mummery (UK) asked whether loop experiments were
located in the reflector of the reactor because the flux was adequate
in this region and experiments so located would have less effect on
reactivity? Answer: Krugzhilin said that was the reason.

estion: Kronberger (UK) asked about wear noticed on fuel
elements in the USSR reactor. Answer: Kruzhilin stated USSR workers
believed local vibrations of fuel elements were caused by water flow.
Thicker ribs and cantering sprockets were provided on the fuel elements
and have eliminated the trouble.

Qiestion: Harrer (US)asked about the specifications and tests
planned on the gas~tight building around the E 443 reactor. Answer:
Fenning said the vessel was being built in accordance with British stan-
dard code 1500 and would be tested at full pressure.

The second part of the section consisted of three talks on the
general subject of fuel cycles, the first by J. V. Dunworth (UK) on
paper No. 403, "Fuel Cycles and Types of Reactors®™. The basic philo-
sophy expressed was that a fuel cycle based on burning U-235 and making
plutonium from U-238 was likely to have a negative gain and that to
utilize a satisfactory fraction of the uranium resources, it would be
necessary to recycle plutonium in these reactors. He referred to re-
marks he made in section 4.2 on the likely role of thorium in thermal
reactors and predicted that eventually uranium would be used in fast
reactors and thorium in thermal reactors.

‘The next talk was delivered by W. B. Lewis (Canada) reviewing
paper No. 41, "Some Economic Aspects of Nuclear Fuel Cycles." He noted
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Dunworth's remarks about fuel cycles with a negative gein and emphasized
that the important consideration on fuel cycles was which one would pro-
vide cheapest power. He stated the case for thermal converter reactors
which he believed would be the first to make economically competitive
nuclear power and might maintain this position for many years. He com-
pared the unused uranium in such systems with the uranium content of
water used to make hydroelectric power and noted that the loss of

power resource per unit of power generated was greater in this case

than in converter reactors.

A. M. Weinberg (US) presented the final paper, No. 862 "Survey
of Fuel Cycles and Reactor Types". He cited the similarity between the
development of fossil hydrocarbon fuel and nuclear fuel in that each
had different forms and a variety of devices in which they could be
used. He predicted that as in the case of fossil fuels the variations
in nuclear power would find application in specific locations in accord-
ance with specific merits. He then reviewed nuclear considerations of
fuel cycles such as values of nu (neutrons produced per fission), and
eta (neutrons produced per atom of fissionable material destroyed). He
said that relatively high capture cross sections in the intermediate
energy regions for both U-235 and Pu-239 made reactors designed to oper-
ate on such neutrons of little interest for central power reactors. In
comparing breeding of various cycles, Weinberg noted that both "thermal
efficiency" and M"material efficiency' should be considered. The higher
specific power (or material efficiency) which might be possible in the
thermal neutron system could offset high breeding gain and high thermal
efficiency in fast reactors. Weinberg concluded that all thermal reac-
tor systems were likely to be operated ultimately on the Th, U-233 cycle
but that acceptable fast reactors on the Pu-239, U-238 cycle also would
be developed in the long run.

Question: Gast (US) asked what method was proposed -€or maine
taining reactivity over the long fuel cycle proposed by Lewis? Answer:
Lewis said the use of D,0 in large reactors with periodic relocation of
fuel seemed to make this practical, but there was not enough data to be
sure. :

Question: Wigner (US) brought out that the values of eta in
the neutron energy resonance region were for thin slabs and that in
actual reactors the resonance capture would be somewhat less because
of self-shielding.

Question: Taranger (France). Taranger observed that Weinberg
seemed to condemn gas-cooled reactors because of low "material efficiency
and asked if this attitude extended to "Mgood gas at high temperatures.!
Answer: Weinberg replied that figures in his paper probably were too
pessimistic and that Dunworth had pointed out the Calder Hall reactors
expected to achieve 4000 kw/kg. He stated, however, that he believed
there was a factor of five between a good gas system and a good liquid-
cooled system.
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Discussion among the three speakers (Dunworth, Lewis and Weinberg)
brought out differences in local situations. Lewis agreed that very large
supplies of uranium would be required to move ahead on schedules for ex-
pansion of nuclear power being considered. Dunworth noted that there
was plenty of uranium in Canada compared with Great Britain and stated
that in the fuel cycle proposed by Lewis, Great Britain would soon have
a very large uranium import bill. Weinberg emphasized that his comments
did not intend to discredit the cycle proposed by Lewis but were a pre-
diction of what might happen to the reactors in, say, 30 years. Lewis
stated that his own predictions for 50 years did include use of thorium
in the reactors. Davis (US) stated that the breeding gain was not the
only important thing in a breeder reactor. The time for doubling the
fuel investment depended upon the product of breeding gain and specific
power.

Question: Geoghegan (UK) asked about whether the cycle described
by Dumworth would limit the rate of expansion. Answer: Dunworth con-
firmed that the cycle would limit the rate of expansion to 5% per year
unless additional fissionable material was supplied from outside.

SECTION 11A - DESIGN OF REACTORS FOR PCWER PRODUCTION
by U. M. Staebler

Section 11A was the first of two Conference sections to take up
design of reactors for power production. Under the chairmanship of O.
Dahl (Norway), the section discussion began with a talk by P. Chambadal
(France), based on paper No. 333, "Utilization of the Energy Releasad
in the Graphite-Moderated, Air Cooled@1l." The reactor construction was
described briefly and special attention was given to the operating con-
ditions of the gas system, noting that at the time G1 was built (1952]
technology would not permit building a power reactor. The reactor pro-~
duced 40 MW of thermal energy using a charge of 100 tons of natural uran-
ium. Conditions were described which permitted recovery of 5750 kw of
electrlcal power from this system using an outlet coolant temperaturs
of 220°C in an air heat exchanger.

The second talk, presented by P. Taranger (France) based on
paper No. 337 "Design of the Dual Purpose Pile,G 2" by P. Alleret et
al., described design of a future reactor. The fuel in this second pro-
duction reactor for France was described as cylindrical uranium alloyed
with a small amount of aluminum and sheathed in magnesium tubes mechani-
cally bonded to the uranium. The reactor was designed for replacement
of fuel without a shut down. Fuel temperatures were expected to be 550°C
at the center and 400° C at the sheath. Two reactors were being built,
G2and G3, Taranger said and each would produce 30,000 kw of electricity,
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giving France 60,000 kw of nuclear electricity capacity in 1959. The
speaker predlcted a doubling of capacity every 3 to 4 years after that.

The third talk on designs of graphite-moderated power reactor
designs was presented by P. F. Gast (US), based on paper No. 492 MA
Graphite Moderated Nuclear Power Plant Design" by A. B. Carson. The
speaker presented drawings of a preliminary design for a water-coolad,
graphite-moderated power plant designed to produce several hundred
thousand kw of electricity-«a basic design similar to that of a 5,000
kw power plant in operation in the USSR.

A further variation in graphite moderated power reactors was
described by C. Starr (US) reviewing paper No. 493 M"A Sodium~Graphite
Reactor 75,000 Electrical kw Power Plant.® After describing the con-
cept with the aid of slides including fuel element designs, the speaker
discussed the probable economics of such plants. He provided break-
downs of cost factors based on current technology and expected improve-
ments to show how unit costs could drop from the order of 11 mills per
xwh to something like 6 or 7 mills.

Discussion: Discussion of the Taranger paper brought out that
the total power of G2 and G3 would be 150,000 kw each, thermal dynamic
efficiency would be 25% with a net conversion efflclency, after allowing
for electrical requirements of the plant, of about 20%. Loading and
unloading of the reactor would be accomplished through hermetically
sealed vessels fitted against the reactor walls. Any moisture in the
zas system would have Mappalling" effects on the Mg cladding, Taranger
said, so the pressurs of this system would be maintained greater than
that of the water in the heat exchangers. Gas flow would be by axial
compressors. :

_ Question: Blokhintsev (USSR) said he had many quesiions for
Gast which he would like to discuss privately. For the general dis-
cussion, he asked only of the state of this reactor project. Answer:
Gast said it was only a paper design, and answered other detailed design
and operating questions about support of water walls, charge-discharge
techniques, conversion ratio, effect of loss of water, and instrumentation
against serious consequence of fuel failura.

Question: Blokhintsev (USSR) asked why steel was used in Starrfs
design when Zr was very stable in sodium, and also what was the tempera-
ture of the graphite? Answer: Starr said steel was used only on fuel
jackets which must support entire weight of the fuel elements, and that
zirconium strength at operating temperatures was not great enough. The
graphite temperature was stated to be more than the sodium temperature
but not exactly known. Starr answered other questions, saying sodium
was primarily an engineering choice, that no means were provided for
specific detection of a leak in the graphite can or fuel jacket, and
that a secondary coolant system might be desirable for cost reasons in.
spite of safety considerations.
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Question: Fenning (UK) said British results for eta of U-233
were lower than assumed in Starrts economic analysis. Answer: Starr
acknowledged that a lowering of the neutron econory would.increase power
costs.

The second group of talks in Section 11A was initiated by J. J.
Went (Netherlands) summarizing paper No. 936 "The Design of a Small Scale
Prototype of a Homogeneous Power Reactor Fueled With a Uranium Oxide
Suspension." Went pointed out that because the Netherlands lacked uran-
ium and thorium it was interested in power reactors with very high spe-
cific power and low fuel inventory. His very preliminary design proposed
the use of U0, or UgO as a fuel in suspension in heavy water, with later
plans looking towar %hO and Uy233 oxides in a breeder cycle. The
advantage of homogeneouszliquid“reactors were discussed and some re-
sults were given on characteristics of the particles or grains of fuel
produced by various methods.

A companion paper, No. 938 "Power Reactors Fueled with tDry?
Suspensions of Uranium Oxide," summarized by H. deBruym (Netherlands),
considered reactors fueled with gaseous rather than liquid suspensions
of small uranium oxide grains. Three types were considered: (1) a
homogeneous reactor in which the reactor vessel was filled with compound
grains of U0, and BeO fluidized in a helium gas stream, (2) a quasi-
heterogeneous reactor in which the reactor vessel contained larger grains
of U0,~Be0 in a fixed bed, and (3) a heterogeneous reactor in which
heawy water was used as moderator and UO, suspension was passed through
graphite fuel tubes. The paper concludeg that the heterogeneous reactor
offered the best possibility, but deBruyn reported that revised calcula-
tions on a quasi-heterogeneous reactor made it likely that this reactor
would give lowest cost, although the conversion ratio was lower.

The final presentation was by C. Williams (US) based on paper
No. 494 "Liquid Metal Fuel Reactor." He described a graphite moderated
reactor fueled with a solution of enriched wranium (eventually U-233)
in bismuth, with a blanket of thorium in which to generate fuel. The
technological basis for this concept was summarized and slides shown of
a conceptual design anc flow system, including fuel processing. This
desig? would provide 210,000 kw of electricity at a thermal efficiency
Of1+3.

Estimated capital and operating costs were given leading to a
conclusion that power might be made from such a plant for about 8 mills/
kwh.

Question: W. Riezler (West Germany) asked if there would not
be dangerocus changesin concentration of fuel in a suspension~type reac-

tor: which would cause serious reactivity changes. Answer: Went be-
lieved the reactors would be stable.
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Question: Vladimirsky (USSR) said he believed suspension designs
were quite promising for nuclear power. He asked for the maximum concen-
tration of U0p in D50, and the gasket material to be used in the pumps
for the wet suspension reactor. Answer: He was told a 4% volume would
be used in a large reactor, and enriched material would be used in small
reactors to give the same concentration of uranium. The pump was des-
cribed as a gas-lift pump combined with heat exchangers which would not
require gasketing.

Question: Benedict (US) asked deBruyn to discuss pressure and
possible leakage conditions in a D,O moderated dry suspension? Answer:
deBruyn put the pressure inside tﬁe tubes at about 4O atmospheres at
250° C, and said there would be no pressure drop across the graphite
as it was expected to be sufficiently tight to prevent leakage.

Question: Swartout (US) asked Went whether he had considered
the problem of material balance in the homogeneous system? Answer:
Went. said the U0, would be more uniformly distributed in the primary
circuit; they would measure the overall concentration in the reactor
vessel and the pressure difference in the system related to the spe-
cific weight of the fuel suspension.

Question: Spinrad (US) asked what would be the density of the
fuel in the flowing grain chamnnels of the dry suspension reactors?
Answer: He was told the channels were 70% filled with UO_. - BeO with
density of individual grains about 3.2. 2

Questions: Hawthorne (UK) and others commented that delayed
neutrons would be lost in the Williams! design due to circulating fuel.
Answer: They were told the losses had been calculated for some designs
and it was believed that they would not reduce the conversion ratio to
less. than 1.0. .. In response to a question from Fry (UK), Williams stated
that there was evidence that the graphite components would stand up
against corrosion under temperatures somewhat less than those planned.
Answering a question from Rollier (Italy), Williams stated that the Po
activity at equilibrium would be of the same order of magnitude as that
from fission products.

SECTION 12A - DESIGN OF REACTORS FOR POWER PRODUCTION
by U. M. Staebler

D. I. Blokhintsev (USSR) was chairman of Section 124. Since
W. H. Zinn (US) was scheduled to present two talks, the agenda was
rearranged to make his presentations first and last.
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In the first talk on paper No. 495, "Heavy Water Reactors for
Industrial Power Including Boiling Reactors," by.H..Ps..Jlakenderian.st al..
Zinn noted that heavy water has long been considered a nearly ideal mode
erator but that high cost has been a disadvantage. The recently announced
US price of $28 a pound for heavy water gave cause for increased ~tten-
tion to its use in power reactors, since its cost might be reduced to
less than one mill per kwh. Direct cycle boiling reactor plants are
particularly well suited to use of D,0 as moderator and coolant. Pre=
liminary designs for three boiling reactors were reviewed and compared.
These were (a) a 1000 MW D0, (b) 250 MW D0, and (e¢) 250 MW HO.

Zinn concluded that for a Very small outpug plants H_O was sup@rior but
for large output plants D0 was superior, that they ffere about equal in
the range of 200 MW of heat output. L : ‘

L. Y. Suvorov (USSR) then presented paper No. 624, '"Homogeneous
Power Producing Water Boiler,” by A. I. Alichanow et al. Suvorov
pointed out that the chief advantages cited for the boiling homogeneous
reactor were elimination of the large hold-up of fuel outside the re=-
actor, and simplification of the pumping and circulation problem. He
reviewed parameter studies of this general type of reactor and concluded
that, for each 1000 kw of electrical capacity in small capacity plants,
such a reactor would require 0.3 to 0.7 kg of fissionable material,
and 200 to 300 kg of D20. These unit requirements would decrease for
large plants.

He was followed by J. A. Swartout (US) whose paper No. 496,
"Aqueous Homogeneous Power Reactors,! summarized operating experience
with the HRE No. 1 as a background for larger power reactors of this
type. Reactor core design details were presented with flow sheets that
included fuel processing and gas handling. Designs for pumps, valves
and heat exchangers were described with slides. The status of technology
for such nuclear power plants was analyzed with the conclusion that a
main problem remaining to be solved was the stability and long-term
reliability of a ThO2 slurry for the breeder blanket.

Question: Kruzhilin (USSR) questioned the need for contain-
ment around reactors. Answer: Zinn and licCullough pointed out there
was always a small possibility that an accident could occur and that
the cost of protection seemed small in comparison with the possible con-
sequence of an accident at this stage of reactor development.

Question: Hahn (Austria) asked whether it was possible to shut
down and start up a heavy water boiling reactor frequently. Answer:
Zinn replied this could be done but was not desirable, particularly if
temperature and pressure were not maintained since thermal cycling
could damage fuel elements. Zinn answered a question by Goodlet, (UK)
saying that there was a factor of about two between design heat transfer
rates and burn-out conditions, and that the steam from boiling reactors
would not be very wet. Steam separators would be provided and competent

. steam engineers found the level is acceptable.

1
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Question: Vendryes (France) asked what procedure would be used
to detect failures in fuel cladding and whether they could be detected
before becoming dangerous in view of the normal activity of the heavy
water. Answer: He was told that vigorous tests would be performed
on fuel before charging, and that the steam would be monitored for
gaseous fission products. If found, leaks could be traced by detectors
to specific channels since the only important activity in D,0 was very
short lived (7 sec). 2inn told other questioners that expofiential and
critical experiments had been done.

Question: Kay (UK) asked what method was used to produce D.0
at $28 a pound? Answer: Zinn stated this was the price announced gy
the United States and disqualified himself as an expert. With regard
to fuel elements for achieving 10,000 MD/ ton exposure he stated
that other papers showed alloys which reduced distortion and that one
of these might be used.

Question: 8d1et (UK) asked what method the USSR used for
steam clean-up by 10--~. Answer: Souvorov said a column had been used
in laboratory tests and achieved this performance.

Next, J. Weill (France) reported on paper No. 335, "Complete
Automatic Control of Nuclear Reactors," describing experiments on
the Saclay reactor. Automatic power adjustments were described in
which a change of 500 kw was made with an accuracy of+ 1 kw.

Question: Harrer (US) emphasized the limitation in range in
asking about power control by temperature coefficients within a band
of about 5% with rods used beyond this. Answsr: The Saclay reactor did
not cover a wide power range for control experiments.

The final two papers concerned fast reactors. T. M. Fry (UK)
summarized No. 405, "The Dounreay Fast Reactor Project®, and said that,
since they could not plan accurately for a fast reactor core, they were
designing the reactor for maximum flexibility in the core region. It
would consist of a pot equipped with a system capable of removing 60
MW of heat to make about 20 MW of electricity. The coolant would be
MaX initially, but Na later. Since the core coolant had to be guaran-
teed at all times there would be no valves or dump tanks in the primary
system. The arrangement of the reactor was discussed generally; the
hazards of the project in somewhat greater detail. The speaker closed
with a remark that he was glad to give way to Zinn who was leading the
way on the difficult path of fast reactor development with EER.

Zinn presented his second talk on paper No. 814, "Review of
Fast Power Reactors." He took exception to previous remarks by Lewis
(Canada) comparing the uranium discarded from a thermal neutron con~-
verter reactor with that contained in water used to make hydroelectric
power. He agreed however that the first economically competitive nuclear
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power plants would be thermal neutron converters. 2inn then presented

an analysis of the physics of fast reactors, noting the physical constants
which determine actors, noting the physical constants which determine
their performance. The importance of heat transfer; to achleve high
specific power and reasonable doubling time was mentioned.  Other factors,
such as control and reprocessing of fuel were discussed briefly. No spe-
cific reactor design was described.

uestion: Kazatchkovsky (USSR) asked whether the assumed burn
up of 2% was not very conservative? Wouldn't 5% or 10% be possible?
Answer: Zinn noted that 2% burn up of all atoms in the fuel alloy
amounted to 20% burn up of fissionable material, but agreed that higher
burn ups were desirable and that the US hoped to achieve them. He
emphasized that he had tried to be conservative in his calculations. -

Question: Shepherd (UK) asked whether the value of nu for
U 238 was a measured value? Use of one plus alpha in the expression
for breeding ratio in the paper was not strictly correct since some
atoms formed by successive neutron captures (Pu 240) also were fiss-
ionable. He observed also that the number used for U 238 fissions
per primary fission was lower than measured in ZEPHYR. Answer: Zinn
stated there was no measurement for nu of U 238 for fast fissions and
pointed out that ZEPHYR was not a dilute assembly as would be the case
in a practical power reactor.

SECTION 13A - POWER REACTORS, PROTOTYPES
by U. M. Staebler

Section 13A was the first of two sections devoted to prototype
power reactors. All reactors described were under construction or de-
finitely scheduled for construction and had power technology as a
primary objective.

E. P. Wigner (US) was chairman and J. W. Simpson (US) presented
the first paper, No. 815 "Description of the Pressurized Water Reactor
(PWR) Power Plant at Shippingport, Pa.", describing the reactor, with
slides showing fuel elements, core arrangements (including seed and
blanket), plant layout, heat exchangers, pumps and valves. Operating
specifications were given, but were expected to be exceeded. lention
was made of financial participation in the project by the Duquesne
Light Company. Simpson reviewed many considerations and reasons for
specific decisions on design.

Questions: Lewis (Canada) and Goodlet (UK) said they doubted
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the need for operation at 2000 psi. Goodlet cited what he called an
inconsistency between papers on boiling water reactors and a statement
in Simpson's paper that local and bulk boiling caused pit-type corrosion.
Answer: Simpson emphasized that the PWR design was very conservative,
and that local boiling was not really expected to cause serious pitting.
The rather large overpressure provided an added margin of safety against
transient loads which might cause boiling and produce instability by
altering the U:Hp0 ratio in a reactor not designed for boiling.

Question: Ward (Canada) asked what was expected to limit the
life of a blanket element and what was known about fission product
effects in the blanket? Answer: Simpson said the design specification
for these elements was 3000 megawatt days but that this was expected
to be surpassed evantuall;r. Jalculations indicated that fission pro-
ducts would not cause any difficulties.

Question: Dalton (Australia) asked about different cooling
arrangements for seed and blanket elements and about the density of
U0, fuel elements. Answer: Simpson said the orificing arrangement
alTowed greater water flow through the higher powered seed elements.
Greater than 90 per cent of theoretical density was achieved for indiv-
idual UO, pellets but Simpson did not recall the density as assembled.
He told Bescans (France) that the pressure vessel was being made accord-
ing to the American Society of Mechanical Engineers code and would have
a cold hydrostatic test at 3750 psi. No devices were being built in
for remote maintenance since these were not believed necessary.

Question: Dalton asked for unit capital cost and power cost
figures for the plant. Answer: Simpson said a main reason for
building the plant was to learn definite unit costs, but that initial
costs would be higher than comparable steam plants today. They expected
to learn enough so that an extrapolated plant might be competitive.

Question: Bowden (UK) asked whether consideration had been
given to the economics of a superheater? Answer: This was considered
in early planning and judged to be of marginal economic value.,

Question: Cockcroft (UK) asked what arrangements had been
made for inspection of the pressure vessel after operation? Answer:
A considerable body of information held that stainless steel would not
corrode under planned operating conditions, but inspection could be
carried out by a rather difficult procedure.

The second presentation was based on paper No. 879, "Preliminary
Study of an Experimental Pressurized Heavy Water Reactor', by O. Dahl
(Norway), who stressed Norway'!s interest in ship propulsion. He noted
that economic competition was less important for ship reactore since,
in this application, reactors had other potential advantages. He re-
viewed Norway's reactor project and stated a program was under way to
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design a boiling heavy water reactor. The reactor would have 10 MW
thermal output, might increase to 15 MW, and would begin operation in
about two years.

Question: Draley (US) was told that the basic idea had been to
establish the project, and that no decision had been made on how the
aluminum cladding or heavy water moderator would be treated to limit
corrosion.

The third paper was No. 497, and "The Engineering Design of a
Prototype Boiling Water Reactor Power Plant™ which J. M. Harrer (US)
described in considerable detail. In addition to fuel elements, core
structure, and flow diagrams, Harrer discussed the control problem
between the reactor and generating plant. He noted the containment
feature in the building, and analyzed the economics of power genera-
tion.  EBWR would make electricity for about 34 mills per kwh as being
built, but if the reactor could produce twice its design rating, unit
costs would drop to about 24 m/kwh., If containment and experimental
facilities were eliminated, cost would drop to 14 to 16 m/kwh~ a
figure of considerable interest for power plants of 5 to 20 MW elec~
trical capacity.

Question:  Schmid (Switzerland) questioned the type of control
rods and asked if there were anything else for control. Answer: No
additional absorber or control element was planned since those designed
were considered satisfactory.

Question: Bogaardt (Netherlands) asked whether boric acid
would mix rapidly enough to be effective as a control? Answer: In-
jections actually would be at the bottom, as close to the core as
possible, and other effects in the reactor were such that injections
would not have to be made against over=short time intervals..

Question: Moore (UK) asked about instrumentation and experience .
in connection with fuel bursts. Answer: He was told no bursts had
occurred in boiling water reactors, but it was corsidered an important
problem. Bulk monitoring was used and a serious burst probably would
make it necessary to remove and inspect fuel elements. Harrer said the
stability question was largely answered for smaller reactors by field
experience, but that only actual experience with larger reactors would
reveal their exact behavior.

The final paper was No. 498, "The Homogeneous Reactor Test", by
J. A. Swartout (US), who pointed out that the present homogeneous
reactor is the second of this type. HRE No. 1 was termed a successful
engineering and physics test. The objectives of HRE No. 2 were enumer-
ated and the design specifications summarized; the flow sheet and various
ma jor compcnents were reviewed with slides. It was noted that the rea-
tor was being built without control rods. Design features for blast
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protection around the core and containment of gases in case of accident
also were mentioned. Present state of construction was shown on photo-—
graphic slides.

Question: Baxter (Australia) asked what was the behavior of
Zircalloy under reactor conditions, including radiation, for long
periods? Answer: There was much corrosion data on stainless steel,
zirconium, and titanium, but it did not include radiation conditions.

Question: Lewis (Canada) noted that leakage of volatile fission
products might be an important problem in large homogeneous reactors.
Answer: The entire primary system was designed to be gas tight.

Question: Spence (UT7) asked about techniques for dealing with
leaks. Answer: This would depend upon the location of a leak. The
most serious would be in the heat exchanger and various designs were
being developed. Some troublesome leaks could be isolated by freeze
plugs but the reactor would have to shut down.

SECTION 1LA - POWER REACTORS, PROTOTYPES

by U. M. Staebler

The second session on power reactor prototypes was chaired by
Gunnar Randers (UN, Norway). The first presentation was a summary of
paper No. 499, "The Sodium Reactor Experiment" by W. E. Parkins (US),
accompanied by many slides, Zvperimental wo*“ in support of the design
ond cuilding activities was included, as wero drawings and photosraphs
of the plant. Toluene cceoling of sodium seals on nmechanical pumps was
indicated. Design for clusters of stainless steel-clad fuel elements
and for zirconium~canned graphite components was described. The primary
purpose of the program was declared to be finding ways to reduce the
cost of nuclear power from such plants.

Question: Preece (UK) asked why mechanical rather than elec-
tromagnetic pumps were used and could a gas turbine be used with the
reactor? Answer: The primary reason for using mechanical pumps was
cost, although problems must be solved to adapt the mechanical pumps.
To run a gas turbine the temperature would have to be raised but the
design called for certain parts to withstand 1200°F, a temperature
that might begin to be adequate for gas turbines.

Question: Shepherd (UK) asked about experience with toluene
under irradiation? -Answer: Its decomposition rate would be quite
satisfactory under conditions where it was being used, but another
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organic material might actually be used because of the high vapor pres-
sure of toluene. - .

Question: Moore (UK) asked why the reactor was being placed
underground, and what was the fuel enrichment, and the conversion ratio
at start-up. Answer: Parkins said underground construction had impor-
tant safety features in preventing loss of sodium as well as in making
shielding easier. The fuel enrichment was given as 2.8% U 235, the
initial conversion ratio about 0.7.

estions were answered regarding the use of sodium-potassium
bonding in the fuel element: that it was not affected by thermal
cycling; that a helium atmosphere was maintained on the surface of the
NaK; and that gaseous fission products could collect without excessive
pressure.

The second talk, on paper No. 406, "The Graphite-Moderated, Gas-
Cooled Pile and Its Place in Power Production", presented by Sir Chris-
topher Hinton (UK) was based primarily on slides showing the construction
of the Calder Hall reactors. Hinton pointed out that the UK program
of graphite-moderated, gas-cooled power reactors required neith~r exotic
materials nor new technology. He projectied a spectrum power of designs
with this type reactor on one end, and on the other end, the fast
breeder reactor. He noted that the UK was making extensive efforts at
both extremes. Historical reductions in cost of conventional steam
plants were cited as evidence that the same trend could be expected for
reactors if the types built embodied sound engineering principles.

Question: Horowitz (France) asked about the form of the fuel
elenents, and the maxirmm kilowatts per kilogram expected. Answer:
Hinton said the fuel was finned and enclosed in light metal cans, then
added that there were some things which "one just does not reveal to.
his competitors®. The specific power was given as from 2.5 megawatts
per ton upward.

Ouegtion: Swartout (US) noted that the 0.6 pence/kwh in the
paper appeared to apply to Calder Hall reactors based on known techno-
logy. Answer: This figure did not apply to Calder Hall reactors but
to stations built with production of electricity as the primary objec-
tive. Calder Hall reactors were dual purpose and not optimized for
power production. '

Question: Taranger (France) asked about pressures in various
parts of the systems, the quality of the C02, and the reasons for
vertical fuel orientation. Answer: Gas préssure was given as 100 psi.,
primary steam 200 psi, and secondary 50 psi. The gas was commercial
grade COz. The principal reason given for vertical fuel orientation
was to support fuel channels.
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Question: Doan (US) asked whether shielding was needed around
the heat exchangers. Answer: They were not shielded.

estion: Hering (France) asked about outlet gas temperature,
and of possible danger from CO. Answer: Outlet temperature would be
of the order of 300 to 350°C. CO was not expected to present a serious
problem.

Question: Bruni (Italy) asked about the possibility of produc-
ing power with gas turbines attached to this type reactor. Angwer:
The necessary temperatures could not be achieved now, and the steam
cycle appears best.

Two papers on fast breeder reactors followed. The first,
presented by H. V. Lichtenberger (US), swmarized paper No. 813,
"Operating Experience and Experimental Results Obtained from a NaK-
Cooled Fast Reactor', and described briefly tr= design of the experi-
mental breeder reactor. Major attention was given to measurements
made on the reactor, especially the breeding gain.

The second paper, No. 501 ("The Engineering Design of EBR II,

a Prototype Fast Neutron Reactor Power Plant" by A. H. Barnes et al)
was presented by L. Koch (US). He said this fifth US experimental
power reactcr described at the conference was ready for detailed
engineering design. The concept of the plant was described in detail,
including operation of pumps and charge-discharge-storage in a pool -

- of sodium. The importance of its fuel processing was stressed and
plans were given for an integrated pyrochemical processing plant. -
Brief analysis of the possible economics of its power indicated a
cost of 8 to 9 mills per kwh, using an estimated cost of $300 per kw
for the plant itself. A major objective of the EBR II program was
to learn ways of reducing these costs.

Question: Kazatchkovsky (USSR) asked whether or not fuel e
elements had burst in EBR, and, if so, how were they detected and had
there been any leakage of gas. Answer: He was told no fuel elements
had stuck so that they could not be removed from the reactor, and no
gas leakage problem had occurred. There was no monitoring system to
detect ruptures, because high Na activity made this difficult.

Question: Cockeroft (UK) asked whether, if a core melted down,
it led to a serious criticality condition. Answer: In the design,
special precautions were taken to avoid coolant loss and core melting.

Question: Hering (France) asked what safety measures were
taken to avoid leaks of Na and water in the heat exchanger. Answer:

Design was not completely established, but several industrial firms
were offering double-walled tubing to prevent leaks.
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Question: Dalton (Australia) asked what effect the inner
blanket had on neutron-energy spectra and breeding ratio. Answer:
He was told that no critical experiments had been done but that cal-
culations indicated the effect would be less than the percentage of
error of neutron cross sections. The effect on breeding was not yet
known.

Question: Jackson (UK) expressed surprise that there was
only one type of shut off mechanism in the EBR II design. Answer:
Koch said there were 12 identical rods, but each was independently
operated.

Question: Shepherd (UK) asked for the contemplated burnup.
Answer: He was told that 2% of total atoms was the design basis in a
120-day cycle. This might not be achieved initially but the target
was an even higher burnup.

SECTION 15A - EQUIPMENT AND TECHNIQUES USED IN MEASURING CROSS
SECTIONS IMPORTANT TO REACTOR DESIGN

by W. W. Havens and George A. Kolstad

The Chairman, Eduardo Amaldi (Italy), opened the session
promptly by reading by title some papers submitted to Section 15A
which would not be presented orally because of lack of time, but which
would appear in the published proceedings.

The papers read in this session included:

No. 576 - D. J. Hughes (US) - Neutron Velocity Selectors Used
at Reactors.

No. 640 - V. I. Mostovoy (USSR) - Mechanical Neutron Velocity
Selector.

No. 641 - V. V. Vladimirsky (USSR) - A Neutron Spectrometer
with the Mechanical Interrupter.

No. 421 - E. R. Wiblin (UK) - Neutron Spectrometers Based on
Pulsed Sources.

No. 577 - L. Cranberg (US) - Time-of-Flight Techniques Applied
to Fast Neutron Measurements.

No. 580 = L. M. Bollinger (US) - Recent Advances in Neutron
Detectiorn.
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No. 806 - W. A. Higginbotham (US) - Time-of-Flight Instrumen-
tation for Neutron Spectrometers.

No. 573 - R. F. Taschek (US) - Techniques for Measuring Elastic,
Non-Elastic and Transport Neutron
Cross Sections.

" Hughes! paper described fast choppers, slow choppers and crystal
spectrometers used for cross -section measurements at all United States
research reactors. He emphasized that the different instruments
complemented each other in aquasuremenE progran required to cover the
whole spectrum from about 10 ™ ev to 107 ev. Above 10% ev, time-of-
flight instruments could not :ompete with other techniques because of
the rapid decrease in resolution with increasing energy. Hughes felt
that neutron choppers had almost reached their limit of resolution and
that improved resolution would be obtained with pulsed machines.

Mostovoy then presented a paper describing a chopper, used at
USSR's RFT reactor, with a rotor run by an air turbine at 20,000 r.p.m.
to obtain neutron bursts as fast as 6 microseconds. The best resoclution
obtained was 0.8 microsec/m. Mostovoy described the time analyzer for
this velocity selector, and a new system which incorporates electro-
. static storase and display. A cathode ray tube with independent bears
was used for reading and writing.

Mostovoy also described an ionization chamber used to measure
plutoniun fission cross section. This chamber contained 22 milligrams
Pu239: placed on thin nylon films cnd ionization from both fission
frogments was collected. This gave a unifor:: fission output pulse
sincce the total energy rel2ased in fission is always approximatel:r
constant. The fission pulse would thus be larger and more uniform than
that usually obtained in fission chambers. These characteristics
enabled Mostovoy to put much more plutonium than usual in the chamber
and still discriminate better against the alpha-background than he would
otherwise have been able to do. HMore information was brought out about
this chamber in the question periced.

V. V. Vladimirsky (USSR) in paper No. 641, MA Neutron Spectro-
meter with the Mechanical Interrupter®, reported next on two choppers
built for use with the heavy water reactor at his laboratory. The
second chopper, which he discussed most, had a considerably better
resolution. The resolution of the old chopper was given as 0.4 micro-
sec/m, that of the new chopper as 0.08 microsec/m. The maximum speed
of rotation was 30,000 r.p.m., to give neutron bursts as fast as 1.0
microsecond.

Vladimirsky presented curves on various elements, including
tantalum. He also presented data on natural uranium and thorium and
described the time analyzer system.
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Question: As a comment on Hughes! paper, Shapiro (USSR)
presented another method of utilizing a reactor to measure cross-
sections. In this method, a beam of ions would be sent through the
center of the reactor to be bombarded by the neutrons in the center
of the reactor. The beam would be collected and the nuclei that had
been made radioactive could be counted with ordinary techniques. By
this method it might be possible to get a large increase in resolution
because of the accurate control of the ion energy compared to the energy
control of fast neutrons. Angwer: Hughes said that any experiment
that could place the apparatus inside the reactor and thus take advan-
tage of the large flux would have a great advantage since the number of
neutrons which could be used in beams outside the reactor was much
smaller than the number inside. There were, however, serious technical
difficulties involved in placing eguipment in the reactor.

Egglestaff (UK) then reported on the first chopper work done at
Harwell. The Harwell chopper had the limited objective of measuring
the cross sections of extremely small samples, particularly for radio-
active materials, with a resolution of 0,001 microsec. Egglestaff
presented plans for a Harwell “Super-chopper" which would have a 100-
meter flight path with neutron bursts of 1 microsecond.

Question: Havens (US) asked Vladimirsky about (1) the dimen-
sions of the BF, counters and how many were used with the new chopper?
(2) the pressur? of the BF, in the counters (3) and the counting rate
with this detector. Answe?: Vladimirsky said a maximum of 25 counters
of length 200 mm, diameter 30 mm filled to a pressure of 500 mm of BF3
was used as detectors. With this detector bank at 15 meters, the

counting rate was 500 counts/hour, per microsecond channel.

Question: Harvey (US) asked if the flight time in the counters
was included in the resolution width. Answer: Vladimirsky said the
resolution quoted was that obtained near the high energy limit of the
machine where this was unimportant.

Question: Sanders (UK) asked Mostovoy for some details of
the fission chamber where 22 mgm of Pu 239 was used, since the people
in the United Kingdom were not able to put more than 13 mgm in a chamber
without having the alpha pile~up ruin the operating characteristics.
Answer: Mostovoy replied that the Pu was deposited on a very thin
nylon film which was coated with Ag to make a conducting surface. The
fission fragments went into both halves of the chamber, and the pulses
from both halves went to a preamplifier to give a much larger pulse
than obtained with one fission fragment. The spacing of the chamber
was such that only the initial part of the path length was used so as
to maximize the ionization due to fission.

Question: Taschek (US) asked what was the rise time of the

amplifier used with this chamber. Answer: Mostovoy replied 0.1
microseconds.
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Chairman Amaldi then called for paper No. 421 by E. R. Wiblin
(UK) and Wiblin summarized all pulsed accelerator velocity spectro-
meters both in the United States and the United Kingdom, taking some
information from the paper of Havens (US) which was not read. In a
brief history of the field, he mentioned that Alvares started this
type of work in 1938 using the Berkeley cyclotron, listed the General
Electric betatron, the ORNL Van de Graaff, the Columbia pulse trans-
former and the Columbia synchrocyclotron. He presented a table compar-
ing the resolution width of all the pulsed machines. In this slide he
compared existing facilities in the United States with proposed
facilities in the United Kingdom.

His paper dealt mainly with the Harwell linear accelerator
which has four experimental stations with four time-analyzers. He
said the Harwell group was using n, gamma fast detectors to improve

c3olution and counting rates.

Of particular interest was the development of an electron
accelerator in the United Kingdom which would have an output energy
of 25 mev and a pulse current of 1 ampere. This would also use a
subcritical assembly to obtain a neutron amplification of about 30.
The machine was degigned to operate with a pulse repetition rate of
500 per second. Pulses of 0.1 microsecond or less would be used on
the electron gun.

Cranberg (US) gave his paper, No. 577, summarizing US work in
"Time-of-Flight Techniques Applied to Fast Neutron Measurements",
mentioned the initial work using the small Cornell University cyclotron,
the work now in progress with the Brookhaven National Laboratory 18-
inch cyclotron, some work done with the University of Michigan
cyclotron and particularly stressing the work Cranberg did at Los
Alamos Scientific Laboratory. He described the pulsing and analyzing
system used with the Los Alamos Van de Graaff and gave some results on
inelastic scattering which well illustrated the capabilities of the
apparatus.

Bollinger (US) in his paper No. 580, M"Recent Advances in
Neutron Detection”, then summarized developments in scintillation
counters and described the BLO loaded liguid scintillators, the large
banks of rapid-rise-time BF; proportional counters and the Zn$.Bp03
mixtures used for slow neutron detection. For fast neutron de-
tection he described the small sphere plastic liquid scintillators
and the delayed coincidence boron and Cd loaded large liquid scintil-
lators which have been used to measure the quantity, average nu, which
is important to reactor design. He closed by describing the newly
developed gas scintillator for fission cross-section measurements.

The chairman then called for paper No. 806 ("Time-of-Flight
Instrumentation for Neutron Spectrometers™) by W. A. Higginbotham (US)
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which described techniques used in pulse height analyzers and time
analyzers. He limited himself to block diagrams because there was not
enough time to discuss the circuits in detail. He described all US
systems now in operation and one planned for an Argonne National Labora-
tory chopper -- the pulse height-analyzer using magnetic core storage.
He stated he had circuit diagrams available for detalled discussion
after adjournmsnt.

Discussion: Havens (US) presented recent results with a 400-
mev synchro-cyclotron slow neutron velocity spectrometer with the best
resolution of any time-of-flight spectrometers. He also presented a
system for pulsing a 2 mev Van de Graaff which produces neutrons by
p,n reaction. He said thick targets were used to increase neutron
production and the neutrons then were timed over a measured path.

Because no slow neutrons were produced, a high repetition rate could

be used, and because neutrons were produced only in the forward direction
just above threshold, the background was small. This technique gave

good results in the 1-50 kev region.

Discussion: Egglestaff (UK) referred to Cranbergt!s paper and
compared the equipment described with a spectrometer recently develop-
ed at Harwell with a resolution of 3% which used the pulse height
spectrum in a He3 counter. This spectrometer was used to measure
the spectrum of delayed neutrons where time-of-flight techniques could
not be used. Egglestaffts quoted resolution was considerably better
than that reported by Cranberg. He showed neutron spectra from in-
elastic scattering in U 238 for two neutron energies below 1 mev,
Answer: Cranberg answered that the main advantage of the LASL
system was its versatility, which can also measure angular distributions.
He said he did not see how Egglestaff's resolution could be obtained.
He acknowledged the limitation of his counter to cnergies less than 1
mev because of elastic scattering of the He atoms.

Adiaseviech (USSR) described a system using a 14 mev cyclotron
very similar to the Brookhaven 2 mev cyclotron. USSR scientists
studied DT and DD reactions and found large groups of neutrons at
low enesgles formed by deuteron disintegration. The cyclotron had a
5 x 1077 sec pulse, with a repetition rate of 8.9 megacycles and a
3 meter path length.

Wiblin (UK) described the time-expander system used to .

produce the 0.2 microsecond gate in the Harwell analyzer presented in
this block diagram:
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Signal 20 microsec 0.2 microsec
Reference delay delay

Amplifier Coincidence
- Circuit

Clearance Pulse

Question: Romanofsky (USSR) asked Higginbotham which methed
he considered the best for the future. Answer: Higginbotham felt the
magnetic core and electrostatic memory units could be built up almost
without limit. He said economics also was a factor since everyone did
not need such an elaborate system. A quartz delay line was the most
economical and could be used where the delay line could trigger the
accelerator.

The chairman called for paper No. 573 by R. F. Taschek (US)
on "Techniques for Measuring Neutron Cross--Sections , Elastic, Non=~
elastic, and Transport!, which summarized the sphere technique using
counters and proportional counters. Taschek described results obtain-
ed with small crystal spheres and the work on angular distributions
of elastic scattering.

 Discussion: Kazatchkovsky (USSR), cormenting on Taschek!'s
paper, pointed to the equivalence of the direct and inverse geometry
by spheres of any thickness. The distribution of neutrons within the
sphere should be cosinusoidal. The detector should be no less than
the scattering length. The mean length of time of issue from the
measuring device would be

b = 0.1+ 0.50 R/A+0.29 e=0-46 p/L,
R
g = =1 ar

Ne
where T = ratio of counts in detector with and without the sphere.
Kazatchkovsky said that he would submit his calculations. Answer:
Taschek replied that the effective path length L has been used by
Barschall.
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SECTION 16A - EQUIPMENT AND TECHNIQUES; CROSS SECTIONS
OF NON-FISSIONABLE MATERIALS; DELAYED
NEUTRONS

by D. J. Hughes and Gecrge A. Kolstad

L. Janossi (Hungary) was chairman.

D. Breton (France) gave paper No. 356 "Testing of Materials
Using the Chatillon Pile-Oscillator,™ and emphasized the mathe- '
matical details of pile transients with the possibility of measuring
scattering separately from absorption.

Question: Harvey (US) asked if it were possible to measure
absolute cross section, or cross sections relative to boron, for
materials which have smal) absorption cross sections? If so, did
Breton have any values for graphite, bismuth or beryllium? Answer:
Breton said he could not measure absolute values of capture when
they were small.

F. L. Shapiro (USSR) presented paper No. 642 by A. A. Bergman
et al., "A Neutron Spectrometer Based on Measuring Slowing Down Time
of Neutrons in Lead." Bergman had high counting rates.

Question: Bollinger (US) asked if it were possible to obtain
absolute cross sections and resonance parameters by this method.
Answer: Shapiro answered that only combinations of parameters could
be obtained. He told Wigner (US) there was no experimental evidence
that gamma rays were different from level to level. He told Brooks it
might be possible to measure alpha with an anti-coincidence arrange-
ment .

J. A. Harvey (US) gave paper No. 832 "The Devermination and
Evaluation of Fundamental Thermal Neutron Creoss Secilons,™ dealing
with Au, B, U 238, ana U 235.

Questicn: Egglsstaff (UK) commented by summarizing the UK
situation and Farvey pointed cut that isotopic difference in samples
should always be taken into account in such comparisons. Sanders
(UK) asked about the measurement of U 234 capture. Harvey replied
that using a pile oscillator probably was best.

S. Bernstein (US) gave papsr No. 591 "Summary of Cross Section
of Measurements of the Fission Product Poison Xe 135," by Bernstein
and E. C. Smith. He discussed the difficult problem of sample pre-
paration and the techniques of measurement. The following discussion
ensued:
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Question: Wigner (US) asked whether there were any resonances
found in Xe 135 at higher energies in addition to the one at 0.08 ev.
Answer: DBernstein said none was observed up to about one kilovolt.

A Resonance was observed in stable Xe 136.

Question: Okrent (US) asked whether it would be possible to
choose between the two possible values of g (the statistical weight
factor) by using measured values of the capture cross section in ad-
dition to the measurements of the total cross section?

Answer: Bernstein thought existing measurements of the capture cross
section were sufficiently accurate to make a definite choice. Warde,
(Canada) reported on a measurement recently made in Chalk River of

the capture cross section of Xe 135 for pile neutrons by mass spectro-
graphic measurement of Cs 136. The value 3.25 megabarns was obtained.
The value 3.25 x 10-18 cm? for the capture cross section was higher
than the total cross section for a Maxwell spectrum calculated from
the total cross section vs. energy measurements reported by Bernstein.

G. R. Keepin (US) gave his paper No. 831 "Delayed Neutrons'"
sumarizing the present status of the data concerning delayed
neutrons from fission. ‘

Saunders (UK) discussed measurements of the energies of the
55 sec. and 22 sec. periods by a He3 ion chamber which seemed to
indicate structure in the energy distribution.

Question: Krasik (US) asked Keepin how he determined prompt
critical for the in-hour equation comparison with delayed neutron data.
Ansgwer: Keepin said the definition of prompt critical was that re-
activity at which an assembly would be self-sustaining for prompt
neutrons alone, and therefoie the point at which the period for prompt
neutrons (defined as alpha™) was infinite. A method existed for
measurement of alpha in the vicinity of prompt critical, he said.
Extrapolation to zero of a plot of alpha versus R, defined as any
arbitrary reactivity parameter, established prompt critical in terms
of R. A rough determination of prompt critical could alsc be given
by the point of inflection in an experimental period-vs-reactivity
plot.

Question: R. Cohen (US) asked whether Keepin had tried
several period groups in his decay curve analysis using the 701 com=-
puter (e.g., 5 or 7 period groups). Answer: Keepin reported trying
5 periods and finding that the IBM-701 computer did not converge
readily, indicating the inadequacy of 5 periods. However, for 6
periods, convergence was readily obtained. He had not tried a
7-group analysis because of the apparent adequacy of the 6-group
treatment, but when computer time permitted, a 7-group analysis
would be made.
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Question: Sanders (UK) asked whether it was true that the de-
layed neutron periods need not necessarily agree with radiochemical
determinations of Beta-decay periods because of multiple Beta-decay
to the final delayed neutron precursor. Answer: Keepin said that
was correct, and this effect of cascade Beta-decay could only lengthen
ths particular delayed neutron period in question. Therefore, he did
not necessarily expect a one-to-one correspondence between measured
delayed neutron periods and precursor Beta-decay periods as determined
radiochemically.

SECTION 17A - CROSS SECTIONS OF FISSIONABLE MATERIALS
by Hans A. Bethe and George A. Kolstad

Under the chairmanship of D. J. Hughes (US) 21 papers were
presented in Section 17A, plus 4 questions and remarks in the
discussion, in the allotted time of 3 hours.

B. T. Price (UK) gave the main talk on slow neutrons in
plutonium, based on paper No. 422, "Cross -3ections of the Plutonium
Isotopes,™ prepared by J. F. Raffle and Price, which gave recent
resonances for Pu 239, 240, and 241.

Price said the UK analyzed data for resonance parameters up
to 22 ev energy and hoped to extend this analysis up to 100 ev. For
one resonance, the British found a value of alpha as high as 7.

In Pu240, the British found only one resonance up to 24 ev,
the one at 1.05 ev. Their parameters are = 135 kilobarns,
/3 = 29 millivolts. The UK sample contained 7% Pu40

In the case of Pu?4l, the British showed data up to 8 ev,
using a sample containing about 1/3 of this isotope.

V. F. Gerasimov (USSR) reported in paper No. 645, "Fission
and Total Cross Sections of Some Heavy Nuclides for Monochromatic
Neutrons as Measured by a Mechanical Neutron Velocity Selector',
by Y. V. Adamchuk et al., on the work of one of 3 Russian projects.
Above 1/2 ev. energy, there was a s§stematic and increasing shift
in the energies at which various Pu 39 resonances occurred. On
Pu240, the USSR measured an 8% sample.

S. I. Sukhorutchkin (USSR) in paper No. 646, "Time-of-Flight
Measurement of the Total Neutron Cross Section of Uranium 233,
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Uranium 235, and Plutonium 239", by S. J. Kikitin at al., razortad

on work ionb with crclotron source, with g time raszolution of

atout J.25 microse onds/ eter., He gave total cross ections from Lo1
i es. ?or ths

3
to 100 ev, and fission cross-sectiors for lower energil
first resonance, hs obtained alpha = 0.6L. He also ob
paraneters.

Francis lstter (France) in nape 0. 354, Mleasursment 27
Cross Sections of Fissils laterials for Slow lleutrons®™, by A. 3erth=lot
and Z. Vendryes, presented totil and fission cross sections up fo
about 10 =v, normalized to US values

{17

Paul 7. Gast, speaking for 3. R. Leonard (US) in paper no. 3727,
"The Total and Fission Cross Sections of Plutoniun', reported ths
total cross section at 2200 m.sec as 1050 barns. He also zave r2

0]
'3
n
!
[a
ot
[}

from the Argonne !lational lLaboratory fast vnoppe“ work, and the work
vy Fanford Atomic Products Operations on the fission cross sesction
at low enerrcy, with accurate paramsters for the 0.3 sv resonancs.

V. V. Vladimirsky (USSR) reported very recent results on 3
naw 38R chopper with high resolution (0.08 microsec/m), coverinc
particularly the range from 7 to 25 ev. He also used a thick samplis

~2asurad up to 3CC0 ev.

Paper lo. 586, "The Low-Energy Cross Sections of U 235%, =or
V. L. Sailor (US), opened the second part of the section. Sailor
a relatively brief account of US data on U 235. He discussed the
svaluation of resonance parameters from the :periments, inciudin:z
trose for negative resonances. The evidencs Zor interference befisen
resonancss was presented.

avza

YT" 1

SR) in paper llo. 645, cozsented sarlier in this
section, had obtained lower cross sactions halow LD 2v than othar
laboratories, apart from the shift in the ensrzy scals alrealdy raper-2l
for Pu. He measured fission up to 1 kev.

Gerasimov (U3

The Rerthelot-Vendryes (Franca) paper 1
2arlisr in this section, gave crystal spectirom2
total from 20,03 to 3 ov, obtained with a samplsz
T=235. Tor the fission cross section, tneir ==
~3izrosac/m below 1 =v, and 1.5 ricroses/m aborz
reported difficulties with their boron monitor.

P. A. Egglestaff (UX), presenting paper 0. 423, M"Slow llzutrom
oross Sections of the Uranium Isotopas" by J. E. Lymn and
. J. Pattenden, stated that the UK project had odtained the sams
reneral results on sigma vs. enercgy as other countries. He strassed
some disagreement on the absolute fission cross ssction at 22007/ s2c
between the Uil and other countries; given were:
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TOTal FISSIOH STSTLTIIT ALTUA

UK 716 15 632+ 20 2.12
USSR 697 4 20 570 4 15 0.22
USA 687 +L or 7 500+ & 0.126

The British measured sigma F dirsctly, by comparison with Au
and B as standards. Their corbination of sigma T and sigma F led to
a very low value of alpha, in definite contradiction with accurate US
mass spectrographic determinations of alpha.

V. V. Viadirmirslky (USSR) in paper o. 644, "Determination of
the Absorption Cross Section and of the Radiation Capture Cross Section
of Uranium 233 for Pile lleutrons", gave the main report on U 233,
opening part three of the section. He first discussed the measurement
of alpha by mass spectrographic detsrmination of the build-up U 234
and the destruction of U 233 in a sample exposed in the pile, the same
nethod US uses. The value obtained was alpha equals 0.095. This
alpha was the basis of their fission cross section standard.

The total cross section was compared with Li as a standard
and found to be 615 30 barns. The spectrun shewed many levels and
was complex. Vladimirsky reported fission data up to 200 ev.

Gerasimov (USSR) in paper o, 445, presen- -1 zarlizr, roport-i
fission cross sections, normalized to 510 barns o~ 22C0 =/sec. -
gave resonance parameters for 4 levels:

?g Garma im z=sub z2ro

0.38 O.42 5

1.42 ' O.L4 1.6

1.82 0.33 567

2.31 .22 358

Sukhorutchkin (USSR) in paper o. 646, prazon=ad nw-;; 2, To-

marled that 233 was the only fissils nuclavs whess 2ooss
nearly 1/v near thermal. He cave results similar to Gerasimov's.

Wiblin (UX) in paper MNo. 423, presented earlier, pointed out
that the U 233 cross section was 1/v up to about 1 ev, and showed
a spectrum with good resolution up to about 22 sv. V¢ a~ain discussed
absolute values at 2200 m/sec and ravz ths following:
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The Eeiébelot and "endﬂvas (Frznca) paper Lo. 55
= K A7
@

2 L
1 avre 2 6+0 fah Eal LT S q
sarlisr, gave Fl23) = 2 LT, which would m2.& &
(1
oL
. ‘ .
o 1 =

Jhairman Fughes, giving a suﬁwa“" sh somposizs curvas of
a*ta of a1l nations preparsd by the Unit=da 3uatss and 2rphasizod
za~ant. He powntﬁa out that tk res3erin

- zrructure 1 T Il0TI

-
20 —~ - 2 -
d orz rosonante, 1
2

with improving resolution. Hz s&
ev, appearing as a slight burp in 2ach countryts data,
suted by each to experimental crrov grtil a2 cormpariizn 20
rious countries showed i1ts realitiyr.

o ~nos thanicad all scisntists from other countrises for thrir
coopers t;on in supplying data ’or tre U3 cross section cormpilaticn,
arnd expressed a nope that during ths conference best values Jov
absoluts cross sections could be acreed uporl.

Question: Harvey (US) asked why
ol P -
sra ¢ (P t 2200 m/sec. Answer:

».,«) ol
pA—=AAASL
“rainad b ther 2rOUD in niz
alnasa vd anotier Zroup 1o il

Palevsky
ross saction
barns fave

1

%aVﬁns (US) asked Sulhorufchiin adoub the snzr-r
cyclotron. Answer: Suithorutihkin zave

e fourth part of
, "Study of the
tions of U 233, U2

[0 BN N

‘ 0s
e ta about measuremsn
~chsuraments on U 238 as report,i .
The rranch ﬁeﬁ the value for sizma B
at 1ATC
2, 2, Diven (US) next :“vv

=z Tast llsutron Fluz, .
> ~icnz wers tassi o 9]
e 2o ~ospons? Lo nonschrs
johe ez ol U3 cross sacil
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Egglestaff reported UX data, using the hydrogen cross section
for fission cross section corparison. The Zritish made absolute
measurements at 0.6 and 1.~ m“v, relatiwe measuraments ..o various
energies, and independent r:isuroveats of the snercy .ipondence.
Egglestaff regarded the asraorment for Pu and U 235 as satlsfactorv

SECTION 18A - PROPERTIZS OF FISSICUABLE MATERIALS - U, IZTA, ALPHA;
RESOIANCE ANALYSIS

by George A. Kolstad, H. Palevsky and H. Hurwitz

The Chairman was Paul Scherrer (Switzerland).

The first paper, llo. 657, br P. E.

(USSD) on “Measuring the sutron Yaltiplicat-on Factor Effective

wrber of Secondary MNeutrons for Thsrmal Fission of Uraniw: and
Dlutonlum", presented by II. S. ozodasv, reporield neasurdm nt o? =ta,
which Russians zall nu offzctive, in a craphite geomatry l. 1.8 x 2
meters high on top of pile. The experiment was performed b :3;surinj
the effect of boron and fissile samples on an ilonization chamber near
the top of the graphite geometry. The speaker said they determined
experimentally the ratio of these two cross sections and calculated
the ratio of the effect of slow to fission spzctrum noutrons. The
values reported of sta for U 233, U 235, Pu 239 = o2 within 17 of
US values.

V. V. Vladimirsky (USSR) in paper No. 658, "Number of Fission
Neutrons Per One Captured Thermal Neutron in U 233, U 235 and Pu 239"
by himself, A. I. Alichanow and S. J. Nikitin, .vported measurenents
on nu effective (eta) by introducing a sample of fissionable material
into a thermal pit (obtained by removing U rods from reactor) and
balancing the increase in reactivity by the addition of boron, so as
to compensate for the increase of reactivity. The sampls used was a
heavy watsr solution of BpO3 and U 233 oxalate, U 235 oxalate and Pu
(SO;/Z. Trorm the ratio of boron to fissile material cross sectilons
obtzinzd from other experiments, USSR oc+alned nu 2ffzctivse, or
alphra, in good agreement with values given in papsr Yo. 557 which
Kozodaev had just presented.

Vladimirsky then gave N. A. Burgov's paper llo. 560, MMurber
of Fission Neutrons Per One Captured Thermal Ileutron for "mtoural
Uranium." By the same method described in parer &07 7o otiained
Nu(eff) for natural uranium equal *o 1..,4 0.006 in rocd
agreement with US values.
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+ 3, Saunders (UX) next savs paper 0. 245, by P. A. I7Z2l2-
staff gll?, on ""eutron Vviaslds from Fissils lclei.t Part I of
the pap portad a measursd nu averarss oy means of a fission chamoper
surrounded bty BF3 c¢o imters in a parafin geormetry. The neutron
counters were zated on after the fission pulse occurred in the calibvrz
od rsutron counters using SpO"taHDOUS fisgions in a natural U sarple.

sured U 235, U 233, tu 239, Pu 24l relative to U 235 and ottain

the OL1OJl“g values:

~

nu average (233)

= 2.46 plus or minus 0.15
au avarage (235) = 2,45 7 n 7 0.15
rev avorace (239) = 2.36 " noon 0,18
nu averzae (241) = 2.92 " mooon 0,21

In Fart II of the paper they calculated the variation In alpra
fnom the cross section data of Lymn and Pattenden siven in the rzport
in “2ction 174 (Pao er lNo. 423) and found alpha to be constant Trom
9.005 o 2.3 av in U 233. They obtained:

(alpha 0.3 ) 2.7 plus or minus 1.0

(alpnha 0.025) U 235 B
(alpha 0.3 ) = 1.% plus or rdnus 0.2

(alpha 0.025) Pu 239

In Part III, the variation of =ta At enerzy was reportol

as measured with a crystal spectrometer. 2 axperimentel arranzc-
mart involved the use of a thick fissile : . ple surrounded foys ;?2
countzrs in a paraffin geometry. Ther fond sta to b constant fre
0.025 0 1.2 v for U 233, consistent with Iac that nuw is also

s
constant over this energy interval. lieasursments on ?- 25% ravz:

co-parzi o 0.84,73 0.05 variations for 2ta/1 4 alpha, Ther cornilt o
tnat ths —ost likely result gave the mean value ol ma to be constant,
T Part IV, the UK experimenters sstimated alpha Zor 7
positivc 79"31 up to 17.7 ev in Pu 239 Irom the cross section mzaare

mants o 2affle and Price (paper dlo. L22) and concluded that the
ficsion widths varied much more than radiation wilths.

u, Palsvsky (US) in paper llo. 3€7, " egsurenant of lJapture “c
T:ssion Zatio of U 235, U 233, and Pu 239 b a lew liethod™ describal
5 mo-rou of obtaining eta by counting fissicn nautrons from a tlacx
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sample of fissile material by means of a scintillation counter. The
nunber of neutrons in the incident beam was determined by a thin SF
counter. From the variation of the ratio of the two counting ratss
Palevsky obtained the variation in eta. The method was capable of
high precision because corrections were small and easily made. TFor
U 233, =2ta was found to be constant between 0,01 to 0.1 ev. TFor U 233,
eta rose by about 17 from 0.0l to 0.1 and then dropped about 57 rfrom
0.1 to 0.3 ev, the position of the resonance, and then rose and
“passed throuzh resonance to 0.5 ev. The results agread well with
variation of sigma F/sigra A calculated from U 235 data. For Pu 239,
this gave:

eta 0.3 = 0.75 plus or minus .02
eta 0.025

W. R. Kanne (US), in paper llo. 595, "Capture te Fission Ratio
of Pu 239 and U 235 for Intermediate Energy lleutrons", described

work on alpha in the intermediate energy region which included both
irradiations of U 235 and Pu 249 at Hanford Atomic Products Cperations

4L

and reactivity coefficient measurements.

Hy o~

Discussion: Iostovor (USSR) presented data on the variation
of eta calculated from his measurement of the fission and absorption
cross section, assuming nu to be constant. For U 235, after maxing
corrections for resonance scatitering, he odbtained a wariaticn similar
to that presented by Palevsky but with a slightly greater discrepancy
(about 107) at 0.3 ev compared to thermal. He showed a preparad
slide giving the scattering corrsction to data tal:»n at Brookhaven
Mational ILaboratory. For Pu 239, the results wer  in good agrzerment
with those calculated by Palevsiy.

Kozodaev (USSR) presented results of msas .rement of nu offsctive
(or alpha) using photo neutrons from SbBe as the _T kev source and from
llaBe as the 900 kev source. The experiments were parformad in 2 graph-
ite prism. He did not zive details of measurement but offesrsd the
following results for nu effective:
Isotope 30 kev SO0 ey
U 233 2.23 4 0.07 2,50 1.0'13
U 235 1.86 &+ 0,07 2.28 4 G.C8
Pu 239 2.01 + 0.0° 2.52 4 0.3
Question: Taschek (US) asked what was thz efficisncy and son-
sitivity of the neutron detector used in the UK for measuring averag:
nu. Answer: Sanders said that 16 BF3 counters in paraffin wsrs us=:

ral neutrons An =rror of

-
o
ed for meost

and gave an efficiency of 1.037 for the
* 57 on calibration of source account

O
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in the results. Farley (New Zealand) discussed a method used at the
Harwe1ll linear accelerator to measurs the variation of eta with =ner:
Their detector for fission neutrons had an efficiency of 1%. The ex-
periments were not complete, but the data suggested that eta did rot
vary much from level to level.

Sukhorutchkin (USSR) measured nu effsctive with a cyclotren using
thick samples and detecting fission neutrons with a scintillation detector,
and made measurements up to 11 ev on U 233, U 235, U 239, Suknorutchkin
concluded that Pu 239 might show a variation in gamma radiatien leval
widths at 8 and 12 ev one-and-a-half times narrower than other lsvels,

Tta seemed constant from level to level.

Callihan (US) told Sanders that by method of critical spheres
he had compared eta for U 235 to eta for U 233, Assuming eta (235) =
2.08, he got eta (233) = 2.32, in good agreement with other U5 wvaluss
but not with data presented by Sanders.

Question: Higgersberger (Austria) asked concerning data in
paper No. 595 by Kanne what statistical fluctuations had been obsarvad
with full sensitivity and how had they been eliminated? Answer: Tata
were taken using electron multiplier detectors and exhibited small
fluctuations,

H. A. Bethe (US) then gave paper No. 585, MAnalysis of the
Velocity Selector Results on Fissile Materials" on properties of
resonance in fissionable material,

He H. Hurwitz, Jr. (US) in paper No. 550 on "Status of Infor-
mation on Reactor Material Cross Section™, -<iscussed the resonancss in
the intermediate energy region and fission croduct poisoning. Ie
quoted results of the Knolls Atomic Power L:doratory danger coefficiert
measurements, Hurwitz gave smaller estimates for intermediate enerzv
fission product poisoning than had Weinberg,

Question: Mostovoy (USSR) asked Bethe (1) about ths distri-
bution of level spacings in terms of the mean values, and (2) how d4id
UK and US results compars with USSR findings in studying 3igma F,
which showed first resonance levels of U 238 and Pu 239 about the
(0.3 ev). Answer: Bethe replied (1) that the distribution of lsv
was being measured at Brookhaven National Laboratory out the analy
was not yet complete., At one time it appeared that very close
spacings were less likely than expected on the basis of random spacing.
Much more analysis was required than had been given so far. (2) the
occurrence of 3 or 4 levels at Ce3 ev was in Bethe's opinion, purel
accidental. There was no reason to expect that the neutron energy
should have any more significance than any other value, However, U3
opinion was not unanimous that the 0.3 levels had no significance.
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Wiblin (UK) discussed procedures “or evaluating resonance
parameters (for details, see paper lo. LI , UK, which Ul will print
as part of the record of Section 154). . - pointed out a need for
using data of many different kinds; i.e., scatiering and capture as
well as transmission.

Question: Shapiro (USSR) asked a series of questions of 3ethe
on the statistics of level spacings and the reasons that nautron widths
fluctuate. Answer: Bethe explained that fluctuations were to be sx-
pected because only one final state existed and the character of the
wave functions for the various individual levels were different.
Neutron ericsion constituted only one of the same. This was consistent
with present ideas on the relation between individual and giant
resonances.

Question: Raievski (France) presented a question for Hurwita
as to where Hurwitz got a figure for the capture cross section ol
carbon which he quoted in his paper. Answer: FHurwitz said he did rot
know in detail how it was measured, but thought several samples had
been used.

Question: Weinberz (US) cormented that the observations by
the Harwell group indicated a constancy of Sigma C and Sigma F. He
asked Bethe to corment on the fact that alpha appeared to be constant
up to 20 ev. Answer: Bethe replied that alpha was very small and
/T“ very large in U 233. The measurements would hava to %e mads nuch
Tiore accurately (better than 57) in order really tg see the constancy.
He cormented that it was a remarkable thing that /F was so much
bigger than anything else.

SECTION 1%A - INTEGRAL MEASURENZIT
by Alvin Radkowsky

A. de Shalit (Israel) was Chairman.

Paper No. 661 (USSR) MA Study of lNeutron Diffusion in Beryliium,
Graphite, and Water by the Impulse lethod," by A. V. Antonov, =t 21,
developed a theory of neutron beam methods, first ziving credit to the
piloneer work of von Dardel. The basic idea was to shoot a nsutron
pulse -- obtained from an accelerator -- into a medium, the nuclear
properties of which are being tested. l!Measurements were mads of
neutron intensity in the material as a function of time following the
burst. It was shown that by comparing measurements in samples of
different geometric buckling it was possible to obtain both the thermal
diffusion constant and neutron lifetime. Data were obtained for the
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three media listed in the title, including measurerments in water ==
high temperature. In the last case, the authors expressed surprize

at the armount of increase in diffusion length obtained. It was shown
that the neutron age could be obtained by using a sample of the medium,
infinite in one direction, and comparing measurements at two adjacent
points.

Radicowsky (US) pointed out that a theory had been developed
for the variation with temperature of the diffusion length in watzr and
that the work was outlined in Conference paper 403 by J. Chernicic.

Paper Yo. 662 (USSR) "A Study of Beryllium as a lleutron
loderator," by L. A. Geraseva et al, described the experimental deter-
mination of nuclear reactor physics constants for Be, specifically
capture cross section, age, and thermal diffusion length. The capture
crosc section was measured in a graphite pile by danger coefficient
methods. Great care was exercised in the measurement; the method in-~
volved comparison with substances such as D20 of known capture and
noderating power. The measurements of age and diffusion length were
conventional.

A value of 6 mb was obtained for the capture cross section
for pure Be, which was much less than that reported by other experi-
menters, the discrepancy being attributed to the fact that the 3e
used by others contained impurities.

Paper No. 359 (France) ™Mfeasurement of Diffusion Lengih of
Thermal leutrons in Beryllium Oxide,M by J. C. Koechlin et 21,

reported on the measurement of the thermel 1iffusion length in 3:0,
vzing conveati oral Vwaa, i.2., a large block of material irradiatzd
by neutrons from tne thermal colum of the 3aclay reactor. The

value of the dlifJSlon lenzth was larger %ian computed by ‘ransport
theory. This discrepancy was attributed to the fact that the sou
neutrons were not truly thermal.

Paper No. £72 (India) "On the Deterrination of Diffusion aad
Slowing Down Constants of Ordinary Water and Bsrylliun Oxide Using a Pulsed
Teutron Source,! by 2. Ramanna et al, described a method similar in
principls to t“at in USSR paper lo. 661. Fe described a new mz2thoed
of time analysis to correlate thermal neutron decay with thv
at which the source of fast neutrons was fz2d in., The princi p
was to male the ion pulse at the accelerator *ar-st initiate
base of an oscilloscopz, and allow thermal nsuiron pulses o
the oscilloscope spot.

Paper No. 360 (France) Mleasurenment of a Complex Diffusion
Length in a Solid or Liquid to Determine the Transport lean Free
Path for Thermal ileutrons,! by J. Horowitz et al, was primarily a
development of the theory of the experiment. Some experimental
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results were given. The sourcs of neutrons incident on the specimen
to be studied was modulated by a periodic variation, and the amplitude
of oscillation as a function of time measured at various points in the
medii, as well as the phase angle of the neutron level relative to
the source. The theory developed a means of deducing ths desirsd
quantity from the data. A substantial number of corractions had to te
made to the data.

Paper llo. 789 (Sweden) Measurements on a Subcritical Reactor
with A Pulsed Neutron Source," by M. G. Sjostrand st al, gave an
interesting method of determining the amount of subcriticality of a
reactor without using a calibrated control rod. A pulsed neutron
source was used and the time behavior of the neutron flux in the
reactor could be studied to determine its subcriticality. The method
required knowing the slowing down time of the delayed neutrons and
the effective geometric buckling of the reactor. The method would not
work for subcriticality of more than about 17 in k, since then flux
harmonics become important.

Paper No. 933 (letherlands) "Determination of Meutron Capture
to Fission Ratio in Different Uranium Samples,™ by T. J. Barendrecht
and M. Bustraan, described work carrisd out with natural uranius,

U0y, and U~08 rods of various diameters irradiated in the JEEP reactor.
Capture of neutrons was determined by determining the beta activity of
the U 239 formed. Fissions were estimated by measuring the activity of
Ba 139, the fission yield of which is well known. The thermal absorption
of U 238 was calculated in prefersnce to the usual method of inserting
the rods in cadmium. The results showed clearly *“he difference betwser
uranium and uranium oxide rods. In uranium rods =i e resonance capture
occurred primarily at the surface, while in oxide, due to the oxygen
scattering, the resonance capture rermained substantial inside the rod.

Paper Mo. 597 (U3) fStatus of Exzerirental and Theorstical
Information on ileutron Slowing Down Distribution in Frdroze:ous Media,"
by J. E. Wilkins et al., considered discrepancies between neasured and
calculated ages of neutrons in HpO. Zxperimental measursment of the
age prasented great difficulties.

Pzper 0. 357 (France) "Time-of-T1lizht Spectromster Zquipment
Used at the Saclay Pile of Inelastic Scattering of Slow leutrons,M oty
B. Jacrot et al., described an apparatus consisting of a mechanical
shutter and crystal spectrometer capable of good rzsolution up to
energies of 1000 ev. The apparatus was Jsed to study thermal neutron
spectra and variations of fission bros: section as functions of neuntron
energy. The experiments described in thg naper concerned diffusion of
very low energy neutrons, (about 3 x 107 -3 ev) in monocrystals, D0, and
H2OQ
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SECTION 204 - RESOHANCE INTEZGRALS FISZION POISONIIG,
CRITICALITY OF SCLUTION

by Alvin Radkowsky

The Chairman was G. von Dardel (Sweden).

Paper No. 659 (USSR) '"Measurements of Resonance Absorptlon
Integrals for Various Materials and the ultiplication Co-efficient
Effective Secondary of Resonance Neutrons for Fissionable Isotopes",
by P. E. Spivak et al, reported on measurement of resonance integralcs
by the transmission nethod, using thin films of material. The neutron
beam was obtained from the RFT reactor, the desired energy being
obtained by filtering the beam through boron of various thicknesses.
Eta measurements involved the use of a thermal neutron converter,
utilizing a spherical paraffin boron filter. lo results for eta were
reported.

Question: Wigner (U3) pointed out that the thiclknesces of
sarmples used in some of the resonance absorption measurements were soO
great as to make it almost impossible to obtain the statistical accur-
acy claimed. Answer: The experiment was a very difficult one.

Paper No. 833 (US), "Resonance Capture Integrals™, by 2. L.
vacklin and H. S. Pomerance, was presented by Wigner, who revieswsd
the experimental situation in the United Z:tates. He discussed warc
of accounting for the cut-off energy for l:rmellian neutrons, and of
the effect of absorbing resomance at ener-iss in the unresolved
region.

Wigner pointed out that the US definition of the resonance
capture integral in U 238 took into account the depressiocn of
resonance flux in the rod, while most other measurements gave tne
resonance integral directly, thus introducing a sseming dlscrepancy
with US results.

Paper No. 942 (lletherlands), “Computation of the Zife
Zesonance IntegralY, by E. F. 1. van der Held was In two part
first part included a means for deducing the 3reit-wWigner par
taking Doppler broadening into account by mzans similar to th
method used by Hughes, Havens, et al. In the se the author
evaluated the volume portion of the U 238 resonance iategral Irom ths
resonance parameters.and concluded that most of the effsct cams froxo
he lowest three levels.

Paper No. 427 (UK), "3tudiec on the YNeutron Resonance A

tion of U 238", b+ V., 3, Crocker was a study bty the self-indica
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technique of the resonance absorption of U 232. Iayers of various
t-icknescoz were studisd and the effects of temperature variation were
included. The resultc asree with US values of resgnance absorption
for small rods in which the disadvantage factors, described earlier
o Wizner, were not significant.

Paper :lo. 883 (Norway), "Measurements of the Effective 3le-
sonance Integral of Uranium with the Pile Oscillator', by V. O.
Eriksen, =t al., described measuring the resonance integral of lumped
U 238 by the pile oscillator method. The surface and masc termc werz
sevarated by using a thin-walled uranium box as container anc suc-
enssivaelr £illing the box with discs of uranium. The netihod was
cizilar to that reported by Wigner in paper No. 833.

Paner Yo. 5 (Canada), "Experiments on Some Characteristics of
£~ WY Tagatar, Dopt IN, by Do G, Hurst described the !NRX reactor.
Thz ztiode voed in making accurate reactivity measurements were given
and thz worl: anplisl to meacurements of reactivity changes as a
function of -ecawatt days per ton up to 3000 !WD/ton. He said the
difficulties of making unambiguous reactivity measurements were very
great in a reactor of thic type, the pioto neutron effect from D0
being an additional complicatin~ factor. The nzin conclusion was that,
in a reactor of thi:z type, irradiation up to 3000 MdD/ton did not pro-
duce catastrophic reactivity losces,

Paper No. 6 (Canada), "Experliments on Some Characteristics of
the !IRX Reactor, Part IIM, by A. G. Ward reported measurenments at
Chalk River of tenperaturﬂ co-elfficients of react’vity and zencn re=-
aetivity effects By making measurements on the 2quilibrium xenon
tuildup it was po sible to determine both xenon 7.cld and absorption
cros- section. The xenon yleld seemed to be 5. 77 rather than 6..7
as determined by the radiochemicsts.

Paper No. 835 (U3), "Reactivity Changes and Reactivity Life-
time of TFixed Fuel Zlementc in Thermal Reactors®, by B. I. Spinrad,
et al, discusced long-term reactivity changes in both uranium and
thoriu=. It was -hown that considerable gains in !WD/ton could be
obtained by rearranging and recycling fuel and by removal of fiscion
product poizons,

Paper Mo. 432 (UK), "Long Term Reactivity Changes in Natural
Uraniuwa Reactors®, by D. J. Littlsr analyzed long-term reactivity
changes by a method whichk lineariz-=2 all effact:- eiicept Xe and Sm
buildups. The method wa:z ~ood up to about 1000 WD/ton. The
author concluded that *he Zm fis-ion yield was 17 instead of the
cormonly uzed 1.37.

Paper lo. 834 (US), "omall Thermal Homogeneous Critical
Aszerblies™, by A. D. Callihan, et al, was a ~tudy of critical
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dimensions and loadings for U 233 and Pu 239 fuel in homogeneous
solutions in light water. The author concluded that the criticality
was explained by the Selengut-Goertzel theory. The effect of varying
fuel distribution to obtain a flat flux also was presented.

estion: There were some questions about the range of the
water~to-fuel ratios used. -Hurwitz (US) pointed out that a careful
calculation on the basis of transport theory for a slab reactor with
a reflector having the same slowing down properties as the core, ex-
cept for fuel, showed that the Selengut-Goertzel assumption gave
results considerably at variance with experiment and that a more
exact method, using the Weiner-Hopf integral method, would check with
the c¢riticality result found experimentally.

Paper No. 428 (UK), "Plutonium - Water Critical Assemblies",
by C. C. Horton and J. D. McCullen measured criticality for three
H to Pu ratios. By fitting criticality to a two-group solution, it
was found that eta of Pu was 2.22.

SECTION 21A - ZERO ENERGY AND EXPONENTIAL EXPERIMENTS

by Alvin Radkowsky

The Section was chaired by O. Gamba (Argentina).

Paper No. 600 (US), "Exponential Experiments with Slightly
Enriched Uranium Rods in Ordinary Water® by H. Kouts, et al, covered
a comprehensive series of experiments including measurements of
reactivity, age, fast effect, thermal utilization and resonance
escape probability in subcritical lattices consisting of slightly en-
riched uranium. The lattices were measured in exponential experiments, -
utilizing a beam from the Brookhaven reactor. The methods used in per-
forming the measurements and of analyzing them are given. One
surprising result was that the migration areas in the lattices as
deduced from the bucklings was almost independent of the water-to-
uranium ratio.

Discussion: Barkov (USSR) reported on a series of direct
measurements of the neutron age in uranium-water lattices, the
uranium being enclosed in cadmium sleeves to prevent multiplication.
It was found that, at low uranium ratios, the results agreed with
those of Kouts, but that at very high uranium ratios, corresponding
to closely packed latticks, the migration area rose very sharply.
Shapiro (USSR) reported on the gains of reactivity in natural uranium-
water lattices if air gaps were used around the uranium rods. It was
found that the magnitude of the gains was only half that anticipated.
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Paper No. 601 (US), "Pressurized Water Resctor (PWR) Critical
and Exponential Experiments® by S. Krasik and A. Radkowsky discussed
the physics experimental program for PWR. In one phase the slightly
eariched rods studied at Brookhaven National Laboratory in exponential
experiments were utilized in critical assemblies with a light water
moderator. A second phase consisted of mock-up experiments of the
actual PWR reactor. The motivation for the seed and blanket design
was presented briefly.

Hlokhintsev (USSR) stated he thought the seed core was "a very
good idea®™, -

Paper No. 790 (Sweden), "Scme Experience from Measurements on
an Exponiential Pile of Uranium and Heavy Water™ by R. Persson, et al,
described some axperiments yielding bucklings for two diameters of
uranium rods vs heavy water-to-metal volume ratio. An arrangement of
the top plate gave great flexibility in adjusting rod distances.

The rods were held by rollers which could be moved along a slotted
beam.

Paper No. 791 (Sweden), MCharacteristics of the Swedish Heavy
Water Reactor”, by E. Hellstrand et al, summarized a series of experi-
ments on the reactor including a study of the transfer functions,
response of the reactor to a step change’ in reactivity, reactivity -
changes due to the heavy water level, flux distributions, power level
calibrations, and a theoretical and experimental treatment of the
effect of channels on reactivity.

Paper No. 361 (France), "Neutron Study on Two Heavy Water
Piles" by J. Horowitz, outlined a very thorough study of the nuclear
characteristics of the two Trench heavy water piles. The pile
spectrum was measured directly by a neutron spectrometer and time-of-
flight method. He compared the two piles, one of which uses channels

for gas cooling.

Paper No. 605 (US), "Exponential Experiments on Uranium D20
Lattices™ by E. R. Cohen, reported on United States U - D20 lattice
work, particularly that at North American Aviation and at Argomne
National Laboratory, and a comparison with Chalk River data. The
bucklings found at Chalk River were lower by approximately 3&%.

Persson (Sweden) pointed out that his measurements of
buckling were lower than those of Chalk River, but thought that he
might have been making a systematic error.

Paper No. 623 (USSR), "Heavy Water Research Reactor (Results
of Critical Experiments)® by A. I. Alichanov, et al, described a
USSR reactor. A novel feature was a ®pit® — a region 60 to 70
cm in diameter in the center which is fres of uranium rods and which
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has a very high flux of purely thermal neutrons. Fast flux in this
region can be obtained by use of a "neutron transformer® (a water
cooled U~cylinder).

It was noted that the age in heavy water used by the USSR was
20 cm? greater than the American value. Spinrad (US) was told by
Rudik that the USSR value was a calculation based on a harder fission
spectrum than used in the US.

Paper No. 429 (UK), "The Experimental Basis of Lattice Cal-
culations”, by P. W. Mummery, presented an approach to accurate reactor
design based upon a correlation of theoretical and experimental work.
The methods were especially applicable to graphite moderation. The
two-group theory was used as a basis, with deviations adjusted by
correlation with exponential experiments. The value of eta found in
this manner was less than that deduced in other ways.

Paper No. 607 (US) "Normal Uranium Graphite Moderated Reactors—-
A Comparison of Theory and Experiment. Water-Cooled Lattices" by
P. F. Gast, described an experimental and theoretical program for
studying uranium/graphite water-cooled lattices., Difficulties have been
encountered in explaining experimental bucklings. The advances made by
Hanford Atomic Products Operations included introducing the concepts
of rod "blackness™ and the successive generation method. A description
was given of an experimental pile which permitted measurement of the
reactivity factors with a high degree of precision.

Paper No. 606 (US), ®WUranium Graphite Lattices. Part II. The
Brookhaven Reactor®™ by I. Kaplan and J. Chernik, gave the history of
the physics design of the Brookhaven National Laboratory reactor in
a manner which would assist anyone designing a reactor of this type.
A comparison of theory and experiments was given for the effect on
reactivity of the air cooling gap.

SECTION 22A -~ ZERO ENERGY EXPERIMENTS ON FAST REACTORS AND
REACTOR KINETICS

by Alvin Radkowsky

S. Eklund (Sweden) was chairman of Section 22A.
Paper No. 404 (UK), "Experimental Studies on Fast Neutron
Reactors at AERE" by L. R. Shepherd, described the British fast

neutron zero power reactors and experiments with them. The danger
coefficients of a large number of elements were measured and the
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values fell on regular curves as a function of atomic numbers, Shepherd
said, thus permitting use of interpolatiocn for predicting danger co- ’
efficients for elements not measured. Flux measurements were facilitated
because the Pu fission cross section was constaat as a function of energy
in the fast region. The piles were too small to permit inserting
sufficient material to simulate the effects of the coolant.

Paper No. 598 (US), "The Fast Exponential Experiment® by F. C.
Beyer, et al, presented by Spinrad, outlined fast exponential experi-
mental work performed at Argonne Nationzl Laboratory. The fast sub-
critical assembly was irradiated by a beam from a low power source
reactor. Experimental values were determined for buckling, reflector
savings, and for U 235 to U 238 fission ratios. The effect on bucklings
of variation of parameters, has been studied. The ratio of U 235 to
U 238 fissions in a block of solid natural uranium was found to be
higher than previously measured. The discrepancy might be due to the
fact that the block was too small for the flux spectrum to reach
equilibrium value.

Paper No. 609 (US), ®A Survey of the Theoretical and Experi-
mental Aspects of Fast Reactor Physies®™ by R. Avery, et al, presented
by D. Okrent, discussed various problems encountered in fast reactor
design, including comparison of theory with reactivity and with power
distributions in previous fast assemblies such as Godiva and EBR-1.

A chief point of concern was lack of knowledge of the ratios of
parasitic-to-fission cross section (alpha) for U 235 and Pu 239. The
authors felt little doubt that with Pu 239 as a fuel there would be
ample margin of neutron output for breeding. There was some doubt about
U 235, since the neutron spectrum might be significantly lowered by
inelastic collisions. A very recent and preliminary measurement of
alpha for U 235 in EBR 1, for a spectrum similar to that of a power
reactor, gave a value of only 0.2 which is still low enough to permit

breeding.

Paper No. 775 (Israel), "Stability Conditions in the Non-
Linear Dynamics of Heterogeneous Reactors® by H. J. Lipkin and R.
Thieberger, extended the results of Ergen and Weinberg of US on
rsactor stability to a heterogeneous reactor consisting of two media,
such as uranium and heavy water, where heat is produced in one medium
and extracted from the second. It was found that the system would
be extremely stable. i

Paper No. 934 (Netherlands), "The Infiuence of Temperature on
the Transfer Function of a D30 Reactor ® by J. Pelser, presented
calculations of the transfer function of a simplified JEEP-type
reactor in which the external system was represented by a simple
time constant.

Paper No. 334 (France), "Kinetic Problems of a Power Reactor

and Analogue Machines™ by P. Braffort, outlined the use of analogue
computers in predicting reactor transient behavior.
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Paper No. 610 (US), "Kinetics of Stationary Reactor Systems"
by T. A. Welton, generalized on previous work on reactor stability,
such as that of Weinberg, Ergen, and Fleckner. The linear stability
conditions were given and the effects of compressibility outlined. A
treatment was also given on non-linear stability. Approximately 26
siides full of mathematical symbols were flashed on the screen.

Questioning was limited to clarlflcatlon of the data presented.

SECTION 23A - REACTOR THEORY
by Alvin Radkowsky

The Chairman was C. Salvetti (Italy).

Paper No. 611 (US), "Survey of Neutron Thermalization Theories®
by E. R. Cohen, summarized the various methods used to calculate the
neutron spectrum in the thermal region, taking into account the pre-
ferential absorption of slow neutrons. Cohen showed that there should
be an additional effect in reducing the value of the age to thermal
energy.

Paper No. 433 (UK), "Calculation of the Fine Structure of the
Thermal Neutron Flux in a Pile by the Spherical Harmonics Method™ by
J. Ho Tait, extended the methods of spherical harmonics to rods
surrounded by air gaps. The difference in thermal utilization as
computed by diffusion theory, P3 approximation, and P5, were compared.
The diffusion theory gave too large a value.

Paper No. 608 (US), "Comparison of Theory and Experiment for
Intermediate Assemblies™ by He Hurwitz and R. Ehrlich, outlined many
refinements in the application of multigroup theory developed at
Knolls Atomic Power lLaboratory. The availibility of high speed
digital computers, the speaker said, had made it possible to extend
the method to two-dimensional studies. Considerable question as to the
validity of the results still existed because of uncertalnties in cross
sections and neglect of the Be (n.2n) reaction.

Paper No. 430 (UK), "™ethod for Calculating the Critical Mass
of an Intermediate Reactor® by M. E. Mandl and J. Howlett, was
withdrawn because the material was almost completely covered by the

preceding paper.
Paper No. 664 (USSR), MApplication of the Method of Effective

Bouridary Conditions for Calculating the Critical Dimensions of Reactors™
by A, D, Galanin, pointed out that in large reactors with reflectors
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one-group theory was satisfactory except within a distance from the
boundary equal to the square root of age. In this region two-group
theory was applied.to calculate boundary effects and results then
could be used with one-group theory to obtain correct criticality con-
ditions and power distributions.

: Hurwitz (US) stated extensive work of this type had been carried
out, particularly by Volkoff (Canada). Expecially accurate results had
been obtained when the reflector had the same slowing down properties

as the core, except for fuel, in which case the reflector savings might
be expressed as an integral involving the Fousier transform of the
slowing down density.

Paper No. 669 (USSR), "Heterogeneous Methods of Reactor Cal-
culations: Survey of Results and Comparison with Experiments®” by
S. M. Feinberg, compared the usual homogeneous theory for reactor
calculations with results obtained by treating each fuel element as
a line source or sink——a method that would not be valid for closely
packed lattices, in which the dimensions of fuel mmst be considered.
It was found that the homogeneous theory was valid except for very
small assemblies, or near the edge of the reactor.

P. Gast (US) pointed out that the work of the paper was
similar to a small source theory developed at Hanford.

Paper No. 649 (USSR), "Theory of Resonance Absorption in
Heterogeneous Systems® by I. I. Gurevich and I. Y. Pomeranchouk, out-
lined the work on resonance absorption for U 238 performed in the
USSR. Extensive calculations were made; the result still involved
two constants which had to be determined by experiment. The formula
used the 3/2 power of the radius.

In the ensuing discussion Wigner (US) pointed out that the
chief difference between the US and USSR viewpoints was that the
USSR did not consider the effect on neutron energy of scattering by
uranium. Wigner was told by Shapiro (USSR) about an experiment in
which Bi was placed at the center of a uranium rod without any resultant
increase in resonance absorption.

Paper No. 666 (USSR), "The Thermal Utilization Factor in a
Heterogeneous Reactor™ by A. D. Galanin, examined the assumption in a
lattice - type reactor that each cell might be replaced by an equi-
valent cylinder. Various cell shapes were examined and it was found
that cylinderization usually introduced only small errors. The small
source theory was used. :

Paper No. 1003 (Argentina), Mattice Calculations on Natural

Uranium-Beryllium Oxide and Natural Uranium-Beryllium Metal in a
Cylindrical Reactor® by O. Gamba, et al, examined the critical dimensions
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of reactors that used natural uranium and were gase cooled, and

Be - or Be0 - moderated. Conventional formulas were used, various
cases were considered, and it was found that Be requirements would be
50 to 150 tonms. '

Paper No. 656 (USSR), "Equation for the Importance of Neutronms,
Reactor Kinetics, and the Theory of Perturbation®™ by L. N. Ussachoff,
developed perturbation theory and developed equations taking into
account the relative importance of fast and slow neutrons as a
function of positions in the reactor.

Question: Hurwitz (US) pointed out that the paper computed
the power change resulting from introduction of a neutron into the
assembly whereas in the United States the corresponding quantity
used was the fissions per generation. Answer: The speaker stated he
thought either formulation could be used.

Paper No. 796 (Czechoslovakia), MRemarks about the Milne
Problem with Cylindrical Symmetry" by L. Trlifaj, was an extension of
Davisonfs work in England to a case of cylindrical symmetry.

Paper No. 667 (USSR), "Effective Boundary Conditions for
'Grey?! Bodies® by D. F. Zaretsky, was of practical importance for
computing the effectiveness of control rods which are not completely
black. Starting from the Peiérels equation, a match was obtained
with the solution at asymptatic distances. An approximate formula
was obtained and compared with results from the variational method.
Results were given for both spheres and cylinders.
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wB" SECTIONS - CHEMISTRY, METALLURGY, AND TECHNOLOGY

Section 6B - The Natural Occurrence of Uranium and Thorium
by Robert D. Nininger

Section 6B, chaired by Joaquim da Costa Ribeiro (Brazil), con-
sisted of one 30-minute paper by Paul F. Kerr (UN), summarizing all papers
submitted to the Conference for this section, and a 20-minute paper by
Jesse C. Johnson (US) on fuel supplies for power reactors. After these
two papers there was a 1 3/4 hour panel discussion by delegates from
12 countries on uranium and thorium occurrence.

Kerr's paper (No. 1114, "The Natural Occurrence of Uranium and
Thorium") represented the consensus of participating delegationst
views on the geology of uranium and thorium as represented by their
papers, two thirds of which were submitted by the US. Kerr briefly
discussed the geoclogy of the Shinkolobwe mine in Belgian Congo, and
Canadian, Australian, Portuguese and other deposits.

Johnson's paper, (No. 470, "Nuclear Fuel for the World Power
Program") had as a thesis that there were adequate resources of uranium
and thorium for a long-range expanded world power program. Johnson
listed major uranium operations in the Belgian Congo, Canada, South
Africa, and the United States, and said that Australia, France, and
Portugal were mining uranium with good prospects for increased produc-
tion. On the basis of present evidence, Johnson estimated the pro-
ducing nations of the West had resources of between 1 and 2 million
tons of uranium available at an average cost of about $10 a pound of
U30g in high grade concentrates. In addition to this, the resources
in low grade higher cost uranium-bearing materials such as phosphates
and shales were virtually unlimited, with the United States alone
estimated to have 600,000 tons of uranium in phosphates and 5 to 6
million tons in shales. The cost of extracting uranium from such
materials might be $30 to $50 a pound.

Participants in the panel discussion, moderated by Kerr,
were: V. Angelelli, Argentina; J. P. Baxter, Australia; Jean Van
Der Spek, Belgium; E. Tavora, Brazil; A. H. Lang, Canada; M. Roubault,
France; D. N. Wadia, India; F. Ippolito, Italy; K. Aki, Japan; C. P.
Lobato, Portugal; S. H. U, Bowie, United Kingdom; and L. R. Page,
United States.
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Only 10 minutes was allotted to each speaker, and statements con-
sequently were chiefly brief descriptions of deposits in the respective
countries, as follows:

Angelelli (Argentina): Small nickel-cobalt-uranium veins in
northern Argentina; copper and carnotite deposits of limited extent
in Mendoz province; pegmatites and low grade shale deposits.

Baxter (Australia): Deposits in Northern Territory, northern
Queensland; occurrences of unknown importance in western Australia,
New Socuth Wales, and Tasmania.

, Van Der Spek (Belgium): Description of the geology of the
Shinkolobwe mine of the Belgian Congo.

Tavora (Brazil): Occurrences of uranium with zircon at Poco
de Caldas; newly discovered occurrences of uranium in the gold-bearing
conglomerate at Serra de Jacobina in Bahiaj; numerous pegmatites of
Minas Gerais; monazite deposits of the ¢oastal regions.

Lang (Canada): Descriptions of the important deposits at
Great Bear Lake, Lake Athabasca, and Blind River.

Roubault (France): Small but very significant pitchblends
vein deposits of Central France; minor occurrences of uranium in
Madasgascar; uranothorite deposits in Southern Madagascar.

Wadia (India): Beach deposits of monazite in southern India;
two uranium occurrences under investigation--one pegmatite, the other
with copper deposits.

Ippolite (Italy): Uranium occurrences in the Italian Mari~
time Alps now under development.

Aki (Japan): Occurrences of uranium and thorium in pegmatite
and alluvial deposits derived from them; extensive exploration under
waye.

Lobato (Portugal): Deposits at Urgeirica, Guarda, and Bel-
monte; described the recently organized Portuguese exploration pro-
gram,

Bowie (UK) and Page (US): A general discussion of uranium

and thorium geology, summarizing current theories of conditions and
methods of deposition in economic mineral deposits.
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SECTION 7B - PROSPECTING FOR URANIUM AND THORIUM
by Robert D. Nininger

Section 7B on M"Prospecting for Uranium and Thorium", chaired
by De N. Wadia (India), consisted of 9 papers bWy 7 countries, UK
and USSR each presenting two. The papers dealt with specific, single
techniques for prospecting, except that the Canadian, US, and one UK
paper summarized a large number of methods. Construction or use of
counters, was emphasized. The US paper dealt with geological, geo-
chemical, geophysical, and engineering techniques which the authors
felt were significant for the future.

The first paper, No. 764, "Methods of Prospecting for Uranium
and Thorium" prepared by C. F. Davidson and S. He. U. Bowie (UK) and
presented by Bowle, was a summary of prospecting techniques as developed
by the Geological Survey of Great Britain. They included, primarily,
the use of geology in determining favorable areas, the field use of
portable geiger and scintillation counters by geologists, and the use
of field geochemical techniques for sampling soils, vegetation and
water. The speaker did not consider use of radiation detection equlp—
ment in aircraft to be very effective.

The second paper, No. 1, "Uranium Prospecting in Canada—
Ground and Aerial Surveys" by A. H. Lang, was primarily a historical
description of Canadian prospecting since 1946. It concerned the work
of prospectors and the problems concerned with their support in remote
regions of Canada. Because of the vast unexplored areas in Canada
their problems were somewhat unique. Brief attention was given to
geologic evaluation including the use of diamond drilling and portable
radiation detection equipment. The history of Canadian experiments
with aerial surveys was described with a statement that it had
limited use in Canada because of the type of terrain and geology en~
countered.

The third paper, No. 763 (UK) "Instrumental Developments in
the Prospecting, Mining and Chemical Processing of Nuclear Materialst"
by H. Bisby et al., was a technical discussion of the design of counters
for field prospecting and mill monitoring. For prospecting, Bisby
reported use of halogen-quenched geiger counters in preference to
other types and in preference to scintillation counters. He told of
developing geiger counter equipment for menitoring a continuous flow
of concentrates and liquors in process plants.

The fourth paper, No. 994 (Yugoslavia) "Radiation Detectors
with Halogen Counters for Use in Prospecting® by A. Milojevic et al.,

presented by M. Petrovic, discussed the design of halogen-gquenched
hand-prospecting counters.
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The fifth paper, No. 132 (Brazil) M"Air Survey Applied to the
Search for Radiocactive Minerals in Brazil' by D. A. MacFadyen and
S. V. Guedes, presented by Guedes, gave a detailed description of the
organization and execution of an aerial prospecting program carried
out in Brazil to evaluate resources of uranium and thorium.

The sixth paper, No. 625 (USSR) MAeroradiometric Prospecting
for Uranium and Thorium Deposits and the Interpretation of Gamma
Anomalies" by V. I. Baranov, presented by V. G. Melkov, was a technical
discussion of physical principles involved, and techniques used, in
aerial radiometric prospecting. A description was given of a com-
pletely self-supporting prospecting unit for carrying out exploration
in a remote area. A unit consisted of aircraft and crew, geologists
for ground investigation, portable drilling equipment and analytical
facilities.

The seventh paper, No. 503 (US) "Techniques for Prospecting
for Uranium and Thorium" by R. D. Nininger, summarized papers on
prospecting techniques submitted by the AEC and the U.S. Geological
Survey, emphasizing geologic, geophysical, and geochemical methods.

The eighth paper, No. 626 (USSR) "Radiohydrogeological Method
in Prospecting for Uranium Deposits" by A. A. Saukoff, presented by
A. P. Vinogradov, described in detail a water-sampling method of
evaluating the uranium possibilities of an area, a method which the
USSR called radiohydrogeological prospecting, and which the Western
countries refer to as hydrogeochemical prospecting.

The ninth paper, No. 869 (India) "Remote Location of Uranium
and Thorium Deposits# by K. G. Vohra, described a method of evaluating
uranium deposits in large areas through air monitoring at a central
station. An analysis of radiocactive particles in air blown over long
distances was assumed to show whether the terrain over which the air
passed contained rocks of sufficiently greater than average radio-
activity teo indicate commercial uranium or thorium deposits.

estion: Lecoq (France) asked Bowie whether aerial prospecting
might not be effective under certain conditions. Answer: Bowie replied
that he thought it undoubtedly was in such areas as the Colorado Plateau
in the United States and other areas of exposed outcrops, but that
in many places within the British Commonwealth thick soil or forest
mantle made this method ineffective.

Question: Page (US) inquired (1) what intensity of radiation
detected in aerial prospecting represented an anomaly of sufficient
interest to investigate on the ground, and (2) what means were used to
check anomalies on the ground. Answer: Malkov (USSR) replied that
(1) it was not possible to give specific figures because this depended
upon many variables, including the instrument used, the elevation of
flight, the type of terrain, the type of geology, etc. and (2) that
the usual ground survey methods were used.
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Questions Lecoq (France) asked Nininger (1) whether resistivity
studies had been made in exploration for vein deposits, (2) whether a
drill~-hole scintillation counter developed by the United States could
determine the grade of uranium ore penetrated and distinguish between
small high grade ore bodies and large low grade ore bodies. Answer:
Nininger ‘US) replied (1) that since the most important deposits in
the United States were of the sedimentary type, the US concentrated on
physical studies on that type of deposit and had not investigated the
use of geophysical techniques in connection with exploration for vein
deposits, and that (2) with proper calibration the approximate grade
of material penetrated could be determined if ore extended for several
inches in all directions from the hole and was of appreciable thickness.
However, if the drill hole penetrated only the edge of an ore body or
a very thin body, the interpretation of the counter reading would be
in error. He stated that some work had been done on a directional
counter which would permit better interpretation.

Question: Harrison Brown (US) asked under what circumstances
USSR geochemical methods were used and whether they were combined with
other methods. Answer: Vinogradov replied that all possible prospecting
techniques were used in combination in all areas and a final evaluation
made upon analysis of all information collected. Radiohydrogeological
methods normally were used first, followed by soil and vegetation
sampling, aerial radiometric prospecting, and surface geologic investi-
gation.

Nininger (US) commented that in view of the apparent difference
of opinion, about the effectiveness of aerial prospecting between the
Brazilian and the USSR delegations on the one hand, and the British and
Canadian delegations on the other, he would evaluate briefly the US
experience which was more in line with that of the Brazilian and the
USSR. In the US aerial prospecting had discovered many productive
deposits. Bowie (UK) then commented that he felt there was no real dif-
ference in opinion but rather a difference in experience due to the types
of geology and other conditions in the respective countries.

SECTION 8B - THE FISSION PROCESS: FACILITIES FOR
HANDLING HIGHLY RADIOACTIVE MATERIALS

by L. E. Glendenin and E. P, Steinberg

The Chairman, Otto Hahn (West Germany) opened the session by
recalling his 1938-39 investigations in collaboration with F. Strassmann
which led to the discovery of uranium fission. In particular, he men-
tioned the very weak sources he used, but emphasized the ease of handling -
such sources chemically since the radiation hazard was essentially nil.
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E. P. Steinberg (US) presented the first paper of the session
(No. 614 "Survey of Radiochemical Studies of the Fission Process") by
L. E. Glendenin and himself, which reviewed data on yields for reactor
neutron fission of Th 232, U 233, U 235, U 238, and Pu 239, and em=-
phasized the changes that take place in mass distributions as the
fissile nuclide changes. Data on division and distribution of nuclear
charges in fission were presented showing the satisfactory application
of the equal charge displacement hypothesis. An analysis of the fine
structure effects observed in mass spectrometric investigation of
fission yields was given in terms of the influence of nuclear closed
shells of 50 and 82 neutrons.

A. Ghiorso (US) presented paper (No. 718, "Spontaneous Fission
Correlations"), which mentioned the discovery of elements 99 and 100
(einsteinium and fermium), and the forthcoming joint publication on the
work by Argonne National Laboratory, Radiation Laboratory at Berkeley
and Los Alamos Scientific Laboratory. Preparation of these elements
was described as resulting from 17 successive neutron captures in bomb
tests. Ghiorso traced the history of the correlation of data on-
spontaneous fission half-lives and illustrated the results as functions

of Z 2/A.

The paper suggested that a shell of 152 neutrons had an impore
tant effect on spontaneous fission half-life, just as it had on alpha
half-life. The subshell could account for the very rapid decrease in
spontaneous fission half-life observed for even-numbered neutron
isotopes of elements 98 and 100 with neutron numbers greater than 152.

Such a hypothesis allowed predictions of unknown half-lives.
Its usefulness would depend on additional empirical data, particularly
for the fermium isotopes, Fm 250 and Fm 252. The data indicated that
the half-lives for spontaneous fission would probably-noi:become..com .
petitive with alpha half-lives even for elements as high as 102 or
103 except for isotopes having greater than 152 neutrons. With 156
neutrons, spontaneous fission apparently was the chief mode of decay.

Question: The chairman read a prepared question from an unnamed
delegate regarding the shortest half-life radioisotope that could be
detected by mass spectrometry. Answer: Steinberg (US) pointed out the
dependence of mass spectrometer sensitivity on the element involved. He
indicated that isotopes with half-lives as short as a few hours had
been studied by mass spectrometry.

Question: Adiasoviech (USSR), commenting on the spontaneous
fission half-life of Th 232, pointed out that instead of gggre's
value of 1.4 x 1018 years the USSR obtained a value of 10<Y years
when action of cosmic rays was excluded. Answer: Ghiroso (US)
said the discrepancy was perhaps not unreasonable. but that the Th 232
half-life had also been measured by determining the number of neutrons
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emitted. A value of 2 neutrons per fission corresponded to Segret!s
half-life. If the USSR half-life were correct, 10 or more neutrons
would have to be emitted per fission.

The next paper No. 881 was by A. C. Pappas (Norway) on "The
Distribution of Nuclear Charge in Low Energy Fission", reviewed the
development of the equal charge displacement hypothesis and his con-
tribution regarding the influence of discontinuities in the stability
valley Zj on the charge distribution picture. Using the discontinuous
Zp values, and applying the equal charge displacement hypothesis to
fragments (before neutron emission), Pappas redefined the postulate
and illustrated the fit of the data with this new approach.

Pappas pointed out that the theoretical treatment of Present
on charge division, if modified to include compressibility (as sug~
gested by Swiatecki) and a more up—to-date mass formula, might give
good agreement with the general trend in the Zp function but would
not give the periodicities and discontinuities ascribed to closed
shell effects.

The chairman introduced the next set of papers on WFacilities
for Handling nghly Radioactive Materials" and again referred to the
vast development in intensity of sources and the new techniques neces~
sary for handling them.

R. Spence (UK), in paper No. 438 ("An Atomic Energy Radio-
chemical Laboratory Design and Operating Experience!) pointed out that
the laboratory at Harwell was built before much experience had been
accumulated. The important points he made were with on using sealed
plastic bags to remove contaminated materials from glove bexes, and
hard-gloss enamel paint rather than expensive strippable lacquer for
walls, ceilings, etc., except in immediate vicinity of activity (as
in hoods and gloves boxes). Chlorinated rubber paint also has been
used as a second coat over strippable lacquer. Chemical operations
were better served by small concrete cells with good vision and good
manipulation rather than by large areas of concrete. Spence illus-
trated the use of pressurized suits and the design of removable walls
on alpha boxes. Recently, mobile alpha boxes had been introduced
for ease in servicing. Experience indicated the need for keeping
ventilation high so that fumes hoods could be used in addition to
the glove boxes, Exhaust activity from stack was limited to 75 milli-
curies of beta and 75 microcuries of alpha activity per day. The
ventilation ductwork was large and this helped to keep down con-
tamination and to lower noise levels. A system of segregating liquid
effluent into contaminated and uncontaminated categorles had worked
well. .

Accident experience indicated need for careful control against
ingestion, for neutralization of waste solutions containing HNO3 and

94

1035317



S U | SO

organic solvents, and for reliable fire control and alarm. Cotton shoe
bags, as used for visitors, were considered easier to use and more
comfortable than rubber boots.

W. M. Manning (US) presented a paper (No. 725, "Hot Laboratory
Facilities for a Wide Variety of Radiochemical Problems,! by P. R.
Fields and C. H. Youngquist) describing the various facilities for
radiochemical studies at Argonne National Laboratory. In particular
techniques for study of transuranic elements were illustrated.

Three types of "hot™ caves were described: (1) large caves
for handling up to 10,000 curies of gamma activity, (2) intermediate
caves for levels up to 100 curies, and (3) low-level, or junior caves
for levels up to 1 curie of gamma activity. The main portion of the
presentation consisted of slides showing various installations. The
chemical processing of an irradiated Pu 239 sample (200-300 milligrams)
was described in detail with decontamination from an initial level of
300,000 roentgens per hour to lr per hour, which was low enough so
that only minor shielding was required for further operations. Also
described was the use of lucite boxes around each piece of equipment
in a large cave for containing radon gas produced in working up a
sample of 30 grams of radium. Air passed through each box and the
radon was trapped by freezing on activated charcoal. The air con--
tinued through a regular filter system and out a 30:meter stack.

The use of horizontal resin columns to prevent clogging by bubble
formation (from action of radiation on solutions) was illustrated.

Manning also described accident experience at Argonne, pointing
out that only minor contamination has resulted outside the caves. He
also mentioned an accident involving a worker's hand being pierced
by a contaminated forcep. The forcep fortunately had only rather
vure Th activity which rapidly decayed; no serious consequences
resulted.

The last paper (No. 673, "™etal Research Hot Laboratory™ by
N. V. Pravdjuk, USSR), was presented by G. S. Zhdanov and described
facilities for studying changes in physical properties of irradiated
materials. The Laboratory was designed so that several hot cells
were linked in a large unit with different properties investigated in
separate cells. Transport of material and storage, was handled re-
motely. The first cells could handle up to 50,000 curies, the rest up
to 20,000 curies. :

Slides illustrated equipment in the various cells. A milling-
machine was described which did both transverse and longitudinal cutting
and had a support enclosed in plexiglass to protect the mechanism.
Cutting was done in a stream of distilled water. The walls and floor
of this cell were lined with polished stainless’steal and could be
washed with water or acids by a remote controlled hose arrangement.
Special mirror systems and contamination detectors were located in the
cell.
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The next cell in line was the "distribution cell® used for
storage and as a supply center for various technological cells.
Connection was by means of a trolley-transporter, and light signals
in operator's room showed the exact location of the trolley. One
research cell was used for metalilographic studies and contained a
grinding machine, electrolytic etching and polishing equipment, and
metallographic microscope. Two cells were used for physical measure-
ments. Various equipment could be introduced and fixed in place as
needed. A final cell was used for mechanical tests and for prepara-
tion of castmolds of irradiated materials.

A brief survey of the methods in use included a description
of the use of reflected X-ray diffraction patterns. Automatic re-
cording was employed for first order reflection settings of the
monochromator. The use of photographic techniques employing the
metallomicroscope was mentioned, as was the use of an aluminum var-
nish replica for electron microscope examination. The use of the
microhardness tester and the measurements of modulus of elasticity
and internal friction were also described. A plexiglass split-
moulding box was described for the casting of replicas of the ir-
radiated specimens using a gypsum form and a Wood'!s metal casting.

Question: Jenssen, (Norway) asked Spence if the UK had
continuous health physics inspection and what was the ratio of health
physicists to other laboratory personnel. Answer: Spence said health
physicists performed constant monitoring of the building with a staff
of 3 or 4, or more for special tests. A ratio of about 1 health
physicist to 25 scientists existed.

Question: Manning, (US) asked how Spence would change the
design of his laboratory if he were to build another. Answer:
Spence said he would prefer a more open structure consisting of a
large, cheap open hall with a strong flcor, and then would put in
equipment as needed. Chemical Engineering at Harwell has built such
a structure.

Question: Walton (UK) pointed out the difficulty of con-
structing a manipulator operating in a completely sealed cave and
asked whether it had been necessary to do this at Argonne. Answer:
Manning said Argonne relied on air flow, always having an inward
flow of 60-70 centimeters per second. Geortz (US) mentioned that
in another paper he would describe a completely covered manipulator,
fitted with plastic boot for contamination control.

Question: Spence (UK) asked about experience with ventila-—
tion equipment at Argonne. Answer: Manning said the original design
was not fulfilled because of economy cutbacks. Difficulties were
encountered due to suck-backs during high winds since there was a
lag in motors turning on. To offset this, all motors were run con-
tinuously but blowers drew air only from the attic, until a damper
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operated on demand for conditioned air from inside. Changes now being
made would fulfill the original design level of the.ventilating sys-
tem which then should be quite satisfactory.

, Questions The chairman read a question about operations using
master-slave manipulators in junior caves, asking whether the distance
the operator had to stand from the cell interfered with small scale
manipulations? Answer: Manning said the arms were believed flexible
enough to approach as close as desired. Goertz said there was a fixed
distance, but this was not objectionable because cave was shallow and
walls thin. In larger caves, the manipulators were flexible enough
so the operator could stand closer to the worke.

Question: The chairman read another question asking about
the life of zinc bromide solutions under irradiation. Answer: Manning
said that with hydroxylamine as a stabilizer the lifetime in lower
level caves was indefinite. Goertz said hydroxylamine, as a reducing
agent, acted to absorb the free bromine liberated on irradiation. He
did not know precisely the irradiation which the solutions could stand,
but estimated 1010 roentgens or more.

Question: Kosiskov (USSR) asked whether any chemical agent
was employed to decrease bubble formation in resin columns. Answer:
Manning said no catalysts had been employed to inhibit gas formation
and the possibility of doing so was uncertain.

Question: Goertz (US) asked whether USSR cells were designed
to handle high level alpha as well as gamma activity. If so, what
methods were used to control contamination? Answer:  Zhdanov said
only gamma radiation was handled.

Question: Spence (UK) asked whether USSR used. glass. objectives
in the microscopes or was special glass or plastic used in the high garma
fluxes present? Answer: Zhdanov said plain glass was used.

Question: Goertz (US) asked what was the physical size of the
USSR facility and did the lead glass used have any radiation stability
material added to it. Answer: Zhdanov said the area of one facility
was 1,000 square meters. Cells were 3 meters by 1.5 meters. Ordinary
lead glass was used.

Questions: Baxter (Australia) asked if the US had any experience
in using stereoscopic television for remote control observation. Answer:
Goertz said the US had not had much experience in using television in
operating conditions, but had experimented with it in preparation for
emergency. Evidence indicated windows were considerably better than
television as presently developed.
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SECTION 9B -~ CHEMISTRY OF FISSION PRODUCTS:
SOLUTION CHEMISTRY OF GROSS

FISSION PRODUCTS
by L. E. Gléndenin and E. P. Steinberg

The Chairman, A. P. Vinogrzdov (USSR}, in opening the session,
commented on the important role radio chemists have played in nuclear
science. R. D. Hammond (US) in the first paper, (No. 724, "Chemical Pre-~-
cessing in Tntense Radiation Fieids"), gave the following examples:

(1) preparing radiolanthanum sources of 500,000 curies per cm3, (2)
separating high level alpha isotopes, and (3) recovering uranium from
homogeneous reactor solutions by soivent extraction.

Each illustrated & chemical effezt of intense radiation. In
(1) the difficulties were cvercome by avoiding oxidizing or reducing
media, by using large excesses of inorganic reagents and by using
platinum-lined . equipment. The self-heating encountered helped the
process by preventing bumping during boiling. In (2) dilution of
solutions, the use of excess reagents, and recycling were employed.
In (3) dilution of reagents and use of purified solvents was neces-
sary.

Hammond pointed out the importance of recombination of the
hydrogen and oxygen produced in homngeneous reactor solutions. Studies
resulted in these conclusions: (1) the gas was produced mainly by the
action of the fission fragments: {2) recombination was assisted by
the gamma-ray flux; (3) specific iona might either catalyze or in~-
hibit the recombination (negative uranium ion included) and (4) re-
‘combination was strongly dependent on temperature, pressure, and
presence of excess lLydrogen or oxyzen.

F. R. Bruce (US) in paper No. 7L9 {"The Solvent Extraction
Chemistry of Fission Products") surveyed present knowledge about ex=—
tracting cerium, niobium, zirconium and ruthenium from aqueous nitrate
solutions. In all cases, extraction into organic solvents was en——
hanced by increasing nitrate ion concentration, especially by nitric
acid. The dependence of extraction on oxidation state was illus-
trated by Ce and Ru which extract more readily in higher valence
states. The effect of complex formation was 1llustrated by increased
extraction of ruthenium in the presence of nitrite ions which formed
a nitroso complex. Extraction decreased with increasing temperature.
Anions which formed aqueous soluble complexes {such as citrate with
zirconium and niobium) also decreased extractibility.

The effects of pH were iliustrated by extraction coefficients
for zirconium and niobium into methyl isobutyl ketone. At high acidi-

ties, extraction was good; at low acidities, they were nct extracted.
The difficulties encountered with ruthenium extraction were mentioned.
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Extraction of ruthenium and rare earths by application of
tributyl phosphate indicated extraction took place by complex fore
mation. Tributyl phosphate might complex with uranium or thorium and
not extract fission products. Zirconium was extracted by forming a
soluble complex with monobutyl phosphate impurity. Trivalent cerium
would not extract, while tetravalent cerium extracted quantitatively.

The speaker pointed out the general applicability of thenoyl
trifluorcacetone to extraction of almost all fission products under
proper conditions.

K. A. Kraus (US) presented paper No. 837 (™Anion Exchange
Studies of the Fission Products®), which surveyed the field of anion
exchange and illustrated the method's advantages for separating nearly
all metallic elements. Studies on chloride solution were presented
in some detail and copies of a periodic chart of the elements with
their elution curves were distributed.

Anion exchange could be applied to problems of the agueous
solution chemistry of metals, particularly in concentrated solutions.
Data showed that the position of the adsorption maximum was related
to the stability of the complex. The effect of concentration of ligand
on the rate of change of the distribution coefficients gave informee-
tion on the types and stability of intermediates, and on the activity
coefficient quotients involved in equilibrium constants. Kraus pointed
out that the use of radicactive tracers practically eliminated the
time~consuming analyses previously required.

Question: Nicholls (UK) asked Hammond about the use of
fluorinated plastics such as teflon in equipment under intense radiae
tion. Answer: Hammond said data on radiation stability of plastics
was in the literature. Teflon was easily attacked and gave off
corrosive hydrofluoric acid, hence was not a good choice of material.

Question: Timoshev (USSR) asked whether the nature of the
solvent had an essential influence on the distribution of fission pro-
ducts. Answer: Bruce said it was not easy to generalize on fission
product extractions into various solvent classes, but in general ex~
traction increased with increasing water solubility in the solvent.
Data given in the table showed large differences in extraction into
hexane and tributylphosphate.

Question: Fletcher (UK) discussed the valency state of
ruthenium in extraction. He found it only extracted when nitrosyl
Jerm was present, and that the reduction in extractibility on heating
with ferrous sulfamate was connected with conversion of nitrosyl form
back to normal 3~ or 4f=walent ruthenium. He mentioned that the time
factor was important in ruthenium extraction, and asked Bruce about
times in his experiments. Answer; Bruce answered that times were
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all about 5 minutes. He found the effect of ferrous sulfamate greater
than that of sulfamic acid and believed a valency effect was involved
in ruthenium extraction. He acknowledged the importance of the time
factor and pointed out experiments which indicated 10-fold higher ex=-
traction of ruthenium could be achieved by allowing it to stand several
days before extracting.

Question: Shankar (India) asked Kraus to comment on temperature
co-efficients in his experiments. Answer: Kraus said much was done on
this but that the temperature coefficient was quite large for anion
complex equilibrium, and small for ion exchange equilibrium.

Questions: Glueckauf (UK) asked about separating neptunium from
fission products in nitrate solution. Answer: Kraus said they had
done no work on neptunium in nitrate solution but that neptunium be-
haved much like uranium in fluoride or chloride. He referred Glueckauf
to Hyde's paper (P/728 in Session 10B) for data on neptunium.

Question: Riabtchikov (USSR) said it appeared pcssible to
separate any element from all others by anion exchange, using builtein
groups for special anion development. Answer: Kraus agreed but ex-
cepted the three heavy alkali metals as difficult to separate. He
did not think there was need for built-in groups since simple resins
seemed adequate.

Fletcher (UK) then presented paper No. 437 ("The Chemistry
of Ruthenium"), pointing out the importance of ruthenium in process
chemistry. He stressed that little was known of the chemistry of
ruthenium nitric acid solution and compared the structure of nitrate
complexes of nitrosyl ruthenium to amino, halogeno and yano complexes
of nitrosyl ruthenium. He cited the similarity to trivalent cobalt
and tetravalent platinum, and gave a number of examples of possible
structures for various complexes. Absorption spectra were not easily
applied, Fletcher said, but reactions and behavior on anion and cation
exchange resins led to certain choices of structure. He pointed out
how presence of the nitrosyl group profoundly affected the nature of
ruthenium complexes.

For Ru 4 the pattern was much like other tetravalent ions.
Rates of nitration and denitration was fast for uronyl, plutonyl and
Pu 4 4 and Th 44+ , but slow for ruthenium.

Fletcher concluded that study of ruthenium should help lower
cost of processing fuel and of disposing of waste which today were
complicated by the difficulties of separating ruthenium from uranium
and plutonium.

Question: Fayved (Egypt) asked Fletcher what was the most stable
compound with respect to aging effects. Separation problem might
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be solved by anodic oxidation to wvolatile RuO, . Answers Fletcher did
not want to give a definite answer to the question, but pointed out
that he mentioned the nitro complexes were most stable in nitric acid.

Question: Ripan (Romania) asked whether there was a relation
between size of molecule and anion exchange adsorption even for the
same charge? Rollier (Italy) asked had the crystal structure of the
solid ruthenium compound Fletcher mentioned been investigated? Answer;
Fletcher said crystal studies had not been done since the materials
were very hygroscopic, but that they had made infra-red absorption
spectra studies. He answered the Romanian delegate by saying they
had noted different behaviors in going from one complex to another
and on different resins.

The next paper, No. 671 ("Some Chemical Properties of Tech-
netium" by J. B. Gerlit, USSR), was presented by Chairman Vinogradov.
The paper reviewed some studies using Te 99 tracer and stated that
coprecipitation of technetium sulfide on rhenium, copper and bismuth
sulfide decreased with increasing concentration of Hcl, because of
reduction of technetium to tetravalent state by the chlorine ion.
Gerlit also found the pertechnetrate ion coprecipitated well with
slightly soluble chlorates and the rate of precipitation increased
as solubility of the corresponding compound 6f the carrier decreased.
mxtraction of rhenium and technetium was found to be dependent on
presence of amines or oxygen-containing solvents.

Some data were given on conditions for preparing sexavalent
technetium and for reducing heptavalent tachnetium to the 44 state.
When reduced by zinc in HCl, technetium was found in its lowest valent
state in which it differed from rhenium.

Gerlit's paper also reviewed rapid solvent extraction methods
for separating technetium from molybdenum and rhenium.

: W. Seelman-Eggebert (Argentina) presented 2 papers, No. 1023, -
"Determination of Half-Life of TclO2M and No. 1026, "Determination of
Half-Life of TciO5n, They were brief reports covering the separation
and standard half-life and energy determination by decay and absorp-
tion, respectively. The results were a half-life of 5 4 1 sec and an
energy of 4.2 mev for Te 102 and a half-life of 10.5 minutes for

Te 105.

Walton (UK) gave paper No. 436 ("The Condition of Fission
Product Iodine in Irradiated Uranium Metal"), describing experiments
in which irradiated uranium was ground and mixed with such solvents
as hexane, Hp0, and HNO3 and the iodine extracted. Results indicated
iodine formed as neutral atoms.
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Walton told of studying metal during irradiation to determine
the conditions which governed release of fission products with special
reference to xenon and krypton. This technique had not yet been ap-
plied to determining independent fission yields, but Walton hoped to
do so soon.

Question: Steinberg (US) asked whether the difficulties en=
countered in radioactive interchange with carrier iodine were a result
of the action of the solvent on the neutral lodine formed. Answers:
Walton said this was possible, particularly since more difficulties
were noted in nitric than in hydrochloric acid selutions.

Question: Yaffe (Canada) asked whether the solvent would not
affect the valence state of the iodine. Answers Walton said precau-
tions had been taken and studies by dther workers showed hexane was
not attacked by iodine atems.

SECTION 10B - HEAVY ELEMENT CHEMISTRY: SURVEYS OF CHEMISTRY OF
TRANSURANCIES :

1 -

by L. E. Gléndenin

The chairman, G. T. Seaborg (US) opened the session on heavy
element chemistry with introductory remarks on the considerable ex~—
tension of the periodic table incdluding the recent discoveries of
elements 99 (einsteinium), 100 (fermium), and 101 (mendelevlum)

The first paper, No. 726, "Thermodynamics of the Heavy
Elements" by B. B. Cunningham (US) reported on studies including
entropy, heat capacity, heat of formation, etc., for various heavy
element compounds. He pointed out the importance of purity in the
studies and the difficulties of selfheating caused by the radio-~
activity of these elements. Trends in free energy of formation of
aqueous ions of different valence states w1th atomic number were
illustrated in slides.

Question: Riabchikov (USSR) said a number of investigations
had been made in the USSR on equilibrium diagrams of plutonium with
beryllium, tungsten, iron, manganese, nickel, and other elements,
and the results published this year in a symposium. He asked Cun~
ningham to comment on US studies. Answerg Cunningham knew of num-
erous studies of intermstallid¢. systems involving plutonium but he
did not feel qualified to outline the works
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The second paper, No. 440, ("Electronic Configuration of the
Actinide Elements") by J. K. Dawson (UK) summarized studies of mag-
netic properties of heavy element compounds. In general, the mag-
netic studies verified the filling of the 5f-shell in agreement with
the Mactinide hypothesis" of Seaborg, although there were some pecu-
liarities not yet explained.

Discussion: Kletchkovsky (USSR) gave a rule for the filling
in of electrons in the successive orbits of the periodic table, based
on the following equations

Z.=1/6 (24 1)3 + 1/6 (5-21), where Z is the number of
electrons in the orbit of spin 1. Cunningham (US) commented that the
excellent work of Dawson contributed to the interpretation of elec-
tron configuration of ions in heavy element compounds. He remarked
further that magnetic susceptibility measurements at Radiation Labora-
tory, Berkeley, on americium trifluoride were in agreement with the
actinide concept of Seaborg.

Question: Racah (Israel) asked if Dawsonts computations on
electronic configurations of the actinide elements were made by the
method of Hartree and Fock. Answer: Calculations made by Eisenstein
and Pryce had been published and Dawson'!s written paper (No. 440)
contained references to this. Racah commented there was competition
between the d-shell and f-shell filling which depended on the degree
of ionization. The chairman, Seaborg, said he had read Racaht's ex-
cellent papers on this subject and agreed.

Zhdanov (USSR) said considerable work had been done in the
USSR on intermetallic compounds of plutonium. He presented some slides
on phase diagrams..

E. K. Hyde (US) presented paper, No. 728 ("Separation Methods
for Actinide Elements")}, covering solvent extraction separations with
thenoyl trifluorocacetone (TTA), tributyl phosphate (TBP), and other
organic solvents. TTA was called particularly advantageous because
of its stability in acid solutions, low cost, and its enormous
variability in equilibrium constant for complex formation with
various elements. The paper also covered the excellent separations
afforded by cation (Dowex-50) and anion (Dowex~l) exchange resins
using glycolic, lactic, and hydrochloric acids for elution.

Next, V. N. Kosiakov made remarks on two Russian papers,
No. 674 and No. 677, to be included in the published proceeding
of the section and described a method of separating neptunium from
plutonium by sublimation of neptunium tetrachloride, and studies of
the relative rate of oxidation of neptunium and plutonium by potas—
sium bromate. Kosiakov reported also the gquantitative coprecipita-
tion of tracer amounts of Am (V) with the double carbonates of U
(VI) or Pu (VI) and potassium.
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Je del (Netherlands) reported b*lefly on studies of the ex=
traction of neptuniym in*its varlou§ oxidation states by the organic
.solvents, dibutyl carbltol,.dlethyl ether, and methyl isobutyl
ketone. . 1 ) oo,
Qgestlon- "Katz (U3) stated that US acientists separate pro-
tactinium ‘rom thorium by a volatilization procedure similar to
that described in USSR paper No. 67k, and the US paper No. 823,
scheduled in 22B would describe volatlllty procedareo. Answers
(Kosiakov)s Such procedures undoubtedly are of great value, impor-
tant economically and industrially, and therefore must be under study
in all countries. ' '

‘-

_, Qgest:.om Hyde (US) a.nd McKay (1K) commented‘ that Kooits
data for extraction of neptunlum.(V) seemed .too-high, the p0551b111ty
being that he had not allowed for the rapid disproportionation of -
Np(V) in strong nitric acid solution. Answer: Kooi said he had
checked the oxidation state by coprecipitation experiments, carried
out the measurements as fast as possible, and varied the time of
shaking, su, that he belleved the data were good.

Qgestlon' Penneman (US) commented that the USSR had glven
the stoichiometry of the orthorhombic K AmO, (ca )3. He said the
US had identified KgAmO 003 as hexagonal,_but that there were still
one or more unidentified phases. Had the USSR studied them? Answer:
Kosiakov said the USSR had- not studled them. E

The sectlon then took up theAchemmstry of neptunlum, amerie
cium, and curium, startlng with paper, No. 136, uSome Recent Develop-
ments in the Chemistry of Neptunium" by J. C. Hindman (US); . Hindman
covered in considerable detail the isolation of gram quantltles of
pure neptunium from irradiated uranium, and studies of the-thermo--
dynamic properties had electrochemlcal behavior of the various oxi-
.dation states of neptunium..

R. A. Penneman (US) presented paper No. 838, "A Review of
. Americium.and Curium ChemistryM, reporting the availability and
separation of gram amounts of americium and milligram amounts of
curium. Data were presented on preparation and properties of
americium and curium metal, oxidation states in solution and in
compounds, absorptlon spectra for americium in solution and self-
reductlon of Am (V) in solution by alpha radiation.

The flnal paper, No. 676, was a brlef report by K051akov
(USSR) on "Spectrophotometric Studies of the Behavior of Americium
Ions in Solutions™. The :important absorption bands for Am (111),
Am (V), and Am (VI) were determined. The complex ions of Am (III)
were studied in perchlorie, hydrochloric, sulfuric, and nitric acids.
The reaction constant fer the self-reduction of Am (VI) by alpha
radiation was determined.

104 -

1035321



Question: Penneman (US) asked whether Kosiakov had any actual
constants for formation of complex ions of americium? Answer: Kesiakov
said the work was mostly qualitative.

SECTION 11B - EFFECTS OF RADIATION ON REACTOR MATERIALS
by E. Epremian

The chairman, J. H. de Boer (Netherlands), opened Section 11B
with remarks on the scientific interest and the practical importance
of irradiation effects. He commented that this was a united session:
there were participants from the United Kingdom, the United States,
the United Republics of the Soviet holding a meeting under United
Nations auspices.

The first speaker, D. S. Billington (US) gave a survey paper,
No. T7hl, "Radiation Damage in Reactor Materials™. In dealing with
irradiation effects in non-fissionable materials, he discussed a wide
variety of materials and phenomena, including the change in shear
stress, damping, and elastic modulus of copper single crystals; the
mechanical strength of carbon-silicon steel typical of those which
might be used in a reactor. He showed the effect of irradiation on
precipitation from super-saturated solid solution by presenting ex-
perimental data on a nickel-beryllium alloy. Alsc discussed were
irradiation effects on ceramics (e.g., quartz) and plastics (vinyl
chloride acetate).

In discussing irradiation effects in fissionable materials,
Billington presented considerable data on uranium alloys containing
5 and 15 per cent aluminum. He indicated the change in properties
upon irradiation and their recovery upon annealing.

The second paper, No. 681, USSR ("Effect of Irradiation on
Structure and Properties of Fissionable Materials") by S. T. Kono-
beevsky and co-workers, was presented by G. S. Zhdanov. The paper
made the point that uranium had a high amount of plasticity under
irradiation, its creep rate being increased by a factor of 1.5 to
2. Plasticity after exposure was much reduced as demonstrated by
a decrease in impact strength.

Photomicrographs were presented to show the the "wavy twins™
oduced in uranium when irradiated, and also the destruction of
uranium carbide inclusions in an irradiated uranium sample.

Resistivity data for uranium under pile conditions resulted
in no simple law for the changes. From annealing experiments and
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measurements of charges in resistivity, the investigators found the ac-
tivation energy fur recovery increasad with increasing temperature and
approached values for the self-diifusion activation energy in heavy
metals.

Zhdariov cited other results of irradiaticn effects in uranium
and its alicys, in particular, the dimensional changes. He stated
that a uranium alioy centainirg 9 per cent cf molybdenum, which has
a high cross section for neutrcn absorption, shewed no change in
dimensions under extensive irradiation. The USSR found that this
uranium molyodenum alloy, if ccoled fairiy rapidiy from high tem-
peratures, retained the high temperature gamma phase at room tem-
perature. If the alloy then was heated at temperatures below 600°C,
the structure became hetercgeneous, consisting of alpha uranium and
the intermetallic compound. The USSR scientists cobserved that, if
the alloy were irradiated in the heterogeneous state to an integrated
flax of the order of 1019 nvi, it reverted tc a homogeneous structure
of the gamma phase. This cbservatio: was supperted by metallagraphic
and X-ray diffraction evidence.

Questions US and UK delegaiions asked further information
or clarification of the foliowing itemss the details of the polishing,
etching, and replication technigues used in the optical and electron
microscopy; had the USSR made self-diffusion measurements on uranium
and could they state the activation energy for uranium self-diffusion;
further detaiis on the experimental technique and the precision of the
in-piie creep experiments cn vranium. Answers In reply to each ques—
tion, Zhdanov repeated a related phrase from the text of his manue
seript.

S. F. Pugh (UK; presented paper No. 443, "Damage Occurring
in Uranium During Burn-up®, discussing the factors governing growth
of uranium under irradiation. He cutliined two current theories for
this mechanism: plastic deformation and diffusion. Pugh believed
it was practicaily impossible te design a critical experiment to
choose between the two theories.

He discussed the measuires for avoiding or minimizing dimen-
sional instability in uranium under irradiation.

Another phenomencn Pugh discussed was the swelling of
uranium——an increase in vclume withcut chunge in shape—when ire
radiated at higher temperatures. Inert gases and volatile fission
products might be responsibie for this beravior, particularly at
higher temperatures where uranium®s creep resistance was reduced.
But to explain quantitatively effect cbserved at 500°C, irradia-
tion would have to increase tne vireep rate by a facter of 100, which
Pugh considered unlikely.
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Another observation reported by Pugh was the effect of short
irradiation (about 10%7 nvt) on the stress—-strain curve of uranium.
After a brief irradiation, uranium had a large increase in Young'!s
modulus and jerky flow in tension. This behavior was explained
semi—quantitatively by the number of defects induced by irradiation.

Question: Brooks (US) pointed out that Pugh's computation
on duration of a thermal spike was probably too brief by a factor
of 10. Answer: Pugh felt a factor of 10 was not sgfficient to help
him since he is concerned with a factor of about 109,

Questions Weber (US) made the point that cracks developed
in uranium around inclusions during thermal cycling and said this
might contribute to the swelling and cracking reported by Pugh.
Answer: Pugh had considered this possibility but did not believe
it explained the effects.

Next, W. K. Woods (US) gave paper No. 746, "Irradiation
Damage to Artificial Graph:ite™. Data on the following were in-
cluded: changes in strength, elastic modulus, thermal and elec-
trical resistivity and lattice parameters after irradiation up to
15 or 20x1020 nvt at 30°C; data for the changes in various proper-
ties as a function of the temperature of irradiation; and stored
energy measurements obtained by annealing samples which had been
irradiated at 30°C.

The paper of G. H. Kinchin (UK), No. 442, ("The Effects of
Irradiation on Graphite™) offered a model for irradiation~damaged
graphite which postulated three types of defects: vacancies, single
interstitial atoms, and groups of interstitials. Single interstitials
were mobile at relatively low temperatures. Vacancies were effective
in the recovery process only at temperatures in the neighborhood of
1100°C. Recovery which occurred at temperatures between 400°C and
1000°C was attributed to the formation and breaking up of groups of
interstitial atoms.

The Woods and Kinchin papers were discussed together and most
of the allotted time was taken up by Hering (France) with questions
such as: were the graphites studied by Woods laboratory or indus-
trial grade; what was the future of graphite as a moderator; was
there a valid relationship between thermal and irradiation expansion;
what was the influence of graphitizing temperature on the expansion
characteristics for low and high exposure, the influence of density
on the growth rate, etc,

The last paper (No. 680, "The Effect of Irradiation on the
Structure and Properties of Structural Materials"™), was presented by
Zhdanov (USSR) for Konobeevsky and co-workers. The first portion of
the paper contained some results:changes in mechanical and physical
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properties of annealed copper, nickel, ircn, and aluminum upon ir-
radiation. One observation was that, microstructurally, the grain
size of the copper and nickel ssemples increased upon irradiation.
This was interpreted as a recrystallization phenomenon accompanied,
contrary to usual metallurgical behavior, by an increase rather than
a decrease in hardness.

Zhdanov also showed photomicrographs to demonstrate that de-
formation twins and recrystallization had occurred in zirconium due
to irradiation.

Extensive data were presented on the mechanical properties
of a variety of carbon and alloy steels, taken both before and after
irradiation, showing the usual and expected behavior. Investigators
found that neutron irradiation did not induce decomposition of aus-
tenite in stainless steel.

Question: Finniston (UK) stated he found the USSR results
very puzzling and asked for a theoretical explanation or a model
to explain the observations. Answers Zhdanov said USSR scientists
were working on theories and people should not be disturbed if ex—
perimental results were different from those which others might predict
from usual experience.

SECTION 12B - EFFECTS OF RADIATION ON LIQUIDS
by C. J. Hochanadel

In this section, chaired by I. Dostrovsky (Israel), seven
papers were presented, five concerned with radiation chemistry of
aqueous solutions, two with effects of radiation on liquid organic
systems.

The first paper, No. 738, "A Survey of Recent American Re-
search in the Radiation Chemistry of Aqueous Solutions", by A. O.
Allen (US) outlined the basic theory of the radiation decomposition
of water and aqueous soiutims in the light of recent research.
Results obtained on irradiating many different solutions could be
correlated, assuming a primary decomposition of water into H, OH,

Hp, and Hx02.

The second paper, No. 739, "The Radiation Induced Reaction
of Hydrogen and Oxygen in Water at 25°C to 250°C", by C. J. Hochan-
adel (US) discussed the kinetics of radiation-induced reactions of
hydrogen, oxygen, and hydrogen peroxide in aqueous solution. Mechanisms
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 were preSentéd to explain the reaction of hydrogen with oxygen to form
peroxide at low temperatures and to form water at high temperatures.

E. Saeland (Norway) presented some yields for oxidation of
ferrous sulfate by heavy particles, which had been printed in JENER,
Publication 8.

Question: Haissinsky (France) asked Allen about the effect
of solutes on free radical and ™molecular" yields in water decom-
position, and whether Allen thought results on aqueous solutions
could be explained satisfactorily in terms of reactions of the solutes
with the free radicals produced by wa' >r decomposition. These ques-
tions had been answered by the paper.

Question: De Bruyn (Netherlands) asked Allen about the pH
dependence of the reaction of H atoms with O,. Hammond (US) asked
Hochanadel whether the wall of the silica vessel catalyzed the thermal
reaction of Hp with Oz in the gas phase. Kondriatiev (USSR) asked
Hochanadel why, in the mechanism for the reaction of Hpz with Oz at™.
high temperatures, the reaction of HpOp with H and with OH were not
considered important.

The second group of two papers dealt with the radiation
chemistry of organic systems. Paper No. 363, "Chemical Reactions
Induced by Ionizing Radiations in Various Organic Substances", by
L. Bouby et al. (France) presented by M. Magat, covered two main
topies: (1) the measurement of yields of free radicals produced in
the radiolysis of various organic liquids by means of DPPH scavenger,
and (2) the kinetics of radiation-induced polymerization reactions.

Paper No. 683, "Radiolytic Oxidation of Organic Compounds®,
by Nathalie Back (USSR), presented by V. H. Kondratiev, discussed
the radiolysis of hydrocarbons: alcohols, acids, polymers, agqueous
organic solutions, and mixtures of organics.

The last group of papers again dealt with radiolysis of
aqueous systems. Paper No. 679, “Radiolysis of Water in the Presence
of Hy and Oy under the Action of Reactor Irradiations, Fission Frag-
ments, and X-Rays", by P. I. Dolin and B. W. Ershler, presented
by G. V. Suvorov (USSR), discussed decomposition of water by pile
radiations and by X-rays. Some new and interesting results were
reported for hydrogen formation at high oxygen pressures. During
the discussion period, Allen (US) suggested that these results could
be explained as resulting from a lowering of the "molecular" hydrogen
yield by oxygen.

Paper No. 7, "Experience with Heavy Water Systems in the NRX
Reactor”, by R. F. S. Robertson (Canada) dealt with "loop" experi-
ments conducted in the NRX reactor. The radiolysis results confirmed
present theories of water decomposition.
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Question: Roth (France) asked at what minimum temperature
mass transfer occurred. Answer: Robertson was also asked whether
aluminum was as effective as stainless steel in catalyzing hydrogen
and oxygen. Robertson said experiments were at 250°C and the lower
limit was not known. He thought reduced steel surfaces were more
effective.

Paper No. 445, "Effect of Radiation on Heterogeneous Systems
of Air on Nitrogen and Water™ by J. Wright et al. (UK) discussed

formation of H304, NO3-, and NH,* in radiolysis of water in the presence
of air or nitrogen.

SECTION 13B -~ EFFECTS OF RADIATION IN SCLIDS
by E. Epremian

Chairman V. N. Kondratiev (USSR) opened this extremely well
attended section with a discussion of irradiation effects in solids
and a brief summary of the mechanisms involved. He stated this sub~
Ject had not been extensively stsidied and commented that theory and
experiment must coincide more closely than in the past.

F. Seitz (US) gave a lecture on the theory and basis of ir-
radiation effects, including the types and energies of incident
radiation, the defects they produced, and the mechanisms involved
(paper No. 749, "The Theory of Lattice Displacements Produced During
Irradiation™). He demonstrated how the theory and experimental re—-
sults compared by showing data for changes in electrical resistivity
and the annealing kinetics.

Questionss: Perriot (France) raised mumerous questions: the
discrepancy between theory and experiment for electrical resistivity,
in particular the difference between deuterons and electrons and
the temperature effect; the relative merits of the two foremost
theories on electrical resistivity; the possibility of thermal dif-
fusion during irradiation, etc. Owing to the complexity of the ques-
tions, the chairman suggested these questions be discussed by the
individuals after the session.

Questions Hoffman (Hungary) discussed the idea that all
metals were alloys of the pure metal and vacancies. He estimated
free energy as a function of the concentration of vacancies and
temperature. Upon' irradiation, the conceniration of vacancies was
increased above the equilibrium concentration. In referring to
Figure 7 of Seitz's paper he raised a question as to whether flux
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intensity influenced annealing. Answer: Seitz expressed a belief that
there was no influence. His work, and that at Oak Ridge National
Laboratory with neutron irradiation, gave similar annealing effects
over the temperature range.

The second paper No. 750 "Theoretical Aspects of Radiation
Damage in Metals™ was presented by G. J. Dienes (US) who emphasized
research on the transmission scattering of long wave length neutrons
in graphite. Dienes and his colleagues have succeeded in obtaining
an absolute number for the concentration of defects in graphite,
which value compared well with that predicted from Seitzts theory.
Dienes also presented data for annealing experiments.

H. M. Finniston (UK) presented J. H. O. Varley's paper (No.
Li4l,, "Radiation Damage in Non-Fissile Materials"). He brought out
that Makin's work at Harwell disagreed with that of Blewitt at Oak
Ridge National Laboratory on the critical shear stress for irradiated
single crystals of copper. Makin reported values which were about
half those obtained by Blewitt. The British assumed that Blewitt's
specimens were imperfect or impure.

Another observation reported was the effect of neutron ir-
radiation on the yield stress of nickel over the temperature range
from minus 200°C to plus 300°C. The values for unirradiated ma=--
terial changed very little with temperature, whereas irradiated
samples showed a significant increase in yield stress which rose
with decreasing temperature. At 300 degrees and above the irradia-
tion effect was lost.

In-pile creep experiments on aluminum had shown no effect,
Finniston reported, and alpha irradiation up to 5 x 10® had no
effect on the creep of cadmium. The British planned to test cad- 1
mium again at lower temperatures. The effect of irradiation to 10 7
had no effect on the modulus of austenitic steel; similar experi-
ments were now in progress on uranium.

Lomer had made a theoretical calculation on the effect of
irradiation on diffusion, Finniston reported. At low temperatures
the diffusion coefficient could be affected appreciably but at
high temperatures an effect could be seen because of rapid annealing.
Experimentally it would be difficult to detect the effect at low :
temperatures because of the slow diffusion rates involved, but
Lomer estimated the effect should be seen without difficulty at
450°K for copper.

Finniston then reviewed the irradiation effects on the
lattice parameter of boron nitride which has a structure similar

to graphite. He also discussed very briefly Varley's work on al-
kali halides and his mechanism for ionic crystals.
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Discussion: Lintner (Austria) presented the results of his
work with Schmidt which showed that zinc crystals irradiated with
alpha particles underwent a slower rate of creep. Kurdiumov (USSR)
took the opportunity to discuss a question unanswered by his col~
league, Zhdanov, during Section 11-B concerning the decomposition
of austenite during irradiation. Xurdiumov presented experimental
data which showed that the M_, temperature and the total per cent
austenite transformed could Be decreased appreciably by neutron
irradiation; with another steel, however, the exact opposite could
be obtained.

Questions Pugh (UK) stated the method used by Dienes had
been considered at Harwell for use on metals but discarded because
it was thought that neutron scattering from other sources would be
too great. Answers Dienes saw no reason why the method would not
work for a low cross-section material such as aluminum.

 Question: Finniston (UK) made the observation that in at-
tacking the problem of distinguishing between vacancies and intere
stitials it was useful to conduct quenching experiments which give
vacancies without interstitials, as well as irradiation experiments.

Questiont Perriot (France) inquired whether there were many
clusters of defects at the temperatures involved in Dienes' experi-
ments. Answers Dienes said the concentration of clusters was very
low for his experiments.

Kinchin (UK) inquired about the effect of lattice distertion
on the cross-section which apparently was not a problem in the ex—
periments.

G. Mayer (France), in paper No. 362, "Modification Produced in
Non-Metallic Materlals by Radiation and the Thermal Healing of Those
Effects", by Mayer et al., devoted most of his presentation to the
problem of irradiation effects in graphite. In addition to the usual
data on electrical resistivity, the speaker presented results for
the effect of irradiation on the velocity ¢f sound transmission.

After annealing at temperatures up to about 220° C the elec~
trical resistivity of graphite fell off rapidly whereas the sound
velocity was unaffected; above this temperature the sound velocity
decreased rapidly but the electrical resistivity underwent little -
further change. Some experiments had alsc been made on the stored
energy release upon annealing to compare with the sonic data. 4s
yet no theory had been developed for the sound velocity effect.

Mayer also gave information on irradiation effects in lithium

fluoride. He showed that two divergent American investigations were
in agreement, each within the appropriate range of irradiation. Heavy
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exposures produced an agglomoration of defects (Keating) whereas low
exposures produced isolated defects (Sturm and Binder). From dif-
ferential thermal analysis it was shown that one calorie per gram
is stored per 1017 nvt. Mayer also gave some results on the effect
of irradiation on the piezoelectric properties of quartz.

The next paper, No. 753, "A Review of Investigations of Radia=
tion Effects in Ionic and Covalent Crystals'" by J. H. Crawford, Jr.,
and M. C, Wittels (US) presented by Crawford. The presentation con-
sisted of two partss (a) the structural changes produced by fast
neutrons as detected by Xeray methods; and (b% optical, magnetic and
electrical effects produced by fast and thermal neutrons. Included
were: changes in the c/a ratio of quartz as a function of flux and
recovery of these changes upon annealings warping of the lattice of
a zircon single crystaly the decrease in density of diamond under
irradiation, small angle X-ray scattering, etc.

In the second part of the talk, Crawford reviewed the optical
behavior of quartz as well as its paramagnetic resonance absorption
and similar research on silica. Questions Magat indicated that the
French had conducted a great deal of work on the optical properties
of irradiated quartz; five absorption bands were reported and dise
cussed.

The last paper on the program was No. 751, "Interpretation of
Radiation Damage to Graphite", by G. R. Hennig and J. C. Hove, (US).
Following a review of the displacement process and the defects pro-
duced, Hennig described the paramagnetic resonance work whereby dis-
placed atoms which have trapped an electron produce an effect. By
this technique the investigators have detected the clustering of
defects and their dispersal as well as the dependence of these
phenomena on temperature and amount of ‘irradiatiori, Other propere
ties considered in developing a picture of radiation damage in
graphite included X-ray diffraction, thermal conductivity, selective
leaching, electrical resistivity, Hall coefficient, etc. Remarkable
agreement was shown for the rate of interstitial production between
theory and experiments on susceptibility, X-ray diffraction and
electrical resistivity.

Question: Kinchin (UK) observed that there was a persistence
of paramagnetic resonance at 1000° C and therefore the measurement
should be associated with single vacancy defects rather than with
clusters. Answer: Hennig pointed out that all effects are annealed
out for weak irradiation at a temperature of 400°C. The responsible
defects cannot be wacancies because it is observed that these defects
are mobile below room temperature where vacancies cannot move.

Discussion: Humberto Fernandez Moran (Venezuela) presented
some information on a microtone which has a diamond lmife capable of

cutting slices of aluminum 2008 thick for electron diffraction and
microscopy.
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Kurdiumov (USSR) commented that irradiation and plastic defor=-
mation had many similar effects, e.g. changes in hardness, solubility,
etc. It was important to carry out both types of experiments for a
clear understanding of the processes. Kurdiumov raised and discussed
the question as to whether irradiation could affect the binding forces
in metals. He suggested that experiments be conducted on the thermal
diffuse X-ray scattering of metals after irradiation. He has already
conducted and published (in Russian) similar work for plastically
deformed metals. He found that plastic deformation did not change
the X-ray Debye © of pure iron, but in the case of an iron alloy cone
taining chromium or tungsten there was a marked effect.

In closing the section, Chairman Kondratiev said the lively
discussion was not as extensive as might be desired due to lack of
time, and proposed that after adjournment an informal discussion take
place. All USSR delegates remained as did most of the US scientists.

SECTION 14.B ~ TREATMENT OF URANIUM AND THORIUM ORES AND
ORE CONCENTRATES '

by George Marvin

The Chairman, Bertrand Goldschmidt (France), opened the meet-
ing with a comment that free exchange of information on treating ores,
previously under severe security restriction, was overdue as evidenced
by the many common denominators in the work reported by the various
delegations. He welcomed a statement made by the US delegation that,
in keeping with the spirit of thie United Nations Conference, they
were prepared to discuss freely US practice, research, and development,
of methods for the extraction of uranium from its ores.

The keynote paper was No. 519, "Recovery of Uranium from Its
Ores", covering US methods of handling and processing primary and
secondary ores presented by G. G. Marvin (US). Marvin summarized all
US experience in the beneficiation of uranium ores, pointing out unique
contributions to milling practice = particularly the addition of ion
exchange and solvent extraction techniques to conventional hydro-
metallurgical processes. Brief mention was made of current develop—
ments ranging from research to pilot plant operations.

Panel papers then were summarized briefly by their authors,
or alternates, as followss :
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No. 2 (Canada) "Canadian Practice in Ore Dressing and Ex-
tractive Metallurgy of Uranium', A. Thunaes

No. 399 (France) MMethod for Chemical Processing of Low-Grade
Uranium Ores", P. Mouret and P. Pagny, pre~
sented by Mouret

No. 521 (us) "Some Unusual Problems Met in the Recovery of
Uranium from a Very Low-Grade Ore", M. D.
Hassialis and R. Musa; presented by Hassialis

No. 524 (Us) "Recovery of Uranium from Phosphates by Solvent
Extraction®, R. S. Long et al; presented by
Marvin

No. 784 (Sweden) "Recovery of Uranium from Uranium Bearing Alum

Shale", E. Svenke

No. 871 (India) An Ion Exchange Process for the Recovery of
Uranium from Carbonate Leach Solutions", J.
Shankar et al; presented by Shankar

No. 977 (Portugal) "Some Aspects of the Chemical Treatment of
Portuguese Uranium Ores®, F. Videira et
al; presented by Videira

No. 986 (Australia) "Acid Pressure Leaching of Uranium Ores™,
' P. M. J. Gray; presented by R. G. Thomas

No. 997 (South "The South African Uranium Industry¥, C. S.
Africa) McLean and T. K. Prentice

After the panel papers, the Chalrman opened the meetlng for
discussion.

Question: Modia (India) asked Marvin whether classical bene-
fication techniques would play a secondary role in the dressing of
uranium and thorium ores. The Chairman referred Modia to Marvin's-
paper and quoted the following excerpt: "In summary, only a few
ores being processed for uranium have been found amenable to phy-
sical beneficiation techniques. However, we have no reason to be-
lieve that physical beneficiation is not an economic possibility and
we are continuing our efforts to develop commercially attractive tech-
nigues."

Questions Videiro (Portugal) asked the amount of uranium cone
tained in a precipitate obtained by direct magnesia precipitation.
Answer: Thunaes (Canada) replied this varied considerably with the
type of ore, ranging from as high as 10 to 15% for a rich ore to as
low as 2 to 3% for a lean ore.
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Question: The Chairman asked the ratio of thorium to uranium
in the Bancroft ores containing uranous chloride. Answer: Thunaes
said the question was difficult to answer because the ores contain
uraninite as well. The Chairman commented the French were treating
a Madagascar urano-thorite ore containing seven parts thorium to one of
uranium.

Question: Lecoq (France) asked whether quantity concentration
of Port Radium ore had been discontimued and why. Answer: Thunaes
replied that gravity concentration of this ore were still maintained
on a small scale, the ore being treated by jets followed by jigging.
The jig concentrate went to an acid leaching plant where it was joinéd
by tailings from previous operations. He said that in the early days
flotation had been tried unsuccessfully on this ore.

Questions Mabile (France) asked about the general application
of the La Pointe belt picker in Canada. Answer: Thunaes said it was
not being used on a commercizl scale but in some pilot plant work it
was used to upgrade jig concentration. The assay of rejects increased
inversely to particle size. Either scintillometers or geiger counters
could be used.

Asked to compare this process economically with classical pro-
cesses, Thunaes pointed out the La Pointe separator had not been used
on a commercial scale but said the electronic belt picker could only
reject some 30% of the ore mined whereas a heavy density separator
could give a higher concentration.

Question: Videira (Portugal) asked whether precipitation of
uranous phosphate was applicable to ores as rich as 4 to 5%. Answer:
The Chairman pointed out that, since it had been used on ores as lean
as 0.1%, it certainly would be applicable to richer ores. The Chair-
man undertook another answer to the question by saying that aluminum
entrained with uranous phosphates. Mouret (France) asserted that no
aluminum was entrained.

Questions Mouret (France) asked a detailed question concerning
the operational variable of the resin-~in-pulp process. Answers Marvin
said a detailed answer was contained in paper No. 526, a US paper not
presented orally, but to be included in the printed record. Marvin,
answering another question on whether any process had been applied to
pyrochlor minerals, responded that an African ore of very low grade
had been investigated on a small scale but that work had been dis~
continued because of lack of apparent feasibility. He commented
that the British at Teddington had done considerably more work.

The Chairman stated that two delegates had requested permission

to make comments, and calied first upon F. Forward (Canada) who pointed
out that precipitation of uranium by hydrogen had been successfully
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carried out on a small pilot plant scale (1000 1lbs. per 24 hours) at
120°C and 10 atmospheres pressure, using a nickel catalyst. The solu-
tion was completely stripped of uranium. rorward said papers by
Thomas (Australia) and Grey (South Africa) could be misinterpreted as
implying that a very high oxygen pressure (500 psi} was required to
oxidize sulfide minerals in ocres in a pressure leach method. These
results could be obtained at a temperature cf 140°C to 150°C using
one atmosphere of oxygen cr 10 atmospheres of air. He noted that the
agitation in the rocking autcclave was the probable source of mis-
interpretation.

The Chairman then calied on Bozo Tezak (Yugoslavia) who noted
that there were other factors involved in the effectiveness of the
chemical precipitation of uranium from alkaline leach liquors. Con—-
centration of the precipitating reagent, as well as of neutral salts,
was important.

SECTION 15B - PRODUCTION OF METALLIC URANIUM AND THORIUM:
ANALYTICAL METHODS IN RAW MATERIAL PRODUCTION

by R. Carson Dalzell and C. J. Rodden

This section, chaired by H. Brynielsson (Sweden), was divided
into two parts, the first dealing with production, the second with
analyses.

P. Danckwertz. (UK), in paper No. 407, ("Production of Uranium
Metals" by L. Grainger), gave a complete description of UK uranium
metal production process, and pointed out that UK essentially skipped
the pilot plant stage to get into production. The process was prac-
tically the same as used in the US. Although the quality of the metal
has been entirely satisfactory, a new plant would show many changes,
including probably the use of magnesium instead of calcium as a
reductant.

Wilhelm (US) drew attentior. to his paper No. 817, which ex~—
plains a method using magnesium.

Questions: Maly (Czechoslovakia) asked several detailed ques—
tions which were answered fuily. Danclarerts told Kay (UK) about the
advantages hoped for in the fluidized bed technique for the steps in
converting from uranyl nitrate to uranium tetrafluoride, but pointed
out that many technical problems remained to be solved.
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Paper No. 341 ("Preparation of Pure Uranium Metal") by B.
Goldschmidt (France) described the French process and remarked they
had the advantage of a late start (1950), and were able to devote
more time to process development, which uses TBP solvent extraction.

Paper No. 636 ("Metallurgy of Thorium", by G. E. Kaplan)
and paper No. 635 ("Powder Metallurgy of Thorium", by G. A. Meierson),
presented by Meierson (USSR), discussed the metallurgy and the powder
metallurgy of thorium. Meierson referred to both electrolytic and
calcium reduction methods to provide powder.

Question: Wilhelm (US) asked what was the oxygen content
of the finished thorium product, and was told the thorium content
was 99.8% and that the balance probably was oxygen in the form
of oxide.

Foote (US) asked about melted thorium and was told that USSR
was not interested in large bodies, so powder metallurgy products
were all they had. Laboratory melts indicated no quality gain.

In the second part of the section, the methods of analysis
used at all stages of processing were discussed by C. J. Rodden (US)
in paper No. 952, "Analysis of Uranium and Thorium Raw Materials™.
This paper was followed by No. 627, "Physico-Chemical Methods of
Uranium Production Control", by A. P. Vinogradov (USSR), who stressed
analysis of the final product. He described spectographic methods
which could detect impurities &f small amounts, and do it directly.
Another method, apparently not suggested before, added isotopes of
uranium to the material for internal standards, or used radiocactive
tracers. USSR polarographic equipment of the oscilloscope type was
in production for use in geochemical work.

Paper No. 942 was read by A. Soltan (Poland) "On the Method
of Measuring Concentrations of Uranium and Thorium in Ores and in
Photographic Emulsions", Paper No. 964 "Polarographic Determination
of Uranium in Ores Without Ppeliminary Chemical Separation! was read
by M. W. Susic (Yugoslavia), followed by a USSR paper, No. 630, by
G. R. Golbek et al., "The Physical Method of Determining Uranium,
Radium and Thorium in Radioactive Ores", and paper No. 1008 by
I. G. de Fraenz and W. Seelmann-Eggebert (Argentina) on the deter-
mination of U-235. USSR paper No. 630 described methods that could
be of value in analyzing radiocactive ores.
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SECTION 16B - PRODUCTION TECHEMOLOGY OF SPECIAL MATERTALS:
HEAVY WATER AND GRAPHITE

by R. Carscn Daizell

F. Giordani (Italy) presidsd as shainuan.

Paper No. 819, "Survey of Heuvy Water Production Processes®,
by M. Benedict (US) described ani aralyzed eight processes for pro~
ducing heavy water, and identified the process used by the United
States (a three-step prozess: dusl temperature HoS-water exchange
process, followed by fractional distillation and electrolytic sepaxa-
tion). Benedict advccated this method for a depeadable low-—cost
output of quantities greater than 20 to 40 tons & years. He specu-
lated that, if a suitable catalyst were developed, the dual temperature
steam~hydrogen exchange przcess mignht become the best way of making
cheap and abundant heavy water.

Ritchie (New Zealand) repsrred that a plant for 400,000 ko,
electricity with by-product heavy water, uszing geothermal heat, was
being designed for New Zealand.

Question: Roth (France) sought Benedict®s opinior on a chrize
of two possible processes for a heesvy water plant built in corjurc-
tion with an ammonia plaszt. Answer: Benedict expressed a gensral
opinion that both processess would be gquite costliy bub cautioned that
detailed study was necesszary.

Question: Ronitsch {Switzerland) asked the ratio of capital
to operating costs in the $28 per pound saliing price announced by
the US. Answer: Benedici replisd that he could say only that corne
ventional US govermmen®, aceountisng procedures were used. and that
the price represented neither & loss nor a profit.

Question: Liljiebiad (Sweden) asked about how far enrich-
ment should be carried by the HoS method before changing to another
process. Answer: Benedict said that, in general, the larger the
HoS plant the higher the coacsntraticn shouid be cariried. Answering
another question about the 1ife ofthe plant, Benedizt replied that
a 5% capital charge covered interest, amortization, etc., a rate
typical of long-life  governwment-financed plants.

In Paper No. 774, "™esign of Isotope Separation Plan*sz Somne
Basic Design Equations for the Distillation Process", I. Dostrovsky
(Israel) developed equaticns, tables, ard curves on a theorstical basis
to provide design engineers with tacls to appraise various prosessas.
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Paper No. 958 was "Efficiency of Scme Cataljsts in the Exchange
Reaction Between Heavy Water and Hydrogen", by P. Savic et al, presented
by Slobodan Ribnikar (Yugoslavia).

Question: Roth (France) asked about the amount of water ab-
sorbed on the catalyzers and whether or not this affected their activity.
Answer: Ribnikar replied this effect had not been measured, but that
after many uses, the activity did not change more than'BO%.

Paper No. 927, "Final Concentration of Heavy Water by Recti-
fication" by P. Baertschi and W. Kuhn, presented by Baertschi (Switzer-
land) described a rectifying process for which high efficiency was
claimed. He declared that the secret of obtaining high-efficiency,
high~capacity, large diameter, packed fractionating towers was to use
multiple small tubes with individual reflux instead of one large tube.

Question: Benedict (US) inquired and was given data on equip-
ment size in the pilot plant.

Paper No. 410, "Infra-Red Methods for the Analysis of Heavy
Water", by J. Gaunt (UK) described the infra-red spectrometers developed
for determining the D content of heavy water. Gaunt said they had
been used for 2 years at Harwell as standard technique, and proved
both rapid and reliable, but needed additional work to extend moni-
toring to the lower ranges.

Question: Rodden (US) asked about cell windows. Answer:
Gaunt said that fused silica was best for high concentrations, and
that glass could be used for the 50% range, but calcium chloride was
best for other ranges.

Paper No. 631, on "Methods of Isotopic Analysis of Heavy
Water" was read by K. V. Vladimirsky (USSR).

: estions: Roth (France) asked about the ion source, and
Vladimirsky replied in full. Rodden (US) asked about memory effect
in the mass spectrometer and Vladimirsky said the memory effect was
the reason this method was so time-consuming. Vladimirsky also said
that density was the most precise method but slow. He felt the
Gaunt method was excellent.

Paper No. 534 was "The Production and Properties of Graphite
for Reactors" by L. M. Currie (US).

Question: Wirtz (Germany) asked how cross sections were
measured. Answer: Hennig (US) described in-pile measurements of C12
and C13 content, and pile oscillator check. Wirtz remarked that he
had pressed blocks from natural graphite with a cross section of
4.6 millibarns and a density of 2.1.
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Question: Hering (France) zsked a number of detailed questicrs,
and was particularly interested in hlgh density material made with fur-
nace black.

- In presenting paper No. 343, "Production of Nuclear Graphite in
France™ by P. Legendre et al, Jules Gueron (France) remarked that much
of his paper duplicated Curriefs. The French were producing low cross
section graphite of better than 1.40 density.

Question: Howe {US) asked what haiogens were used for purifi-
cation and what temperatures, etc., Answers Gueron pleaded "industrial
secrecy™ and did rot answer. In respcnse to Wocd!s question, Gueron
said that radlatlon damage studies had not been made in graphites cf
various densities.

In paper No. 943, "Some Experiments Concerning Pile Materialsft,
Bronislaw Buras (Poland) touched cn reduction of beron content by
graphitizing at very high temperatures. He said they had alsc fcund
sublimed napthalene a good raw material for iow becron graphite. Buras
told Currie, in response to a question, that they have made rods about
10 cm. diameter.

SECTION 17B - PRODUCTION TECHNCLOGY OF SPECIAL
MATERIALS: ZIRCONIUM AND BERYLLIUM

by R. Carson Dalzell

The Section Chairman was C. Eichner (France).

Paper No. 533, "Zirconium Metal Production", by S. M. Sheiton
(US) described publicly for the first time the US process for making
hafnium-free zirconium.

Question: Smales (UK) asked about nitrogen determiration and
was told the Kjeldahl method was reliable.

Eichner (France) asked if the complete process was used by
Carbide and Carbon Chemical Corp., to which Shelton replied that
Carborundum Metals Co. was now apparently supplying US needs, and
that he thought they had metal for sale commercially.

Eichner asked aktout allcying zirconium for improved corrosion

resistance and was tecld *that, in general, certain allcys were superior,
but that the field had nct been thoroughly explored.
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Paper No. 347, "Separation of Zirconium from Hafnium" by J. Hure
and R. Saint-James, presented by Hure (France) described the French
hafnium separation process, in which tributyl oshosphate was used
with petroleum ether of 0.74 density and a boiling point of 140° to
190°C.

Paper No. 876, "“Separation of Hafnium from Zirconium by
Vapour Phase De-chlorination® by B. Prakash and C. V. Sundaram, pre-
sented by Prakash (India) said the process products were (1) a vola~-
tile chloride high in hafnium, and (2) a zirconium oxide relatively
low in hafnium. Under optimum conditions in a laboratory set-up,
one treatment lowered the hafnium content about 50%.

estion: Meierson (USSR) remarked that the process des-
cribed in paper No. 644 (USSR) was a crystallization method which in
about 18 steps reduced hafnium from 2.5% to less than 0.01%; the
yield was given as 80%.

Shelton (US) expressed interest in the Indian process. Kauf-
mann (US) asked if this process would reduce hafnium to 0.01%. Reply
was that India regularly got no better than 0.3% and that probably
they needed to work toward avoiding segregation of gases. Benedict
was told the thermodynamic data had not been confirmed experimentally,
but were theoretical.

After Paper No. 633, "Techniques for Manufacturing Items of
Pure Beryllium and Beryllium Oxide for Use in Nuclear Reactors®", was
presented by G. A. Meierson (USSR), Kaufmann (US) requested more de-
tails on methods used for decomposing the beryllium acetate, which
Meierson described fully.

Questions Bagnall (UK) asked about barium content of the
beryllium, and the beryllium content of the barium fluoride flux.
Meierson said that the flux was originally used to improve the yield;
later work made this unnecessary, so they had no data.

Alder (Australia) asked what process was used to get 5 to
10% ductility and also if a process was known for producing ductile
tube.

Kaufmann asked about alloys to improve corrosion resistance.
The answer gave only generalities.

Paper No. 820, "Status of Beryllium Technology in the USA™,
by A. R. Kaufmann (055 covered the productiocn of beryllium metal and
fabrication into shapes, and also of beryllium oxide refractories.
Kaufmann also discussed directional ductility in beryllium and how
it could be controlled.
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Question: Darwin (UK) asked about the picklirg cperatien, the
effect of iron on beryllium corrosion resistance, and welding.

Answer: Kaufmann replied that pickling was not critical, but
that adding a little sulphuric acid to the 50% nitric acid accelerated
the removal of the iron can. He said there was no hydrogen pickup;

a little iron seemed to improve corrosion resistance to water but
not to air; welding extruded cast metal was unsuccessful, but he
thought it might work with powder-metallurgy metal.

Hilton (UK) asked about changes in thermal conductivity under
irradiation. Kaufmann said that, at low temperatures, about 50%
reduction occurred.

Finniston (UK) asked if anyone had plans for using beryllium
as a canning material in a reactor. Kaufmann replied that he thought
the technology probably was not sufficiently advanced. Paper No. 345,
"Sintering of Beryllium Oxide" by R. Caillat and R. Pointud, presented
by Caillat (France) described studies made on aluminum oxide which
were believed hopeful us a theoretical guide to BeO sintering.

Paper No. 1015, "Purification of Beryllium Oxide" by A. E.
Cairo and M. B. Crespi, presented by Cairo (Argentina) discussed a
process of preferential solution of the basic acetate in chloroform.

Kaufmann (US) asked if Cairo considered this process
commercially competitive. Cairo replied that, not being an engineer,
he did not know, but thought this had not been calculated.

SECTION 18B - METALLURGY OF THORIUM, URANIUM AND THEIR ALLOYS,
AND FABRICATION OF FUEL ELEMENTS

by E. Epremian and R. Carson Dalzell

H. M. Finniston (UK), the Chairman, in opening the section,
emphasized the importance of the metallurgy of uranium and thorium
(the first part of the section), and the fabrication of fuel elements
(the second part).

The first paper by F. G. Foote (US) No. 555, "Physical Metal-
lurgy of Uranium", as written was a comprehensive treatment, but
Foote confined his oral presentation to the following topics: defor-
mation mechanisms (slip and twinning in alpha uranium); preferred
orientation (pole figures for uranium fabricated by rolling, extruding,
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and swaging); and the peculiar thermal expansion characteristics and
the thermal cycling effects, as well as the factors governing these
phenomena.

A. Kiessling (Sweden) in paper No. 786, "The Solid State
Reaction Between Uranium and Aluminum", reported the development
of porosity on the aluminum side of the samples and noted the com-
pounds which formed at various temperatures up to 600°C. These
compounds included U Alp, U Al3, and U Al which formed in varying
amounts depending upon the temperature.

Discussion: Gurinsky (US) described mesns of inhibiting
the interaction of uranium and aluminum as a practical problem in
developing fuel elements, and sketched the anodizing method used for
the Brookhaven National Laboratory reactor.

Questions: Carlsen (Norway) brought out a statement by
Gurinsky that the oxide layer on aluminum produced by anodizing set
up a 159C differential in the heat flow characteristics of the fuel
element. Gurinsky used a sulfuric acid solutionj Kiessling favored
chromic acid. Perriot (France) inguired whether there were other
means of inhibiting diffusion between uranium and aluminum. The
Chairman stated that other means were possible but that the reactor
physicist might not be willing to accept the effect on the fuel
element.

In reply to Finniston, Kiessling stated he had not estab-
lished why the interface nuclei formed where they did. Lavigne
(Canada) brought out that Kiessling electropolished the surface
of the metal samples with phosphoric acid, which could produce
a fine oxide and explain the high temperatures which proved neces-
sary.

Replying tc Lavigne, Foote stated that thermal cycling ex-
periments were not a satisfactory basis for predicting behavior under
irradiation. Aass (Norway) inquired why powder metallurgy fuel ele-
ments had not been used in a reactor to which Foote replied that
this depended on further research and development as well as promo-
tion.

The next paper, No. 556, a survey on "The Metallurgy of
Thorium and Its Alloys"” by O. N. Carlson et al, was presented by
H. A. Wilhelm (US). He described the zinc process of extracting
thorium and techniques for subsequent meiting and casting. Wilhelm
briefly outlined mechanical and physical properties, recrystalli-
zation behavior, and fabricability, as well as the role of impuri-
ties. Finally, he discussed the alloying characteristics of thorium
according to several typical diagrams.
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J. P. Howe (US) gave a review paper (No. 825, "The Metallurgy
of Reactor Fuels") covering (1) fuel elements and systems, their
uses and limitations, (2) materials and processes used to prepare
them, and (3) physical and chemical phenomena important in their
preparation and use.

Questions: Darwin (UK) asked about the effect of allowing
central temperature in a solid uranium rod to go above the trans-
formation temperature. Howe replied that cracking occurred, and that
after sufficient reversals a central void was apt to develop.

Finniston (UK) asked what burn-up might be reported or ex-
pected. Howe said that MTR elements show relatively small changes
at about 1% burn-up; that the fission product gases seemed to occupy
no more than Msolid volumeM, and that only at high temperatures
did segregation into gas bubbles occur. The implication of this .
where matrix type elements was concerned, Howe speculated, was
that they -could be used to perhaps 75% of their melting point
(absolute temperature).

C. E. Weber (US), in paper No. 561 by himself and H. H.
Hirsch, described the manufacture and properties of "Dispersion-
Type Fuel Elements"--those in which fuel particles were dispersed
in a non-fissile diluent, rather than allocyed. He discussed theore-
tical aspects, and illustrated fabrication with discussion of an iron-
clad iron/U02 element. He also described the fuel element of alumi-
num-clad Al/UO5 of the US exhibit research reactor in Geneva.

Questions: Walton (UK) asked for information on fission
products carrying other atoms into the matrix. Weber replied there
was no experimental evidence but that he thought the effect was in-
consequential from a practical viewpoint.

Weber told Carlsen (Norway) that uranium-magnesium dis-
persions had been mentioned only as an example of two insoluble com-
pounds, that a little general laboratory work had been done but he
knew of no fuel element development.

J. E. Cunningham (US) in paper No. 953, by E. J. Boyle and
Cunningham, "MTR-Type Fuel Elements™ described fabrication of the
MTR-type fuel element, both alloy and powder metallurgy types, in-
cluding UOo fuel.

Question: Replying to a question, Cunningham explained the
theory of the flux-annealing treatment to prevent bubbles, and said

that 80% of the plates would be lost unlesssome such precaution were
taken.
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F. Boeschoten (Netherlands) gave a paper No. 947, "On the Pos-
sibillty to Improve the Heat Transfer of Uranium and Aluminum Surfaces
in Contact™, describing studies of various bonds such as gas and
liquid metals. It was a preliminary study-and several US delegates
made suggestions for more advanced work.

SECTION 19B -~ LIQUID METAL TECHNOLOGY
by R. Carson Dalzell

The Chairman was L. Rotherham (UK).

Paper No. 123, M"Sodium and Sodium Potassium Alloy for Reactor
Cooling and Steam Generation™ by T.Trecki et al (US) described many
investigations of liquid metals for cooling reactors. Trocki listed
factors affecting design of power plants (EBR and SGR), and empha-
sized their feasibility.

Questions about the percentage by-pass to cold traps for puri-
fication, the effect of cavitation, and of entrainment of gases were
answered., -

: Paper No. 866, "Liquid Metal Handling'" as presented by S. G.
Bauer (UK) included a set of efficiency curves not in the original
paper. The paper complemented Trocki's work, being more detailed
on liquid metal handling.

Questions: U.S. delegates asked questions dealing with ma=-
terials, construction, corrosion experience, the use of NH; for
cleaning, and clean-up of area after a bad leak, all of which were
answered.

Kronberger (UK) remarked that the large size of the Risley
plant precluded use of NH3 for cleaning, but low pressure steam worked
well in vaccuum systems; otherwise buffered steam was used. They
considered handling liquid metals a minor problem in plant design.

Trocki asked about hot spots, and was told it was necessary
to admit steam slowly and to monitor the reaction with charcoal
Pirami gauges.

Paper No. 639, "Heat Transfer of Molten Metals™ by M. A.
Mikheyev :. al, presented by K. D. Voskresensky (USSR) gave a long
theoretical discussion of heat transfer of molten metals, covering
much material not in the paper. In 1939 the USSR experimenters
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discovered that molten metals did not follow the generally recognized
heat exchange laws and- the prevailing concepts about heat transfer
of Musual”™ turbulent liquids of low heat conductivity.

Questions: Hull (UK) asked several questions about experi-
ment details and then asked if he could get original data. He was
given detailed answers and told he could get the data from the author.

Lyon (US) complimented the quality of the work and expressed
his hope that it would be continued.

Paper No. 119, "Corrosion by Liquid Metals®" by L. F. Epstein
(US) presented a survey of U. S. work and included descriptions of
experimental techniques.

Questions: Several questions were asked, including one about
the relation of sodium attack on graphite to Siegel's upcoming paper
on a sodium-graphite reactor. The answer was that Siegel planned to
clad the graphite.

Gurinsky added a comment that the build-up of zirconium nitride
on steel surfaces apparently accounted for the beneficial effect of
adding zirconium to molten bismuth. He suggested that titanium nitride
might likewise account for the value of adding titanium to mercury.

The oral presentation of paper No. 787 (M"Observations on the
Corrosion of Uranium in Liquid Sodium®” by H. Mogard) by A. Kiessling
(Sweden) gave much more detail than the original paper.

Paper No. 829, "Basic Technology of Sodium Graphite Reactor™
by S. Siegel et al. (US) gave a good discussion of the materials prob-
lems of the SGR, which are essentially the interaction of sodium,
graphite, zirconium, and stainless steel.

Questions: Hall (UK) asked about temperature variation, mech-
anical restraint to prevent uranium growth, and evaporated coatings.
Siegel replied in detail.

LaVigne (Canada) asked about the uranium content of the thorium-
uranium alloy referred to, and was told "1 to 4¥". In response to

another question Siegel described the effect on surface of cycling
uranium through the alpha-beta range.
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SECTION 20B - CHEMICAL ASPECTS OF NUCLEAR REACTORS
by L. E. GlendEnin

The Chairman, P. Savic (Yugoslavia) made ro introductory remarks.

The first paper (No. 900, "™Chemical Problems of Power Reactors™

“R. Hurst and J. Wright, UK), surveyed deleterious reactions of carbon,

air, and water under radiation. Hurst said that corrosion of steel

and other materials had ic be ccnsidered as well as removal of cor-

rosion products and fission products. He pointed out that the prob-

lems, and the establishment of correct design, became increasingly

complex and difficult in going from ilow~temperature, air- or waterw-cooled

piles, to high temperature and homogeneous reactors.

C. H. Secoy (US) presented the next paper (No. 821, "Survey
of Homogeneous Reactor Chemical Problems"), which surveyed the chemical
factors involved in selecting a fnel-bearing solute in an aqueous
homogeneous reactor, and of the chemical phenomena encountered in
operating such a reactor, in particular for a fuel system of uranium
salts in true solution in either H)0 (light water) or D50 (heavy
water). The requirements were that the uranium retain homogeneity
and that the salts not decompose or hydrolyze under reactor condi-
tions.  Of various salis studied uranyl sulfate was the most at-
tractive. The releage of hydrogen and oxygen from radiation decom=
position of water was another problem, but recombination by a cata-
lyst bed had proved feasible. The paper provided data on phase dia-
grams for uranium salt and water systems.

The third paper {No. 348, "Behavior of Heavy Water in Piles
of the C.E.A.") was given by J. Chenouard et al., (France) on the
Chatillon reactor (P 1) and the Saclay reactor (P 2). The chief
problems with the heavy water system were decompnsition into hydrogen
and oxygen, and contamination of the water by corrosion products and
induced radiocactivity. Centrifugation had been used to remove in-
soluble contamination, and plans were being made to use ion exchange.

estions: Wright (UK) asked Secoy (US) whether the nitrogen
~evolution from radiolytic decompusition of uranyl nitrate was rever-
sible. The answer was the decompcsition was small, and no steady state
was reached. ' _

Swartout (US) asked Hurst whether he had any data on the solu-
bility of fission products or corrssion products in water or uranyl
sulfate solutions at high temperature. Hurst said the solubilities
of rare earth sulfates were being studied using autoclaves. Swartout
asked Chenouard to comment on the chloride content of the platinum-~
alumina catalyst (used in recambination of hydrogen and oxygen).
Chenouard said a palladium catalyst was used and purified from chloride
before use.
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The chair was turned over to the Vice-Chairman, J. Shankar
(India) for the remainder of the session.

The first paper (No. 535, MAqueous Corrosion of Aluminum Alloys
at Elevated Temperatures®™) by J. E. Draley and W. E. Ruther (US),
reported very severe corrosion and blistering (apparently due to hy-
drogen production) occurred with aluminum in water at temperatures
above 200 degrees centigrade. The method for controlling the agqueous
corrosion was to use a reducible metal such as nickel either as a
salt in low concentration in the water or alloyed with the alumi-
num. Another successful method consisted of plating the aluminum
surface with nickel.

K. Carlsen (Norway) presented paper (No. 880, "Corrosion
of Aluminum and Aluminum Alloys in Aqueous Solutions at High Tempera~
tures®) which described severe corrosion of various aluminum alloys
at 230°C. Several preventive methods tried showed little promise.

The last paper (No. 537, Aquecus Corrosion of Zirconium and
Its Alloys at Elevated Temperatures,") given by D. E. Thomas (US)
reported the corrosion rate initially was low for a protracted period,
but was followed by a period of rapid corrosion. The situation was
greatly improved by suitable alloying. Tin was shown to be an im-
portant 3lloying element; also iron, nickel, and chromium in con-
junetion with tin. _

Arnet (Switzerland) commented on aluminum corrosion tests
at 200°C. The addition of 0.5% silicon, iron, or copper to the
aluminum was found to be helpful.

Questions: Draley (US) asked Carlsen if he had attempted
to determine whether the barrier layer film formed on aluminum
in the silicate-chromate inhibiting solution was different frem
that formed in the absence of inhibiteors, and would this inhibition
be permanent. Carlsen replied that more experiments would be neces-
sary to answer this problem.

Levine (Canada) remarked that the metallurgical condition
and heat treatment of material was important in corrosion. He
mentioned the difficulty of reproducing the metallurgical condition
of aluminum and said that he found corresion to be highly depen-
dent on the nature of the previous cold working and annealing; he felt
that speakers had overlooked this point. Draley stated that the
metallurgical condition of importance in corrosion inhibition was
a well distributed fine precipitate of the alloying element. Carl-
sen commented that different heat treatments were used and no great
differences observed.
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The final paper (No. 811, "Aqueous Uranium and Thorium Slurries®)
by Ae 8. Kitzes and R« N. Lyon (US), presented by Lyon, described various
slurries for homogeneous reactors and discussed problems of corrosion,
caking and flow viscosity. Successful operating conditions were found.

Questions: Dawson (UK) remarked that the rod form of UO3 par-
ticles was unstable and went over to the platelet form above 200 degrees
centigrade. How would this affect pumping and flow? He also asked
about continuous removal of fission product poisons. Answers Lyon
said that no difficulty was observed because of change of form. On
fission product removal, he replied that if the slurry particle size
was small, fission products should go into the water and be removable,
but he had no information on this point.

In a discussion regarding choice of slurry compounds and gaseous
environment in homogeneous reactors, de Bruyn (Netherlands) preferred a
UCy slurry and a hydrogen atmosphere while Lyon and Secoy (both US)
expressed preference for UO3 in an oxygen environment.

SECTION 21B - CHEMICAL PROCESSING OF IRRADIATED FUEL ELEMENTS
by F. L. Culler

R. Spence (UK), chairman, stressed the importance of chemical
reprocessing saying cheap reprocessing was vitally necessary; that
solvent extraction was highly developed and might possibly be the
reprocessing technique used until metallurgical fabrication developed
in the remote future.

The first paper (No. 414, "Criteria for the Selection of
Separation Processes") given by C. M. Nicholls (UK) outlined re-
quirements for a chemical reprocessing plant.

A review paper, No. 882, "Reprocessing of Reacter Fuel and
Blanket Materials by Solvent Extraction™ by F. L. Culler (US) was
combined with paper No. 540, "The Solvent Extraction Separation of
U 233 and Therium from Fissien Products by Means eof Tributyl Phos-
phate" by A. T. Gresky, en the Thorax process. Culler stressed use
of the solvents tributyl phosphate (TBP), and hexane, and presented
a general discussion of the mechanism of extraction and separation
peculiar te these solvents, along with schematic flowsheets of the
Purex, Redox, and Thorex processes.

Paper No. 349, "Selvent Extraction of Plutonium from
Uranium Irradiated in Atemic Piles™ by B. Goldschmidt (France) pre-
sented, in almost complete detail, a chemical flowsheet of the
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Purex process. For Pu isolation, the French gropose use of anion ex=~
change resin, taking advsntage of a Pu(NO3)g™ anien formed in nitric
solution.

The French are building a Purex plant at Barcoul, with a
capacity for preducing 15 kg of Pu initially and, possibly within two
years, 100 kg per year. The plant should be completed by the last
of 1956 or early 1957.

Paper No. 785, "Extraction of Uranium and Plutonium with Tetra-
butylammonium Nitrate, Cupferron and Neocupferron as Cemplexing Agents,
by F. Haeffner et al. (Sweden) presented an analytical method fer Pu
determination, using reagents listed in the paper.

Paper No. 824, "Practical Limitations of Solwvent Extraction
Processes" by R. F. Tomlinson (US) was a very good general discussion
of the limits of solvent extraction processes, among which it listed
solids and emulsion difficulties; and the problem of the anomalous
behavior of fission products such as ruthenium in the Redox process.

Question: McKay (UK) said the British thought that the TBP
complex with thorium coordinated with 2 molecules of TBP rather than
with 4 as reported in US paper, and added that, in TBP system, ex-
traction of uranium and plutonium into the organic phase was com-
petitive, whereas in the hexane systems such as Redox, the transfer
of U and Pu into the organic phase was rather mutually beneficial.
Answer: Culler said the use of 4 TBP molecules in the organic soluble
complex of thorium had been determined experimentally and had been
used successfully as a basis for an operating process for the separa-
tion of Th and U 233. However, there was reason to doubt the 4~
complex as being absclutely valid from other data and the British
work done in dilute concentrations could be correct. - - »

Question: Fletcher, (UK) asked what cost was assigned to
separations in determination of power costs? Answer: Culler said
costs were difficult to state without reference to capacity, location,
type of element and other factors. For homogeneous reactor system,
such as that described by Ferguson, the costs could be estimated
to be between 2 and 3 mills per kwh, which included amortization,
inventory charges, heavy water losses, and normal operating ex-
pense. For natural U and Pu separation, with metal fuel elements
as feed, the costs probably were not much less than $2 to $3 per
pound of uranium, assuming that Pu cost was included in this. No
good numbers could be given without estimating each particular case.

‘ Questions Benedict (US) asked how was Pu valance stabilized

to the IV state in the TBP Purex process? Answer: Culler said stabili-
zation was achieved by addition of nitrous acid or NaNOz to the feed
solution followed by a heating period to allow the reaction to

proceed. Reactionsg
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Pu {TII) #£ HNO,MH PU (IV) £ NO £ Ho0
Pu (VI) A HNOo#H,0 PU (IV) ¢ NO4™ # 3Hf

Question: What was the reductant used to reduce Pu (IV) to
Pu (III) in the hexone and TBP processes? Answer: Several reduc-
tants could be used: hydroxylamine, hydrazine, hydroguinone, ferrous
ion and sulfamic acid.

estions Fletcher (UK) asked how could solvent extraction
procedures be modified to accomm~date high temperature fuel elements
such as thcse described for the FWR? Answer: Culler said this could
be done by modifying dissolution and feed preparation procedures. For
stainless steel, dissolution was possible in H2S0,. For zirconium,
it was pecssible to use HF. After dissolution, sufficient nitrate
salts such as A1(NO )3 or HNOg cold be added to make it possible to
use the same solvent processes. These processes might be expensive.

Qusstion: Regnaut (France) asked what was the materisl used
for corrosion resistance in thorium dissolution with HNO, - HF mix~
tures? Answer: Culler answered type 309 SCb stainless Steel. The
fluoride. ion was complexed by Th and Al. Most serious corrosion oc-
curred during the boil-down step following dissolution. Question:
In using TBP had a two-phase formation been experienced in the or-
ganic phase? Answer: The answer was negative. The hydrocarbon
diluent was pretreated by contacting with cleum to remove unsaturates.
There had been no third phase difficulty in the Thorex process.
Question: What diluent was used for TBP in the Thorex process?
Answer: Oleum pretreated Amisco 125-90W. -

Question: Tomlinson (US) asked Goldschmidt if he could pro-
vide information atout the mechanical dejacketing of fuel mentioned
in his paper? Answers Stating that it was a hard question for a
chemist, Goldschmidt replied that it was done routinely and that
about 4 kg of metal was dejacketed at one pass because of the nature
of the fuel elements.

Question: Seaborg (US) asked whether the French intended to
recover Np. Answer: The answer was that they would like to do so
when they had time to determine hew it could be done.

Question: Bruce (US) asked why anion rather than caticn
exchange was being used for Pu isclation? Answer: He was told
anion exchange was more selective.

Question: Haeffner (Sweden) asked what method of Pu re-

covery was used. Answer: Oxalate precipitation. Question: Why
was NaNOy used. Answer: To stabilize Pu to Pu(IV).
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Question: Bruce (US) asked why was a mixture of hydrazine
and ferrous sulphamate used as the reducing agent for Pu. Answer:
Hydrazine was used first, the ferrous sulphamate later. They con-
tinued to use hydrazine.

Question: Timoshev (USSR) asked what were the limits of
HNO3 concentration and radiation exposure for TBP. Answer: He was
told pure TBP was stable to HNO3 up to 12 molar. The kerosene
diluent was affected by HNO; concentrations in the range of 6 - 8
molar. TBP, diluted with kerosene, had been exposed to solutions
containing several hundreds of curies per liter without any effect.
Culler added that TBP limits on radiation under conditions encoun-
tered in processing "vas between 0.2 and 2 mwh per liter of solvent,
as reported in paper 743 by G. I. Cathers.

The last paper No. 551, "The Chemical Processing of Aqueous
Homogeneous Reactor Fuel by D. E. Ferguson (US) described several
potential techniques for removing high cross section fission products,
corrosion products, and other fission products from a circulating

. U050, ~ heavy water fuel. Ferguson's analysis was that ion ex-
change was not too useful; that a promising method was liquid-solid
separation, taking advantage of the fact that insolubility of fission
and corrosion products increased with temperature in dilute uranyl
sulphate solution, and removing precipitates by means of hydroclone
separationg that plating out of insoluble fission products on hot
surfaces might be used in conjunction with solids removal.

Methods for processing a ThO, slurry blanket were discussed
and a flow-sheet for a combined plant for core and blanket processing
was given.

Questions Glueckauf (UK) asked what percent of fission products
appeared in the gas fraction of a homogeneous reactor? Answer: Fer-

guson said they had not made quantitative measurements during operation
of the HRE,

SECTION 22B — CHEMICAL PROCESSING OF IRRADIATED FUEL ELEMENTS:
SEPARATION AND STORAGE OF FISSION PRODUCTS

by L. E. Glendenin

J. P. Baxter (Australia) was chairman.
S. Lawroski (US) gave paper No. 823, M"Survey of Separation

Processes™, on various separation processes including (1) precipi-
tation (BiPOL) process, (2) ion exchange, (3) fractional distillation,
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and (4) pyrometallurgical or high temperature processes. Solvent ex-
traction had been covered in paper No. 822 by Culler.

In paper No. 350, "Method for Extraction of Uranium 233 from
Thorium Irradiated in Atomic Piles™, by A. Chesne and R. Regnaut
(France), Regnaut described a process based on selective e.ution of
thorium, protactinium, and uranium from anion exchange resins with
hydrochloric acid. The method was good, the main difficulty was cor-
-rosion of equipment by hydrochloric acid.

H. M. Feder (US) presented paper No. 544, "Pyrometallurgical
Processing of Nuclear Materials®", describing the method's advantages
as the avoidance of the many chemical steps (dissolution in acids,
chemical separation of fission products, recovery of fissile and fer-
tile materials, disposal of liquid wastes, etc.) inherent in other
methodss and immediate refabrication of the metallic fuel element.

He said the pyrometallurgical prccesses had speed and simplicity, but
all operations had to be handled by remote control.

The last paper, No. 545, "Purification of Uranium Reactor *
Fuel by Liquid Metal Extraction™ by A. F. Voigt, presented by F.
Spedding (US), Vice Chairman of the Section, dealt with extracting
plutonium and certain fission products from molten uranium by im=-
miscible liquid metals such as silver, lanthanum, cerium and mag-
nesium.

Question: Glueckauf (UK) remarked that several ion exchange
resins were available in Europe which Lawroski had not mentioned,
and asked Lawroski to enlarge on ion exchange methods. Answer:
Lawroski (US) replied he had no intention of slighting the resin
manufacturers of Europe, the studies described were 10 years old,
and precipitation and solvent extraction processes looked more
attractive from a decontamination standpoint. Recently, the pos-
sibilities of continuous ion exchange processing, and availability
of better resins, made the outlook for this process seem more favorable.

Question: Darwin (UK) asked about useful lives for crucibles
in high temperature work. Answer: Feder (US) said there was no ex-
perience for large scale operations, but that corrosion with molten
uranium was small in laboratory studies.

Question: Miles (Australia) commented on a procedure for
dissolving uranium in fused lead chloride, and recovering the
uranium by addition of magnesium. He asked Lawroski to comment,

(1) on corrosion by compounds like bromine trifluoride, and (2)

on relative volatility of plutonium and uranium. Answer: Lawroski
ansvered, (1) that corrcsion problems with chlorine and bromine
trifluoride were not serious, and (2) that the volatility of uranium
was several hundredfold less than that of plutonium in vacuum dis-
tillation.
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Question: Miles said results at Harwell were largely in agree-
ment with Federts but differed on the reaction of fission products
with impurities in the uranium rather than with the wall of the
crucible. Answer: Feder suggested that the uranium used in UK studies
contained more impurities than US uranium and that this affected re-
sults. McKenzie (Canada) said his results using US uranium agreed
with Federts. He concluded the United States apparently had purer
uranium than the United Kingdom.

Questions Nicholls (UK) asked Feder to comment, (1) on
preferred mode of heating, and (2) on reproducibility of artificial
alloys (mixed uranium and fission elements simulating burned fuel
elements). Answer: Feder replied (1) that resistance heating was
preferred to high frequency heating because of the agitation caused
by the latter, and (2) that it was difficult to incorporate volatile
elements into artificial alloys, but recent experience with powder
metallurgy gave results similar to actual fuel elements.

Question: Maly (Czechoslovakia) asked for data on extrac-
tion of molten uranium with fused salts such as magnesium chloride.
Answer: Lawroski (US) stated that molten magnesium fluoride extracted
plutonium, and referred to a conference paper by E. Motta (US). Feder
(US) added that extractions of uranium with molten salts accorded
with thermodynamic calculations.

Question: Fletcher (UK) asked what separation process was
preferable economically. Answer: Lawroski said cost estimating was
very difficult because of diversity of fuel elements for various
reactors.

The first paper in the second part of the section, No. 415,
"Chemical Processin§ of Fission Product- Solutions® by-E. Glueckauf -
and T. V. Healy (UK), outlined procedures for recovering fission
products (including cesium 137 and strontium 90) from the highly
radiocactive waste streams of solvent extraction plants. Glueckauf
listed evaporation; separation by drying, roasting and leaching;
precipitation; electrolytic precipitation with anionic exchanger
membranes; and precipitation on anionic resins.

The next paper, No. 552, "Design and Operation of High-Level
Waste Storage Facilities" by C. R. Anderson and C. A. Rohrmann, was
presented by Parker (US) who discussed the problems of storing tre-
mendous quantities (millions of gallons) of highly radioactive
aqueous wastes. The storage vessels were shielded by earth bar-
riers. The heat released by radioactive decay led to boiling, and
decontamination of vapors leaving the storage tank was important.
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The final paper, No. 553, "Processes for High~Level Waste Dis-

posal", by L. P. Hatch and B. Manowitz (US) described two methods

for high~level radiochemical waste disposal: fusion to a melt, and
adsorption and fixing on clays. A movie was presented to illustrate
the operation of a pilot plant which dehydrated and fused typical
aqueous waste salt solutions to an anhydrous, free-flowing melt on a
continuous basis. This plant had been operated successfully for
several hundred hours.

Solid mountmorillonite clay was found to have advantages of
good capacity for fixing fission wastes, low cost, ease of handling,
and stability. A pilot plant for testing the clay process was in
operation.

Question: Lawroski (US) asked for comment on reproducibility
of results in deionization with.exchange membranes in view of the
fact that erratic results have been observed. Answer: Glueckauf said
reproducibility depends on initial stages of the process; avoidance
of reduction of uranium to the tetravalent state was important.

Nicholls (UK) made a brief comment on a convenient and con~
tinuous method for destroying nitric acid with formaldehyde.

Questiony Baxter {UK) asked about the fate of volatile acti-
vities in the fusion disposal process. Answer: Manowitz said there
were some volatile activities, but no definite information was avail-
able yet.

Glueckauf (UK) stated he had used sands for fixing waste pro-
ducts and found advantages in filterability and the lack of need
for pretreatment. The capacity was about one-third that of clays.

Question: Manowitz (US) asked whether there were volatile
products from fixing of clays at 1000°C. Answers Glueckauf said ap=-
parently not.

Mawson (Canada) commented on the use of a nephaline cyanite,
which formed a dry gel with acids at 2.5 normal concentration, fused
below 1000°C, and did not release activity upon leaching.

SECTION 23B - WASTE TREATMENT AND DISPOSAL
by R. Carson Dalzell and Wéiter D. Claus

This section, chaired by A. J. Cipriani (Canada), was in three
parts, dealing respectively with land, sea, and air disposal.
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Opening the land section, Parker (US) presented R. E. Brown's
paper, No. 565, MDisposal of Liquid Wastes to the Ground", describing
the Hanford Atomic Products Operations method of disposal used for the
last ten years. He discussed factors considered and the continuous test
and control program and results. He emphasized that this was controlled
ground storage, not uncontrolled disposal, and that the basic policy
was to avoid ground water contamination.

Glueckauf (UK) remarked that the British now used large under-
ground containers; they planned later to establish clay or green sand .
beds in concrete tanks.

C. A. Mawson (Canada), Paper No. 12, "Waste Disposal into the
Ground”, described the investigations made in conjunction with opera-~
tion of experimental reactors and the waste disposal problem. He
emphasized that it was important to keep detailed records to ensure
that fixed material was not leached by subsequent disposals. The
Chairman (Canada) remarked on the apparent difference in policy
(Canada puts the waste into the water table), and said that it was
really a large tracer experiment rather than a permanent practice.

The Chairman, opening the second part of Section 23B, stated
the primary subject under discussion was dispesal of large-volume,
low-level radicactive wastes. Although the sea seemed an attractive
depository, there was a problem that the activity might return to
land, via the beaches or in food. Disposal at sea of large quanti-~-
ties of power wastes would require a great deal more study.

The first three papers comprised a series and were presented
by H. Seligman, H. J. Dunster and D. R. R. Fair (UK) respectively.
In No. 418, "The Discharge of Radiocactive Waste Products in the Irish
Sea - Part IW, Seligman described a preliminary experiment eight.
years ago to determine how fluorescein dye would dilute when piped
two miles out into the Irish Sea, in a solution having the density
of sea water. Collections had to be made at night since sunlight
destroyed the dye within 15 to 20 minutes of discharge. Three ships
criss~crossed the discharge area, were positioned by radar, and
sampled in eleven experiments. They could never account for more
than 30% of the released dye. These experiments indicated that
100 curies per day could be released for 50 days and be adequately
diluted.

In paper No. 419, "The Discharge of Radioactive Waste Products
in the Irish Sea - Part II", Dunster described estimates of safe
amounts of fission product activity which might be released from
Windscale, 40 miles to the Isle of Man. Estimates were made of con-
centrations in the sea, of activity in fish, seaweed and sand on the
beaches and suitable criteria were derived for safety, and safe
limits of daily discharge. Pickup of activity by fish and seaweed
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had been estimated in the laboratory. Results indicated that uptake
by fish was approximately as estimated, but uptake by seaweed was

much greater. There was no reasonable probability that anyone ex-
posed on shore, or consuming fish or seaweed, would exeeed 10% of

maximum permissible dose. Discharges then were determined by in-
cluding an additional safety factor of ten.

In paper No. 420, "The Discharge of Radiocactive Waste Prod-
ucts in the Irish Sea - Part IIIY, by Fair and A. S. McLean, Fair
described observations made over several months on discharges of
sizeable amounts of typical laboratory effluents. Main daily dis-
charges were 0.05 curies of plutonium, 7 curies of strontium, 16
curies of ruthenium and 35 curies of all beta emitters other than
ruthenium. The original estimates were found to be conservative
by factors of 5 to 100. Were it not for an unusual problem con-
nected with the fact that seaweed is harvested in that area, much
larger amounts of beta-emitters could be discharged.

Paper No. 569 on the "Disposal of Rgfioactive Wastes at
Sea™ by C. E. Renn, presented by Walter Claus (US) was a survey
which urged critical review of proposals to use the sea as a
dumping area. Claus said health and safety features had to be
established by oceanographers and ecologists. Acceptable concen=-
trations of activity in the sea had to be established on the basis
of food and chemicals taken from the sea. Use of the sea involved
international relationships which had to be considered.

Discussion: Krotkov (USSR) said that when wastes were dis-
posed to water, adsorption by organisms was of great importance.
Accumilations by organisms could be greater than 10,000 times the
concentration in the water. It was hence necessary to make radio-
metric determinations not only in the water, but also in fish, etc.,
and to make sure that limits on activity in open waters were not
exceeded. This called for regulations on an international level.

Revelle (US) said there were areas, for example the Black

Sea and parts of the Carribean, where concentration of hydrogen
sulfide in bottom waters was so great, that the bottom and top
waters probably had not mixed in many centuries. It would be per-
fectly safe to dispose of wastes to these bottoms. Also, there
were 10 megatons of strontium in ocean waters, and 700 megatons

of calcium, so that any conceivable amount of added strontium would
be adequately diluted isotopically.

Mawson (Canada) declared that things loosed into the sea
were of interest to all nations, and this applied alse to inter-
national rivers. He felt that some kind of international regulations
should be drawn up before this situation got out of hand.
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Marley (UK) appealed for experimental work to produce use-
able data, with international cooperation. Claus (US) said dis-
cussions with oceanographers were under way with intent to design
a suitable experiment and to develop necessary instrumentation
for following a tracer deposition of activity in the sea, and
that the United States would welcome international interest in
such an experiment.

Question: Foster (US) asked whether in the Irish Sea
studies, Dunster had considered seasonal changes and food cycles?
Answer: Within the possibilities of the experiment, they were con-
sidered, although the actual experiment continued over only a few
months. Question: Would not timing of discharge to make use of
tidal currents be advantageous? Answers Fair said turbulent dif-
fusion at the point of discharge was found to be so great that
complete vertical mixing occurrad in the Irish Sea. Tides were
not required.

The only paper on air disposal was No. 571, MAir and Gas
Cleaning for Nuclear Energy Processes", by L. Silverman (US) wiwo
stated that cooling air used in reactors and chemical processing
plants had to be cleaned before discharge. High efficiency, low
resistance to air flow, and long life were necessary for filters
in practical use. Great improvement in filters had been accom-
plished since the early days of the atomic energy industry such
as: cellulose acetate filters protected by glass fiber pre-
filters; all-glass filter papers resistant to acidsj and filters
made of plastic fibers. Cleaning and removal of rare gases was
very diffieult. They could be dispersed through tall stacks into
the atmosphere, or adsorbed on cold charcoal before removal for
storage and decay. In some cases of low volumes, compression and
storage for decay was possible. In some ways, meteorological and
oceanographic disposal of activity was similar. Dilution must
occur to levels which were harmless.
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nCw SECTIONS - BIOLOGICAL AND MEDICAL

SECTION 8C - Radioactive Isotopes and Nuclear Radiations in Medicine:
Therapy

by A. M. Brues

The Chairman, F. Leborgne (Uruguay), in opening the section,
indicated that the powerful effectiveness of isotopes in medicine was
limited by physiological and topographic considerations —- the location
of lesions.

Dr. A. V. Kozlova's paper (No. 685, "Medical Application of
Some Radioactive Isotopes®™) was presented by M. N. Fateieva (USSR).
The chief isotopes used have been Co 60, Au 198, P 32 and I 131, and
Fateieva stated that free medical service makes large-scale medical
observations possible. Comparing Co 60 and radium, as external agents,
she said the former caused slighter injury to normal tissues and so -
made repeated therapy easier. 160 oncological establishments have
received tubes and needles of 0.5 to 35 mgms. radium equivalent. A
few clinics have 400 curie packs, used at 35 or 60 cm. skin distance,
and 20 curies used at 6 cm.

Various data presented were interpreted as showing that thera-
peutic results have been better since the use of cobalt. In one type
(esophageal carcinoma) where greatest improvement appeared, teletherapy
was combined with intracavitary treatment.

Fateieva also mentioned use of gold and chromic phosphate
colloids locally in 11 melanomas with metastases, and said 8 showed
no spread in 2 years. Cobalt was being used for cavernous angioma,
and P 32 for angioma, neur>dermatitis, precancerous skin conditions,
eczema, psoriasis and red lichen. P 32 was injected for erythremia,
preceded by venesection and introduction of plasma;4i mc. is the maxi-
mum given in course of treatment. Other modes of therapy were de-
tailed in the paper. Some slides were shown of 7-year cures of several
neoplasms.

In paper No. 446, J. S. Mitchell (UK) discussed "Some Problems
of Radio-therapeutics", mentioning the possible usefulness of I 124
and P 33 as substitutes for I 131 and P 32 because physical chracter-
istics were probably more favorable. He brought out the use of Cs 137
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as a gamma source and Ce 144 as a hard-beta source. He also emphasized
conservatism in the use of I 131 in nonmalignant states, pointing out
that if the mortality from delayed carcinogenesis were as little as 2%,
surgery still would be preferable.

Question: Brucer (US) asked what was the meaning of "recovery"
and were all cases histologically proved? Answer: Fateieva said re-
covery meant the tumor was gone at the end of treatment; biopsy and his~-
tology were done in nearly all cases.

Question: Aebersold (US) asked whether cobalt was used in tele-
therapy or in needles; how many years'! experience had they had with tele-
therapy? Answer: Fateieva said this depended on circumstances; needles
and teletherapy were used in conjunction in bladder cases, for example;
160 institutions were supplied with cobalt and results from all of them
summarized in the central organization.

Question: Schuffelen (Netherlands) asked about germanium dosi-
theters which he had not found useful. Answer: Fateieva stated USSR
workers were not yet ready to draw conclusions.

In Paper No. 179, "Teletherapy Devices with Radioactive Isotopes™,
M. Brucer discussed teletherapy devices using cobalt 60 and cesium 137,
and presented tables for calculating shielding. He appeared to favor
using cesium when available, shielded with tungsten alloy. He believed
the enthusiasm for sources over 1000 curies was decreasing.

Question: Lebedinsky, (USSR) asked whether hectocuries or kilo-
curies would eventually be used in packs. Answer: Brucer stated most
people used 200 to 400 curies and of those using 1000, about half would
use more the next time and the other half less.

Question: Bora (India) asked for the evidence that 5 roetgens/
hour/meter was an inadequate dose rate. Answer: This was arbitrary but
generally accepted.

Question: Khanolkar (India) asked how the tumor dose was determined.
Answer: Brucer said the policy was, in general, similar to that used with
250 kv X-ray. With the larger machines some radiologists tended to give
higher doses. -

J. He Muller (Switzerland) in presenting paper No. 925, "Internal
Radicactive Isotope Therapy of Neoplastic Diseases by Means of Radio-
active Suspensions", discussed intravenous colloidal suspensions, intra-
cavitary, and tumor infiltration, and mentioned the escape of colleid
into lymphatic drainage areas as an advantage of the latter.

A. Chevallier (France), paper No. 367, "Utilization of Colloidal

Chromium Radiophosphate in Malignant Tumor Therapy" by Chevallier and C.
Burg, discussed very fine (100-150%) chromic phosphate colloid, implanted

14

10353b4



in gelatin, which seemed to promote infiltration via the lymphatics.
This was demonstrated by autoradiographs.

Question: Mitchell (UK) asked Muller about dosage in inter-
stitial treatment; for example, 50,000 rps are often needed in the case
of beta emitters. Answer: One mc/ml was about enough, but in large
volumes this should be reduced.

Question: Siwarbessy (Indonesia) asked what was the effect of
collodial gold, used locally, on the liver and spleen, and had Muller
had any experience with cancer of liver. Answer: Muller replied that
the dosage to liver and spleen was not high; perhaps the stimulation of
the reticuloendothelial system from the lower doses might be protective.
He had no wide experience with liver but thought gold would be only
palliative,

Question: Ross (US) asked whether or not lymphatic drainage was
blocked when there were metastases, and whv gold was better than P 32.
Answer: Muller said local injections might reach very early metastases
before blcckage of lymphatic drainage occurred; or after removal of meta-
static masses. Many factors were involved, he said, in the preference
for gold.

J« H. Lawrence (US), paper No. 183, "Radicactive Isotopes in
Hematologic Therapy™ gave a historical account of treatment with iso-
topes, primarily P 32. Best results were obtained in the case of
polycythemia vera (erythremia), with relative success in the leukemias
{particularly chronic forms) and some of the lymphoblastomas. Colloids
also have been used (chromic phosphate, or some of the rare earths) but
were not considered superior to the administration of soluble phosphate.

V. H. France {Portugal), paper No. 970, "An Accurate Method for
Treatment of Hyperthroidism with I 131", described a method for outlining
the thyroid glamd by circuminjecdion of air and showed x-rays. In only
three cases was this tecliinique unsuccessful and two of these were post-
operative. He also used small repeated doses of I 131 to avoid myxedema.
In injecting air, the patient was placed on the left side and negative
pressure was used as a test to avoid embolism; a 0.7 mm. needle was
used; the size of the gland was calculated from radiographs as 2 ellip-
soids with the axes as measured from pictures.,

L. E. Farr (US), paper No. 177, "Use of the Nuclear Reactor for
Neutrog Capture Therapy of Cancer" reporting using a flux of 2 x 108 and
3 x 107 slow neutrons per cm“/sec. with boron 10 injections, and gave_data.
For good resuits, 30 times the higher flux was necessary -- about 1011.
He described a special reactor for medical purposes only which would ac-~
~ complish this, as well as provide for animal experiments and the produc-
tion of very short-lived isotopes for immediate use.
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The only elements other than boron 10 that might be injected
would be lithium 6 and uranium 235. Boron 10 was used because of avail-
ability and the probability that its tisaue distribution with time after
injection is favorable. Treatment was now being given between 10 and 50
minutes after intravenous injection of borax. This was the time interval
during which the difference in boron concentration between brain and tumor
tissue was greatest.

Question: Ross asked Franco (1) what about varying the dose of
I 131 along with the severity of the disease; (2) what about the hazards
of interstitial air here, as in the case of adrenal radiography; (3) how
did his size estimates agree with those made by scintillation scanning
or palpation. Answer: Franco said (1) that it was known that different
doses were required, but in this study all were given equivalent doses
since it was experimental; in the care of 4 nodular goiters, function was
only reduced somewhat and then surgery was done; (2) that he had had no
accidents with 50 insufflations; (3) that comparison with other methods
of measurement was not made.

SECTION 9C - RADIOACTIVE ISOTOPES AND NUCLEAR RADIATIONS IN MEDICINE:
DIAGNOSIS AND STUDIES OF DISEASE

by Marshall Brucer

The Chairman, V. R. Khanolkar (India) opened the section, point-
ing out that radiocactive isotopes were helping to reshape the diagnostic
art.

W. V. Mayneord (UK) presented paper No. 768, "The Use of Radio-
active Isotopes in. Diagnostic Procedures', a general summary of material
he had previously written up in the British Medical Bulletin (1952).
Mayneord's work included use of various kinds of instrumentation for
measuring beta and gamma emitters under clinical conditions, and the
possible uses of many different isotopes. He described studies of total
thyroid uptake, measurements of protein-bound iodine, using roughly col-
limated counters and methods of blood iodine measurement. Mayneord
described some problems in Fe 59 and Cr 51 work and indicated their fund-
amental similarity to the I 131 problems.

Much of Mayneord's time was spent describing his radiographic
devices. He concluded that there was a reasonable possibility that
radiography might be successful with isotopes in the future.

M. N. Fateieva (USSR) in her paper.No. 684, M"Experience in Clin-
ical and Diagnostic Application of Some Radioactive Isotopes in the USSR",
reported using 2 microcurie doses for standard 2- to 24-hour uptake measure-
ments. She reported mass-scale examinations of population in endemic
goiter districts. Fateieva described simple uptake and dynamic studies
with I 131 in rheumatic and hypertensive heart disesse. Work was also
presented on Na 24 measurements on hypertensive patients and blood flow
studies in heart disease.
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B, G. Ziedses des Plantes (Netherlands) showed 3 slides on his
electrical stylus method of correlsating the scarmming image with e true
body image on a scintiscan of the thyroid,

Marcel Roche (Venezuela) described a mass population study ef
thyroid uptake in the lowlands of Venezuela and high in the Andes,
showing 2 slides. At very high altitudes there was a uniformly higher
thyroid radioiodine uptake.

Questions: W. H. Sweet (US) asked about the ratios of activi-
ties of isotopes in normal and in brain tumor tissue. Bacq (Belgium)
asked in what form the iodine circulates in the blood. Lawrence (US)
asked how sensitive the scanning device was. Answer: Mayneord was not
conversant on the first two questions. He stated that the average scan-
ning dose was one millicurie and that theoretical studies had indicated
it would be impossible to outline the shape of & mass with less than 10
to 20 microcuries. ,

Fateieva enlarged her description of the mass population surveys:
one in the Urals, and two in the Ukraine. One Ukraine area was in an
endemic area of hyperthyroid patients. The thyroid uptakes were high
and the urine counts low in the hyperthyroid endemic area and the oppo-
site was true in another area where euthyroidism was prevalent.

W. H. Sweet presented the work of G. L. Brownell and Sweet (US)
in paper No. 181, "Scanning of Positron-emitting Isotopes in Diagnosis
of Intracranial and Other Lesions™ on the methods of visualization of
isotope distribution in the body by automatic scanning with scintilla-
tion detection. He remarked that they had been able to detect verified
tumors of the cerebral hemispheres outlined with radiocarsenic in nearly
80% of patients. In meningiomas the results were over 95%. Mention was
made of the extension of this work to other areas of the body.

Jo. F. Ross (US) emphasized work on dynamic studies of hemato-
poictic tissues and in erythropoiesis in paper No. 754, "The Dynamic
Aspects of Erythropoiesis in Normal and Pathologic States as Indicated
with the Radioactive Isotope Tracer Technique", by Ross and A. Miller.
With isotopes, hemotologists were able to prepare a comprehensive out-
line of the entire red blood cell cycle. Ross described some of the
mechanics of the measurement techniques and presented examples of the
work done in Boston.

In the discussion, Kunkel (West Germany) described similar work
using a simple coincidence counter system measuring gamma rays. He
indicated that the use of positron-emitters was unnecessary.

Question: Bale (Us) asked about the relative efficiency of
single channel and coincidence systems. Answer: Brownell (US)said
studies showed that the coincidence system demanded only one-tenth
the activity of a single channel system.
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E. E. Pochin (UK), presenting paper No. 769, "The Speed of
Jodine Metabolism™, described in some detail the advantages of the
neck~thigh ratio and the equipment he used to make the measurements.
Pochin used I 132, particularly in pregnant women where he indicated
a six-microcurie dose. Pochin then outlined his work on metgbolic
pathways of iodine and described a linear scan of the vertical plane
of the body to get an index of the discharge rate of iodine.

C. H. Jaimet (Canada) in presenting paper No. 9, "Further
Clinical Studies of Thyroid aml Salivary Gland Function with Radio-
iodine" by Jaimet and H. G. Thode, discussed the metabolism of I 131
in the salivary gland and his development of the salivary iodine test.

Michel Berger (France) presented a summary of paper No. 365,
"The Role of Genetic Factors in the Development of Congenital Myxedema",
the genetic history of 21 cases prepared by M. Bernheim, et al. (France).
He stated that in most of the families of the patients, he found evi-
dence of thyroid abnormality. In the cases of nine patients, both
parents showed abnormal thyroids, there being usually a high thyroid
iodine fixation in the male parent. Berger discussed the genetic
possibilities of his studies and proposed a hypothesis of genetic
transfer of the diseases.

Paper No. 1097 by Stefan Miledu et al. (Romania) "Influence
of the Dynamics of the Central Nervous System on Iodine Fixation in
the Thyroid" stated Romania had just begun to receive isotopes and
hoped for more assistance in the near future. Romanian scientists
have studied the effects of estrodiol on iodine metabolism in rats
and have concluded that there was a thyroid block with high doses
of estrodiol and a thyroid stimulation with low doses.

Opening the discussion, Joyet (Switzerland) presented a short
extra paper which emphasized that the major movements of I 131 could
not be explained mathematically unless the three factors of thyroid,
blood, and urine, were taken into account. He described some complex
mathematical formulations of what appeared to be averaged blood, urine,
and thyroid counts on many patients in order to arrive at definitions
of hyper, hypo, and euthyroidism.

Question: Pochin (UK) was asked a number of questions on
handling of post surgery patients, carcinoma of the thyroid patients
and the use of chromotography. His answers emphasized the necessity
for jodine turnover or clearance studies.

Vetter (Austria) commenting on Jaimet'!s paper, said that they
had tried the saliva tests in Vienna, and had attempted to work out a
parotid clearance test. They, found the clearance through saliva was
independent of thyroid clearance rates. The conclusion was that the
salivary tests were not better, and might be much less reliable, than
other tests.
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Berger was asked about living conditions of the families
studied for genetic factors. Berger said there were no abnormal
conditions apparent. He was asked about the possibility of hyper-
thyroid mothers, but thought that this could not explain the trans-
mission through the male parent. He was asked his definition of
the words "biochemical hyperactivity'" and indicated that this meant
a sub-clinical hyperthyroidism.

W. F. Bale (US) presented his and I. L. Spart's work in paper
No. 199, "Tissue Specific Antibodies as Carriers of Radioactive
Materials for the Treatment of Cancer.'

SECTION 10C ~ RADIOACTIVE ISOTOPES AND NUCLEAR RADIATIONS IN MEDICINE:
DIAGNOSIS AND STUDIES OF DISEASE

by Paul B. Pearson
M. Tsuzuki (Japan) presided as chairman.

A. Baird Hastings (US) discussed paper No. 178, "The Use of
Isotopes in Biochemical and Medical Research™ and then read the
paper by DeWitt Stetten (US) No. 840 on "The Use of Isotopes in
Analysis of Metabolic Disorders". These were general review papers
with a historical background on isotopes as a research tool in biol-
ogy and medicine. The following areas were covered: total body
water, plasma and red blood cells, intracellular fluids, bones and
teeth, proteins, nucleic acids, lipides and carbohydrate metabolism.

The paper by B. A. Burrows and J. F. Ross (US), No. 180,
"The use of Radiosodium and Radiopotassium Tracer Studies in Man",
was concerned with the metabolism of sodium, potassium, and the sul-
fate distribution in body fluids in both pre- and post-operative
patients. Using radioisotopes, studies were made on the distribution
of sodium and potassium between extracellular and non-extracellular
phases by serum sampling at appropriate intervals following intra-
venous administration of a tracer dose of the isotope. Simultaneously,
isotope dilution measurements of the body potassium, chiefly intra-
cellular, were made to determine changes in the ratio of body sodium
to body potassium as well as changes in body potassium alone.

There were no questions or discussion of these three papers.
"The Absorption of Vitamin By, and the Pathogenesis of Vitamin By,
Deficiency", paper No. 447, by D. L. Mollin and E. Lester-Smith %UK),
was presented by Lester-Smith. In these studies Vitamin B contain-
ing radioactive Co 58 was used. Co 58 has a half life of 270 days
ad had heen used with safety in amounts up to 5 microcuries. The
labeled vitamins were made biosynthetically by small scale fermenta-
tions in an almost cobalt-free medium. Patients suffering from various
types of anemias were given labeled vitamin By, and its adsorption and
utilization studied.
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Paper No. 711 by D. L. Ferdman = (Ukr.SSR)  presented by
R. E. Kavetsky, discussed "The Application of Radicactive Isotopes
to the Study of the Biochemistry of Muscles™. Studies were made
using rabbits as the chie f experimental animal. Data were pre-
sented on the following: the biochemistry of muscles in the vita-
min E renewal rate of proteins in hyperthreosis; the renewal rate
of proteins and phosphoric compounds in otomised muscles; and the
renewal rate of proteins in denervated muscles.

P. Saraiya presented paper No. 921 by Saraiya, V. R.
Khanolkar and A. R. Gopal-Ayengar (India) on the "Synthesis of
4:4° - Diaminodiphenyl Sulphone - S 35 and Its Use in Leprosy Re-
search®. The procedure for synthesizing the compourd labeled with
sulfur 35 was given. The labeled drug was administered orally te
leprosy patients. Radiocautographic techniques were used to measure
the uptake of the drug by the lepromatous tissue. The radicauto-
graphs did not suggest that there had been a preferential incorpora-
tion by particular tissue systems. There was indication of a more
or less generalized distribution of the radioactive material through-
out the tissues.

"jtilization of Nuclear Energy in Public Health Problems on
the Epidemiology of Communicable Diseases', paper Nos 224, was dis-
cussed by Dale W. Jenkins (US). This was a general review paper
covering disease transmission by vectors; relation of animal hosts
and parasites; insecticide and natural control of vectors; radiation
control of vectors and diseases; and air-berne and water«borne
diseases. Jenkins said that the use of nuclear energy in studying
the epidemiology of communicable diseases offers an extremely promis-
ing and fertile field to epidemiologists and other investigators.
Additional discoveries of major importance in the field of health
were to be expected. SO

Question: Clark (US) asked Lester-Smith (No. 447) if he
would define "loop syndromes". Answer: Lester-Smith replied that
he was not the medical partner of the team, but he understood a loop
syndrome to be a fluid intestinal diversion or loop.

Question: Cheoskul (Thailand) asked Lester-Smith whether or
not they had measured concurrently the Co 58 and blological activity
of By in the feces so as to determine whether or not the labeled Bjjp
had undergone metabolic change. Answer: Lester-Smith pointed out
that it was not easy to measure this,Bj2 being synthesized in the
gastrointestinal tract. Using Bjo labeled with both Co 58 and P 32,
they found evidence that Bj2 was not degraded to any extent in the
digestive tract.

Question: Ross (US) asked Lester-Smith if they had made any

studies on the adsorption of vitamin B} across the respiratory
epithelium. Answer: Lester-Smith sa 3 they had not made such
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experiments, but that it would not be unreasonable to expect the vita-
min to be adsorbed by this pathway.

A paper by Marino B. Aragao et al., (No. 140), presented by
J. da Costa Febeiro (Brazil), discussed "A New Radioactive Method for
Marking Mosquitoes and Its Application™. The methods used a nuclear
emulsion and had a much higher sensitivity than other methods pre-~
viously used. In this method long-lived radicactive elements like
thorium and uraniumhad been used for marking mosquitoea.

Question: Bugher (US) asked Jenkins to comment on applying
these methods to tsetse fly control against hypanosomiases, and
anopheles control against malaria. Answer: Jenkins pointed out there
were several ways of using radioisotopes for studying tsetse fly con~
trol. '

Question: Troitsky (USSR) asked about the possibility of
labeling bacteria and how such labeled bacteria could be used to solve
epidemiological problems. Answer: Jenkins said bacteria had been
labeled and pointed out a number of ways labeled bacteria have been
used in epidemioclogical studies.

 Question: Gopal-Ayengar (India) asked Jenkins if isotope work
had been done, (1) on the spread of allergens, (2) on the metabolism of
tubercle bacillus. Answer: Jenkins said some work has been done fol-
lowing the spread of pollen from plants that had been fed radioisotopes,
and referred to some papers cited in his manuscript in reply to other
questions.

Question: Jenkins asked Costa Ribeiro about plans for continu-
ing the disposal of anopheles mosquitoes. Answer: Costa Ribeiro said
he was not working on this problem, but did outline some work using
thorium nitrate on Shaga's disease.

SECTION 11C - BIOLOGICAL EFFECTS OF RADIATION: MODES OF RADIATION
INJURY AND RADIATION HAZARDS

by Co Lo Comar
R. Latarjet (France) was Chairman.

A. M, Brues (US) presented paper No, 82, "Commentary on the
Modes of Radiation Injury™, in which he emphasized that information
was needed to establish firm values of permissible dosage, and also
to find means of protection against, and treatment for, radiation
injury. He reviewed the various modes of radiation injury: bone
marrow effect; lymphocyte and immunological function; gastrointestinal
tract effects; sterility; loss of hair; secondary metabolic changes;
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genetic effects; localized responses and others. He concluded that per-
missible levels now employed for total body irradiation were justified
but values where only a part of the body was involved might be too con-
servative.

E. Rock-Carling (UK) next presented paper No. 450, "Modes of
Radiation Injury -- Medical Aspects", giving a general description of
information requirements and the philosophy of the physician who must
treat patients exposed to radiation injury. Gducation and apparatus
design could do much to minimize exposure, but accidents did occur.

The safety record in nuclear establishments had been better than in com-
parable industrial establishments.

Rock-Carling said, "To the non-geneticists it appears that for
the benefit of the race as a whole in the future, one mutation which
results in an Aristotle, a Leonardo, a Newton, a Gauss, a Pasteur, an
Einstein, might well out-weigh ninety-nine that led to mental defec-
tives."

V. L. Troitsky {USSR) presented paper No. 692 by L. A. Pigalyev
("Some Aspects of the Immunity of the Organism Exposed to Action of
Tonizing Radiation") saying that since radiation sickness was often com-
plimted by infection, it was important to study the immunity of an
organism exposed to radiation and infected with germs. In general,
X-irradiation produced a decline in natural resistance to infections,

In a study of relationships between administered tetanus toxin
and polonium it was demonstrated that the response to polonium was in-
creased whereas the tetanus symptoms were decreased. Studies were re-
ported on comparative effetts of radiation on fully formed immunity and
on immunogenesis. In general, immunogenesis was inhibited while there
was little or no effect on fully formed immunity. Internal radiation
from polonium or radio-thorium gave the same results as did external
irradiation.

Discussion: Gustaffson (Sweden) objected to Rock-Carling's
statement on genius vs. mental defectives. Detrimental results were
easily brought about; to produce genius required much more: a summa-
tion of good effec+s. He stated there was great difference between
these two. Russell (US) stated it was not necessarily beneficial to
man to increase the mutation rate. Answer: Rock-Carling replied he
had wanted and was glad to have on the record these statsments by
geneticists.

Question: Brues (US) asked whether combined treatment produced
the pathology of the toxin or -of the radioelement. Answer: Troitsky
replied that there was radiation sickness due to polonium, but tetanus
symptoms were observed later than in the control animal. Guinea pigs
died earlier on account of the toxin; those with toxin alone survived,
whereas those getting taxin plus polonium died.
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Questions Cambel (Turkey) asked what enzymes besides sulfhydryl
were affected by radiation and inquired about alkaline phosphatase.
Answer: Brues replied that since radiation affected proteins, we should
expect enzymes to be affected. Alkaline phosphatase appeared to be less
sensitive to radiation than other enzymes.

Questions Costachel (Romania) stated that the nervous system was
important in radiation response, and that narcosis would reduce biological
effects. This might be a way of increasing doses used in radiotherapy.

W. F. Neumann (US) presented paper No. 847, "The Use of Isotopes
in Study of Skeletal Physiology and Metabolism", which described the
nature of bone with emphasis on the processes by which bone-seeking
isotopes became deposited in the skeleton. The physical processes were
exchange, diffusion and recrystallization, while the biological pro-—
cesses were bone growth, resorption, and remodeling of Haversian systems.
Exchange and diffusion were reversible whereas the others were irrevers-
ible. The difficulties in removing skeletally deposited radioisotopes
were caused by the irreversibility of these processes.

F. E. Hoecker (US) presented his paper No. 88, "The Deposition
of Radiocactive Substances in Bone™. A new technique for dating radio-
active deposits in bone by concurrent injections of radiocactive sub-
stance and alizarin red was described; it was thereby shown that these
substances were found only in bone being formed at the time of entry
of these substances. In general, the higher the atomic number of the
alkali earth, the smaller the placental transfer. Lactation studies
indicated that a negative calcium balance induced before or shortly
after deposition could reduce the retention of the bone-seeker.

D. E. Clark (US) presented paper No. 242, "The Association of
Irradiation with Cancer of the Thyroid in Children and Adolescents'.
Fifteen cases of thyroid carcinoma in children up to 15 years of age
were reported. Each case had received X-irradiation in infancy or
early childhcod. The total dose ranged from 200 to 725 r and the
period between irradiation and diagnosis averaged 6 to 9 years. Sta-
tistics showed that thyroid carcinoma was increasing and this appeared
to be correlated with prior X-ray treatment for such conditions as en-
larged thymus, enlarged tonsils and adenoids, cervical adenitis and
benign pulmonary conditions.

Question: Loutit (UK) asked if there were any hope of either
preventing skeletally deposited radiocactivity or causing removal.
Answer: Neumann replied there might be hope if it were possible to
stop the growth processes, but this seemed unlikely. To prevent de-
position and to cause removal very quick action would be needed.

Question: Bacq (Belgium) asked if Neumann could explain chemi-
cal analyses of bone which showed a higher calcium to phosphate ratio
than theoretically expected. Answer: Neumann replied that lattice was
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capable of wide variations in composition due to defects and surface
adsorption. :

Question: Copp (Canada) stated that studies indicated that
isotopes were deposited in bone as quickly as brought there and that
work in which he was associated had not been able to bring about re-
moval by a negative calcium balance. Answer: Hoecker agreed in re-
gard to old deposits, but said that negative calcium balance, induced
shortly after acquisition, could accomplish removal. :

Question: Ara (Cuba) said that it was desirable to know more
about the metabolism of calcium and other radioisotopes in humans and
asked whether serial biopsies and autoradiograms would be useful.
Answer: Hoecker said human data were from old specimens from Martland.
There was always the problem of how to extrapolate from animal experi-
ments to humans.

Question: Tubiana (France) asked about the relation between
thyroid carcinoma in adults and previous irradiation. Answer: Clark
answered that these studies were not yet complete and that it was dif-
ficult to get early histories for adults.

Question: Stanley (Australia) asked if he had any figures for
uptake of I 131 by the carcinoma. Answer: Clark replied that they used
a biopsy technique and if there were good localization, they treated
with I 131,

- Liane B. Russell (US) presented her paper No. 77, MHazards to
the Embryo and Fetus from Ionizing Radiation®. Experiments with mice
indicated that the potential radiation hazard was greatest during the
period of major organogenesis. In applying these findings to the
human, it was recommended that pelvic irradiation of women of child-
bearing age should be restricted to the 2 weeks following the menses,
when there was little chance of an unsuspected pregnancy. The present
permissible weekly dose did not appear to constitute a measurable hazard
at any stage in pregnancy.

G. W. Casarett presented his paper, No. 257, M"Effects of Daily
Low Doses of X-rays on Spermatogenesis in Dogs®. He found that in gen-
eral 0.6 r-day of X-rays produced in dogs a progressive decline in
absolute sperm count after the 20th to 30th weeks of exposure. Most
of the dogs have proved infertile in test mating. No effects have been
demonstrated as yet in the 0.3 r/week and 0.6 r/week dogs after radia-
tion exposures of from 2 to 4 years.

H. Fritz-Niggli, Switzerland, presented her paper, No. 1070,
"Dominant Lethal Factors and Embryonic Mortality After Irradiation at
180 Kev and 31 Mev." Drosophila were used to study the effect of 3000
r on spermatogenesis. Hatchability was definitely decreased, with 180
kev radiation more effective. The greatest decrease was observed in
ti.2 second brood period (5-7 days). Thke maturing spermatids appeared
to be the most sensitive.
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Question: Cambel (Turkey) stated in general she had seen
the same results as Russell, but in the same litters had had some
normal and some abnormal offspring. She also had one patient in
which no effect on offspring were observed, although the mother re-
ceived radiation during pregnancy. Answer: Russell stated there
was not always 100% incidence either within litters or between lit-
ters. This might be due to probability relations and also to slight
differences in developmental age.

Question: Somerwil (Netherlands) asked whether studies on
the recovery of fertility in dogs had been done. Answer: Casarett
stated that in the reported experiment the dogs would be irradiated
throughout life. Other experiments were under way for recovery data,
but results were not yet available,

SECTION 12C - BIOLOGICAL EFFECTS OF RADIATION (continued) -
MECHANISMS OF RADIATION INJURY; PROTECTION AND RECOVERY

by A. Hollaender
Z. Bacqg (Belgium) was Chairman.

The first paper, No. 899, "Biological Damage Resulting from
Exposure to Ionizing Radiations" by L. H. Gray (UK) discussed radia-
tion damage mainly from the physical point of view.

Gray reviewed the mechanism of the use of isotopes in biologi-
cal research and discussed the effect of density of ionization on the
biological effectiveness of different types of radiation. He empha-
sized variation among the different biological mechanisms upset by
radiation, with special emphasis on the different stages of mitosis,
the function of respiration, and the synthesis of nucleic acids. He
brought out that the actual step from the changes produced by radiation
in water to the biological response was poorly understood, and finally
he discussed certain of these aspects in relation to the oxygen effect.

: Alexander Haddow (UK), paper No. 898, "Comparative Studies of
the Biological Effects of Radiation and of Radiomimetic Chemical Agents,®
compared the biological effects of ionizing radiation with the radio-
mimetic chemical agents. He related the structure of these compounds
to their bioclogical effectiveness and showed that certain groups were
necessary for the effectiveness of these compounds. He illustrated the
function of the compounds and the effect on hair pigmentation, inhibi-
tion of growth, carcinogenesis, mutation production, cytological changes
and their action on natural and synthetic macromolecules. He discussed
the cytological effects in greater detail on the basis of work done at
the Chester Beatty Institute.
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Paper No., 904, "Cytological and Cytochemical Effects of Radia-
tion in Actively Proliferating Bilological Systems™ was presented by A.
Gopal-Ayengar (India). He illustrated his talk with many slides show-
ing differences in the chromosomes of ascites tumors, bean roots, and
related materials.

N. M. Sissakian (USSR), presenting his paper No. 691, "On the
Nature of Changes in Metabolism Under Irradiation Effects™, discussed
the nature of tle basic changes of the biological materials and the
effects of ionizing radiation. Whereas individual enzyme systems in
vitro were very resistant to radiation, the mechanism of synthesizing
the enzymes which were responsible for saccharose, proteins and nucleic
acid production was much less resistant. The nucleic acid production
was changed by 5000 r, proteins by 20,000 r and saccharose by 30,000 r.
When plants grew older they became much more resistant to radiation.
Sissakian believed that the alterations in nucleic acid synthesis were
easily reversible. He emphasized the great importance of metabolism
and the interaction among different synthesizing systems which could
be easily upset by radiation.

Sissakian also read a paper, No. 690 by M. N. Meissel (USSR)
on the "Biological Effects of Ionizing Radiation on Micro-Organisms™".

R, Latarjet (France) discussed paper No. 371, "The Problem of
the Biological Action of Low Doses of Ionizing Radiation™ by H. Marko-
vich, his co-worker, on various effects of low dosage of ionizing
radiation on lysogenic bacteria. He found the lysogenic process ex-
tremely sensitive to radiation and one roentgen or possibly less would
initiate the process. Since the process was so extremely sensitive,
he thought he might be able to detect the different levels of cosmic
radiation at sea level and at high altitude; for this reason he had
carried several flasks .of lysogenic bacteria tao the top of Mont Blanc
which he would collect next summer.

Question: Caldecott (US) asked Sissakian why the concentration
of S-Hp groups was so high after exposure to radiation. Answer:
Sissakian pointed out that insects were extremely resistant to radia-
tion., If the same mechanism of radiation damage were involved in all
the different kinds of organisms, why did such tremendous variation
exist in sensitivity?

The next paper, No. 78, "Studies on Protection by Treatment
Before and After Exposure to X- and Gamma Radiation", by A. Hollaender
and G. E. Stapleton, was given by Hollaender (US), based on work on
the mechanism of protection against radiation damage. After a review
of protection of bacteria by chemical compounds and the support of the
recovery of nutrilites, the action of the four compounds was compared:
cysteine, B-Mercaptoethylamine, S-B Aminoethylisothiuronium, and
Tyramine,
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It was typical for all these four compounds that they had the
NHp group. The most successful ones‘were cysteamine and thiuronium.
The latter seemed to be of considerable promise, since it was quite
stable in air and had relatively low toxicity. The last part of the
paper reported the observation that in bacteria the mutation rates pro-
duced by radiation were not necessarily proportional to the amount of
radiation absorbed, but rather inverse in proportion to the survival
ratio. The possible implication of this finding was discussed.

Je Maisin (Belgium) discussed protective action of cysteamine
on mammals in his paper, No., 940, "Tissue and Cell Damage Due to Radia-
tion; Their Consequences and Their Repair®. He reviewed the work of
his group and the protection produced by shielding the liver against
radiation in his more clinical approaches to this problem.

Several questions were asked about why the oxidized as well as
the unoxidized form of cysteamine protected under certain circumstances.
Gray explained that the cysteamine could be reduced in the animal body
and did become protective. Sincebacteria were not able to reduce this
compound, cysteamine gave them little protection.

Fritz-Niggli (Switzerland), in commenting on Sissakian's paper,
reported the detection of changes in enzymes by direct observation of
the oxygen consumption in tissues. She bdlieved she was able to recog-
nize changes in the citric acid cycle.

A scheduled paper, No. 932, "The Scope of Chemical Protection
Against Ionizing Radiation in Mammals"™ by D. W. Van Bekkum and J. A.
Cohen (Netherlands) was not presented.

SECTION 13C - BIOLOGICAL EFFECTS OF RADIATION: GENETIC EFFECTS;
HUMAN IMPLICATIONS
RADIOACTIVE ISOTOPES AND IONIZING RADIATIONS IN
AGRICULTURE —- RADIATION-INDUCED GENETIC CHANGES
AND CROP IMPROVEMENT

by B. Wallace and R. Caldecott

Section 13 of the Conference was divided into two parts, the first
dealing with human genetics, chaired by T. Kemp (Denmark), the second with
crop improvements through radiation-induced genetic changes chaired by
A. Gustafsson (Sweden)..

In presenting paper No. 238, "The Genetic Structure of Mendelian
Populations and its Bearing on Radiation Problems", B. Wallace (US)
emphasized the importance of heterosis and polymerphism, rather than
the highly uniform genetic structure generally ascribed to species, and
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the large proportion of homozygous individuals resulting from such a
structure. Starting with the idea that a species could be equated
with the museum type specimen, Wallace followed the breakdown of
"typical™ thinking to the term "aliel:™ itself. Supposedly identical
"wild-type™ 1lieles have upon closer analysis been shown to be dif-
ferent {iso-aileles). Polymorphism has been found to be extremely
common in many groups. Wallace summarized the evidence that supported
the thesis that polymorphism was the rule -- not the exception -—- and
that wild type individuals were largely heterozygous. The implication
of this concept for radiation problems was that genes were acted upon
by selection in heterozygous individuals to a greater extent than was
generally recognized. If a gene were deleterious in the heterozygous
condition, it would be eliminated from a population rather rapidly;

if it were beneficial, no matter how rare, it would be favored by
selection.

This concept was not contrary to the humanitarian view that
needless irradiation should be kept to an absolute minimum, Wallace
saido In the process of elimination of deleterious genes, harm
occurred to some individuals. In fairness to these individuals, the
numbers of deleterious genes must be kept as low as possible.

In paper No. 235, “"Genetics Effects of Radiation in Mice and
Their Bearing on Estimation of Human Hazards", W. L. Russell (US) dis-
cussed investigations into mutation rates im mice and the harm result-
ing from these mutations. Russell reported a lower mutation rate of
irradiated spermatogonial cells as compared to the mature sperm. From
this observation it was recommended that males exposed accidentally to
high doses of irradiation should refrain from procreation for five weeks
after exposure so that exposed sperm would become eliminated and new
sperm would have formed from spermatogonia, Not all mutations could
be eliminated by this technique; Russell emphasized that further elim-
ination through intercellular selection seemed to be absent.

Russell pointed out that mice irradiated with 300 r produced,
on the average, 3% to 4% fewer offspring than unirradiated males. This
might indicate the effect of slightly deleterious genes and, hence, re-
flected a not inconsiderable drop in overall viability of first genera-
tion individuals.

In paper No. 449, "The Genetic Problem of Irradiated Human Popu-
lations™, T. C. Carter (UK) introduced the concept that human societies
accepted harm to a few or a slight harm to many, if these resulted from
some activity that conferred good to the multitude. He pointed out that
the great concern over radiation effects stemmed from our inability to
predict the amount of harm and, hence, to weigh tie harm against the
good. He pointed out that more research was needed in population genetics
to test the models developed on theoretical grounds. He stated that more
research on mutations was necessary —— especially research dealing with
low levels of irradiation. He believed that the populations of areas
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rich in granite-bearing rock which had higher radioactivity could be
contrasted with those of areas deficient in this type of material to
discover differences in mutation rates.

Question: Ehrenberg (Sweden) stated that barley had been ex-
posed to chronic irradiation in Sweden and certain mutation rates
found. Were these data comparable to the information in mice?
Answer: Russell said that in general they were, but that he did not
really have comparable treatments.

Question: Wallace (US) stated that Russell had mentioned a
lack of elimination of mutations as irradiated males aged. He asked
for the rate of elimination still consistent with the data. Answer:
Russell said that the analyses were not yet far enough along to say.

Question: Bacq (Belgium) asked if there were evidence of a
genetic recovery. Answer: Russell replied that there was not.

Gustafsson, as Chairman, opened the second part of the section
with a statement emphasizing that 99% of all mutations obtained by
irradiating plant material were deleterious. With plant populations
this was no particular problem because there was no remorse over
"mass-killing" of an experimental field tae obtain one beneficial mutant.

The first paper was No.110, "The Contribution of Radiation
Genetics to Crop Improvement! by W. R. Singleton et al. (US). The
significant researches of Swedish scientists were referred to and it
was mentioned that they had been able to increase yields of agricul-
tural crops in addition to obtaining stiffer straw and earlier ripen-
ing of cereals. Gregory (North Carolina) had been able to induce
disease resistance in peanuts. At Brookhaven lLaboratory, Konzak had
induced resistance to stem rust and Helminthosporium in some of his
cat material.

Singleton showed that proper utilization of a Co 60 source could
augment the production of mutations in Zea mays. This could be a
very significant contribution if the beneficial mutations occurred
often enough to be worked with by practical breeders. There was every
reason to think this would be the case.

In the second paper, No. 890, "Studies on Genetic Effects in
Plants of Chronic Gamma-Radiation", Mikaelson (Norway) mentioned that
Ir 192 and Co 60 had been installed in a field for irradiating plant
material, He conducted some important studies on the frequency of
chromosome aberrations resulting from chronic irradiation of Trades-
cantia and showed that, per r unit, chronic radiation was more effec-
tive at breaking chromosomes than acute irradiation. Relatively small
doses of chronic radiation produced a high frequency of chronic radia-
tion and produced a high frequency of chlorophyll mutations in barley.
A rather high frequency of variability in flower characters and ab-
normal development of flower parts was another manifestation of chronic
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radiation of Tradescantia. There was every reason to believe that
promising new horticultural species might be develgoped using this
method.

In presenting paper No. 793, "The Production of Beneficial
New Hereditary Traits by Means of Ionizing Radiation", by L. Ehrenberg
et al., (Sweden) Ehrenberg stated that recent studies in Sweden had
again emphasized that induced mutations were an important tool in
plant breeding. It was shown that mutations of a beneficial nature
might accompany chromosome anomalies, and Ehrenberg expressed a view
that a complete modification of species, as to type, would be possible.
Some mutants produced had greater ecological ranges than convention-
ally derived varieties, and it was noteworthy that mutants of the "bright-
green" barley required less nitrogen fertilizer than did normal colored
varieties. In addition, the bright green mutations evidenced a greater
resistance toward certain fungi than did the mother strain. The variety
of sweet lupine now cultivated in Sweden arose from a radiation- induced
mutation,

A radiation-induced mutant of white mustard, released in Sweden
had a higher grain and oil yield than the original strain, and was now
the principal commercial strain grown in Sweden. In addition to theose
mentioned, numereus other mutants in barley, wheat, peas, and lupine
were being tested in large scale experiments.

In one institute in Sweden, techniques had been worked out to
help increase the frequency in which bud sports wers induced in fruit
trees,

In the fourth paper, No. 101, "Ionizing Radiations as a Tool
for Plant Breeders", R. S. Caldecott (US) placed some emphasis on the
need for increasing our knowledge of the action of ilonizing radiations
in seeds and other plant organs. He discussed a number of studies in
vwhich an attempt was made to modify their radiosensitivity. The sensi-
tivity of seeds to X-rays could be strikingly modified by hydration and
oxygenation but this had not been demonstrated with neutrons.

The studies showed that more mutations and chromosomal aber-
rations per unit survival could be induced with densely ionizing radia-
tions than with sparsely ionizing radiations. In addition, plants from
seeds subjected to neutrons were more uniformly injured. Caldecott par-
ticularly emphasized the need for strong support of basic research pro-
grams in agricultural institutions to provide the plant breeder with max-
imum numbers of induced beneficial mutations.

‘Question: Savalescu (Romania) asked whether or not the disease
resistant plants reported by Singleton had been examined morphologically
for characteristics of biological significance which were modified by
the radiation. Answer: 3Singleton said that such studies had not been
undertaken but that th they were anticipated.
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Question: Bonet-Maury (France) was particularly interested
in ion density and the mutations induced from densely jionizing radia-
tions. He asked Ehrenberg about the mechanism of such radiation.
Answer: Ehrenberg replied that it was a most important question but
not too much could be said about it at this time.

Question: Lester-Smith (UK) asked how useful isotopes might
be in a plant breeding program. Answer: Singleton indicated that
the only studies he was familiar with were in neurospora but that the
subject should be further investigated.

| Question: Roche (Venezuela) asked whether or not there was
information on the electrolytic content of hydrated seeds. Answer:
Caldecott said he had no data.

SECTION 14C - RADIOACTIVE ISOTOPES AND IONIZING RADIATIONS IN
AGRICULTURE - TRACER STUDIES IN AGRICULTURE

by E. Epstein

The Chairman, V. F. Kuprevich, (Bye. USSR) spoke briefly on the
utility of the tracer technique for elucidating many kinds of problems
in agriculture and biology.

Paper No. 10, "Studies of Special Problems in Agriculture and
Silviculture by tl® Use of Radioisotopes®, by J. W. T. Spinks (Canada)
surveyed Canadian experience. After briefly reviewing general prin-
ciples and questions of methodology, Spinks described typical results
of tracer fertilizer experiments. The stage of growth of the crop, its
type and variety, the type of soil, placement of the fertilizer, the
type of fertilizer and its rate of application, were factors which in-
fluenced the uptake of the fertilizer by the crop. He said radiation
damage seemed slight at the levels of radiocactivity commonly applied.

The available soil phosphorus (A) could be measured by compar-
ing the percentage of P from the soil with that from (tagged) ferti-
lizer, using the Fried and Dean equation

A = (rate of application of fertilizer x % P from soil)
(2 P from fertilizer)

Spinks next discussed diffusion of ions in the soil, saying
that tagging provided the only means of determining the path of ferti-
lizer phosphorus. Measurement of soil moisture by means of a neutron
flux provided an alternative to conventional methods.

Spinks concluded by discussing radioactive tagging of insects
and pests, and the gross movement of nutrients in trees.
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S. Mitsui (Japan) presented paper No. 1049, "Studies on Plant
Nutrition, Fertilizers and Soil by Use of Radioactive Isotopes®™. He
found littl=s loss of P 32 from rice plants under normal conditions,
but hydrogen sulfide severely interfered with normal phosphorus move-
ment and retention. Foliar absorption of P 32 by rice and other crops
was demonstrated. Field studies on a moderate scale, using P 32, have
been conducted, demonstrating very limited movement of the applied P 32
in the soil. Mitsui concluded with a consideration of various tech-
nical and methodological problems.

E. Epstein (US) presented paper No. 112 by Epstein and S. B.
Hendricks, "Uptake and Transport of Mineral Nutrients in Plant Roots™.
Using excised barley roots and various radioactively tagged inorganic
ions, they demonstrated three modes of uptake; ion exchange, diffusion,
and active _ransport. Of these, the first two were passive, and revers-
ible, whereas the third involved metabolic activity on the part of the
tissue. A hypothesis was advanced, and evidence presented, that this
active transport involved the attachment of the ions to metabolically
generated "carriers"., Active transport was shown to be specific in re-
gard to the ions taken up and their mutual interference.

R, Scott-Russell (UK) presented paper No. 460 by Scott-Russell
et al., on "Factors Affecting the Availability to Plants of Soil Phos-
phates®, He described two methods for estimating labile soll phosphate
by means of P 32: isotopically exchangeable soil phosphate referred to
as the"EM™ value, and the "A"™ value already described by Spinks. He took
issue with the interpretation of the latter value as the "available'
soil phosphorus, and referred to this value as the "L" (Larsen) value.
For each =so0il used, absorption of phosphorus by plants increased approxi-
mately linearly with both the "E"™ and "L" values, when aliguots of a soil
to which different quantities of phosphate had been added were compared.
This relationship did not, however, hold when different soils were com-
pared.

Because of tle greater ease of determining the "E" as compared
with the "L" value, Scott-Russell expressed a preference for the former.

Ve M. Kletchkovsky (USSR) presented paper No. é94 on "The Use of
Tracer Atoms in Studying the Application of Fertilizers™. Kletchkovsky
stressed the possibility of distinguishing by labeling between applied
and soil fertilizer elements. He stated that densely spaced grains of
superphosphate resulted in optimal utilization of the applied phosphate
by young plants whose root systems were as yet poorly developed. At
later stages, better results were obtained from larger, more widely
spaced granules because under those conditions, fixation of the added
phosphate by the soil was minimized.

Depth of application in the soil was an important factor. Best

results were obtained by a combination of two types of placement: one
at slight depth before sowing to give the young seedlings a surce of
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nutrients at an early stage of development; another more massive appli-
cation plowed under, to supply the plant during the remainder of its

grmho

Kletchkovsky concluded with a brief consideration of experiments
on foliar application of fertilizers.

A. V. Sokolov (USSR) in paper No. 695, "Determination of the
Assimilation Capacity of Soil Phosphates and Fertilizers with the Aid
of Radiocactive Isotopes of Phosphorus', stated phosphatic fertilizers
might give different results depending on the type of soil, and that
addition of phosphatic fertilizer might substantially reduce the rela-
tive uptake of native soil phosphate.

Sokolov discussed the use and limitations of the value described
earlier in the session as the "AM" (Spinks) or "L" (Scott-Russell) value.
He also considered the equilibrium between solid phase and liquid phase
phosphorus, which could be studied by adding amounts of P 32 so small as
not to disturb the ratio between the two quantities.

0. K. Kedrov-Zikhman (Bye. USSR) presented a paper (No. 716) on
"Co 60 in the Study of the Role of Cobalt as a Micro-Element in Plant
Nutrition™. He stated that there was an erroneous opinion in the world
literature that cobalt fertilizers had no significance for agriculture,
but that this opinion had been refuted in the Bye. SSR. He reported
various agricultural crops were observed. The effects depended on the
quantity of lime applied, cobalt being positive in the presence of lime,
and negative in its absence, He also claimed positive effects due to
the radiation from Co 60.

H. B. Tukey (US) in presenting paper No. 106, "Utilization of
Radioactive Isotopes in Resolving the Effectiveness of Foliar Absorp-
tion of Plant Nutrients", described studies which he and several col-
laborators made by means of radiocactive isotopes. Radioactive mineral
nutrients were readily abserbed where applied to leaf, stem, and fruit
surfaces, and even throughthe bark of dormant trees. The leaf, however,
was the most important organ for entry of nutrients. Movement of mobile
elements, such as nitrogen, phosphorus, potassium, and rubidium, after
the application of their radioisotopes to the leaves, was comparable in
rate to the movement of the same elements absorbed through the roots.
Calcium, on the other hand, did not move in tle direction of the root
(basipetally).

Not only trees, but herbaceous blants as well, could absorb and
translocate nutrients in this manner.

Tukey discussed a number of factors which affected foliar ab-
sorption of nutrients: temperature, light, pH, and carrier of the
solutions used, as well as various characteristicsef the plant treated.
Tukey finally discussed foliar applications of C 14 urea and the loss
of nutrients from the leaves through leaching.
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A. J. Riker (US) presented paper No. 105, "The Use of Radio-
active Isotopes to Ascertain the Role of Root-Grafting in the Trans-
location of Water, Nutrients and Disease-Inducing Organisms Among
Forest Trees", embodying work by J. E. Kuntz, Riker and others. Radio-
active isotopes were used to trace the movement of materials in the sap
streams within and among trees. The experiments and observations indi-
cated, for some species, a widespread occurrence of root grafts by
which the vascular systems of many trees were connected., These find-
ings have interesting implications for the study of disease suscepti-
bility, mineral nutrition, and other aspects of tree growth. Move-
ment of substances within individual trees was studied also, and marked
differences were observed between species.

Question: Tukey (US) asked about the scope of foliar nutrient
studies. Answer: Kletchkovsky (USSR) said foliar application of
nutrients was being used on thousands of hectares. It was particularly
valuable for plants on poorer types of soil. Kletchkovsky, answering
a question by Schuffelen (Netherlands), said the amounts and distribu-
tion of rainfall were important considerations in the placement of
fertilizers,

Question: Epstein (US) asked whetler positive effects on crops
from the application of cobalt to the soil were considered adequate evi-
dence for classifying cobalt as an essentlal plant nutrient. Answer:
Kedrov-Zikhman (Bye. SSR) answered in the affirmative for those cases
where the responses were specific to cobalt.

SECTION 15C -~ RADIOACTIVE ISOTOPES IN PHYSIOLOGY AND BIOCHEMISTRY:
ANIMAL PHYSIOLOGY AND PLANT BIOCHEMISTRY

by Co L. Comar and M. Calvin

Section 15C of the Conference was divided into two parts, the
first dealing with animal studies, chaired by A. V. Palledin (Ukr. SSR);
the second dealing with plants, presided over by the Vice~Chairman,

E. C. Wassink (Netherlands).

Co Lo Comar opened the first part with his paper, No. 90,
"Radioisotopes in Animal Physiology and Nutrition-Mineral Metabolism",
in which an overall mechanism for calcium ion movement in the body was
presented. The data explained the rapid deposition of such bone-seekers
as calcium, radium and strontium in the skeleton and the difficulties
in their subsequent removal. The importance of the endogenous fecal
loss was presented both from the viewpoint of removal of bone-seekers
and utilization in nutritional studies. As an example of nutritional
application it was shown that cattle could adapt to a sub-optimum
calcium dist by & reduction in the fecal endogenous loss. Also, it
was demonstrated that milk was greatly superior to hay and grain as a
source of calclum for calves.
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Methods were described for the simultaneous estimation of
fecal endogenous calcium and phosphorous as well as total digestive
Juice calcium and phosphorus.

H. H. Ussing (Denmark) presented paper No, 908, "Use of Iso-
topes in Permeability Studies"™. Methods were described for measuring
the transport of radioisotopes such as Na 22 and Na 24 through frog
skin and, at the same time, measuring potential differences and elec-
tric currents. There was an identity between active Na transport and
electric current output which indicated that the active Na transport
was the sole source of electric asymmetry. It was concluded that the
operating force was of chemical nature. In studying the effects of
neurohypophyseal it was shown that (a) osmosis through a living mem-
brane could be of the type of bulk flow, (b) the layer acted upon by
the hormone was provided with pores, (c¢) the hormone acted by increas-
ing the pore size.

Question: Pora (Romania) asked if Comar had taken into account
such variables as Vitamin D and parathormone, and had radioisotopes
been used to study the effects of these substances on mineral metabo-
lism. Answer: Comar replied that all the studies described were car-
ried ont with animals on normal diets with respect to Vitamin D and
hormones. Radioisotopes had been widely used to study these substances.
For example, the effects of parathormone in removing calcium and phos-
phorus from bone, in causing increased urinary phosphorus excretion,
and in causing accumulation of calcium in the kidney mad been clearly
demonstrated by use of the isotope.

Question: Hastings (US) asked what the effect was of pH, K
and Ca on the drag force. Answer: Ussing remarked that these had
not been studied in detail. However, the hormone was optimally effec-
tive between pH 7 and 9.

Question: Bergmann (Israel) asked if the influence of gly-
ceric acid on ion transport had been studied. Answer: Ussing replied
in the negative, but that it was a good idea.

C. Blincoe (US) then presented paper No. 275, "Use of I 131 in
Study of the Influence of Climatic Factors on Thyroid Activity and Pro-
ductivity of Livestock", prepared by Blincoe and S. Brody. Methods
were described for measuring thyroid activity as follows: (a) maximum
thyroidal uptake of I 131, %b) rate of thyroidal uptake of I 131,
(c) rate of thyroidal release of I 131, and (d) time changes in thy-
roxine I 131 in plasma. L~

The larger the animal and the higher the production level, the
greater was the decrease with rising temperature in thyrold activity,

heat production, and milk production. India-evolved cows showed less
thyroid changes at high temperature than did Europe-evolved cows.
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A, Jentzer (Switzerland) then presented an unscheduled paper
No. 119, "Problems Related to the Posterior Hypophysis Studied by
Radiocactivity". It was demonstrated that the posterior hypophysis
would accumulate thyroxine I 131 and that this accumulation was
markedly affected by induction of hibernation or anesthesia.

G. Mitsui (Japan) presented paper No. 1047 by R. Sasaki,
"Studies on the Metabolism of Calcium and Phosphorus in the laying
Hen", describing detailed experiments in which Ca 45 or P 32 were
administered to hens or eggs and the movement followed into the
various compartments. Most of the calcium required for egg forma-
tion was derived from the feed. The calcium required for the de-
veloping embryo came from the yolk but to a greater extent from the
shell.

Paper No. 697, "Tracer Atoms Used to Study the Products of
Photosynthesis Depending on the Conditions Under Which the Process
Takes Place", by A. A. Nichiporovich (USSR), presented by A. M. Kuniz,
consisted of an empirical extension of the observation that amino
acids and proteins were products of the transformation of the very
earliest primary products of photosynthesis. Kunuz reported that
blue light promoted amino acid and protein symthesis, as contrasted
to red light which was supposed to favor carbohydrate formation.

The explanation offered was based upon the photosynthetic cycle
which was described in the next paper No. 259, "The Photosynthetic
Cycle", by M. Calvin and J. A. Bassham, publlshed in its entirety in
1953 (UCRL) and in JACS 76 - 1760 (1954).

Question: Calvin, (US) asked if the suggestion were made
that there might exist a major port of entry of carbon (in substantial
non-catalytic amounts) into the reduced material of the plant other
than the carboxylation of RuDP to PGA, as was suggested in the text;
if so, what was it and under what conditlons did it function. Answer:
Kuzin answered that no port of entry was proposed other than that
given in the "photosynthetic cycle'.

Question: Calvin (US) remarked that in view of the known de-
pendence of the nature of the secondary products formed (protein, fat,
carbohydrate) upon the overall light intensity, had the comparison
between the effects of blue light (filtered Hg arc) and red light
(incandescent lamp) been made at the same incident quantum rate?
Answer: Kuzin replied that it had.

Paper No. 715, "C 14 in the Study of the Biosynthesis of Chlo-
rophyll™ by T. I. Godnev and A. A. Shlyk (Bys. SSR) repo rted a set of
experiments in which plants were fed both *0; and, C acetate.

Question: G. Burr (US) questioned the quantitative, signifi-
cance of the 19-day life of the chlorophyll molecule reported by Godnev
in view of tre known and expected dependence of the tlurnover rates of
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such molecules upon environmental conditions such as light, which
were not reported. Answer: Godnev stated that he recognized such
control by environmental conditions and indicated some observations
of different turnover rates under different field conditions. De-~
tails were not given.

Paper No. 459, "Some Aspects of Sucrose Metabolism in Plants"
by He K. Porter and J. Edelman (UK) reported using sucrose labeled
selectively in either half (glucose or fructose) of the molecule, the
relationship between this disaecharride and the free hexoses, oligo-
saccharréses ind starch had been studied, as they were interconverted
by various enzymes. He reported that sucrose acted by a transfructo-
sidation mechanism and not through the free hexoses.

SECTION 16C - RADIOACTIVE ISOTOPES IN PHYSIOLOGY AND BIOCHEMISTRY:
GENERAL BIOCHEMISTAY

by D. E. KOShland, Jr.
The section was called to order by Chairman Hans Ussing (Denmark).

Paper No. 456, "Some Recent Applications of Tritium in Bio-
logical Research", by R. F. Glascock (UK), described a new method of
tritium analysis in which the tritiated water was reacted with butyl
magnesium bromide to produce butane. The method, particularly valu-
able for multiple labeling experiments, was applied to studies of .
fatty acid synthesis. It was shown that, in agreement with theory,
the isotopic ratio, tritium to deuterium, was different at a site of
net synthesis than at a site at which only turnover was occurring.
Double labeling experiments were also used to show that insulim end
glycerol stimulats fatty acid synthesis by independent mechanisms.

The next paper, No. 710, presented by A. V. Palladin (Ukr. SSR)
and titled "Use of Radioactive Isotopes in the Study of the Functional
Biochemistry of the Brain' by Palladin and Ge E. Vladimirov, reviewed
the work of many institutes on turnover studies in brain tissue. Using
radiocactive carbon and phosphorus, experimenters found that turnover
of protein proceeded nore rapidly in the functionally complex and phyto-
genetically young sections of the central nervous system than in the
older and simpler parts. Another conclusion was that excitation in-
creased incorporation of P 32 into ribonucleic acid, phospholipides,
etce., whereas narcosis caused a decrease in this incorporation.

Next, D. E. Koshland, Jr. (US) presented paper No. 262, "Use of
Isotopes in tle Study of Enzyme Mechanisms", which described two gen-
eral types of isotopic use im tiris field: (a) the use of a labeled atom
to delineate the type of enzyme-substrate intermediate in a complex
enzymatic reacticn and (b) the use of isotopes to substantiate a theory
on the nature of enzyme catalysis. The first application was to the
problem of peptide-bond fcrmation and established that in the synthesis
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of glutamine a phosphorylated intermediate must be involved. The
second application was to & theoretical prediction of bond-splitting
which was supported by isotopic experiments with invertase and beta
glucosidase. The theory thus supported was that the orientation of
the catalytic groups was a major factor in enzyme catalysis.

A paper by F. J. Dixon (US), "The Role of Radiocactive Iso-
topes in Immunological Investigation™, described the application of
S 35 and I 131 to studies on immunity. The tracer studies showed
that antibody synthesis in the primary response was maximum near the
end of the period when antigens could be detected in the host, and
this rate decreased precipitously to negligible levels shortly after
the antigen .ould no longer be detected. In contrast, during the
secondary response, antibody synthesis was demonstrable for long after
the elimination of the antigen.

E. D. Bergman (Israel) presented the next paper, No. 776, for
B. Shapiro and G. Rose, "Application of Clé_labeled Substances in the
Study of Adipose Tissue Metabolism'. Bergman described the use of
radicactive substrates which showed that lower fatty acids were acti-
vated at a considerably slower rate than the higher fatty acids.
Starved rats increased glycogen synthesis due to a block in the cata-
bolism of glucose beyond the glucose phosphate stage,and a diversion
to glycogen synthesis.

P. Fromageot (France) presented paper No. 377, "Utilization
of Sulphites by Higher Animals", by Fromageot and F. Chapeville.
Reactions paralleling the carbon dioxide fixation and transamination
reactions were observed for SO, and sulphur compounds. In accordance
with deductions by analogy it was possible to isolate cysteinesulfinic
acid formed by transamination from sulfinylpyruvic acid.

Paper No. 686, "Investigation of the Incorporation of Amino
Acids into Proteins In Vivo and In ¥itro™, by V. N. Orekhovich, pre-
sented by A. M. Kuzin (USSR), described the incorporation of labeled
amino acids into proteins. In chicken eggs tle tracer studies showed
that the proteins of the yolk and tre white of the egg did not incor-
porate radioactive carbon, whereas the embryo proteins did. In guinea
pigs it was shown that healthy pigs incorporated the C 14 of labeled
glycine into their collagen and procollagen, whereas scorbutic animals
did not. The authors concluded that incorporation of amino acids
occurred only in the course of synthesis of the proteins and not as a
result of renewal.

Paper No., 260, presented by G. B. Brown, "Pathways of Biosyn-
thesis of Nucleic Acids", described using two or three isotopes and
determining that the purine ring remained intact during certain meta-
bolic traneformations. Likewise the pyrimidine-riboside moiety was
transferred intact, but the phosphate was metabolized independently.
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Direct conversion of ribosyl to deoxyriboxyl derivatives was indicated
by comparison of isotopic ratios. _

The final papér, No. 457, "Studies on the Incorporation of Radio-
active Precursors Into the Nucleic Acids and Related Compounds of Living
Cells™ by R. M. S. Smellie and J. N. Davidson, was presented by Smellie
(UK)s The paper described improved analytic procedures for analyzing the
isotopic contents of nucleotides. Applying these to the problems of
nucleic acid systhesis in living systems, the author found that nuclear
RNA turnover was greater than that of DNA or cytoplasmic RNA, while DNA
exceeded cytoplasmic RNA only in the appendix and bone marrow.

SECTION 17C - RADIATION SAFETY RECOMMENDATIONS AND CONTROL; HAZARDS
RELATED TO URANIUM MINING

by Walter D. Claus

W. V. Mayneord (UK) presided over the first part of Section 17,
dealing with radiation controls, the vice-chairman, J. C. Coursaget
(France) over the second part, dealing with uranium mining protection.

Paper No. 451, "Radiation Injury and Protection - Maximum
Permissible Exposure Standards", presented by W. Binks (UK) reviewed
recommendations by the International Committee on Radiation Protection,
and called for greater research. In view of possible genetic influences
which could result from radiation, including radiological exposures in
medicine, he called for a careful recording of exposures to total popu-
lations. He noted that a 30-year average for medical exposures, spread
over the whole population, amounted only to O.1 r per generation.

Question: Bale (US) asked Binks to speculate on what might
reasonably be described as an "over-exposure® which should receive
special attention. Answer: Binks stated that if a 13-week total were
les3 than about 4 r, no action was taken. If 4 r were exceeded, he
suggested medical supervision and a reduction of the average exposure
to 0.3 r/week.

Question: Parker (US) commented that, for genetic effects, the
effective exposure was that received before the conception of each child.
Did Binks have data on how this would modify maximum permissible exposure
for whole populations? Answer: Binks said the suggested total exposure
limit of 50 r per person applied through the child-bearing period, but
even this limit needed a great deal more experiment and thought.

Question: Parker (US) cited that maximum dose to the eye was
set at 0.3 rem per week, and asked if neutron irradiation were involved
would cimversion from RADS to rems in the eye be different than in the
surrounding tissue. He asked whether it could be assumed that rbe
factors were liberal enough to take care of this. Answer: Binks said
this again was a weakness in knowledge -- practically, he said special
effort is made to prevent irradiation of the eyes with neutrons.
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R. S. Stone (US), in presenting paper No. 89, "Maximum Permis-
sible Exposure Standards", gave a history of the development of the con~
cept of permissible radiation dosage. It ceusidered various effects amtici-
pated, including genetic, and closed with an appeal that, in view of the
unsatisfactory nature of the data on which permissible levels were based,
exposures should be kept to the lowest possible level. '

Question: Morgan (US) asked if Stone felt that blood-counts were
not a logical part of personnel monitoring. Answer: Stone remarked that
it was difficult to distinguish changes due to radiation from changes due
to general health conditions. Changes that might be due to small doses
were extremely difficult to prove of importance. Long-range studies of
hospital patients receiving high doses of radiation have shown that they
recovered normal blood counts. There was no evidence that small changes,
such as increase in bi-lobed lymphocytes, were of any consequence to
healthe Blood counts were a valid part, however, of examination follow-
ing a supposed over-exposure.

Paper No. 79, "Maximum Permissible Concentration of Radiocactive
Isotopes in Air and Water for Short Period Exposure® by K . Z. Morgan
et al. (US), reported on a complex study of considerations in fixing the
maximum amounts of various radiocactive substances which could find their
way into the body in a single emergency incident without exceeding per-
missible levels. . Permissible amounts were based on succeeding doses to
the body of 0.3 rem per week, 15.7 rem in the next year, or 150 rem in
70 years, depending on the radioactive material.

Question: Claus (US) asked why, if the gastrointestinal tract
were now considered the critical organ affected by many isotopes, this
was not included in Handbook No. 52. If a revision of Handbook No. 52
were contemplated, how would present maximum permissible concentration
(MPC) be affected? Answer: Morgan said the fact was not used in Hand-
book No. 52 because only recently have data, particularly UK data, indi-
cated that the gastrointestinal tract received the most radiation from
many ingested isotopes. The MPC?s would presumably be revised downward
for a large proportion of the radioisotopes.

Question: Tarasov (USSR) asked what were the basic eriteria for
calculating permissible internal and external exposure. Answer: Morgan
remarked that bone exposure was based on an assumption that 0.1 micro-
curie of radium in the skeleton was safe. Other bone seekers were assumed
to have a "non-uniformity distribution factor of five", compared with
radium and calculations were based on energy relationships. Exposure to
the whole body must not exceed 0.3 rem per week, average.

Paper No. 689, "Health Protection of Workers Exposed to Ionizing
Radiations" by A. A. Letavet, was presented by F. G. Krotkov (USSR). The
USSR Ministry of Health code included a six-hour working day (in certain
cases, 5 hours), and 24-day to 30-day paid vacations for radiation workers.
Rest homes, 70% paid for by the State, also were available for:them.

0.05 r/day was the maximum permissible dose (rather than 0.3 per week or
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3.0 r per quarter), the rates having been computed on the basis of
studies on animals. He further stated that the USSR paid great atten-
tion to neurological effects.

Question: Taylor (US) asked what evidence he nad that a per-
missible exposure rate of 0.3 r per week was more harmful than a rate of
0.05 r per day. Secondly, how had he measured 0.05 r per day on a mass
basis? Answer: Krotkov answered that it was a basic assumption that
the limit of 0.05 r/day was less hazardous since large fluctuations
were elimirated. The large number of required observations daily was
made by many operators with a variety of instruments.

Question: Morgan asked (1) if Krotkov reduced the values
listed in Table 3 by a factor of about 10 for residential sections;
(2) whether his reference to a "committee of physicians and physicists®
implied that there was a group of professional Health Physicists in
the USSR. Answer: (1) 7Yes. {(2) USSR did not have special medical
physicists. Both physicians and physicists were consulted by the
.Division of Labor Hygiene.

Question: Morgan (US) and Jammet (France) asked about neuro-
logical symptoms. Answer: These were extremely difficult to discuss.
Krotkov invited Jammet, Morgan and others interested to a round-table
discussion.

Question: Cambel (Turkey) asked if higher salaries were paid
to radiation workers and scientists, and did the Ministry of Health
have control of all radiation hazards. Answer: (1) Higher salary
rates, paid vacations and improved dietary norms -~ aiso rest homes
and sanataria at reduced rates were provided. (2) In answer to the
second question, Krotkov stated that the Ministry of Health had full
control.

Paper No. 907, "The Protection of Workers Against Ionizing
Radiations" by K. L. Goodall (UK), presented the ideas of the Inter-
national Labor Organization for a program to make possible the safe
use of radiation isctopes and devices, especially in under-developed
areas which did not have good protection organizations. IILO was draw-
ing up a model code of regulations on the assumption that its effort
should be devoted primarily to the protection of werkers in radiation
industries. The ILO program suggested (1) a 4LO-hour week with 4-5
weeks' consecutive vacation; (2) education of workers to obtain their
complete cooperation; (3) a standard form for world-wide recording of
exposures, blood examinations and medical records; {(4) continued con-
centrated study of radium workers, many of whom were still working in
the industry; (5) more studies on radon exposures in uranium mines;
(6) safety precautions in labeling and shipping.

Paper No. 792, "Measurements of Low-Level Radiocactivity,
Particularly the Gamma Radiation from Living Sub jects™, presented by
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R. M. Sievert (Sweden), described an attempt to ascertain whether

any correlation existed between natural radiation observed and health
conditions of a population, or the incidence of dominant mutations.

A mobile laboratory was built to make measurements close to the source,
and radon concentrations in various types of houses were measured.
Doses were found to lie in the range of 1 to 10 mr per week with very
few greater than 5 mr/week, so that project was dropped.

The Swedish group studied natural gamma radiation from per-
sons not occupationally exposed, and found that males showed more
gamma radiation than females, and young people more than older
people — probably due to K 4O gamma being absorbed in fat layers.
Because of genetic potentialities, Sievert stated, exposures should
be kept to lowest possible amount; an international protective organi-
zation was needed to carry out broad research on genetic effects,

Question: Taylor (US) remarked that Sweden had developed
one of the world's most complete sets of data on the exposure of all
kinds of persons to radiation. He asked if there‘were any long-
range plans for analyzing these data, particularly from the genetic
point of view. Answer: Sievert said they had discussed the possi-
bility but did not have suitable facilities available. Such studies
should be made on an international basis.

Vice-Chairman Coursaget, presiding over the second part of
the section, called for paper No. 370 by He Jammet and J. Pradel
(France) on "The Problem of Radon in Uranium Mines". Jammet said
the standards set by ICRP were necessary but difficult to provide.
The paper was limited to measuring radon exposures but recognized po-
tential hazards of other air contaminants. Measurementis were made
near individual miners with a_charcoal absorber. Concentrations found
often exceeded the MPC of lO'locuriesper litre of air. Various methods
such as ventilation, eliminating drainage waters, armd spraying ore walls
have been tried, but to meet protection standards, mining techniques
should be improved and severe discipline maintained. Those responsible
for production were not inclined to attempt to reach safer levels than
specified.

Question: Eisenbud (US) stated that in the Ugited States, non-
uranium mines often contained radon in excess of 10~% curies/litre. He
asked if Sievert had made observations in other than uranium workings.
Answer: Sievert answered in the negative, but stated that he had noticed
that in certain areas, normal air sometimes exceeds 10-10, Radon concen-
tration in the air was a function of climatic and geological conditions.

In presenting paper No. 85 by M. Eisenbud and J. A. Quigley
(US), "Industrial Hygiene of Uranium Processing', Eisenbud reported
that when soluble uranium compounds were inhaled, thke hazard was a
possible chemical effect on the kidneys, rather than radiological. In
discussing exposure to insoluble radicactive dusts, Eisenbud reported
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that autopsy examination of lungs of two miners who had been exposed
over a period of 13 years showed low accumulations of insoluble dusts
and no pathology, and thus suggested that the present MPC might be
lower than necessary.

Question: Bale (US) asked if he had an explanation for the
difference between predicted and observed content of uranium in the
lungs of the two autopsied miners. Answer: The basis of MPC was expe-
riments performed on dogs with dusts of lower density and higher con-
centrations than usually encountered, with the results extrapolated to
predictions for man. There was a possibility that our estimates of
the exposure of the miners might have been excessive.

Question: Cambel (Turkey) asked what was the effect of uranium
on the kidneys of animals and what were the effects on other organs.
Answer: Farr (US) answered that soluble uranium salts administered to
dogs caused destruction of the tubules of the kidneys. These were re-~
placed by a new type of cell which functioned adequately and which was
much more resistant to uranium damage than the original cells. Later,
tests of some human patients showed no evidence of progressive renal
damage from soluble uranium ingestion.

SECTION 18C ~ HAZARDS RELATED TO REACTOR AND CHEMICAL PROCESSING;
ECOLOGICAL PROBLEMS REIATED TO REACTOR OPERATION

by Walter D. Claus
Chairman J. Bugher (US) opened the section.

Paper No. 8, "Health and Safety Activities in Reactor Operations
and Chemical Processing Plants", by A. J. Cipriani (Canada), stated that
to afford radiation protection, Chalk River found it necessary to keep
the organization of control separate from that of operation groups.
Constant surveillance and strict control had prevented any sizeable ex-
posure of personnel despite a reactor incident in 1953. It was the
practice to consider radiation hazards in early planning of operations,
thus doing much to avoid hazards.

In checking on internal exposures of workers through urinary
‘assays, Cipriani reported they had depended on the fact that daily
creatinine excretion was relatively constant and related to body weight.
Thus, instead of requiring a full 24-hour collection of urine for pre-
cise measurements, the excretion of creatinine in a urine sample could
be used in estimating the 24-hour excretion of radioactive material as
compared with that measured in a sample. '

Question: Krotkov (USSR) asked if specific treatment was given
to workers who became contaminated internally at Chalk River. Answer:
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Cipriani remarked that they were simply removed from the work until
the excretion level had dropped sufficiently.

Paper No. 240, "Radiation Exposure Experience in a Major Atomic
Energy Facility" by H. M. Parker (US) gave a 10tyear summary of numbers
of exposure cases of various kinds at Hanford, showing the low incidence
of exposure with operating reactors, and the fact that radiation hazards
could be controlled economically. Studies strongly indicated that the
additional cost of operating to high standards was a relatively small
increment to the necessary cost for marginal protection, which cost could
be decreased by engineering advances.

Paper No. 452, "Control of Radiation Hazards in the Operation of
Medium Powered Experimental Reactors™ by W. G. Marley and B. S. Smith (UK)
pointed out that protection problems around research reactors were greater
than with power reactors, although the potential risk of a major accident
would be greater with a large power reactor. He reported the criteria
and protective methods in effect at the 6 MW BEPO at Harwell, and empha=-
sized the principle that all staff working in the area should be trained
both in elementary health physics and in the use of monitoring instruments,
so that they could avoid hazards in normal operations.

Paper No. 845, "Approaches to Treatment of Poisoning by Both
Radiocactive and Non-Radioactive Elements Encountered in Atomic Energy
Operations", by J. Schubert (US), reported on the use of chelating
agents which combined with ingested radioactive poison to make them
soluble and more easily excreted. EDTA is the most useful chelating
agent for removing heavy elements such as radium, plutonium, americium;
it was of no use in removing lighter elements such as strontiume. BAL
(British anti-Lewisite) assisted in the excretion of elements which re-
acted strongly with sulfhydryl groupings, such as polonium. Citrates
were effective and experiments were under way to find means for slowing
up their decomposition in the body. Zirconium salts, sometimes in con-
junction with EDTA, was under study.

Paper No. 278, "The Absorption of Fission Products by Plants",
by J. H. Rediske and F. P. Hungate (US), was presented by H. M. Parker.
He reported that vegetation could become contaminated by external depo-
sition of activity, or by uptake from the soil through the roots.
Hanford experience indicated that deposition of I 131 on vegetation
might be the limiting factor for air discharges from an atomic energy
installation. As to absorption through the root systems, addition of
stable isotopes to dilute radioactive isotopes might, in fact, signifi-
cantly increase the absorption. This increase was quite large for iodine,
somewhat less for strontium and cesium. He suggested that if Sr 90 should
enter the biotic cycle through animals eating contaminated vegetation,
in quantities sufficient to be of concern for human consumers, one possi-
ble mechanism of removal would be to shunt it into the bones of the ani-
mals where it could be stored.
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Question: Wassink (Netherlands) asked if the concentration
factors were due to an isotopic effect or to chemical selectivity.
Answer: There was no evidence of an isotopic selectivity, hence
chemical selectivity was believed to be the explanation.

Question: Kletchkovsky (USSR) stated that activi:y affected
plant roots by radiation, and the effects were greater when plants
were raised in soil than when raised in water. Activity in soil might
be increased by cultivation, which would spread the activity and per-
mit greater uptake. Answer: . Parker said his observations were pre-
liminary and he reported only orders of magnitude of uptake.

Paper No. 280, "The Accumulation of Radioactive Substances in
Aquatic Forms", by R. F. Foster and J. J. Davis (US), presented by
Foster, was a summary of the uptake of various isotopes by different
organisms and their deposition in various parts of fish in the vicinity
of Hanford. Concentrations of short-lived isotopes were found to be of
little consequence in higher organisms such as fish. Radio-~phosphorous,
however, might be concentrated 100,000 times. The power of some aquatic
forms to concentrate some radioisotopes indicated a need for careful
consideration of potential hazards prior to disposal of wastes to pub-~
lic waters. Foster believed that fish would be unsafe for human food
if raised in water containing a maximum permissible level for drinking
purposes of phosphorous 32.

Question: Gopal-Ayengar (India) asked if Foster had any infor-
mation about preferential uptake of fission products into different
parts of cells. Answer: Foster indicated that he had no information
on actual distribution in plant cells. They would like teo know as a
first aporoximation how much was on the exterior and how much in the
protoplasm., o

Question: Pora (Rumania) asked if there was possibly an accum-
ulation of isotopes® in aquatic animals through osmotic phenomena. :
Answer: No tests made on osmosis since all studies were in fresh
water environment. Observations on transfer across gill membranes of
fish showed very rapid transfer of sodium but very slow transfer with
phosphorous,

Question: ~ Cambel (Turkey) asked if studies had been made on
migrating fish and' on the migration of plankton, and on the migration
of fish during spawning period. Answer: Foster replied that contamina-
tion in fish served as a tracer for migration of fish to other areas.
There was migration of planton in Columbia River, but it was due to
the strong river currents which swept them and radioactivity down the
river. The vertical rise and fall of plankton between day amd night
could be observed through radioactivity was observed in salmon eggs,
but the fish matured in the ocean, carrying little trace of the orig-
inal radiocactivity.that had been in the eggs.
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Question: Odum (US) remarked that he had had the impression
that the concentration of activity in streams was less than in ponds,
such as White Oak Lake at Oak Ridge. Answer: Foster replied that in
ponds, elimination of activity was necessarily due mostly to adsorption
into food chains and bottom mud, and to natural decay. In rivers, some
activity was swept away, although some was also accumulated in bottom
muds and organisms:

Paper No. 281, "Radioactivity in Terrestrial Animals Near an
Atomic Energy Site", by W. C. Hanson and H. A. Kornberg (US), pre-
sented by Parker, completed the Hanford series. The researchers found
a P 32 concentration was 1,500,000 times greater in the yolk of water
fowl eggs than in the water; but no deleterious effect was observed on
egg hatchability, or on the fertility of adults developed from the eggs.
P 32 deposits in water fowl around Hanford generated doses or about one
RAD per day. In coots, the principal accumulation was cesium in the
muscle and strontium in the bone (concentration factor about 1,500).
Iodine 131 concentration in the area could be monitored biologically by
capture of jack-rabbits, provided other seasonal factors were consid-
ered. Radiocactive particles found in lungs of rabbits supported an ex-
pectation that inhalation of like particles constituted an insignificant
hazard to man :

Question: Mawson (Canada) asked if rapid uptake of phosphorous
by bacteria had been considered as part of the mechanism of concentra-
tion. Answer: Parker stated that bacteria as such had not been con-
sidered, although incidental observations, such as adsorption on glass-
ware, supported the idea that bacteria might play a significant part in
chain of concentration.

Paper No. 393, "The Behavior of I 131 and Sr 89 and 90 in Cer-
tain Agricultural Food Chains", by R. Scott-Russell et al. (UK), was
presented by Scott-Russell. He reported that when grazing animals such
as cattle must get all their fooed from local vegetation, and thus in-
gest radioactive material which deposits out from large amounts in air,
the concentration of activity permitted in air for human breathing pur-
poses was far too high for safety. Iodine and strontium found their way
into milk. After a period for equilibrium with calcium to be established,
3 x 10~% microcuries of strontium per square meter per day was calculated
as the maximum permissible dose for vegetation. The problem was of
special importance in England where reactors must be located nhear agri-
cultural areas. Permissible concentration of I 131 was over 100 times
less when grazing was considered than for human breathing purposes.

Since monitoring of stack effluents was very difficult, monitoring of
vegetatation was proper.

Question: Parker (Us) stated that experimental work on sheep
had shown damage at 5 microcuries of I 131 per day intake, and no damage
at 0.15 microcuries per day. These were respectively 150 and 4 rad per
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week. The lower level corresponded to 2 x 10'5 microcuries of I 131
per gram of vegetation. It was believed that the accepted limit should
not exceed this. He asked would Scott~Russell care to comment on this
figure compared with his value of 3 x 10™ microcurie per gram. Answer:
Scott-Russell answered that herbage intake by animals under Hanford con-
ditions was several times greater than in UK studies, hence the two fig-
ures might not be so far apart.

uestion: Parker (US) observed that Scott-Russell emphasized
both I134°and 5r90 &8s important contaminants of grazing land. Hanford
experience showed radiostrontium contamination was insignificant.
Scott-Russell was asked if he knew of any data results to the contrary
from industrial and similar installations. Answer: BHe replied that
because strontium concentrated in milk, it was considered as part of
the general case. Chamberlain remarked that since it was not always
possible to identify fission products in low concentrations, at times
they must be considered as if they were all strontium.

Question: Parker commented that Scott-Russell assumed that
plants derived their calcium from the upper 25 cm. of soil. Such deep~-
rooted plants as alfalfa and Russian thistle could recover strontium
from much greater depths and could be used as underground leak detectors.
He asked whether this uptake might nctalso be trwe for calcium. Answer:
Scott-~-Russell said that 25 cm. was only a figure for discussion. Most
roots did not tap the soil below 20 cm., although absorption from greater
depths might be possible.
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nCn SECTIONS —— RADIOACTIVE ISOTOPES

SECTION 19C - GENERAL USES OF RADIOACTIVE ISOTOPES; GENERAL ASPECTS;
PRODUCTION AND HANDLING OF RADIOACTIVE ISOTOPES

by Paul C., Asbersold ard A. Rupp

Chairman W. F. Libby, in opening the section, emphasized the
‘broad and growing usefulness of isotopes in all fields, and said that
in some aspects their applications have only begun to be realized. He
pointed out the wide availability of radioisotopes from many countries,
and mentioned the U, S. intention to continue to assist other nations
in obtaining their isotope needs and in utilizatién. He said the United
States was simplifying procedures and reducing costs to assist inter-
national distribution,

Paper No. 985, "The Use of Radioisotopes in Australia™ by C. E.
Eddy (Australia), emphasized that although the uses were meager compared
with countries with reactors, they were representative of a country far
removed from a reactor supply. Since Sydnsy wes 12,000 miles from
London, the supply problem was a major difficulty. Usage had been con-
fined almost entirely to isotopes with half-lives of more than several
days. Eddy outlined Australian organization and procedurses for distri-
bution and control of radioisotopes: e central office with advisory
scientific committees, Importation and control arrangsments were
similar to those used by nations with extensive programs.

Question: Aebersold (US) asked Eddy how much a research reattor
in Australia would help in satisfying isotope needs and assisting users.
Answer: Eddy said Australia would probably continue for some time to
import long-lived isotopes from Canadian, U,S. and UK sources, but that
a reactor would permit use of short-lived isotopes, studies of radiation
effects on materials, and activation analyses. A country far distant
from a reactor could still do a great deal to realize benefits from
isotopes, but 4ventually a local reactor would be helpful.

Paper No. 801, "Report on the Use of Radiolsotopes in the
Czechoslovakian Republic", by C., Simane, explained that studies have
not yet extended over many years and that the first uses were mainly
in scientific and medical institutions. The USSR had been supplying
their isotope needs. Medical use had developed most rapidly; treat-
ment with P 32 and I 131 had been beneficial to several hundred
patients and diagnostic studies exceed 2,000, Czechoslovakia was using
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a wide variety of isotopes in metabolic studies, including Fe 59, Ca 45,
S 35, and C 14, and a number in such agricultural studies as physioclogy
of plants, uptake of fertilizers, nutrition through foliage, and animal
husbandrye.

Simane said industry had been slower to develop usses, but was now
making research in metallurgy and wear, and using radiography and thick-
ness gaging. He concluded that usage would grow rapidly when
Czechoslovakia had its own reactor with USSR aid.

The closing paper, No. 146, of the first part of the saction was
by S.E. Eaton (US) on "Radioisotopes in Industrial Research". Omitting
applications in control and gaging, Eaton gave examples: activation
analysis; completeness of mixing; mode of action of a silver-plating
brightener; efficiency of cattle food additives; catalytic cracking
problems; fate of sulfur in coal and coke for coking ovens; flow pattern
of molten glass; and metallic corrosion and loss of ore dust in blast
furnaces.

Opening the second part of the section, A. F. Rupp (US) in
paper No. 314 reported on ™Large Scale Production of Radioisotopes",
describing the program at Oak Ridge National Laboratory and the main
processes for producing I 131, C 14, and separating fission products
radioisotopes. The role of U, S. private business in sscondary pro-
cessing of radioisotopes was pointed out. The successful separation
of kilocurie quantities of fission products, notably Cs 137, from
reactor waste and its fabrication into useful radiati on sources was
reported and i1llustrated.

Question: Fisher (France) asked what requirements were there
for a business concern to handle radioisotopes and were they sub-
sidized by the AEC. Answer: Aebersold answered that the only re-
quirement was that the firm be competent to handle radioisotopes,
particularly as regards health and safety. They were not
subsidized.

Paper No. 461, "The Production of Beta-Ray Sources for Industrial
and Clinical Uses" by P. E. Carter and L. C. Myerscough (UK),
described the techniques used at Amersham for producing industrial
beta-ray sources. Carter said the principal method was to incorporate
the radioisotope with powdered silver, gold or platinum and press it
into a billet securely sealed between two covering sheets of precious
metal. The billet was then rolled to produce a thin source.

Question: Rupp (US) asked how much carrier-free Sr 90, as the
oxide, could be incorporated in the powdered silver matrix, per unit
volume? Answer:~Carter stated that about 15% by weight could be in-
corporated.
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Paper No, 886, "Separation of Carrier-Free Isotopes by Diffusion
Methods" by K. Samsahl and K. Taugbol was given by E. Saeland (Norway).
Saeland described two separation processes (for I 131 and P 32) by
diffusion out of the parent target material crystals, (Te Oy and
elemental sulfur, respectively). These methods were said to be simpler
than usaual US processes and to require simpler equipment. High yields
(of the order of 90%) were claimed for these processes.

Paper No. 13, "Current Techniques of Handling and Distributing
Cobalt 60 Radiation Sources® was prasented by A. B. Lillie (Canada)
who described the techniques of loading cobalt into the Canadian
reactors and the methods of sealing the finished sources,

estion:s Muller (Switzerland) asked what Lilliefs opinion was
of international standardization of the size Co 60 pellets and sources?
Answer: Lillie responded that he did not think standardization of the
pellets was necessary, but the external source holder should be standard
to allow interchangeability.

Paper No. 69, "Mechanical Arms Incorporating a Sense of Feel
for Conducting Experiments with Radioactive Materials™ by J. Burnett et
al, was presented by R. Goertz (US), Several "master-slave" devices
for remote handling were described with the aid of slides.

Chairman Libby, closing the section, again emphasized the
great value which use of isotopes could be to nations before atomic
power reactors were ready for routine use, and said that everything
possible should be done to develop a more widespread and effective
use of these peaceful applications.

SECTION 20C - RADIOACTIVE ISOTOPES
IN RESEARCH

by R. L. Butenhoff and W, D, Claus

E. Saeland (Norway), opening the section as chairman, pointed
to the importance of losimetry and instrumentation to the nuclear
program.

In paper No. 150 "Low-Level Counting and the Future of Isotopic
Tracers" W. H. Johnston (US) surveyed various methods and techniques of
low-level counting which included the Libby counter and modifications,
and liquid scintillation methods. The counter used at Purdue University,
employing low-activity shielding and appropriate anti-coincidence cir-
cuits, reduced the background counting rate from 450 counts per minute
to 2 counts per minute. He pointed out the importance of low=level
counting for safely *agging such materials as oil. :

177

1035400



A table recommended the type of low level counter most useful
for various samples. Digcussion: R. M. Chaudhair (Pakistan) described
development of photosensitive geiger tubes for use as high-gain photo-
tubes in scintillation counters. The tubes! nickle cathodes were oxidized,
then made photosensitive by discharging the tube in an atmosphere of
alcohol and argon gas. The tubes had maximum response between 3300 and .
L000 Angstroms. With a radioactive sample attached to the tube, the
counting rate was about 20% higher than with the geiger counter alone.

Paper No. 386, "The Dosimetry of Cobalt 60 Gamma Rays and Thermal
Neutrons in Heavy Water Piles," by J. Sutton et al,, was presented by
J. Gueron (France). Silica ampoules of ferrous ammonium sulfate were
used to measure doses of mixed radiations as great as 106 rep. 4An
asrated system of ferrous ammonium sulfate with lithium sulfate in 0.8
normal sulfuric acid had been used extensively in studying pile reflector
radiations. The effects of ganma rays and of neutrons were strictly
additive. Oxalic acid-water systems were useful to measurs doses of
gamma rays as high as 7 x 107 reps, and were independent of neutron
flux.

Paper No. 70 by J. S. Laughlin, et al., (US), "Absolute
Dosimetry of Cobalt 40 Gamma Rays," demonstrated that it was technically
feasible to determine precisely the quantity of energy in a gamma ray
beam by means of a calorimeter, sensitive to a temperature changs of
105 degrees centigrade. Such a calorimetric method was suggested as
a primary standard for measurement of hard gamma rays.

Discussion: Sevcheuko (Bye.SSR) mentioned work published in
the July 1955 "Journal of the Academy of Sciences" (USSR) dealing
with a new method of dosimetry for beta-gamma and thermal neutron
radiation., It consisted of a 1.6 x 1.5 cm radiation-sensitive glass
in a container. After exposure to radiation, fluorescence under infra-
red gave a measure of doses, 0,005 to 1000 roentgens.

Paper No. 154 "Dosimetry of Reactor Radiations by Calorimetric
Measurements,"by D, M. Richardson, et al,, was presented by C. J.
Hochanadel (US). He stated that since the spectrum of radiation
from a nuclear reactor was not well-defined, the determination of
total energy absorbed in a material required calorimetric measurement.
A calorimeter was developed which could distinguish between heat pro-
duced within the sample material and that produced in the rest of the
apparatus. . It was developed primarily for studies on reactor
engineering aspects rather than for measurement of dosages of
biological interest.,

Paper No. 63 "Methods of Measurements of Neutron Flux at Low
Levels,"” by F. P, Cowan and J, O'Brien (US), was presented by Cowan.
Threshold detectors, coupled with scintillation techniques, were used
to measure low neutron fluxes over energy ranges from 1l to 50 mev,
This method would measure fluxes as low as 6.62neutrons per square
centimeter per second at 1.l mev, and 2.3 n/cm® at 20 mev.
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Since fast neutrons were more hazardous than slow neutrons,
special emphasis was placed on their detection and measurement. The
"phoswich," or phosphor and scintillator sandwich, had been devised
for this purpose, consisting of alternate layers of clear crystal or
plastic scintillator and the material used for detecting the nustrons.
For example, sulfur interleaved between layers of scintillator plastic,
and observed end-on with a photomultiplier tube, formed a sensitive
device for measuring neutrons of energy 2.0 mev.

Paper No., 60 "A Gamma-Insensitive Semi-Conductor Fast-Neutron
Dosimeter Using Single Crystal Germanium,"™ was presented by
B, Cassen (US). It was sometimes desirable to measure doses of fast
neutrons differentially in a mixture containing also slow neutrons and
gamma rays. A practical dosimeter which had been developed was a
germanium wafer 0,16 inch x 0,08 inch. Electrical conductivity of the
wafer increased linearly with fast neutron dose between 200 and 4800 rep.
Anomalies in the region of 100 rep were being studied with a view to
eliminating them, possibly by preirradiation,

The final portion of Section 20C comprised five papers on count-
ing and electronics.

Paper No. 71 MDosimetry of Ionizing Particles," by G. Failla (US)
described the principles and practical problems involved in measuring
a dose of ionizing radiation in tissue, The author described various
modifications of his "extrapolation chamber,™ and particularly his
"wall-less ionization chamber™ to measure the dose received by various
amounts of tissue with radiocactive material at their centers.

Paper No., 61 "Recent Developments in the Scintillation Counter
Field" was presented as a review by G. A, Morton (US). The scintillation
counter consisted of a clear phosphor which emitted a flash of light
when ionizing energy was absorbed by it, The flash released photo-
electrons in a multiplier tube which, with suitable circuits,
presented a quantity of electric current proportional to the energy
of the ionization. Scintillator-counter systems had been evolved
which were invaluable in countless applications requiring ruggedness,
speed, high resolution and high electivity for various kinds of
radiation.

Paper No. 66 by G. G, Kelley and P, R, Bell (US), presented by
Arthur Snell (US) discussed "Methods of Pulse Analysis" in the study
of nuclear processes. Ion chambers, proportional counters and
-~intillation counters were used to obtain electrical pulses, one
for each incident particle, whose amplitudes were nearly proportional
to the energy lost in the detecting medium. Earlier devices were used
to measure the number of incidents in an entire spectrum spread over
120 channels registering concurrently; a more recent 20-channel
version had proved less expensive and more versatile. No one type of
equipment was most suited to all applications in the field of amplitude
or vine analvrsis, and all types were likely to continue in use.
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Paper No. 159, by H. J. Gomberg and M. J. Schlesingsr, Jr. (US),
described ™High Resolution Radiation Detectors in Research"™ as a means
of locating radioactive tracers with high accuracy. Gomberg said pre-
sent localization techniques provided resolution of only one micron
nunder best conditions, indicating the amount of improvement possible,
Present msthods included stripping film and liquid emulsions, and the
wet collodion process wherein a specimen containing a tracer was coated
with a metallic bromide solution of collodion and exposed in a solution
of silver nitrate, to precipitate silver at the points of radiation.
Newer methods included a thin photographic’ film suitable for use with
the electron microscope, systems utilizing polymerization reactions, and
a beta-ray microscope which observed directly the scintillations produced
in & crystal scintillator 75-micron field of view.

Paper No. 930 "New Geiger Tube Design-Hellow Amode and Parallel
Plate Counters" by J. Hersen et al., (Netherlands), was presented by
K. Van Duuren, who stated that halogen counters had been constructed
with cathode/anode diameter of 2-4, with low working potential. Flat
plate ‘electrodes also showed favorable characteristics. Modifications
of these for special purposes were made, such as a 4-pl gamma counter,
a wide-angle mica window beta counter, and a thin-wall flow counter.

SECTION 21C ~ RADIOACTIVE ISOTOPES IN RESEARCH
by E. Epremian

A. H. W, Aten, Jr. (Netherlands) opened the session by comment-
ing that the use of isotopes was older than atomic energy and was a
most appropriate subject of discussion at this Conference.

The first paper No. 708, ™Application of Tracer Atoms in the
Study of the Mechanism of Chemical Reactions™ by V. N. Kondratyev
(USSR), surveyed problems and techniques in the field, and included
such items as coambustion of butane; thermal oxidation of methane;
accelerators in the vulcanization of rubber; and exchange reactions
in iodine compounds.

John Turkevich (US) presented paper No. 163, "Stable and Un-
stable Isotopes in Heterogeneous Catalytic Reactions," He discussed
several basic questions, such as the number of reactants activated and
the nature of the activation process. Radioactive tracer research was
presented on (1) the use of tritium containing materials to study both
the migration of the double bond in butane-l - butane-2 system, and the
tritium exchange between the catalyst anc the hydrocarbons; (2) the
mechanism of the reduction of radioactive carbon dioxide by charcoal;
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and the reaction between carbon monoxide and hydrogen on an lren
catalyst at one atmosphere using radiocarbon. Research with stable
isotopes included: study of the products and kinetics of the ethylene-~
deuterium reaction and that for propylene-deuterium; cyclopropane-
deuterium; and others.

Jo Jo Katz (US), presenting paper No. 149, "Tritium as a Research
Tool in Chemistry and Industry™ on behalf of W. G. Brown and coworkers,
outlined the characteristics amd advantages of this isotope and discussed
its use., Topics considered were: analytical procedures, synthetic
methods, uses in reaction rate and mechanism studies.

Question: Daniels (US) asked Kondratyev to expand on the types
of problems and systems to which he and his collsagues had applied the
methods described. Answer: Kondratyev stated that considerable data
had been obtained on the structure of molecules and their mobilities,
particularly the bromides; much of this had been published or would be
SOOI

Question: Kondratyev asked Turkevich's opinion on the USSR
theory of hydrolysis and catalysis. Answer: Turkevich replied there
was a similarity between the USSR theory and the ideas expressed in his
own paper. He had received inspiration from USSR work, but their theory
had certain limitations and the US work had gone beyond it.

Paper No, 632, "Quantitative Determination of Impurities in
High~Purity Metals by Radioactivation Analysis™ by V. V. Jakovlev,
was presented by A. P. Vinogradov (USSR). Particular attention was
given to: determination of rare earth impurities in graphite, beryl-
lium oxide, bismuth, and lead; also copper, antimony, molybdenum, and
zinc in germanium,

Paper No, 706, "™Application of Radiocactive Isotopes in Chemical
Analysis", prepared by I. P. Alimarin and presented by A. P. Vinogradov
(USSR) covered a range of basic and applied investigations.

Paper No. 770, "Recent Advances in Radioactivation Analysis®,
by A. A, Smaies (UK) gave emphasis to geochemical applications and to
semi-conductor silicon.

Question: H. Brown (US) questioned Vinogradov concerning the
use of charged particles to activate elsments difficult to activate
by neutrons. Answer: Vinogradov indicated that the USSR had not
carried out this work but planned to do so, using deuterons for Nb,
V, Wy and Cr.

Question: Saeland (Norway) asked whether Smales .

had used zinc in aluminum or in aluminum oxide. Answer: Sﬁales re-
plied in the negative,
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Question: Rodden (US) asked Smales what the best neutron source
would be if a reactor were not available., Answer: OSmales replied that
without a reactor it would be impossible to obtain the desirable degree
of sensitivity.

Question: Answering a query from Kaufmann (US), Vinogradov
stated that low amounts of oxygen in metals could easily be determined.
Both Leveque (France) and Smales said they could determine oxygen in
metals with a sensitivity of one part per thousand.

The last part of the section, devoted to using tracers in metal-
lurgical research, contained one paper, No. 702, "Investigation of
Diffusion and Atomic Interaction in Alloys with the Aid of Radioactive
Isotopes™, by G, V. Kurdyumov (USSR).

Questiop: Walton (UK) asked if the USSR had studied the diffusion
of suifur, phosphorus, and other non-metals in metals, and also whether
they had investigated the influence of irradiation on diffusion. Answer:
Kurdyumov replied that the former had not been done; he did not know about
the latter.

Question: Epremian (US) smphasiged the importance of determining
the diffusion coefficient and activation energy for both elements in a
binary alloy; he also gave a brief review of US tracer research on
diffusion and asked if the USSR had measured diffusion in a uranium
single crystal. C. S. Smith (US) asked about the effect of the marten-
site transformation on diffusion and the influence of grain size and
subgrain size. Apswer: Kurdyumov stated the grain size was large
and therefore should not have affected the results. The subgrain
size as determined by X-ray dfffraction was on the order of 1077 cm
in diameter. This subgrain size tended to increase with increase in
temperature but did not alter significantly up to 1000°C., It was
also stated that the USSR had not measured the self-diffusion of uranium.

SECTION 22C - RADIOACTIVE ISOTOPES IN CONTROL AND TECHNOLOGY
by E. Epremian

In his opening remarks, Chairman G, V. Kurdyumov (USSR) placed
emphasis on the use of isotopes in the improvement and control of pro-
cesses in the metallurgical industry,

Jo L. Putnan (UK), the first speaker, in paper No. 463, described
the "Development in Thickness Gauges and Allied Instruments®™, He dis-
cussed devices for measuring the thickness of pipes as well as coatings,
the use of a portable neutron source to distinguish between crude oil
and brine in a borehole, and the use of gamma rays for sorting coal and
shale,
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Paper No, 164, "Versatility of Radiation Applications Involving
Penetration or Reflsction® was presentad by P. C. Asbersold (US) for
Co E. Crompton. Many applications were reviewed, including sulfur
analysis (absorption of X-rays), measurement of the density of silt at
the bottom of large bodies of water (beta rays from strontium $0), and
measurement of the H/c ratio in hydrocarbons (also strontium 90).

S. T, Nazarov (USSR) gave paper No. 704, by G. G. Iordan et al.,
on "Application of Radiocactive Isotopes in Technological Process Control
Instruments." Nazarov gave emphasis to the gaging of continuous rolled
steel strip, measurement of thickness of coatings, recording the level
of liquids in sealed vessels, and the marking of steel strip as described
in the proceedings of the Moscow USSR conference on atomic energy in
July 1955,

Question: Gianella (Switzerland) asked Putnam about testing the
steel linings of pen stocks by reflsction techniques. Answer: Putnam
said it would be possible provided the detector could be placed against
the surface,

Question: Putnam (UK) asked Aebersold about the possible effect
of soil contaminants which could abeorb neutrons. Answer: This would
be a problem in salty soils, Aebersold said; concerning the agcuracy of
the measursements, Aebersold said the device he had described was in-
tended for ordinary highway and airport construction.

Question: Eaton (US) inquired whether the Russians saw any
particular advantages in the low pressure manometer described by
Nazarov and whether it was being used. Answer: Nazarov said it had
certain advantages and was used for research purposes.

Question: Gomberg (US) questioned Nazarov about a pipe-seam
detection device, in particular about the size and density of a
defect which could be picked up and also how close the scintillometer
should be to the sample. Answer: The reply was that the method was
less sensitive but more rapid than X-rays.

P, Leveque (France) presented paper No. 383, "Studies and In-
dustrial Applications of Bremsstrahlung from the Beta Rays of Yttrium
90", which discussed possible uses. ’

In paper No. 462, “Application of Radioisotopes to Leakage and
Hydraulic Probiems", prepared by J. L. Putnam and S, Jeffersoné?UK),
Putnam emphasized the detection of water main leaks and the study of
silt movements in the Thames River,

A, M, Samarin (USSR) gave a comprehensive summary of USSB work

on the "Use of Radiocactive Isotopes in the Study of Steel and Pig Iron
Production™, paper No. 707, The subjects included: thermodynamic
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functions and kinetics of reactions; sources of inclusions in steels;
solidification in cast ingots; blast furnace reactions; ore benefi-
cation; and production control.

A second paper, No. 713, given by Samarin for D. B. Grozin (USSR)
on the "Use of Isotopes in the Study of the Wear of Machine Partsh,
stated the work had led to the optimum conditions and duration for
breaking in a new aircraft, tractor or automotive engines,and also im-
proved lubricants.

Question: Saeland (Norway) asked Leveque about the size of his
source, Answer: If the source were too large, one encountered self-
absorption. Leveque favored a 1 curie or 5 milligram strontium source.

Question: Aebersocld observed that the USSR used phosphorus and
sulfur isotopes in production; and since these entersed steels used for
general purposes, he wished to know what tolerances had been placed on
this in consideration of the heaith hazard., Answer: Samarin replied
that these isotopes were so dilute they presented no problem; they had
not set any tolerances,

Question: Gombert (US) inquired about the use of autoradiography
on inclusions in steel and asked for the practical limit of resolution.
Answer: Samarinf?s reply was that they had learned to change the refrac-
tory used for linings to minimize inclusions; the details were in a
report of the Moscow Steel Institute.

Question: Leveque (France) brought out from Samarin the fact
that the USSR work on wear had a precision of 5 to 10%. Gomberg asked
leveque if he had made any tests on a tungsten target; the investigator
had not, and had used lead as an absorber.

M. Kato (Japan) gave paper No., 1054, "Brief Review of the
Applications of Isotopes in Process and Quality Control®, These
included: a gamma-ray liquid level meter, the behavior of silver as
an impurity in the electrolytic refining of copper, the kinetics of
the slag-metal transfer of sulfur, the absorption of certain agents
on silver bromide photcgraphic and emulsion, etc.

U. Been (Norway) in paper No. 882, "Some Industrial Uses of
Radioisotopes in Norway", by Been and F.Saeland, cited five instances,
namely: (1) flow control on rotary cement kilns, (2) loss of catalyst
in nitric acid production, (3) wear of turbines due to cavitation,

(4) efficiency of mixing in the production of carbon electrodes and,
(5) monitoring of fluorine compounds from stock gases.

Question: Aebersold (US) asked Kato about the use of isotopes
for determining transit times and distribution of materials through
the steaming pipe where starch was saccharified and whether this was
used industrially. Answer: Kato discussed the application.
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Question: Gomberg (US) asked Been why isotopes were added over
a 2-hour period rather than in one batch in the rotating kiln experiment.
Answer: DBeen said he preferred this procedure so as to obtain an
average.

SECTION 23C - FISSION PRODUCTS AND THEIR APPLICATIONS
by B. Manowitz, B. E. Proctor and E. Epremian

The closing "C" Section was divided into three parts, each
of which considered a particular peaceful application of fission pro-
ducts, essentially the wastes from atomic reactors. In the first,
radiation~induced polymerization was discussed; in the second, the
use of radiation to stérilize food; in the third, conversion of
- radiation directly into slectricity. J. Gueron (France) chaired all
three parts of the section.

Paper No. 168, presented by J. J. Martin (US), "The Effect of
Gamma Radiation on Some Chemical Reactions of Possible Industrial Im-
portance®, by B. G. Bray et al, reported on radiation-induced poly-
merizations and halogenations. Data were given on polymerization of
ethylene in a radiation field, including yield data and physical
properties.

Of chlorination of benzene and other hydrocarbons, Martin said
additional compounds seemed to be favored with the production of
different products than by the standard method. Cost estimates
were given for benzene hexachloride production.

Paper No. 465, by A. Charlesby (US) "Recent Developments in the
Irradiation of Long=Chain Polymers™ discussed the mechanism of cross-
linking and chain-cleavage. Gel formation in dilute solutions provided
a technique for the study of the direct and indirect effects of
ionization.

Question: Magat (France) commented that to achieve rapid
utilization of fission products it would be necessary to experiment’
with appreciable quantities so that the effect of intensity on
reaction rate and on reaction products could be determined. He pointed
out that weak sources would spread out evenly so that there were
homogeneous fields and this might turn out to be more useful than very
intense sources. The answer was required soon. As an example, in the
polymerization of methyl methacrylate 100 curies at one intensity
could produce 20 to 25 tons a year. DBy increasing the intensity
fourfold, the yield was increased by a factor of less than two. G
values should be given as a function of dose rate. The yleld of pri-
mary radicals was a better way of describing radiation processes.
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Angwer: Martin remarked that the comments were well made on
intensity effect. The University of Michigan's calculations assumed
a linear effect because it gave a conservative cost estimate., Experi-
ments in the benzene hexachloride system indicated that the yield was
independent of dose rate.

Question: Leveque (France) asked for an explanation for the
differences in polyethylene yield. Tests at the same temperature and
pressure, according to the data given, gave different results by
a factor of 3. Answer: Martin repliad that a variation in polyethylene
yield was found., Inhibitor studies (“2) were carried out to find the
reason for the variation, and very pure ethylene was used. The yleld
for pure ethylene was four times greater., The variation probably was
due to an inhibitor and very pure chemicals would give higher yields.
The same effect was observed in hydrocarbon halogenation. A new puri-
fication technique was being worked out involving a short radiation
exposure, then a distiliation. The distillate was used in the experi-
ments and gave a higher yield.

Question: Drimus (Romania) reported exploring several methods
for making benzene hexachloride including UV, free radicals (without
light), 1iquid Cl, (without light). All methods gave the same yield.
Drimtis believed that gamma radiation would be superior because it
world give a greater output. Answer: Martin said the problem of
ircreasing the per cent of gamma isomer was being worked on and results
indicated that the yield depended on temperature rather than intensity.
Temperatures of (°C and lower were now being investigated with a hope
of increasing gamma isomer yield,

Question: J. Gueron (France) asked if Martin could compare the
polyethylene prepared or modified through radiation with the German
polyethylene polymer recently produced. Answer: Martin replied that
Ziegler process material was not available so no direct comparison
could be made, but, probably the radiation polymer was more highly
cross-linked. Charlesby (UK) remarked that densities could be compared.
Both Ziegler and radiation polymers were more crystalline than the
standard polyethylene.

Magat (France) stated that Charlesby mentioned an O, effect.
Magat noted that Oz played an important part in this work. The
Russians and the French had shqewn through infra-red spectroscopy
that Op created intramolecular bridges. Some of these broke at
80°C to 150°C ~ possibly the peroxide groups. Magat said that in
France they added acrylonitrile to air irradiated polyesthylene heated
at 120°C, The polyethylene was swelled and prompt polymerization
occurred. The polyacrylonitrile was fixed in P, E. chains to form a
grafted copolymer. This offered a new way of making a material diffi-
cult to prepare by other techniques. In the graft operation, moreover,
the form of the material was retained.
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Graft copolymers offered a rapid application of radiation since
techniques were simple and the dose requirements were low.

In presenting paper No. 172, "Progress and Problems in the
Development of Cold Sterilization in Foods" by B. E. Proctor and S. A.
Goldblith (US), Proctor gave a concise review of 11 ysars! endeavor in
the field of radiation sterilization at Massachusetts Institute of
Technology.

He reported that their data related to various types of micro-
organisms and their sensitivity to radiation, the considerations necessary
when determining the magnitude of the sterilizing dose, the effect of
radiation changes on food components and the factors which influenced
such change. He further reported the protective action which may have
resulted from combining one radio-sensitive chemical compound with another
which changed the sensitivity of the two components. This phencmenon
might be used to advantage in some food radiation steriligzation pro-
cesses by using some compounds to protect others.

He emphasized that some food enzymes required 10 to 20 times
the normal food sterilization dose, which was approximately 2 million
rep, for their inactivation. This indicated that some other means of
enzyme inactivation might be required., One suggested possibility was
high-frequency heating by electricity.

The problems in food sterilization by radiation today related
primarily to changes in flavor, color and texture which might and
frequently did occur at sterilization levels, These changes might

" be alleviated by irradiation of fedd in the frozen state, irradiation
in inert atmospheres, or addition of free radical acceptors such as
ascorbic acid. Much study was being given to these and alternate means
of controlling changes.

Complete answers for permanent préﬁarvation with no detectable
changes were being sought by many scizsntists, Spsculation had been
raised concerning whether any compour’s of torxic nature might be
formed by irradiating foods and nu.i:vous ‘2shc o:re currently under
way to determine these facts. Lirii:i publish:d raports indicated
no toxic factors, but some loss of nutritivs valua2s.such as also
occurred in commercial thermal fooz preczssing.

That foods, pharmaceuticals arid tissues might be adequately
sterilized by ionizing radiation was mow an established fact, anmd
the levels and types of radiation that might accomplish this
sterilization were known, in any type of container currently used for
processed foods.

Question: Comar (US) wanted #o.know what time and effort were
necessary to determine by laboratorr tests whether foods subjected to
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radiation steriliization might not produce changes undesirable from a
health standpoint, when the food was ingssted. Answer: Proctor
answered that the type and extent of tests outlined by the U. S. Food
and Drug Administration required the feeding of large numbers of
laboratory animals through several generations for growth and repro-
duction evaluation, and the feeding of a larger animal type, such as
dogs, for a period of a year, Teats might requirs two years for the
consideration of any specific food.

Paper No, 225, "Health Protection Against Food-Borne Parasitic
Diseases with Particular Refersence to Control of Trichinosis® by
He J. Gomberg and S. E. Gould was presented by Gomberg, who told of
several years'! study of the destruction by radiation of larvae
encysted in meat, He said the results suggested that ionizing
radiation might alac be used to control such food-borne parasites as
beef or pork tapeworm, porx cysticercosis, and hydatid; fish tapeworm
infection, Chinese liver fluke, intestinal fluke, and ascariasis,

Gomberg described the typical cycle of trichina larvae in man
and animals, and said the larvae could be killed in meat by exposures
of about 1 million rep of 250 kv X-rays or Co 60 gamma rays which,
however, made the flavor of the pork rancid and sour. About 18,000
rep of Co 60 or Cs 137 gamma rays, or 15,000 rep of 250 kv X-rays would
inhibit development of the larvae, amd produced no detectable changes in
flavor, texture, or appearance of the pork. Sterilization of female
larvae could be accomplished by 15,000 rep of Co 60, or Cs 137 Gammas,
or 5,000 rep of 250 kv X-ray3. These results indicated that 30,000
rep of Co 60 or Cs 137 Gammas, or its equivalent, delivered to pork
would prevent and eradicate trichinosis. There was no indication of
deleterious side effects which would contraindicate on medical or
biological grounds the use of radiation aas a means of trichinosis
control, Gomberg gave detailed data on methods of using radiatiom,
testing the dosage, and the analysis of results when laboratory
animals were fed with irradiated and non-irradiated infested meat.

Gomberg showed a slide of a designed plant which could handle
2,000 hogs a day, and said smaller mobile units could be built, that
semi-skilied personnel could handle the operation, and that only
routine materials were nesded for the structures, He reported that
initial contacts with the World Health Organigation indicated WHO
was willing to act a8 a coordinating agency for bringing together
research worksrs in various parts of the world to study the problem
of constructing pilot plants,

Question: Comar (US) asked if there were any specifio tests
being made on disedses other than trichinosls at this time? Angwert
Gomberg answered that tests on ascariasis lumbar cortis had just
started and tests on tapeworm were planned. Gomberg showed some slides
on ascariasis eggs, and described their cycle, His tests currently
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were directed at determining the sensitive points in the cycle. To a
question from Leborgne (Uruguay) about hydatid, Gomberg urged that this
problem be studied in South America where hydatid was most prevalent.

In presenting paper No. 175, "Sterilization of Medical Supplies
with Gamma Radiation, by L. E. Brownell and J. J. Blumer, Brownell
indicated medical dreasings, cotton gauze, instruments and special
items such as human bone might be sterilized by the use of gamma radiation,
as might pharmaceuticals and antibiotics.

Bulk medical supplies could be sterilized in the final packages
with possible savings in packaging costs. He advocated gamma radiation
because of its great depth of penetrations, and found the dosage for com-
plete sterilization was 2 million rep.

Tentative specifications for an installation were given, to-
gether with calculations for a preliminary design which could be used
to irradiate bulk medical supplies in packages %Z'xl!xhﬁ) using cooling
reactor fuel elements as a source of radiation.

The third part of the section, concerned with conversion of
radiation directly into electricity, was opened by E. Haeffner (Sweden)
who gave paper No. 794, "Study on the Properties of an Electrolytic Cell
Consisting of an Electrode System in a Chloroform Alcohol Solution Under
Gamma Irradiation®, by C. G. Osterlundh and Haeffner. Haeffner described
a cell consisting of graphite and lead electrodes with a chloroform-
alcohol electrolyte, Details were given for the behavior with various
compositions of electrolyte, various irradiation exposures, etc. The
effi%iency of the cell in converting gamma radiation to electricity was
0.9 %,

E. Go Linder (US) presented paper No. 169, "The Direct Conversion
of Radiation into Electricity™ for himself and his co-workers, Linder
discussed the present role, limitations, and potentialities of the direct
conversion: (1) direct charging methods utilizing charged radiation and
involving the simple collection of charged particles by an electrode
to create a voltage; (2) contact potential methods which might utilize
both types of radiation and use contact potential fields to separate
charges and produce currents; (3) thermo-couple methods whereby
irradiation was used to create heat by absorption which was converted
to electricity; and (4) semi-conductor junction methods in which carriers
were formed within the semi-conductor by either type of radiation and
separated by the internal junctiom field.

The last method now had anefficiency of 3%, At higher power
ievels it was estimated this could reach 7%. Other problems yet to be

solved in the use of these devices were radiation damage, radiation
shielding, and the high cost of radiocactive material,
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Question: Turkevich (US) asked whether there was any hope of im-
proving the efficiency of the cell described by Haeffner and, if so, by
what means. Answer: Haeffner said that exclusion of oxygen from the
solution gave a five-fold increase in current; other means might come
from further research.

Question: Gueron (France) asiked what part of the output came
from absorption of radiation and what from chemical reaction. Answer:
Haeffner was unable to say but welcomed a suggestion by Gueron that
tracers be used to investigate this point.

Question: Haeffner asked about the probability of low-cost
isotopes in the future so that an atomic battery could be operated at
higher power and hence higher efficiency. Angwer: Rupp (US) mentioned
the new facilities for isotope production and expressed a hope that the
cost of isotopes would be greatly reduced in the near future.

Question: Epremian (US) noted that there were certain similarities
between the semi-conductor atomic battery and the device for conversion
of solar energy to slectricity and asked Linder to discuss the similarities
and differences between these devices., Answer: Linder pointed out that
both the atomic and solar batteries use S1 and p-n junctions, but, of
course, the radiation used differed, and the atomic device would work
with charged particles. Another difference was that visible radiation
affected only the surface of the component in the solar device whiie
penetration occurred with the other; thus, there was a difference in
geometry., With regard to efficisncies, the solar battery had a value
of 6 to 10%, and the atomic battery now had a 3% value, This difference
was largely due to the difference in input energies.
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ATTACHMENT 1 - TECHNICAL PAPERS REVIEW COMMITTEES

Biology & Medicine

Paul G, LeFevre, Chairman
Roy E. Albert
George V. LeRoy
Marshall H. Brucer
P, K. Smith

Henry S. Kaplan
Earl Green

Willis R, Boss
Nathan J. Hall
Sterling Hendricks
Walter Claus
Hanson Blatz
Lauriston Taylor
Forrest Western
James G. Terrill
Robert Butenhoff
He O. Wycoff

Je. B, He Kuper

Isotopes

T. R. Jones, Chairman .
S, E, Eaton

Je. E. Christian

H. E., Skipper

Jo E. Willard

Paul Aebersold

George Manov

Raw Materials

Thomas B. Upchurch, Chairman
Alan T. Morphew

Hobart Stocking

Lincoln Page
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Reactor

U, M. Stasbler, Chairman
Je A, S'artout

Gale Young

Norman Hilberry
Sidney Siegel

Manson Benedict
Henry Hurwitz

C. Rogers McCullough
W, K. Woods

Harvey Brooks

Irving Kaplan

Thoma Snyder

H. Etherington
Titus LeClair

Clarke Williams

Chemistry

George M. Kavanagh, Chalrman
Stephen Lawroski

0. Ce Simpson

James R. Gilbreath

B. B. Cunningham

I. Perlman

Floyd L. Culler

Charles D. Coryell

A, 0. Allen

Daniel R, Miller

Physics

George A. Kolstad, Chairman
William W, Havens

Richard F. Taschek

Donald J. Hughes

Hans A. Bethe



Metallurgy Economics and Law

Edward Epremian, Chairman Dr. Charles Thornton, Office of
D. W. Lillie General Manager, helped to

E. C. Creutz organize an informal group on
J. P. Howe economics papers, and Mr.

R. C. Dalzell William Mitchell, AEC General
J. F. White Counsel, reviewed papers

dealing with legal aspects.
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ATTACHMENT 2 - LIST OF US PAPERS SUBMITTED TO UNITED NATIONS FOR
GENEVA CONFERENCE

(# Indicates papers presented orally)

SESSION 2 - WORLD ENERGY NEEDS
UN NO. 467 Alternate Energy Sources (Unconventional
Types) Daniels, Farrington

469 A Century of Growth of Electric Power
Requirements in t§9 United States  Hughes, E. T.

802% Energy Requirements and Economic

Growth Mason, E. S.
SESSION 3 - THE BUILDING OF A NUCLEAR ENERGY

ENTERPRISE
(Session 3.2 - Capital Investment Required for
Nuclear Energy)
UN NO. 477# Capital Investment Required for
Nuclear Energy Davis, W. K.

(session 3.1 - Experience with Nuclear Power
Plants)
UN NO. 851 Design and Operating Experience of a
Prototype Boiling Water Power
Reactor Dickson, J.J., et al

SESSION 4 - FACTORS IN THE USE_OF NUCLEAR ENERGY
(Session L3 - Legal and Administrative Problems)

UN NO., 319% The Achievement of Radiation Pro-
tection by Legislation and Other
Means Taylor, L. S.

(Session 4.3 - Legal and Administrative Problems)
UN NO. 320 Insurance for Reactors Williams, Charles R.

321 Administrative Problems in Radiation
Protection in New York State Tabershaw, Irving R.

322 Industrial Training Aspects of the
Peaceful Uses of Atomic Energy Erhard, Fred W.

323 Workmen'!s Compensation Aspects of
the Peaceful Uses of Atomic Energy Greene, Bruce A.
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S ION 4, - FACTORS IN THE USE OF NUCLEAR ENERGY (CONTINUED)
(Session L.l ~ Economics of Nuclear Power)
UN NO. 476% Economics of Nuclear Power Lane, J. A.

(Session 4e3 - Legal and Administrative Problems)
UN NO. 854, Some Administrative and Legal Problems
Related to the Widespread Use of
High Level Radiation Sources Mitchell, William

855 Problems in the Legal and Admin-
istrative Control of a Program
for Distribution of Radioisotopes Cobb, Se P., Jre

(Session 43 - Legal and Administrative Problems)
UN NO. 856 Boiler Safety Codes for Power
Reactors Miller, E. C.

857 Administrative Problems in the
Industrial Utilization of Atomic
Energy Manov, George G.

SESSION 5 ~ THE ROLE OF NUCLEAR POWER IN THE NEXT 50 YEARS
UN NO. 468 The Role of Energy and the Role of
Nuclear Energy in the United
States Sporn, Philip

475% A Study of the Economic Potential of
Nuclear Energy Mayer, K. M,

810 The QOutlook for Nuclear Power in
Puerto Rico Mullenbach, Philip

849 Need in the United States for Small
Power Reactors Morris, Samuel B.

863 The Role Which Nuclear Energy Can
Play as an Energy Source in the
Next 25 to 50 Years Cisler, Walker L.

SESSION 6 - HEALTH AND SAFETY ASPECTS OF NUCLEAR
- ENERGY

(Session 6.1 - Biological Effects of Radiation)

UN NO. 478%* Physical Dosimetry and Clinical
Observances on Four Human Beings
Involved in an Accidental Critical
Assembly Excursion Hasterlik, Re. Je.

Marinelli, L. D.
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SESSION 6 ~ HEALTH AND SAFETY ASPECTS OF NUCLEAR
ENERGY (CONTINUED)

UN NO. 479 A Summary of Radium and Thorium
Excretion in Humans ' Looney, William B.

(Session 6.2 - Reactor Safety and Location of
Power Reactors)
UN NO, 481% Experimental Determinations of the
Self-Regulation and Safety of
Operating Water-Moderated Reactors -
Results and Motion-picture Records Dickson, J. J.

482 Environmental Effects of a Major
Reactor Disaster Parker, He M.

483 Radiological Monitoring of a
Nuclear Release Griffiths, Percy

572 Radiation from Clouds of Reactor
Debris Holland, J. Z.

(Session 6.1 - Biological Effects of Radiatiom)
UN NO. 803 Biological Effects of Radiation Bugher, John C.

852 Studies on the Radium Content of
Humans Arising from the Natural
Radium of their Environment Stehney, A. F.

(Session 6.2 - Reactor Safety and Location of
Power Reactors)
UN NO. 853% The Essentials of the Evaluation of

Reactor Hazards Teller, E., et al
SESSION 7 - THE USE OF RADIOACTIVE ISOTOPES
Session 7.l - Isotopes in Technology and
Industry)
UN NO. 308% Importance of Isotopes in Technology
and Industry Aebersold, P. C.
(Session 7.2 - Isotopes in Medicine, Biology and
Agriculture)
UN NO. 309% Radioisotopes in Medicine Warren, S.

(Session 7.3 ~ Waste Disposal Problems)
UN NO. 310% The Management and Disposal of
Radioactive Wastes Wolman, A.

311 Methods for Decontamination of Low-
Level Radioactive Liquid Wastes Straub, Conrad P.
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SESSION 7 ~ THE USE OF RADIOACTIVE ISOTOPES (CONTINUED)
UN NO. 312 Low-Level Radioactive Waste Disposal Geyer, John C.

84,8 Fundamental Considerations in the
Release of Large Quantities of
Radioactive Wastes to Land and
Sea Claus, Walter D,

SESSION - CLOSING GENERAL SESSION
(3ession 24.2 ~ Education and Training of Per-
sonnel in Nuclear Energy)
UN NO. 755 Education and Training in Nuclear
Science and Engineering in the

~ United States Overman, R. T., et al

(Session 2h.l - International Cooperation in the

: Peaceful Uses of Atomic Energy)

UN NO. 805% International Cooperation in Atomic
Energy Developments Libby, W. F.

SESSION 6A ~ SPECIAL TOPICS IN NUCLEAR PHYSICS
UN NO. 579 Neutron Diffraction Research in the

United States Wollan, E.QO., et al
581%* Gamma Rays from Neutron Inelastic

Scattering Day, Re Be
588% Angular Distributions and Non- |

Elastic Neutron Scattering Walt, M., et al
807 Physics Research with Reactors . McReynolds, A.W., et al

830% The Thearetical Prediction of
Neutron Cross Sections of Non-
Fissionable Elements for Energies :
up to 10 mev, Weisskopf, V. F.

ESSION 7A - FISSION PHYSICS
UN NO. 592% - Determination of Fission Quantities

of Importance to Reactors Leachman, R.Ba, et al
593% Theory of the Fission Process Wheeler, J. A.
836 The Nuclear Fission Process Huizenga, J« R.
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SESSION 8A - CH REACTORS
(Session 8A.1 - Survey Papers on Types)

UN NO. 484% The Nuclear Reactor in Basic Science .Snell, A. He

(session 8A.2 - General Principles and Practical Experience)
UN NO. 485% Materials Testing Reactor Experimental

486

L87

804

859

SESSION 9A —

Program and Reactor Operation

Research Program and Operating
Experience on ORNL Reactors

Obseryations on Operation, Training
and Research Experiences with the
Raleigh Research Reactor

The Need for Basic Research in an
Atomic Energy Program

Research Program and Operating
Experience on ANL Reactors

RESEARCH REACTORS AND D. ION.

UN NO. 488% Design and Description of Water

489

Boiler Reactors

The Swimming Pool Reactor and its
Modifications

490*% The Materials Testing Reactor and

Related Research Reactors

860% The Brookhaven Reactor

SESSION 10A —~ RESEARCH REACTORS, DESCRIPTIONS:

Doa.n, Re Lo
Huffman, J. Re

Ramsey, Me.E., et al

Beck, Clifford

Johnson, Thomas H.

Zinn, WeH., et al

King, L. Ds P,

Brme&le’ Wm.M. et al

Weinberg, A.M., et al

Fox, M.

FUEL CYCLES

(Session 10A.1 - Research Reactors, DescriptionsS

UN NO. 861 Design and Description of ANL Reactors

(CP-3, CP=3' and CP-5)

(Session 10A.2 ~ Fuel Cycles)
UN NO. 862% Survey of Fuel Cycles and Reactor

Types

Zinn, W.Ho, et al

Weinberg, A. M.

SESSION 11A - DESIGN OF REACTORS FOR POWER PRODUCTION
UN NO. 492% A Graphite-Moderated Nuclear Power

Plant Design

493% A Sodium Graphite Reactor 75,000

Electrical Kilowatt Power Plant
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ION 114 -~ DESIGN OF REACTORS FOR POWER PRODUCTION

CONTINUED
UN NO. 494% ILiquid Metal Fuel Reactor Miles, Fo To
Wiliiams, C.
SESSION 12A ~ DESIGN OF REACTORS FOR POWER
PRODUCTION -CONCLUDED
UN NO. 491 A Developmental Fast Neutron
Breeder Reactor Wagner, He Ao
495% Heavy Water Reactors for In-
dustrial Power Including R
Boiling Reactors Iskenderian,
: He P., et al

4L96*% Aqueous Homogeneous Power Reactors Briggs, R. B.
Swartout, J. A.

814% Review of Fast Power Reactors Zinn, W. H.

SESSION 13A - POWER REACTORS, PROTOTYPES
UN NO. 497%* The Engineering Design of a

Prototype Boiling Water Reactor
Power Plant Harrer, J.M., et al

498% The Homogeneous Reactor Test Beall, Je E.
Swartout, Je. As

500 los Alamos Power Reactor Experi-
ments Froman, Darol

815% Description of the Pressurized
Water Reactor (PWR) Power Plant
at Shippingport, Pa. Simpson, J.W., et al

816 Objectives and Summary of US AEC
Civilian Power Reactor Program Staebler, U. M.

ION - POWER CTORS, PROTOTYPES
CONCLUDED
UN NO. 499% The Sodium Reactor Experiment Parkdns, W. E.

5013% The Engineering Design of ERB I1I,
a Prototype Fast Neutron
Reactor Power Plant Barnes, A+.He, et al
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SESSION - POWER REACTORS, PROTOTYP CONCLUD
CONTINUED

UN NO. 813% Operating Experience and Experi-
mental Results Obtained from a

NaK Cooled Fast Reactor Lichtenberger,

He Vo, et al

SESSION 15A - EQUIPMENT AND TECHNI! U IN
MEASURING CROSS-SECTIONS IMPORTANT
TO REACTOR DESIGN
UN NO. 573% Techniques for Measuring Elastic,
Non-Elastic, and Transport
Neutron Cross--Sections Taschek, Re. F.

574 Pulsed Accelerator Slow Neutron
Velocity Spectrometers Havens,
W. ﬁ., JI‘., et al

576% Neutron Velocity Selectors Used
at Reactors Hughes, D. J.

577 Time-of-Flight Techniques Applied
to Fast Neutron Measurements Cranberg, L.

580% Recent Advances in Neutron
Detection ‘ Bollinger, L. M.

582 Techniques for Measurement of
Neutron Cross Sections and
Energy Spectra for Sources
which are Continuous in Energy
and Time Rosen, Louis, et al

584, Cyclotrons Designed for Precision
Fast-Neutron Cross-Section
Measurements Thornton, R.L., et al

806% Time-of-Flight Instrumentation
for Neutron Spectrometers Higinbotham, W. A.
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SESSION 16A ~ BQUIPMEND. AND TECHNIQUES (CONCLUDED) 3

CROSS-SECTIONS OF NON-FISSIONABLE
MATERIALS: DELAYED NEUTRONS _
(Session 16A¢l - Equipment and Techniques) AT
UN NO. 578 Van de Graaff and Cockcroft-ﬁalton
Accelerators for Fast Neutron Cross-
Section Measurements Bonner, T. W.
(Session 16A.2 - Cross-Sections of Non-Fissionable
Materials)
UN NOs 591% Summary of Cross-Section Measurements
of the Fission Product Poison
Xe-135 Bernstein, S.

‘(Sewsion 16A.1l - Equipment and Techniques)

; .UN ‘NOe 596 Mass Spectrometric Methods for tha
Determination of Nuclear Con-

: stants Inghram, M.Ge et al
ti(gession 164.3 - Delayed Neutrons) :
.UN NO, 831% Delayed Neutrons Keepin, GeR., et al

(Session 16A.2 - Cross-Sections of Nom-

. Fissionable Materials)

‘UN NO, 832% The Determination and Evaluation of
. Fundamental Thermal Neutron Crosse

Sections Harvey, Jo A.
JON 17A - CRO CTIONS OF FISSIONABLE
MATER
(Session 17A.2 - Low-Energy U-235 Cross-
Sections)
UN NO, 586* The Low-Energy CrosséSections of .
U-235 Sailor, Ve.L., et al

(Session 17A.1 - Low-Energy Pu Cross-Sections)
UN NO. 589% The Total and Fission Croas:
Sections of Plutonium Leonard, Be Re

(Session 17A.4 - High-Energy Cross:-Sections)
UN NO. 594% Techniques for Measurement of Fast
Neutron Flux Diven, Be Cs

ON 18A ~ PROPERTIES OF FISSION, TER soel
RESONANCE ANALYSIS

“UN NO, 583 Analysis of Low-Energy Neutron
Resonances Melkonian, E., et al
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SESSION 18A - PROPERTIES OF FISSIONABLE MAE%BIALS...:
RESONANCE ANALYSIS (CONTINUED
UN NO, 585% Ana.lysis of the Velocity Selector Results
on Fissile Materials Bethe, He Ae

587% Measurement of Capture to Fission
Ratio of U-235, U-233 and Pu-239
by a New Method Palevsky, He

590# Status of Information on Reactor
Material Cross.Sections Huwitz, Re, JTe

595%# Capture to Fission Ratio of Pu-239
and U-235 for Intermediate
Energy Neutrons Kanne, WeRe, et al

SESSION 19A - INTEGRAL MEASUREMENTS
UN NO, 597% Status of Experimental and Theo-
retical Information on Neutron
Slowing Down Distribution in
Hydrogeneous Media Wilkins, JeE., et al

SESSION 20A — RESONANCE INTEGRALS: FISSION PRODUCT POISONING:
CRITICALITY OF SOLUTIONS
(Session 20Ael - Resonance Integrals
UN NO. 833% Resonance Capture Integrals Macklin, Re L.
Pomerance, He S.

(Session 20A.3 - Criticality in Solutions)
UN NOo 834% Small Thermal Homogeneous Critical
Assemblies Callihan, AeD., et al

(Session 20Ae2 - Fission Product Poisoning)
UN NO. 835% Reactivity Changes and Reactivity
Lifetime of Fixed Fuel Elements
in Thermal Reactors Spinrad, Bele, et al

SESSION 21A -~ ZERO ENERGY AND EXPONENTIAL EXPERIMENTS
UN NOe 599 Exponential Experiments in Graphite
Systems Davenport, De Ee

600% Exponential Experiments with Slightly
Enriched Uranium Rods in Ordinary o
Water Kouts, He, et al

601% Pressurized Water Reactor (PWR)
Critical and Exponential
Experiments Krasik, Se
Radkowsw’ A.
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SESSION 214 - ZFRO ENERGY AND EXPONENTIAL EXPERIMENTS
(CONTINUEDS

UN NO. 602 The Critical Assembly - A Nuclear

Design Tool Snyder, T.M., et al
603 The Theory of Uranium Water

Lattices Chernick, Jack
604 Physics Aspects of the Pressurized

Water Reactor (PWR) Radkowsky, A., et al
605% Exponential Experiments on

Uranium D,0 Lattices Cohen, E. R.
606%* Uranium Graphite Latticess Part I -

The Brookhaven Reactor Kaplan, I.

Chernik, J.

607+ Normal Uranium Graphite Moderated
Reactors - A Comparison of Theory
and Experiment, Water-Cooled
Lattices Gast, P. Fo

SESSION 224 - ZFRO ENERGY EXPERIMENTS ON FAST
REACTORS AND REACTOR KINETICS

(Session 224.1 - Zero Energy Experiments)..: .-
UN NO. 598% The Fast Exponential Experiment Beyer, FeC., et al
609% A Survey of the Theoretical and
Experimental Aspects of Fast
Reactor Physics Avery, Re, et al
(Session 22A.2 - Reactor Kinetics)
UN NO. 610* Kinetics of Stationary Reactor
Systems Welton, T. A

612 Experimental Checks of Control Rod
Theory Gast, P.F., et al

SESSION 23A - REACTOR THEORY
UN NO. 608*% Comparison of Theory and Experi-
ment for Intermediate Assemblies Hurwitz, H.
&'liCh, Re

611* Survey of Neutron Thermalization
Theories Cohen, E. R.
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SESSION 23A - REACTOR THEORY (CONTINUED)
UN NO, 613 An Estimation of Doppler Effect in

Intermediate and Fast Neutron
Reactors

SESSION 6B - OCCURRENCE OF URANIUM AND THORIUM
UN NO. 14

1035426

15

16

17

18

19

20

23

25

Uranium Provinces

Distribution of Uranium Occurences
in the U¢S.

Uranium in Igneous Rocks of the USA
Uranium in Magmatic Differentiation

Distribution of Uranium and Certain
Other Trace Elements in Felsic
Volcanic Rocks of Cenozoic Age
of the Western U.S.

Uranium Deposits in Volcanic Rocks
of the Basin and Range Province

Uranium-~Bearing Vein Deposits in the
UsSe

Pitchblende Deposits in the Central
City District and Adjoining Areas,
Gilpin and Clear Creek Counties,
Colorado

Uranium Deposits of the Boulder
Batholith, Montana

Uranium in the Fluorspar Deposits of
the Thomas Range, Utah

Wall-Rock Control of Certain Pitch-
blende Deposits in Golden Gate
Canyon, Jefferson County, Colorado

Relation of Secondary Uranium
Minerals to Pitchblende-Bearing
Veins at Marysvale, Piute County
Utah

<03

Goertzel, G., et al

Klepper, M.R., et al

Butler, A. P., Jr.,
et al

Neuerburg, Geo. J.

Larsen, E.S., et al

Coats, Robt. R.
Sharp, Byron J.

Everhart, D. L.

Sims; PoKo, et al
Becraft, Geo. Eo

Staatz, M.He, et al

Adams, John W., et al

Walker, G.W., et al



SESSION 6B - OCCURRENCE OF URANIUM AND THORIUM

(CONTINUED)

UN NO. 27 Uranium Deposits at the Contact of
Meta-Sediments and Granitic
Intrusives in the Western United
States Thurlow, Ernest E.

28 Relation of Tectonic Elements in Pre-
Cambrian Rocks to Uranium Deposits
in the Cordilleran Foreland of the
Western United States Osterwald, F. W.

29 Influence of Regional Structure upon
the Origin and Distribution of »
Uranium in the Colorado Plateau Kelley, Vincent C.

30 Age, Environment and Production of
Uranium Host Rocks on the Colorado
Plateau Wood, Hiram B.

32 Regional Transmissivity of the Exposed
Sediments of the Colorado Plateau as
Related to Distribution of Uranium
Deposits Jobin, D. A.

33 Relation of Carnotite Deposits to
Permeable Rocks in the Morrison
Formation, Mesa County, Colorado Phoenix, David A.

34 Direction of Transportation of the
Sediment Constituting the Triassic
and Associated Formations of the
Colorado Plateau Poole, F.Ge., et al

35 Sedimentary Features of Upper Sand-
stone Lenses of the Salt Wash
Sandstone Member and Their Relation
to Uranium-Vanadium Deposits in the
Uravan District, Montrose County,
Colorado Boardman,
Re Lo, et al

36 Significance of Roll Ore Bodies in
Genesis of Uranium-Vanadium Deposits

on the Colorado Plateau Shawe, Daniel R.
37 Uranium Deposits in Limestone Gabelman, John W.
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SESSION 6B - OCCURRENCE OF URANIUM AND THORIUM

ZCONTINUED;

UN NO. 38 Guides to Uranium Deposits in the
Gallup-Laguna Area, New Mexico Hilpwert,
L. S., et al

39 Geology of Uranium Deposits of the
Shinarump and Chinle Formations
on the Colorado Plateau Isachsen, Y. W.

40 Channels and Related Swales at the Base
of the Shinarump Conglomerate,
Monument Valley, Arizona Witkind, I. J.

41 Deep Drilling in the Temple Mountain
Collapse San Rafael Swell, Utah Keys, W. Scott

L2 Uranium Deposits in the White Canyon
Area San Juan County, Utah Trites,
A. F., Jr.’ et a.l

L3  Uranium in Shoreline Sandstones of .
Terrestrial and Marine Origin
Colorado Plateau ' Carithers,
L. W., et al

LY Uranium in Clastic Rocks of the
Basin and Range Province Davis,
- Dudley Lo, et al

45 Uranium Deposits in Tertiary Clastics
in Wyoming and Northern Colorado Grutt, E. W., Jr.

46 Geology and Uranium Deposits of the
Pumpkin Buttes Area, Powder River
B&Sin, wyoming S}larp’ W.NQ, et al

e Lithologic, Structural and Geochemical
Controls of Uranium Deposition in
the Southern Black Hills,
South Dakota Bell, He, III, et al

48  Occurrence of Uranium in Diatremes on
the Navajo and Hopi Reservations,
Arizona, New Mexico and Utah Shoemaker, E.M.

L9  The Organic Geochemistry of Uranium Breger, I.A., et al
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ION 6B - OCCURRENCE OF URANIUM AND THORIUM

UN NO. 0

51
52
53

Sk

55

56

57
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286

287

288
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Uranium Deposits in Paludal Black
Shales of the Dalpta Formation,
San Juan Basin, New Mexico

' Uranium in Marine Black Shales of

the U.S.

Environment of Accumulation of the
Chattancoga Shale

Uranium in the Chattanooga Shale of
Eastern Tennessee

Uraniferous Black Shales in the
Northern Rocky Mountains and Great
Plains Regions

Uranium-Bearing Cecal in the United
States

Trace Elements in Coal in the Red
Desert, Wyoming

Uranium-Bearing Lignite and its
Relation to Volcanic Tuffs in
Eastern Montana and the Dakotas

The Los”Ochos Uranium Deposit

High~Grade Uraniferous Lignites in
Harding County, South Dakota

Uranium-Bearing Coal in the Central

Part of the Great Divide Basin,
Sweetwater County, Wyoming

Uranium in Asphalt-Bearing Rocks

Radiocactive Elements and their
Daughter Products in the Texas
Panhandle and Other 0il and Gas
Fields in the UOS'

Uranium in Phosphate Rock
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SESSION 6B - OCCURRENCE OF URANIUM AND THORIUM
: (CONTINUED

UN NO. 291

1035430

292

293

294

295

296

297

298

299

300

301

302

303

Uranium in the Phosphoria Formation

The Aluminum Phosphate Zone of the
Bone Valley Formation and its

Uranium Deposits

Distribution and Occurrence of Uranium
in the Calcium Phosphate Zone of the
Land-Pebble Phosphate District of

Florida

Uranium in Precipitates and Evap-~

orites

Mineralogy and Oxidation of the
Colorado Plateau Uranium Ores

A Comparison of Black Uranium Ores
in Utah, New Mexico and Wyoming

Paragenetic Studies of Uranium
Deposits of the Colorado Plateau

The Interpretation of the Pb-206/U-238<
Pb-207/U-235 << Pb-207/Pb-206 Age
Sequence of Uranium Ores -

The Isotope Geology of Some Uranium

Minerals

Summary of Hypotheses of Genesis of

Uranium Deposits

The Geology of Thorium Deposits in

the U.Se

The Mineralogy of Thorium

Thorium Deposits in the Wet Mountains,

Colorado

207
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SESSION 6B -~ OCCURRENCE OF URANIUM AND THORIUM
(CONTINUED)

UN NO. 304 Thorium in the Powderhorn District,

Gunnison County, Colorado Wallace, SeR., et al
305 Uranium=- and Thorium-Bearing Minerals
in Placer Deposits in Idaho Mackin, J. Hoover
306 Monazite in Southeastern United States Overstreet,
“o Co, et a.l

307 Geology and Monazite Content of the
Goodrich Quartzite Palmer Area,

Marquette County, Michigan Vickers, Re. C.
470% Nuclear Fuel for the World Power
Program Johnson, J. C.
471  Natural Occurrence of Uranium in the
: U.S. Staffs of US
Geological Survey
and US AEC

472 Uranium in Terrestrial Sedimentary
Rocks in the U.S. Exclusive of
the Colorado Plateau Finch, W. I,

473 Uranium-Vanadium-Copper Deposits of
the Colorado Plateau Region Fischer, R. P,

474  Some Examples of Uranium Deposits in
the Upper Jurassic Morrison
Formation on the Colorado Plateau Decdd, Philip H.

SESSION 7B — PROSPECTING FOR URANIUM AND THORIUM
UN NO. 502 Rock Alteration Criteria in the Search
for Uranium Kerr, Paul F.

503% Techniques for Prospecting for Uranium
and Thorium Staffs of US AEC
and Geological
Survey

504  Geologic Prospecting for Uranium and

Thorium Page, Lincoln R.
505 Heavy-Mineral Prospecting Overstreet,
W. C., et al
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SESSION 7B - PROSPECTING FOR URANIUM AND THORIUM
(CONTINUED

UN NO. 506

507

508

509

510

511

512

513

514

515

516

517

518

1035432

Geochemical Prospecting for Uranium by
Sampling Ground and Surface Waters

Water Sampling as a Guide in the Search
for Uranium Deposits and its Use in
Bvaluating Widespread Volcanic Units as
Potential Source Beds for Uranium

The Use of Geochemical Techniques and
Methods in Prospecting for Uranium

Botanical Methods of Prospecting for
Uranium

Airborne Radiometric Surveying

Instruments and Techniques for
Measuring Radloact1v1ty in the
Field

Scintillation Drili-Hole Logging

Drilling Techniques in Search of
Uranium

Geophysical Exploration for Uranlum
on the Colorado Plateau

Geophysical-Geochemical Prospecting
for Uranium

Subsurface Technigues for Outlining
Favorable Zones Using Widely Spaced
Core Drilling

Techniques and Guides for Exploration
of Shinarump Channels on the
Colorado Platean

Air Scattering of Gamma Rays from Thick
Uranium Sources
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Fix, Philip F.
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SESSION 8B - THE FISSION PROCESS: FACILITIES FOR

HANDLING HLY RADIOACTIVE MATERI
(Session 8B.1 - The Fission Process

UN NO., 614* Survey of Radiochemical Studies of the

Fission Process

718% Spontaneous Fission Correlation

721 Determination of Nuclear Constants by

Chemical Methods

(Session 8B.2 - Facilities for Handling Highly
Radioactive Materials.)
UN NO. 722 Laboratory Handling of Radiocactive

Material

723 Hot Laboratory Facilities and Tech-
niques for Handling Radioactive

Materials

725% Hot Laboratory Facilities for a Wide
Variety of Radiochemical Problems

SESSION 9B - CHEMISTRY OF FISSION PRODUCTS
(Session 9B.1 - Solution Chemistry of Gross Fission

Products)

UN NO. 719% Solvent Extraction Chemistry of Fission

Products

724% Chemical Processing in Intense Radiation

Fields

837*% Anion Exchange Studies of the Fission

Products :

SESSION 10B ~ HEAVY ELEMENT CHEMISTRY

(Session 10B.1 - Surveys of Chemistry of Transuranics)
UN NO. 726% Thermodynamics of the Heavy Elements
(Session 10B.2 ~ Methods of Separating Heavy Elements)

UN NO. 728# Radiochemical Separation Methods for
the Actinide Elements

1035433
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SESSION 10B — HEAVY ELEMENT CHEMISTRY (CONTINUED)

UN NO. 729 Rare Earth and Transplutonium Element
Separations by Ion Exchange Methods Stewart, D. C.

730 The Chemistry and Crystal Chemistry
of Heavy Element Compounds Fried, S., et al

731 Hydrolytic Behavior of the Heavy
Elements Kraus, K. A.

732 Effective Capture Cross-Sections of
Pa-233 and Np-239 for Thermal
Reactor Neutrons Halperin,
Jo, et al

(Session 10B.3 - Chemistry of Specific Heavy Elements)
UN NO. 733 The Properties of Plutonium Hexafluoride Weinstock,

Bo, et al
734 Recent Developments in the Chemistry
of Thorium Katzin, Leonard I.
735 Vapor Pressure of Liquid Plutonium Simpson,
Os Coy et al
736% Some Recent Developments in the
Chemistry of Neptunium Hindman,
Jde C., et al
737 Recent Developments in the Chemistry
of the Uranium-Oxygen System Hoekstra,
H. R.’ et d
(Session 10B.1 - Surveys of Chemistry of Transuranics)
UN NO. 809 The Formation of Higher Isotopes and
Higher Elements by Reactor Irradiation
of Pu-239; Some Nuclear Properties of
the Heavier Isotopes Bentley,
We Coy et al

(Session 10B.3 - Chemistry of Specific Heavy Elements)
UN NO. 838#% A Review of Americium and Curium
Chemistry Penneman, R. A.
Asprey, L. B.
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SESSION 11B - EFFECTS OF JATION ON REACTOR MAT
UN NO., 743 Radiation Damage to Radiochemical

Processing Reagents Cathers,
Ge Io, et al
7443% Radiation Damage in Reactor Materials Billington, D.S.
745 Irradiation Effects in Uranium and
its Alloys Paine,
Se Ho, et al
746% Irradiation Damage to Artificial
= Graphite Woods,
W, Ko, et al

747 = The Effects of Irradiation on Structural
Materials Faris, F. E.

SESSION 12B ~ EFFECTS OF RADIATION ON LIQUIDS
UN NO. 738%. A Survey of Recent American Research in

% the Radiation Chemistry of Aqueous
Solutions i Allen, A. O,

739% The Radiation Induced Reaction of
Hydrogen and Oxygen in Water at 25°C

to 250°C Hochanadel,
Ce dJo
740 The Effects of Reactor Radiation Upon
: High Temperature Static Water Systems Humphreys,
J‘ R.’ Et al
741 The Decomposition of Water by Fission
Recoil Particles ~ Boyle,
Je We ’ et al
742 Organics as Reactor Moderator-Coolants:
Same Aspects of Their Thermal and
Radiation Stabilities Bolt,
"‘j‘ R. 00, Et al
839 The Decomposition of Light and Heavy
- Water Boric Acid Solutions by Nuclear
Reactor Radiations Hart,
E. J.’ et 3.1
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UN NO. 748

SESSION 13B - EFFECTS OF RADIATION ON SOLIDS

Effect of Nuclear Irradiation on
Ionic Crystals

7,9% The Theory of Lattice Displacements

Produced During Irradiation

750% Theoretical Aspects of Radiation

Damage in Metals

751% Interpretation of Radiation Damage

to Graphite

753% A Review of Investigations of

Radiation Effects in Ionic and
Covalent Crystals

SESSION 14B ~ TREATMENT OF URANIUM AND THORIUM

ORES _AND ORE CONCENTRATES

UN NO. 519% Recovery of Uranium from its Ores

520

Alkaline Leaching of Uranium Ores

521% Some Unusual Problems Met in the

522

523

Recovery of Uranium from a Very
Low-Grade Ore

Recovery of Uranium from Sulfuric
Acid and Carbonate Leach Liquors
by Anion Exchange

Solvent Extraction of Uranium from
Acid Leach Slurries and Solutions

524% Recovery of Uranium from Phosphates

525

by Solvent Extraction

The Carbonate Chemistry of Uranium:
Theory and Applications
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SESSION - _TREATMENT OF IUM_AND THORIUM
AND ORE CONCENTRATES (CONTINUED

UN NO. 526 The Resin-in-Pulp Process for Recovery of
Uranium Hollis, R.F., et al

527 A General Survey of Types and Char-~
acteristics of Ion Exchange Resins

Used in Uranium Recovery Kunin, R., et al
528  Accelerated Thickening and Filtering
of Uranium Leach Pulps Clemmer,
Jo Ba, et al

529 Principles and New Developments in
Uranium Leaching Gaudin, A. M.

850 - The Possibilities of Securing Long-~
Range Supplies of Uranium, Thorium
and Other Substances from Igneous
Rocks Brown, H., et al

SESSION 15B ~ PRODUCTION OF METALLIC URANIUM AND

THORIUM: ANALYTICAL METHODS IN RAW
MATERIAL PRODUCTION ~
(Session 15B.2 - Analytical Methods in Raw Material
Production)
UN NO. 116 The Analysis of Low-Grade Uranium Ores
. and Their Products Hassialis,
M. Do, et al

117 Determination of Microgram and Sub-
microgram Quantities of Thorium by
Neutron.Activation Analysis Leddicotte,
Ge Wo, et al

(Session 15B.1 - Production of Metallic Uranium and
Thorium)
UN NO. 531 Fundamental Considerations in the
Reduction Processes of Thorium and
Uranium Kopelman, B.

(Session 15B.2 - Analytical Methods in Raw Material
“ Production)
UN NO. 532 Spectrophotometric Determination of
Uranium with Thiocyanate in Acetone-
Ethyl Acetate-Water Medium DeSesa, M.A., et al
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SESSION 15B - PRODUCTION OF METALLIC URANIUM AND
THORIUM: ANALYTICAL METHODS IN RAW

MATERIAL PRODUCTION (CONTINUED)
(Session 15B.1 - Production of Metallic Uranium and
' Thorium)
UN NO. 817 The Preparation of Uranium Metal by the
Reduction of Uranium Tetrafluoride with
Magnesium Wilhelm, H. A.

(Session 15B.2 - Analytical Methods in Raw Material
Production)
UN NO. 818 The Use of Ion Exchange Resins for the
. Determination of Uranium in Ores and
Solutions Kunin, Re, et al

952% Analysis of Uranium and Thorium Raw
Materials Rodden, C. J.

SESSION 16B - PRODUCTION TECHNOLOGY OF SPECIAL
MATERTALS —
(Session 16B.2 ~ Graphite)
UN NO. 534% The Production and Properties of Graphite
for Reactors Currie, L.M., et al

(Session 16B.l ~ Heavy Water)
UN NO. 819% Survey of Heavy Water Production Proc-
esses Benedict, M.

SESSION 17B - PRODUCTION TECHNOLOGY OF SPECIAL
MATERIALS (CONCLUDED
(Session 17B.1l - Zirconium
UN NO. 533% Zirconium Metal Production Shelton,
Se M., et al

(Session 17B.2 - Beryllium)
UN NO., 820*% Status of Beryllium Technology in the
USA Kaufmann, A. R.
Kjellgren, B.R.F.

SESSION 18B - METALLURGY OF THORIUM, URANIUM AND
THEIR ALIOYS: FABRICATION OF FUEL
ELEMENTS
(Session 18B.1 - Metallurgy of Thorium, Uranium and
Their Alloys)

UN NO. 555% Physical Metallurgy of Uranium Foote, F. G.
556% The Metallurgy of Thorium and Its
Alloys Carlson,
O. NQ’ et al
215
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SESSION 18B - METALLURGY OF THORIUM, URANIUM AND

THEIR ALLOYS: FABRICATION OF F
ELEMENTS (CONTINUED) T :

UN NO. 557 Thermal Cycling Effects in Uranium Chiswik, HeHe, et al
558 The Alloys of Uranium Saller, H.A., ot al
(Session 18B.2 ~ Fabrication of Fuel Elements)
559 The Technology of U0y and ThO, Johnson, J.R., et al
561# Dispersion Type Fuel Elements Weber, C. E.
HirSCh, He He
562 Preparation, Properties and Cladding :
of Aluminum-Uranium Alloys Saller, H. A.
825% The Metallurgy of Reactor Fuels Howe, J. P,
826 The Intermetallic Compounds of
Plutonium Coffinberry,
A. s.’ et al
827 Fabrication of Uranium Alloys Kaufmann, A. Re.
828 The Fabrication of Fuel Elements for
the BNL Reactor Gurinsky,
David He
953% MIR-Type Fuel Elements Boyle, E. J.

Cunningham, J.E.

SESSION 19B - LIQUID METAL TECHNOLOGY
(Session 19B.3 - Corrosion in Liquid Metal Systems)

UN NO. 118 Corrosion Problems with Bismuth

Uranium Fuels Weeks,
JO R.’ et al
119% Corrosion by Liquid Metals Epstein, L. F.

(Session 19B.2 - Liquid Metal Heat Transfer)
UN NO. 120 Liquid Metal Heat Transfer

Predictions Lyon, Re N.
(Session 19B,1 - Handling Liquid Metals)
UN NO. 121 Pumping of Liquid Metals Barnes, A. He
216
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SESSION 19B -~ LIQUID METAL TECHNOLOGY (CONTINUED)
(Session 19B.3 - Corrosion in Liquid Metal Systems)
UN NO. 122 Mass Transfer in Molten Metal and
Molten Salt Systems Bonilla, C.F., et al

(Session 19B.1 - Handling Liquid Metals)
UN NO. 123% Sodium and Sodium Potassium Alloy for
Reactor Cooling and Steam Gener-
ation . Trocki, T., et al

(Session 19B.3 - Corrosion in Liquid Metal Systems)
UN NO. 124 The Solubility of Structural Ma-
terials in Sodium Miller, ReRe, et al

(Session 19B.1 - Handling Liquid Metals)
UN NO. 812 The Use of High Temperature Sodium
in Manufacture of NaK Alloy Jackson, C.Be., et al

(Session 19B.3 - Corrosion in Liquid Metal Systems)
UN NO. 829*% Basic Technology of Sodium Graphite
Reactor Siegel, S., et al

SESSION 20B ~ CHEMICAL ASPECTS OF NUCLEAR REACTORS
UN NO. 535% Aqueous Corrosion of Aluminum Alloys

at Elevated Temperatures Draley, Jeo E.
Ruther, W. E.

536 Pressurized Water Reactor (PWR) Water
Chemistry Rockwell,
Te, III, et al

537%# Aqueous Corrosion of Zirconium and
its Alloys at Elevated Temperatures Thomas, D. E.

Mandil, I. He
811% Aqueous Uranium and Thorium Slurries Kitzes, A. S.
Lyon, R. N.
821% Survey of Homogeneous Reactor Chemical
Problems Secoy, Ce He
SESSION 21B - CHEMICAL PROCESSING OF IRRADIATED
FUEL ELEMENTS
UN NO. 539 Solvent Extraction Separation of
Uranium and Plutonium from Fission
Products by Means of Tributyl
Phosphate Flanary,
Je Rey et al
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ION 21B - CHEMICAL PROCESSING OF TED
FUEL ELEMENTS (CONTINUED

UN NO. 540% The Solvent Extraction Separation of U-233
and Thorium from Fission Products by

Means of Tributyl Phosphate Gresky, A. T.
541 The Processing of Uranium-Aluminum
: Reactor Fuel Elements Culler, F. L.
Bruce, F. R.
54,3 Experience with a Direct Maintenance
Radiochemical Processing Plant Reid,
D. G., et al.
547 Nuclear Reactor Fuel Dissolution Foster,
' De Lo’ et al

5,8 Removal of Fission Products from
Stainless Steel Campbell, D. O.

54,9  High~Level Sampling Devices for Radio-
chemical Plants Landry, J. W.

551% The Chemical Processing of Aqueous
Homogeneous Reactor Fuel Ferguson, D. E.

822# Reprocessing of Reactor Fuel and
Blanket Materials by Solvent
Extraction (This may also include
reference to No. 541 this session) Culler, F. L.

- 824% Practical Limitations of Solvent
Extraction Processes Tomlinson, R. E.

SESSION 22B - CHEMICAL PROCESSING OF IRRADIATED FUEL
ELEMENTS (CONCLUDED): SEPARATION AND
STORAGE OF FISSION PRODUCTS

(Session 22B.1 - Chemical Processing of Irradlated

Fuel Elements). .. d
UN NO. 542 High Temperature Fuel Proce331ng
Methods Motta, E. E.

(Session 22B 1 - Chemical Processing of Irradiated
Fuel Elements) %
UN NO. Shh* Pyrometallurgical Processing of Nuclear
Materials Feder, H.M.
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SESSION 22B - CHEMICAL PROCESSING OF IRRADIATED FUE]
ELEMENTS (CONCLUDED): SEPARATION AND
STORAGE OF FISSION PRODUCTS (CONTINUED)

UN NO. 545% The Purification of Uranium Reactor Fuel
by Liquid Metal Extraction Voigt, A. Fe.

546 Decontamination of Irradiated Reactor
Fuels by Fractional Distillation Pro-
cesses using Uranium Hexafluoride Katg, J.J., et al

550 High-Temperature Processing Systems for
Liquid-Metal Fuels and Breeder

Blankets Dwyer, O.E., et al
(Session 22B.2 - Separation and Storage of Fission
Products)
UN NO. 552 The Design and Operation of High-Level
Waste Storage Facilities Anderson, C. Re.

Rohrmann, C. A.

553% Processes for High~Level Waste Dis-
posal Hatch, L. P.
Manowitz, B.

(Session 22B.1 ~ Chemical Processing of Irradiated
Fuel Elements) : _
UN NO. 823% Survey of Separation Processes Lawroski, S.

SESSION 23B - WASTE TREATMENT AND DISPOSAL
zSession 23B.1 - Disposal in the Ground )
UN NO. 554 Disposal of High-Level Radioactive
Liquid Wastes in Terrestrial Pits Struxness,

E. Go, et al

564, Problems of Ground Disposal of
Nuclear Wastes Theis, Cs Ve

565% Disposal of Liquid Wastes to the
Ground Brown, R.E., et al

(Session 23B.3 - Airborne Problems)
UN NO. 567 The Variation of Effluent Concentrations
from an Elevated Point Source Smith, M, E.

(Session 23B.2 - Disposal in the Sea)
UN NO. 569% Disposal of Radioactive Wastes at Sea Remn, C, E.

571# Air and Gas Cleaning for Nuclear
Energy Processes Silverman, L.
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SESSION 8C - RADIOACTIVE OPES AND NUC
RADIATIONS IN MFDICINE - THERAPY

UN NO., 177% Use of the Nuclear Reactor for Neutron
Capture Therapy of Cancer Farr, L.E., et al

179% Teletherapy Devices with Radiocactive
Isotopes Brucer, M.

183% Radiocactive Isotopes in Hematologic
Therapy Lawrence, J. H.

18, Therapeutic. Usefulness of Radicactive
Colloids: Comparative Value of
Gold-198, Chromic Phosphate (P-32),
Yttrium-90 and Lutecium-177 Andrews,
Ge A., et al

185 Hypothyroidism Induced by I-131 in
the Treatment of Euthyroid Patients
N with Intractable Angina Pectoris
and Congestive Failure Blumgart,
He Lo, et al

194 The Role of Radiocactive Iodine in the
Treatment of Thyrotoxicosis and
Carcinoma of the Thyroid Clark, D.E., et al

197 Pre-Therapeutic Considerations for 70
mev X-Rays Adams, G.D., et al

200 Isotope Therapy for Intra-Abdominal
Tumors Harper, P.V., et al

201 Irradiation Hypophysectomy and Related
Studies using 340 mev Protons and
190 mev Deuterons Lawrence,
Jo Hep et al

202 Versatility of Radioactive Gold in
Treatment of Malignant Disease Hahn, P. F.

203 An SR-90 Surface Applicator Designed
for Treatment of Corneal Lesions
and Evaluation of Biological
Effects Friedell,
H. L-’ et al
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SESSION 8C - RADIOACTIVE ISOTOPES AND NUCLEAR
RADIATIONS IN MEDICINE: THERAPY

CONTINUED
UN NO., 206 Physiological and Biochemical Studies
of Astatine-211 (EKA-IQDINE) Hamilton,
Jeo Go’ et al

208 Destruction of the Hypophysis with
Radicactive Yttrium Pellets in :
Metastatic Cancer Harper, P.V., et al

209 Artificial Radioisotopes in Nylon
Ribbons for Implantation in
Necplasms ' Henschke, U.K.,

210 Kilocurie Revolving Cobalt-60 Therapy
Unit Lanzl, L.H., et al

211 Cobalt-60 Teletherapy Isodose Patterns
for Combined and Non-Uniform
Longitudinal and Transverse

Source Motions Braestrup,
C. B., et al
212 Biological Studies on Calcium,
Strontium, Lanthanum and Yttrium Laszlo, D., et al
213 The Distribution and Excretion of
Hexavalent Uranium in Man Strumess,
EO G., et a].

SESSION 9C -~ RADIOACTIVE ISOTOPES AND NUCLEAR
RADIATIONS IN MEDICINE (CONTINUED) -
DIAGNOSIS AND STUDIES OF DISEASE
UN NO, 181% Scanning of Positron-Emitting Isotopes in
Diagnosis of Intra-Cranial and Other
Lesions Brownell, G. Le
’ Sweet, We He

187 Integration of a Radiocactive Isotope
Program into Medical School Re-
search and Teaching - Solomon, A. K.

189 The Measurement of Thyroid Gland Uptake
and Turnover of I-131 in Man by
External Counting: 1Its Use in
Diagnosis and Treatment of Thyroid
Disorders Freedberg,
Ae Se, et al
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UN NO. 190

191

193

196
198

199%

207

216

227

T54%

84l
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TUDIES OF DISEASE CONTINUED

The Radioactive (I-131-Labeled) Rose
'Bengal Liver Uptake-Excretion Test,
Its Use in the Evaluation of Hepatic
Function.

The Use of P-32 in the Identification
of Intra-Ocular Tumors

The Use of I-131-Labeled Serum Albumin

in the Study of Cardiac Output and
Peripheral Vascular Flow

Thyroid Radioiodine Uptake Calibration

Possibilities and Limitations of In
Vivo External Counting Techniques
in Biology and Medicine )

Tissue Specific Anti-Bodies as
Carriers of Radiocactive Materials
for the Treatment of Cancer

Tritium (H-3) Measurements of Lung
Ventilation Volumes and Kinetics

The Use of Radioactive Tagged Red
~ Cells and Platelets to Study the
Phenomenon of Sequestration

- The Absorption of Radioiron Labeled

Foods and Inorganic Iron by
Normal, Iron-Deficient, and
Hemochromatotic Subjects .

The Dynamic Aspects of Erythropoiesis
in Normal and Pathologic States as
Indicated with the Radiocactive
Isotope Tracer Technique

Recent Advances in Methods for the
Study of Red Cell Mass and Red
Cell Production and Destruction

222
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SESSION 10C - RADIOACTIVE ISOTOPES AND NUCLEAR

RADIATIONS MEDICINE (CONCLUDED) -
DIAGNOSIS AND STUDIES OF DISEASE

UN'NO. 178% The Use of Isotopes in Biochemical and

180

188

192

215

217

29

28
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Medical Research

The Use of Radiosodium and Radio-
potassium Tracer Studies in Man

Dental Uses of Radioisotopes

Biosynthesis of Abnormal Proteins in
Multiple Myeloma

Studies on the Metabolism of Tubercle
Bacilli, and Their Fate after
Phagocytosis

Use of Radioactive Metabolites in
Studying Modes of Action of Anti-
Cancer Agents and Searches for
Exploitable Bio-Chemical Dif-
ferences between Normal and Cancer
Cells

Radioisotopic Studies of Human
Serum Lipoproteins

Biochemical Changes of Experimental
Pre-Cancer. Amino Acid Metabolism
in the Isolated Perfused Rat Liver
Studies with the Aid of Lysine-6-C-14
and Histidine-2-C-1.4

The Application of Radioisotopes to
the Study of Cancer Induction

Utilization of Nuclear Energy in
Public Health Problems on the
Epidemiology of Communicable
Diseases

The Use of Radiocactively Labeled
Compounds in Study of Metabolic
Inter-Relationships of Host and
Parasitic Helminths

223
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Miller, L.L.,
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Stoner, R.D.,
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et al
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SESSION 10C - RADIO%CTIVE ISOTOPE% AND NUCLEAR
RADIATIONS IN MEDICINE (CONCLUDED) -
DIAGNOSIS AND STUDIES OF DISEASE
(CONTINUED)

UN NO. 229 The Use of C-li Labeled Compounds in
Tuberculosis Research Koch-Weser,
’ DO’ et al

840% The Use of Isotopes in Analysis of
Metabolic Disorders Stetten,
DeWitt, Jr.

84, Studies of the Use of RB~86 as a Tracer .
of Potassium in Man Burch, G.E.,
et al

SESSION llC -~ BIOLOGICAL EFFECTS OF RADIATION: MODES
OF RADIATION INJURY AND RADIATION

. ' HAZARDS
UN»NO. 72 Irreversibility of Damage Produced by Alpha
) Emitters S .amnard, J.N.,
. et al
l
' 75 The Potentiated Lethal Action of Radio-
isotopes Used in Combination Friedell,
HoLo, et al
(Effects on Reproductive System and on Fetus)
UN NO. 77%  Hazards to the Embryo and Fetus from
Ionizing Radiation Russell,
' Lia-ne Bo,

Russell, Welo
UN NO. 80 Internal Emitters and Tumor Induction Finkel,

Miriam P.
81 Biological Effects of Fast Neutrons
and Gamma Rays Clark,
) JoWo, et al
(Modes of Radiation Injury)
UN NO, 82% Commentary on the Modes of Radiation
Injury , Brues, A. M.
(Carcinogenéais and Metabolism aof Bone-Seeking Isotopes)
UN NO. 88% The Deposition of Radioactive Substance
in Bone Hoecker, F.E.

224

1035441



SESSION 11C - BIOLOGICAL EFFECTS OF RADTATION: MODES OF
RADIATION INJURY AND RADIATION HAZARDS
(CONTINUED) - -

UN NO. 236 Genetic Differences in Longevity
and Disease Resistance in Animdls
under Irradiation Gowsn, John W,

(Carcinogenesis and Metabolism of Bone-Seeking Isotopes)
UN NO. 242% The Association of Irradiation with
Cancer of the Thyroid in Children and

Adolescents Clark, D.E.
UN NO. 243 The Delayed Toxicity of Radium Deposited
in the Skeleton of Human Beings Hasterlik,
RQJ., et al

2L A Formulation of the Relation Be-
tween Radiation Dose and Shortening

of Life Span Blair, H.A.
251 Early Radiation Death Brace,
K.C.’ et al
254 Modes of Acute Radiation Death Quastler,
Henry

UN NO. 256 Effects of Whole Body Exposure to
Nuclear or X-Ray Energy on Life
Span and Life Efficiency Gowen, John W.

(Effects on Reproductive System and on Fetus)
UN NO. 257% The Effects of Daily Low Doses of
X-Rays on Spermatogenesis in Dogs Casarett, G.W,
Hursh, J.B.

(Carcinogenesis and Metabolism of Bone-Seeking Isotopes)
UN NO. 847% The Use of Isotopes in Study of
Skeletal Physiology and
Metabolism Neumann, W.F.

SESSION 12C - BIOLOGICAL EFFECTS OF RADIATION
_CCNTINUED ~ MECHANISMS OF RADIATION
INJURY: PROTECTION AND RECOVERY

(Protection and Recovery)
UN NO. 78% Studies on Protection by Treatment
Before and After Exposure to X-
and Gamma Radiation Hollaender, A.
Stapleton, G.E.

225
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SESSION 12C ~ BICLOGICAL EFFECTS OF RADIATION (CONTINUED) -
MECEANISMS OF RADIATION INJURY: PROTECTION

UN NO. 83

8L

%

97

239

249

252

253

255

AND RECOVERY

Studies of the Biological Basis of
Radiosensitivity

Medical Care of Wounds Contaminated
with Radioactive Materials

Relative Biological Effectiveness

Use of Partial-Cell Irradiation in
Studies of Cell Division

Studies on the Mechanism of Phyto-
hormone Damage by Ionizing
Radiation

Radiation Effests on Cells: Genetics
or Physiology?

The Effect of Nor~Cellular Prepara-
tions on Swrival after Lethal
Doses of X-fadiation

The Effect of X-Trradiation Fat
Metaboiism

Relationship between Eiectrolytes
and Radiation Effects on Cell
Metabolism

Studies on Hypsrferremia Following
Acute Whole Body X-Irradiation

Tahmisian,
Theoe No

Hathaway,
EeAs, et al
Adams,
GnDa, et al

Zirkle,
R.E" et al

Gordon,
Solon A.

Powers,
E. Lo, et al

Goldwésser,
Eo, et al

Coniglio,
J.GQ, et a-].

Bair,
W.J., et al

Haley,
T.J.’ et a]-

SESSION 13C ~ BIOLOGICAL FFFECTS OF RADIATION (CONCLUDED) -

GENETIC EFFECT HUMAN JMPLICATTIONS

b

RADIOACTIVE TSOTOPES AND IONIZING RADIATIONS
IN AGRICULTURE - RADIATION--INDUCED GENETIC

CHANGES AND CROP YMPROVEMENT

(Session 13C.2 -~ Radiation~Induced Genetic Changes and Crop

1035449

Improvement: )
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SESSION 13C -

UN NO. 101*

103

107

UN NO. 110

UN NO. 234

BIOLOGICAL EFFECTS OF RADIATION (CONCLUDED) - GENETIC

ZFFECTS: HUMAN IMPLICATIONS-RADIQACTIVE ISOTOPES AND
IONIZING RADIATIONS IN AGRICULTURS - RADIATION-INDUCED
GENETIC CHANGES AND CROP IMPROVEMENT

Ionizing Radiations as a Tool for Plant

Breedars Caldecott,
R. S.
Resistance to Rust Induced by Ioniz-
ing Radiations in Wheat and Oats Myers,
W.M., st al
The Comparative Effects of Radiation
and Hybridization in Plant Breeding Gregory,
Walton C,
The Contribution of Radiation
CG2natics to Crop Improvement Singleton,
WeR., et al
(Session 13C.1 - Genetic EZffects: Human Impli-
cations)
How Radiation Changes the Genetic
Constitution Muller, H.J.

UN NO. 235%

238%*

Genetic Effects of Radiation in
Mice and Their Bearing on the
Estimation of Human Hazards Russell, W.L,

The Genetic Structure of Mendelian
Populations and its Bearing on
Radiation Problems Wallace, B.

(Session 13C.2 - Radiation~Induced Genetic Changes

UN NO. 266

SESSION 14C -

UN NO. 100

1035450

and Crop Improvement)
The Effects on Plants of Chronic
Exposure to Gamma Radiation from
Radio~Cobalt Sparrow,
A.He, ot 2l

RADIOACTIVE ISOTOPES AND IONIZING
RADIATIONS IN AGRICULTURE (CONCLUDED) -
TRACER STUDIES IN AGRICULTURE

Use of Radioisotopes in Tracing
Fungicidal Action Miller,
L.P., et al
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SESSION 14C — RADIOACTIVE ISOTOPES AND IONIZING

UN NO. 104* Applications of Radiocactive Isotopes to

105%

106

108

109

112%

113

115

1035451

RADIATIONS IN AGRICULTURE (CONCLUDED) -~

TRACER STUDIES IN AGRICULTURE

the Study of Soils and Fertilizers

The Use of Radioactive Isotopes to

Ascertain the Role of Root-Grafting

in the Translocation of Water,
Nutrients and Disease-Inducing
Organisms Among Forest Trees

Utilization of Radicactive Isotopes
in Resolving the Effectiveness of

Foliar Absorption of Plant Mutrients

Absorption of Radiocactive Sulfur by
the Fruit System in Comparison to
the Roots of Peanuts

Use of Isotopes for Determining the
Availability of Chelated Metals
to Growing Plants

Use of Labeled Compounds in Weed
Research

Uptake and Transport of Mineral
Nutrients in Plant Roots

In Situ Measurement of Soil Bulk
Density

Eradication of the Screw-Worm Fly

by Releasing Gamma-Ray-Sterilized
Males among the Natural Population

Uses of RadioisotOpes.by the
Hawaiian Sugar Plantations

228

De&n, LOA.

Kuntz, JeEs
Riker, Asde

Tukey,
HeBey et al

Harris,
Henry C.

Stewart, I.,
et al

Crafts, A.S. ’
et al

Epstein, E.
Hendricks, S.B.

Vomocil, James A.

Bushland,
ReCe, ot al

Burr,
GOO'O’ et al



SESSION 15C - RADIOACTIVE ISOTOPES IN PHYSIOLOGY AND BIOC TRY
Session 15C.1 - Animal Physiology

UN NO. 90% Radioactive Isotopes in Animal Physiology
and Nutrition — Mineral Metabolism Comar, C.L.

91 The Mechanism of Gastric Acid Secre-
tion as Revealed by Radioisotopes Hogben, C.A.M.

g2 Time Relations between Potassium
K~42 Outflux. Action Potential
and Contraction Phase of Heart
Muscle as Revealed by the Effluogram Wilde,

W.S.’ et al
93 Isotopes in Research on Animal Nutrition
and Metabolism Kleiber,
Mo, et al
95  Use of Radioactive Iodine (I-131) and
Thyroxine to Determine the Thyroid
Hormone Secretion Rate of Intact
Animals Reineke,
EQPQ’ et al
96 Respiratory Carbon-li Patterns and
Physiological State Tolbert,
B«M., et al
99 Studies of Brain Potassium in Relation
to the Adrenal Cortex Bergen, J.R.,
et al

(Session 15C.2 - Plant Biochemistry)
UN NO.259% The Photosynthetic Cycle Calvin, M,
Bassham, J.A.

269 The Application of Carbon-l4 to
Studies on Bacterial Photosynthesis Siegel, Jack M.

271 The Metabolism of Mucopolysaccharides Dorfman, A.,

et al
274 Biosynthesis in C-li-Labeled Plants;
Their Use in Agricultural and
Biological Research Scully, N.dJ.,
et al

229
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%§§§;ON 15C - RADIOACTIVE ISOTOPES IN PHYSIOLOGY AND BIOCHEMISTRY
Session 15C.1 ~ Animal Physiology N

UN NO. 275% Use of I-131 in Study of the Influence

of Climatic Factors on Thyroid Activity

and Productivity of Livestock

Blincoe, C.
BrOdy ’ Se

SESSION 16C - RADIOACTIVE ISOTOPES IN PHYSIOLOGY AND BIOCHEMISTRY
) lﬂﬂﬂﬂﬂﬂﬁﬂ[ ~ GENERAL BIOCHEMISTRY

UN NO.

1035453

98

182%

221

222

260%

261

262%

263

264

Metabolism of Radioisotope-Labeled
Drugs :

Role of Radiocactive Isotopes in Immu-
nologic Investigation Including
Recent Studies on the Rate of Anti-
body Synthesis ’

Absence of Amino Acid Incorporation
into Antibody During the Induction
Period

The Metabolic Fate of WInternally"™ and
WExternally" Labeled Protein Antigens

Pathways of Biosynthesis of Nucleic
Acids '

Dietary Factors in the Oxidation and
Synthesis of Fatty Acid by Tissue
Preparations

Isotope Tracers in the Study of Enzyme
Mechanisms

Nucleotide and Nucleic Acid Metabolism
Studied with Adenine-C-1/

Nature of the I-131 Compounds Appear-
ing in the Thyroid Vein after In-
Jjection of Jodine I-131

230

Smith,
P.K., et al

Dixon, F.d.

Taliaferro,
WOHO’ etl al

Haurowitz,
Fe, et al

Brown,
G. B.

Artom,
Camillo -

Koshland,
D.E.’ Jr.
Gibbs, M.

Bennett,
E.Lo, et al

Chaikoff,
I.L., et al



SESSION 16C ~ RADIOACTIVE I%%TOPE? IN PHY%%OLOGY AND BIOCHEMISTRY
(CONCLUDED) - GENERAL BIOCHEMISTRY

UN NO. 265 Mechanism of Incorporation of Labeled
Amino Acids into Protein Zamecnik,

P.CQ, et al

267 Some Biochemical Functions of the
Cell Surface as Deduced by Isotope
Studies Rothstein, Aser

268 Distribution of Radioactive Carbon
Dioxide Incorporated into Rat Liver
Glycogen Marks, P.A.,
et al

270 The Study of Certain Phases of Cell
Dynamic States with Short-Lived
Isotopes as Exemplified by Mn-56
Partition Studies in Organs and
Intra-Cellular Organelles Cotzias,G.C.,
et al

272 Isotopic Studies in Cholesterol
Metabolism Biggs, M.W,

273 Radioactive Oxytetracycline (Terramycin2).
I. Mode of Synthesis and Properties

of the Radiocactive Compound Snell, J.F.,
et al
842 Isotopic Studies of Steroid Metabolism
in Man Hellman,
, L., et al
84,3 Steroid Metabolism Studies with the
Aid of C-li~Labeled Compounds Dorfman,
ReIes, et al
846 The Biosynthesis of Porphyrins Shemin, David

SESSION 17C - SAFETY STANDARDS AND HEALTH ASPECTS

OF LARGE-SCALE USE OF ATOMIC ENERGY
(Session 17C.2 - Hazards Related to Uranium Mining)
UN NO. 73 Mechanism of Uranium Poisoning Hodge, HeC., et al

(Session 17C.1 ~ Radiation Safety Recommendations
- and Control)
UN NO. 74 Experimental Data Useful in Establish-
ing Maximum Permissible Single and
Multiple Exposures to Polonium Anthony, D.S.,
et al

231
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SESSION 17C — SAFETY STANDART S AND HEALTH ASPECTS OF LARGE—
SCALE USE OF AT SMIC ENERGY
(Session 17C.2 - Hazards Related to Uranium Mining)
UN NO. 76 Radiation Dosage to Lungs from Radon and
its Daughter Products ‘ Bale, W.F.,
et al

(Session 17C.1 - Radiation Safety Recommendations and
Control)
UN NO. 79% Maximum Permissible Concentration of
Radioactive Isotopes in Air and Water
for Short Period Exposure Morgan,
KoZo, et al

(Session 17C.2 - Hazards Related to Uranium Mining)
UN NO. 85% Industrial Hygiene of Uranium Processing Eisenbud, M.

Quigley, J.A.

(Session 17C.1 - Radiation Safety Recommendations and Control)
UN NO. 89% Maximum Permissible Exposure Standards Stone, R.S.

(Session 17C.2 - Hazards Related to Uranium Mining)
UN NO. 230 Use of Radioisotopes in Studies of
Health Hazards in the Uranium Mining
Industry Tsiveoglou,
EoCb

(Session 17C.1 - Radiation Safety Recommendations and
Control)
UN NO. 241  Lymphocytes with Bilobed Nuclei as
Indicators of Radiation Exposures in the

Tolerance Range ~ Ingram, M.
245 Validity of Maximum Permissible Stan-
dards for Internal Exposure Thompson,
RoCo, et al
247 Permissible Exposure to Ionization
Radiation Taylor,
L.S.

250 Is the Concept of WCritical Organ®
Valid in Determining the Maximum Per-
missible Level for Exposure to Radio-
active Materials? Stannard,
J.N.

(Session 17C.2 - Hazards Related to Uranium Mining)
UN NO« 258 Health Protection of Uranium Miners

and Millers Miller,
S.E. s et al

232
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SESSION 18C - SAFETY STANDARDS AND HE%%TH AfEECTﬁ OF

LARGE-SCALE USE OF ATOMIC ENERGY (CONCLUDED)
(Session 18C.1 - Hazards Related to Reactor and Chemical Processing)
UN NO. 240%* Radiation Exposure Experience in a

UN NO. 276

248

277

Major Atomic Energy Facility Parker, H.M.
Health Protection in Chemical Processing
Plants Parker,
H.Mo, et al
(Session 18C.2 - Ecological Problems Related to Reactor
Operation)
Atomic Energy and Meteorology Wexler,
’ Ho, et al
+sosNuclear Science and Oceanography Revelle,
RQ’ et al
278% The Absorption of Fission Products
by Plants Rediske, J.H.

279

Hungate, F.P.

Radiation Exposure from Environmental
Hazards Parker, H.M.

280*% The Accumulation of Radiocactive Sub-

281

283

480

stances in Aquatic Forms Foster, R.F.
Davis, J.J.

Radiocactivity in Terrestrial Animals
Near an Atomic Energy Site Hanson, W.C.
Kornberg, H.A.

Environmental Aspects of the Atomic
Energy Industry Gorman,
Arthur E.

Assaying the Function of Total Biotic
Communities in Relation to the New
Field of Radiation Ecology Odum,
EOPI, et al

(Session 18C.1 - Hazards Related to Reactor and Chemical

UN NO. 8L5%

1035u5b

Processing)
Approaches to Treatment of Poisoning by
both Radiocactive and Non-Radiocactive
Elements Encountered in Atomic Energy
Operations Schubert, J.
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SESSION 19C - GENERAL USES, PRODUCTION AND HANDLING OF RADIOACTIVE

ISOTOPES
(Session 19C.3 - Handling of Radiocactive Isotopes)
UN NO.
Feel for Conducting Experiments with
Radioactive Materials

86 Transportation of Large Quantities of
Radicactive Materials

(Session 19C.1 - General Aspects)
UN NO. 146% Radioisotopes in Industrial Research

(Session 19C.2 - Production of Rgdiocactive Isctopes)
UN NO. 313 Preparation of Kilocurie Quantities of
' Xenon-135

(Session 19C.3 - Handling of Radicactive Isotopes)
UN NO. 314% Large-Scale Production of Radioisotopes

315 Methods of Handling Multikilocurie
Quantities of Radioactive Materials
316 Design of Radiation Analytical

Facilities at Qak Ridge National
Laboratory

(Session 19C.2 - Production of Radicactive Isotopes)

UN NO. 317 Design and Operation of a Pilot Plant
‘ to Produce Kilocurie Fission Product
Sources
318 The Preparation of Kilocurie LA-140

Sources

234
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69%  Mechanical Arms Incorporating a Sense of

Burnett,
JoRe, et al

Blatz,
Hanson

Eaton, S. E.

Creek,
G.E., ot al

Rupp,
A. F.

Rupp,
A. F.

Goeller,
H.E., et al

Consiglio,

Je A., et al

Hammond, R.P.,
et al



SESSION 20C - DOSIMETRY
(Session 20C.1 - General Aspects)

UN NO. 58 Portable Instruments for Beta-Ray

Dosimetry | Roesch,
WOC.’ et al
59 Measurement of Tissue Dose as a
Function of Specific I¢nization Rossi,
H.HO' et &l

(Session 20C.3 - Neutron Dosimetry)
UN NO. 60% A Gamma Insensitive Semi-Conductor
Fast Neutron Dosimeter Using Single
Crystal Germanium Cassen, B.

(Session 20C.. - Counting and Electronics)
UN NO. 61% Recent Developments in the Seintilla-

tion Counter Field in the U.S. Morton, G.A.
(Session 20C.1 ~ General Aspects)
UN NO. 62 The Theory of Cavity Ionization Spencer,
L.Ve, et &l

(Session 20C.3 - Neutron Dosimetry)
UN NO. 63*% Methods of Measurements of Neutron
Flux at Low Levels Cowan, F. P.
' O'Brien, J.

(Session 20C.1 - General Aspects)
UN NO. 6L Neutron and Gamma-Ray Dosimetry of a
Thermal Neutron Irradiation

Facility Cowan,
F.Pq, et al
(Session 20C.3 - Neutron Dosimetry)
UN NO. 65 Fast Neutron Dosimetry Hurst,
GeSe, et al
(Session 20C.4 - Counting and Electronics)
UN NO. 66% Methods of Pulse Analysis Kelley, G.G.
Bell, P.R.
67 The Role of Liquid Scintillators in
Nuclear Medicine Hayes,
F.No, et al

(Session 20C.1 ~ General Aspects)
UN NO. 68 Liquid Scintillation Counting of
Natural Radiocarbon Hayes, F.N.,
et al
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SESSION 20C - DOSIMETR . ‘
Session 20C.2 ~ Dosimetry of Gamma-Rays) ‘

UN NO. 70% Absolute Dosimetry of Cobalt-60 Gamma~Rays Laughlin,

JcSa, et al
(Session 20C.4 - Counting and Electronics)
UN NO. 71% Dosimetry of Ionizing Particles Failla, G.
(Session 20C.1 - General Aspects)
UN NO. 150% Low-Level Counting and the Future of
Isotopic Tracers Johnston,
. W. He
151 A High Level Dosimeter for the Detection
of Beta and Gamma Radiation and Thermal
Neutrons Dondes, S.
(Session 20C.4 - Counting and Electronics)
UN NO. 152 The Development and Design of a Series of
Precision Radicactive Airborne Particle
Detectors for Health Monitoring and
Control Systems Anton,
: Nicholas
(Session 20C.2 - Dosimetry of Gamma-Rays)
UN NO. 153 Development of Direct-Reading Chemical
Dosimeters for Measurement of X, Gamma,
and Fast Neutron Radiation Taplin,
Geo. V.
(Session 20C.3 - Neutron Dosimetry)
UN NO. 154% Dosimetry of Reactor Hadiations by
Calorimetric Measurements Richardson,
- D.Mo, et al
(Session 20C.2 - Dosimetry of Gamma-Rays)
UN NO. 155 Use of the Fricke Ferrous Sulfate
Dosimeter for Gamma-Ray Doses in the
Range 4 to 4O KR Weiss, .
Je, et al
(Session 20C., - Counting and Electronics)
UN NO. 157 Medical Scintillation Spectrometer Francis,
Je Eo, et al
(Session 20C.2 - Dosimetry of Gamma-Rays)
UN NO. 158 Visualization of Gamma-Ray-Emitting
Isotopes in the Human Body Anger,
H.o.’ et al

236

1035459



SESSION 20C - DOSIMETRY

(Session 20C.L4 - Counting and Electronics)

UN NO. 159% High Resolution Radiation Detectors

in Research

SESSION 21C - RADIOACTIVE ISOTOPES IN RESEARCH
Session 21C.2 - Activation Analysis

UN NO. 147

Applications of Radioisotopes in Chemical

Research and Analysis

(Session 21C.1 - Reaction Mechanisms)
UN NO. 149% Tritium as a Research Tool in Chemistry

160

161

163%

226

232

233
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and Industry

The Use of Radiocactive Tracers for
Studying Absorption from Solution by
Fibrous Materials

Radiocactive Isotopes in Petroleum~
Production Research

Stable and Unstable Isotopes in Hetero-
geneous Catalytic Reactions

Radiocactive Isotopes as Tools in
Sanitary Engineering Research

Use of Carbon-14 to Study Organic Ad-
sorption Properties of Activated
Carbon

Radiometric Methods for Drinking Water
Analysis

237

Gomberg,
Schlesinger,
M.Jo, Jr.

Willard,
John E.

Brown,
HIGC’ et al

White,
H.JO, Jro,
et al

Dunning,
HoNc, et al

Turkevich, J.

Theomas,
He Ao » Jr.

Ettinger,
M.B. » et al

Moeller,
DoWu, et al



§§§§20N 22C ~ RADIOACTIVE ISOTOPES IN CONTROL AND TECHNOLOGY

UN NO. 148 Radioisotopes in the Study of Fluid

Dynamics Beatty,
KoOo, e@ al
162 Industrial Inspection with Reactor o
Isotopes Clarke, Eric T.
1643% Versatility of Radiation Applications
Involving Penetration or Reflection Crompton,
C.E.
165 Portable Isotopic X-Ray Units Daggs,
, ReGe, et al
166 Radicisotopes in Petroleum Refining,
Research and Analysis Hull,
: D.W., et al
SESSION 23C - FISSION PRODUCTS AND THEIR APPLICATIONS
(Session 23C.3 - Conversion of Radiation into Electricity)
UN NO. 156 Beta-Ray Excited X-Ray . Sources Reiffel,
L.’ et al
(Session 23C.2 - Food Sterilization)
UN NQ. 167 Technology and Economics of High-Intensity
Ionizing Radiations Michaelis,
‘ Michael
(Session 23C.1 - Polymerisation Iéduced by Radiation)
UN NO. 168% The Effect of Gamma Radiation on Some
Chemical Reactions of Possible Industrial
JImportance Bray,
B.G., et a.l
(Session 23C.3 - Conversion of Radiation into Electricity)
UN NO. 169% The Direct Conversion of Radiation into
Electricity Linder,
' EoGo, et al
(Session 23C.1 - Polymerisation Induced by Radiation)
UN NO. 170 Use of Radioisotopes in the Production of
Self-Luminous Compounds Wallhausen,
CeW,
(Session 23C.3 - Conversion of Radiation into Electricity)
UN NO. 171 Nuclear Batteries - A Survey Shorr,
: William

238
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SESSION 23C ~ FISSION PRODUCTS AND T APPLICATION:
ZSesszon 23C.2 - Food Sterilizatlons

UN NO. 172% Progress and Problems in the Development of

Cold Sterilization of Foods . Proctor,
B.E.
Goldblith,
Se Ae
173 Ionizing Radiations for Meat Processing Doty, D.M.,
et al
174, Research in the U.S. on the Radliation
Sterilization of Foods Siu, R.G.H.,
et al
175% Sterilization of Medical Supplies with Gamma-~
Radiations Brownell,
L. E,
Blum.er, Jede
176 Feeding Studies in the Appraisal of the
Wholesomeness of Radiatlon Sterilized
Foods Huber,
T,E., ot al
225% Health Protection Against Food-Borme
Parasitic Diseases with Particular
Reference to Control of Trichinesis Lomberg, H.J.
Gould, S.E.
239
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ATTACHMENT 3 - ORGANIZATIONS WHICH SUBMITTED ABSTRACTS

Aerojet-General Corporation, Azusa, California

American Gas & Electric Services Corporation, New York City
American Institute of Architects, Washington, D. C.

American Machine & Foundry Company, New York City

American Meat Institute Foundation, Chicago

American Public Power Association, Washington, D. C.

Anton Electronic Laboratories, Brooklyn, N. Y.

Argonne National Laboratory, Lemont, Illinois

Armour Research Foundation of Ill. Institute of Tech., Chicago
Army Medical Research Laboratory, Fort Knox, Kentucky

Battelle Memorial Institute, Columbus, Ohlo

Baylor University, Houston, Texas

Beth Israel Hospital, New York City

Boyce Thompson Institute for Plant Research, Yonkers, N. Y.
Bozell & Jacobs, Washington, D. C.

Brookhaven National lLaboratory, Upton, N. Y.

Brush Beryllium Company, Cleveland, Ohio

California Institute of Technology, Pasadena, California
California Research Corporation, San Francisco, California
Carbide and Carbon Chemicals Company, Oak Ridge, Tennessee
Camp Detrick, Frederick, Maryland _
Carnegie Institute of Technology, Pittsburgh, Pa.

Clark, Hitchcock and Associates, Washington, D. C.
Columbia University, New York City

College of Texas, Agricultural & Mechanical, College Station, Texas
Combustion Engineering, Inc., New York City

Crane Company, Chicago

Curtiss-Wright Corporation, Wood-Ridge, New Jersey

David Sarnoff Research Laboratories, Princeton, N. J.
Day & Zimmermann, Inc., Philadelphia, Pa.

Department of Agriculture, Washington, D. C.
Department of the Army, Washington, D. C.

Department of Commerce, Washington, D. C.

Department of Health, Education and Welfare, Washington, D. C.
Department of the Interior, Washington, D. C.
Department of Labor, Washington, D. C.

Department of the Navy, Washington, D. C.

Department of State, Washington, D. C.

Detroit Edison Company, Detroit, Michigan

Dow Chemical Company, Pittsburgh, California

Duke University, Durham, N. C.

DuMont Laboratories, Clifton, N. J.
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Elliseva Sayers and Associates, New York City -
Esso Research & Engineering Co., New York City,

Federal Power Commission, Washington, D. C.
Firth Sterling, Inc., Pittsburgh, Pa.

Florida State University, Tallahasses, Florida
Francis Delafield Hospital, New York City
Frankford Arsenal, Philadelphia, Pa.

Franklin Institute, Philadelphia, Pa.

General Electric Company, Cincinnati, Ohio, Richland, Washington,
and Schenectady, New York

George Washington University, Washington, D. C.

Great Lakes Carbon Corporation, Chicago

Harvard University, Boston, Mass,

Hawaiian Sugar Planters'! Association, Honolulu, Hawaii
Hanford Atomic Products Operation, Richland, Washington
High Voltage Engineering Corporation, Cambridge, Mass.
Horizons Incorporated, Cleveland, Chio

Idaho Operations Office, AEC, Idaho Falls, Idaho

Indiana University, Bloomington, Indiana

Institute for Cancer Research, Philadelphia, Pa.

Iowa State College, Ames, Iowa _
Iowa State College of Agriculture and Mechanic Arts, Ames, Iowa

Johns Hopkins University, Chevy Chase, Md.
Johns Manville Sales Corporation, New York City

Kettering~Meyer Laboratory, Birmingham, Alabama
Kidde Nuclear Laboratories, Inc., Garden City, New York
Knolls Atomic Power Laboratory, Schenectady, N. Y.

Liberty Mutual, Boston, Mass.

Little, Arthur D., Inc., Cambridge, Mass. and San Francisco, Calif,
Long Island Biological Laboratory, Cold Spring Harbor, N. Y.

Los Alamos Scientific Laboratory, Los Alamos, New Mexico

Los Angeles, City of, Dept. of Water and Power, Los Angeles, Calif,
Lovelace Foundation, Albuquerque, New Mexico

Mallinckrodt Chemical Works, St. Louis, Missouri
Massachusetts General Hospital, Boston, Mass.
Massachusetts Institute of lechnology, Cambridge, Mass.
Meharry Medical College, Nashville, Tennessee

Michigan State College,Rast Lansing, Michigan

Mine Safety Appliances Company, Pittsburgh, Pa.
Minneapolis-Honeywell Regulator Co., Philadelphia, Pa.
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Monsanto Chemical Company, Ste Louis, Missouri
Montefiore Hospital, New York City
Mound Laboratory, Miamisburg, Ohio

National Advisory Committee for Aeronautics, Washington, D. Co
National Board of Fire Underwriters, New York City
National Bureau of Standards, Washington, D. C.

National Carbon Company, New York City, and Cleveland, Ohio
National Industrial Conference Board, New York City
National Lead Company, New York City and Winchester, Mass.
National Planning Association, Washington, D. C.

Naval Medical Research Institute, Bethesda, Md.

Naval Resesarch Laboratory, Washington, D. C.

New England Deaconess Hospital, Boston, Mass.

New Brumswick Laboratory, AEC, New Brunswick, N. J.

New York Operations Office, AEC New York City

N, Y, State Departmsnt of Labor, New. York City

New York University, New York City -

Norden Laboratories, White Plains, New York

North American Aviation, Inc., Downey, California

North Carolina State College, Raleigh, N. C.

Northwestern University, Evanston, Ill.

Norton Company, Worcester, Massachusetts

Nuclear Development Associates, Inc., White Plains, N. Y.
Nuclear Energy Resezrch Bureau, New York City ’
Nuclear Metals, Inc., Cambridge, Mass. .

Nucleonics, New. York City

Oak Ridge Institute of Nuclear Studiés; Oak Ridge, Tennessee
Qak Ridge National Laboratory, Oak Ridge, Tennesses
Ohio State University, Columbus, Ohio

Panellit, Ince, Skokie, Illinois . "
Pennaylvania State University, University Park, Pa.
Charles Pfizer & Co., Inc., Brooklyn, N. Y.
Phillips Petroleum Company, Idaho Falls, Idaho
Princeton University, Princeton, N. J.

Phychiatric Institute, New York City

Purdue University, Lafayette, Indiana

RCA Corporation, Princeton, New Jersey

Rand Corporation, Santa Monica, California
Rensselaer Polytechnic Institute, Troy, N. Y.
Rice Institute, Houston, Texas

Rohm & Haas Company, Philadelphia, Pa.
Rutgers University, New Brunswick, New York
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Seripps Institute of Oceanography, LaJolla, California

Sheffield Corporation, Dayton, Ohio

Shell Development Company, Houston, Texas

Silas Mason Company, Las Vegas, Nevada '

Sloan-Kettering Institute for Cancer Research, New York City
Southwest Foundation for Research & Education, San Antonio, Texas
Standard 0il Company, Chicago, Illinois

Stanford Research Institute, Stanford, California

Sylvania Electric Products, Inc., Bayside, N. Y.

Syracuse University, Syracuse, N. Y.

Technical Operations, Arlington, Mass.
Textile Research Institute, Princeton, N. J.
Tracerlab, Inc., Richmond, California
Tulane University, New Orleans, Louisiana

University of Arkansas, Fayetteville, Arkansas and Littls Rock, Ark.

University of California, Berkeley, Davis, Los Angeles, San Francisco,
California

University of Chicago, Chicago, Illinois

University of Florida, Gainesville, Florida

University of Georgia, Athens, Georgia

University of Kansas, lLawrence, Kansas

University of Illinois, Urbana, Illinois

University of % --*-=-=m, Ann Arbor, Michigan

University of Minnesota, Minneapolis, Minn.

University of Missouri, Columbia, Mo.

University of North Carolina, Raleigh, N. C.

University of Pittsburgh, Pittsburgh, Pa.

University of Rochester, Rochester, N. Y.

University of Southern California, Los Angeles, California

University of Texas, Austin, Texas

University of Tennesses, Memphis, Tenn,

University of Utah, Salt Lake City, Utah .

University of Washington, Seattle, Wash.

University of Wisconsin, Madison, Wis.

United Carbon Products Company, Inc., Bay City, Michigan

U. S. Geological Survey, Albuquerque, New Mexico

U. S. Naval Hospital, Bethesda, Md.

U, Se Radium Corporation, New York City

Vanderbilt University, Nashville, Tennessee
Veterans Administration Hospital, Boston, Mass., Hines, Ill.

Long Beach, Calif.
Vitro Corporation of America, New York City
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Wake Forest College, Winston-Salem, N. C.

Washington University, St. Louis, Mo.

Western Reserve University, Cleveland, Ohio

Westinghouse Air Brake Company, Pittsburgh, Pa,

Westinghouse Electric Corporation, Pittsburgh, Pa.

Woods Hole Institute, Woods Hole, Mass.

Worcester Foundation for Experimental Biology, Shrewsbury, Mass.

Yale University, New Haven, Connecticut
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APPENDIX ITI — EVENING LECTURES

Ten evening lectures were given at the Palais des Nations during
the Geneva Conference with the intention of covering in more general
terms certain broad aspects of nuclear science which might otherwise
be neglected in the more detailed work of the Technical Sections. They
were directed not alone to participants in the Conference but to the
world of science in general. One lecture dealing on a popular level
with the general significance of atomic energy was given by Sir John
Cockeroft in a summation lecture, interpreting the meaning of the Con-
ference for the future.

The fcliowing is the list ¢f speakers, dates and titles of lec-
tures:

9 August Prof. Niels Bohr (Denmark) - "Physi~al Science and
Man?s Position®

11 August Dr. Ermest O. Lawrence (US) - MHigh Current Ac-
celerators®

11 August Prof. Vliadimir I. Veksler (USSRj - "Principles of
the Acceleration of Charged Particles™

15 August Dr. Hans A. Bethe (US) - "Siementary Particles.
Light Mesons"

15 August Prcf. Louls Leprince-Ringuet (France) -~ MThe
'Strange Particles’- Mesons and Hyperons"

15 August Dr. George de Hevesy (Sweden) - MRadiocactive Tracers
and Their Application®

15 August Dr. Wiliard F. Libby (US) - "Radiocarbon Dating”

17 August Dr. Alexander Hollaender (US) - "Modification of
Radiation Response"

17 August Prof. Andrei L. Kursanov (USSR) - "Radioactive Ele-
ments in the Study of Plant Life®™

19 August Sir John D. Cockcroft (UK} - "The Future of Atomic
Energy"
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Prof. Niels Bohr

The lectures commenced o¢:: the evening of August 9, 1955, with
Prof. Niels Bohr (Denmark) as the speaker. Prof. Bohr made a plea
for re-establishment of international freedom of information — such
as was then taking place at the Conference. He began by stating that
with man's expansion of knowledge in the 20th century, Mour whole
civilization is confronted with a most serious challenge™ which demands
an adjustment between nations. 'We are," Prof. Bohr said, "dealing
with consequences of endeavors which know no national borders.® He
reminded his audience how "the development of modern science is the
outcome of a most intense international cooperation.m

Prof. Bohr retraced the exploratory steps of Einstein, Planck,
Mendelejef among many famous nuclear pioneers, explaining that the
knowledge of how to utilize the forces within the atom could never
have been gained without "freedom of experimentation."® The fruits
of scientific research, he continued, are "a common human inheritance."

Prof. Bohr hoped he had conveyed Man impression of the serious-
ness of . . . our human position, which the exploration of the atom
world has given us™ and he went on to express his conviction that
science will play an even more decisive part in the cause of himanity
in the future. He expressed the belief that "the co—operation in
scientific research offers perhaps more than anything else opportu-—
nities for the furthering of close contacts and common understanding.
Indeed, he said, establishment of co-operation among all peoples,
"now so urgently needed, depends essentially on the free access to
all information, and unhampered discussions of all problems of human
interest.® Dr. Bohr closed by stating his conviction that the Geneva
Conference "will come to stand as a landmark for scientific and tech-
nological co-operation.?

Dr. E. O. Lawrence

Dr. Ernest O. Lawrence (US), Director of the Radiation Lab=-
oratory of the University of California, gave the second lecture, on
the evening of August 11, 1955. His subject was high current accelera-
tors. He began by paying tribute to several men whose work was essen-—
tial to the development of these machines which open up "the richness
of the domain of the nucleus.® Dr. Lawrence singled out Cockeroft
and Walton of England, and Professor Veksler of the Soviet Union for
particular praise. He showed slides of California's bevatron which,
he said, M™is being utilized by scientists of many laboratories in
America and abroad.™ About 25 per cent of the bevatronts operating
time, Dr. Lawrence reported, has been devoted to furthering work
outside the United States.
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Dr. Lawrence then reviewed the history and development of the
new A-48 high current-linear accelerator. This idea began, he believed,
with a paper published by L. H. Thomas in 1938, whose significance was
overlooked for 10 years. After the war Thomas's proposals were paral-
leled by McMillan. Dr. Lawrence gave a technical explanation of the
linear accelerator, discussing in detail also the cloverleaf cyclotron
whose construction had been considered but was abandoned at California
in favor of the linear accelerator, which would not require as high
capital expenditure and would allow, also, extension almost indefinitely
to higher voltages as desired.

Emphasizing his enthusiasm for "this great machine", Dr. Lawrence
saids ™those of us who have had the good fortune of participating in
these developments during the past quarter of a century have indeed
a vivid impression that each new door to a hitherto inaccessible region
cf nature opened by the development of an accelerator of new capabili-
ties always leads to unexpected advances in knowledge of both scientific
and technological importance." He expressed the hope that many of the
delegates "will give us the pleasure of a visit some day soon in Cali~
fornia.n ,

Prof. Vladimir I. Veksler (USSR) followed Dr. Lawrence on the
evening of August 11, 1955, giving the third lecture of the series.
He discussed the various techniques employed by different types of
accelerators. He described the use of accelerators, producing by
artificial means particles possessing high energy (previously ob-
served only in cosmic rays in small quantity), as "a new branch of
contemporary nuclear physics."® Discovery after discovery has been
made in this field during the last few years, making possible study
of the "deep fission of atomic nuclei and revealing "far-reaching
prospects of developing the artificial synthesis of substances.”

The main hopes of physicists centered at first, for these purposes,
on the cyclotron, but this machine was unable, Prof. Veksler stated,
to accelerate particles to the maximm desired. "It seemed that the
gateway to substantially higher energies was hermetically sealed.”

Prof. Veksler then described how both in the U. S., at Berkeley,
Calif., and in the USSR, approaches had been made toward solving the
problem at least to some extent. Noting that the cyclotron accelerates
particles on the order of 10-20 mev, Prof. Veksler described in some
detail the process of auto-phasing, raising the upper energy limit
obtainable in the cyclotron Ma thousandfold.” He described also the
synchrotron, designed to produce an energy beam of 5-10 thousand
Mev, the phasotron or synchrocyclotron, with beam energies (in the
Soviet machine) of 680 n.cv, and the synchrophasotron. These machines,
however, Mare still far from the limiting energies possessed by cosmic-
ray particles," Prof. Veksler observed. He spoke of energies from
50,000 to 100,000 " :v. "My personal opinion," he concluded, "is that
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we must seek out completely new approaches," he said, "but it would be
premature to discuss the problem here, as 1t stil]l needs very thorough

examination.®

Dr. Hans A. Bethe

On the evening of August 15, 1955, the fourth, fifth, sixth,
and seventh lectures of the series were given, two in each of two
simmltaneous sessions. Dr. Hans A. Bethe (US) presented the fourth,

a paper on light mesons. He began by explaining that interest in mesons
originated from a desire to explain intrz-nuclear forces. In substance,
Dr. Bethe spoke as follows:

By means of high energy accelerators, mesons have been pro-
duced in large quantities. It has been frund that these elementary
particles exist with unit positive charge, with unit negative charge
and in a neutral form. All three forms have about 270 electron
masses. Both charged mesous decay into mesons and neutrinos. The
neutral meson decays into two gamma rays. Dr. Tethe discussed meson
scattering studies and their relation to nuclear forces in some detail.
He said that it now seems likely that a satisfactory theory of nuclear
forces can be constructed with mesons alone.

Dr. Bethe discussed the vroperties of the meson. He said that
mesons decay into elesctruns and two neutrons, and that this process
was responsible fnr most ¢f the eiectrons found in cosmic radiation.
There is no evidence for any ruclear interaction of the meson. In
fact, he declared, there is no understanding of the role which the
meson plays in the structure of the universe.

Dr. Bethe predicted that the search by the Berkeley Group for
the anti-~proton would be successful.

Prof, Louis Leprince-Ringuet

In a pager complementary to Dr. Bethets,Prof. Louis Leprince—
Ringuet (France), in the same session on the evening of August 15,
1955, gave the fifth lecture, discussing heavy mesons and hyperons,
those particles which are studied in the principal cosmic ray labora-
tories and with the particle accelerators of Brookhaven National
Laboratory and of the University of California®s Radiation Labora-
tory, Berkeley.

Dr. Leprince-Ringuet discussed these particles entirely from
the experimental standpoint, explaining that theoretical treatment of
the problems is quite fragmentary. He said that heavy mesons all
have a mass of about 1000 times that of the electron and may be posi-
tively charged, negatively charged, or neutral. Information about
heavy mesons is not as complete as for mesons because of the diffi-
culty of producing them in large guantities.
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Hyperons, he continued, appear to be particles composed of a
nucleon and a light meson. There are hyperons with charges of both
signs and at least one neutral type. Upon disintegration they usually
produce a nucleon and a meson. The hyperon family, the speaker ime=
plied, mist be rather complicated. =~ -

Prof. Leprince-Ringuet predicted that the impending experimen-
tal results will stimmlate the attempts to evolve theory.

Dr. George de Hevesy

Dr. Ceorge de Hevesy (Sweden) introduced the topic of radio=~
activity for the lecture in opening the second similtaneous session
on the evening of August 15, 1955, and gave the sixth lecture of the
session. He began by recalling the earliest days of the development
of the method of using radiocactive tracers. He recalled his work at
the University of Manchester, in 1911, and his unsuccessful attempt,
at the instigation of Prof. Ermest Rutherford, to separate radium D
from lead chloride. In this early period, Dr. Hevesy recalled, the
Imperial Austrian Government owned the only uranium mine in the world,
that of Joachimsthal in Bohemia. ™The, Austrian Government,” he said,
"showed great generosity towards scientists engaged in the study of
radicactivity. It presented Pierre and Marie Curie with a railway
carload of pitchblende, enabling them to isolate radium shortly after
their discovery of this element. All work carried out with radium
by Rutherford and his schocl had to be done with a radium sample lent
by the Austrian Government which presented Rutherford alse with many
hundreds of kilograms of lead chloride prepared from pitchblende con-
taining precious radium D." This, however, was useless because it
could not be separated from the lead chloride. In 1912, Dr. Hevesy
went to the Viemna Institute of Radium Research to meet Dr. Paneth,
who had also sought this separation without success. Years later
the discovery by Frederic and Irene Joliot-Curie of artificial radio-
activity “opened up a fairyland," Dr. Hevesy recalled which subse-
quently was "immensely enlarged by Ernest Lawrencet!s construction of
the cyclotron.” This machine produced radiocactive substances of
"prodigious activities™ which Dr. Lawrence, "with the greatest gen-
erosity™ put at the disposal of others working with these new tracers.
The next great advance was the construction of the pile at Stagg Field
as a result of which radiocactive isotopes of almost every element
and of prodigious activity became available. Among these was Carbon
14 which, from all radiocactive tracers, "has found the most extended
application®, Dr. Hevesy reported. From this tracer alone Mresults
of greatest importance for biochemistry and physiology were obtained.™
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Dr. Willard F. Libby

The science of radiocarbon dating was described by its originator,
Dr. W. F. Libby (US) in the seventh lecture of the series, following
Dr. de Hevesy on August 15, 1955. Dr. Libby began by giving his aud-
ience a thorough technical explanation of the system. He then told
how the system was applied for precise dating of the earth'!s history,
one of the principal goals throughout the history of research. The
American Anthropological Association and the Geological Society of
America appointed a committee on Carbon-l4 to organize a comprehensive
test of the method while the Wenner Gren Foundation for Anthropological
Research gave "generous® support to the research. In addition, part
of the development was conducted under contract with the U. S. Air
Force. As Dr. Libby told the story, "the advisory committee decided
that it would be possible to test the method against samples of known
age back to about 5,000 years." With one or two exceptions, there
was full agreement between radiocarben dating and the ltems of known
age.

"It is interesting that, according to radiocarbon evidence,"
Dr. Libby said, "the earliest men in North America, Britain, 'and Den-
mark appeared contemporaneously some ten thousand years ago." Dr.
Libby said there was fear that by the radiocarbon dating method "we
should find men clder than the last ice age, and had agreed that.this
would constitute sufficiently conclusive evidence to discredit the whole
method.® Men were not fourd in those parts of the world covered by
the great glaciers. "™We learn,™ Dr. Libby said, "of the correlation
of the calendars of the ancient Babylonians and Mayans with our Christian
calendar. We see that the ocears of the world probably have risen in
water level at a leisurely and stately pace as the glaciers melted.
Further measurement of the depths of the ancient sea shores should
help us to further understand this rzte of rise. This should lead to
new conclusions as t» the geography of the earth ir ancient times
and it seems that most interesting historical results may follow this
study.” )

Dr. Ajexander Hollaender

MModification of Radiation Response™ was the subject of a lec=-
ture on protection and recovery from radiation damage, the eighth
lecture of the series, by Dr. Alexander Hollaender cf the biology divi-
sion of the Oak Ridge National Laboratory, on August 17, 1955. Dr.
Hollaender observed, in his opening remarks, that Mstudies conducted
in many laboratories all over the w»orld have brought out many inter-
esting ways to modify radiation response. The efforts in this direc-
tion have shown that international co—operation in the atomic field can
be obtained evén without any elatorate organization.® Dr. Hollaender
discussed the "tremendous variation in radiation sensitivity of living
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organisms." He reviewed different attempts to increase radiation re-
sistance, such as reduction of temperature, or the reduction of mois-
ture content in mammals. Both, he said, are effective in increasing

radiation resistance but these are techniques which cannot be readily
used with mammals. Reduction of oxygen tension is another technique,
again not effective for mammals.

In the field of chemical protection, Dr. Hollaender dis-
cussed in detail three compounds, cysteine, B-mercaptoethylamine
(csteamine), and S. B-aminoethylisothiuronium (AET). Dr. Hollaender
then reviewed such radiation protection measures as transplanting of
spleen from a non~irradiated bedy, the use of antibiotics, and
nutritional support. M"The entire field of radiation recovery,'" Dr.
Hollaender noted, M™is still in its infancy. There are many pos-
sibilities, especially in regard to combined treatments which have
not yet been explored.t

In essence, Dr. Hollaendert's lecture, dwelling on problems
connected with the action of ionizing radiation on organisms, revealed
the profound metabolic changes that can be brought about in living
creatures by the use of radiation. In closing, Dr. Hollaender spoke
of the necessity that "™he basic mechanism of radiation damage to
living cells" be better understood in order that means of protec-
tion can be found to meet any circumstances which might arise.

Prof. Andrei L. Kursanov

Use of radiocactive elements to procure high and sustained
harvest, leading to a Msecure and quiet life for man" was described
by Prof. Andrei L. Kursanov of the USSR on August 17, 1955, in the
ninth lecture of the series. '"We are," the speaker began," still
on the threshold of that new era which will rightly be called the
age of the peaceful use of atomic energy." Use of radicactive
elements, as research tools, Professor Kursanov said, already has
carried man far toward understanding the metabolism of organisms.

He discussed the use of Mabelled atoms" in the study of plant nutri-
tion, as it appears now after several years! use. Citing the work

of many U. S. as well as USSR scientists, Prof. Kursanov surveyed innum-
erable experiments in the world which have led to the proved con-
clusion that the root systems of plants and trees feed the organism,
Just as carbon dioxide is absorbed by the leaves from the air,

Before the use of radiocactive tracers it had been widely accepted

that the roots of plants provided mainly for securing the plant (or
tree) to the earth, and providing the organism with moisture, while
the food was absorbed from the air. Use of labelled atoms has proved,
Prof. Kursanov explained, "that there is a rapid circulation of or-
ganic substance covering the entire vody of the plant from its up-
permost leaves to the tips of its roots...Thus we can no longer accept
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the ear’isr idea that ascribed to the roots a humble role . « .On the con-
trary, we may ascribe to the roots a leading part in those complex trans-
formations. « .

This means, Professor Kursanov went on, that agriculturalists
will be able to learn far more about the needs of plant nourishment and
fertilization and will be able to increase crops and harvests substan-
tially. Moreover, the speaker went on, the success achieved so far in
radiocactive tracer work "give grounds for hoping that. . .in the
not too distant future, the possibility may arise of the practical ap-
plication of photosynthesis outside the plant." Thus, Prof. Kursanov
concluded, "we can see that the rational use of atomic energy is al-
ready paving the way to the mastery of the energy of light.™ As peoples
of the world realize the mighty benefits to come from the peaceful uses
of atomic energy, such as these discussed, they may look "with respect and
trust on the work now being carried on."

Sir John D. Cockeroft

The tenth and final lecture of the series was delivered by Sir
John Cockcroft (U.K.) on the evening of August 19, 1955. Sir John sum-
marized the present relations of the peaceful uses of atomic energy to
the affairs of mankind, forecasting that for the n:xt decade nuclear
engineers will be occupied in laying a sound basis from which nuclear
power can expand rapidly to become "the major power source of the
world." Nuclear power stations of 1970, Sir John said, "™will look as
different from those of 1957 as the modern motor car differs from the
Model T Ford." While the papers at the Conference had shown that
nuclear power cheaper than power from coal could not be expected for
a decade, he said, this was not the point. The important point is
that an additional source of energy is becoming available to the
world. Two requirements must be met, he said: lower capital costs
for nuclear plants, and an increase in the amount of energy to be
extracted from each ton of uranium or thorium.

Sir John traced his expectations of nuclear power development
country by country, and identified some industries which would be
among the first to need this power: mines, pulp and paper, cement,
and aluminum. Sir John said he was not greatly worried about the
problem of disposal of radioactive wastes in the future and he
thought such waste products would have more important uses than are
foreseen now. He discussed uses of radiation and mentioned parti=~
cularly that in its use for insect control men had not begun to ap-
preciate the beanefits to come.

Speaking of radiation in connection with human safety, Sir
John noted that codes of practice are now being drawn up by experts
and that the next step is for the nations of the world to agree on
International Codes of Practice. "The United Nations Organization,™
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he said, Mis in the process of giving birth to a much more ambitious off-
spring, the International Atomic Energy Agency. We must all hope that
its birth will not be too painful or too long delayed. The Agency,

wisely guided, could do a great deal to ensure that the inherent dangers
in our development are prevented.”
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APPENDIX IV -~ U, S, TECHNICAL EXHIBIT AT GENEVA

The United States was one of 9 nations to present technical ex=-
hibits at the Palais des Nations during the two weeks the Conference
was held there. The other nations exhibiting were: Belgium, Canada,
Denmark, France, Norway, Sweden, Union of Soviet Socialist Republics,
and the United Kingdom.

The US exhibit in the Library Wing of the Palais des Nations,
where the USSR and United Kingdom exhibits also were placed, filled
a room about 40 to 100 feet in size (room XV). The room was laid
out with exhibits against the walls, and also around a central island.
Between its opening to the public at 5 p.m., Aug. 7, and its closing
at 10 p.m., Aug. 20, a total of 36,222 visitors was counted.

The USSR exhibit was the only one in the Palais which occupied
space equivalent to that cf the United States. The USSR displayed
models of three reactors, many mineralogical samples, and some
experimental equipment. Intermittently, they showed a film on construct-
ing and operating their power reactor. The United Kingdom placed its
main emphasis on an educational and commercial exposition held
simultaneously with the Conference under Swiss auspices at the Palais
des Expositions in downtown Geneva. At the Palais des Nations, the
UK emphasized power generation, showed a model of a Calder Hall
reactor, and gave information on 7 reactors in all. Canada displayed
a model of its NRX reactor, but placed main emphasis on a full-size
teletherapy unit. The Danish-Norwegian-Swedish area featured a
model of the Swedish Kjeller reactor, and Sweden, in addition,
showed a mobile radiclogical survey unit. Belgium displayed a
reactor simulator, some instruments, and its wall panels pictured
research projects and the famous Congo Shinkolobwe mines. The
French exhibit gave considerable emphasis to ore mining and
processing, and included a simplified full-scale reactor control
panel, operating in conjunction with a model of a vertical section
of a reactor.

The US exhibit ircluded 101 reactor models, two of them small,
and four drawings and diagrams fcr wall panels on additional reactors.
There were samples of rare earths, with flow charts on their separation,
actual samples of transuranic elements, a large continuously operat-
ing cloud chamber, a master-slave "hot! laboratory, a model of a
chemical separating plant, a model of an Argonne National Laboratory
(see photograph MA", model of entire US Technical Exhibit) greenhouse
where plant experiments are carried out, growing samples of irradiation
mutated plants from Brookhaven National Laboratory, a lavish display of
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radiation~detection instruments, including a hand-and-foot counter used to
protect workers in atomic plarts, a 100-channel anaiyzer — a ss-ualied
electronic ™brain™ used in scientific computations —— from Los Alamos
Scientific Laboratory, and medical exhibit from Sloan-Kettering
Institute, All of these bore explanatory iabels, printed in the four
offical languages of the Conference, (Detailed deacriptions and
phctographs of the exhibit, designed and arranged by Design and
Production, Inc., Alexandria, Va., are given later). The exhibitors

in the US Technical Exhibit totaled 105 and included industrial and
commercial firms, academic, professionai, and private educational

and research organizati ons /fuli list of participants in Attachment 1).

Distinguished men of science who visited the Technical Exhibit
included Sir John Cockeroft, (UK) and Professors Niels Bohr, (Denmark)
Otto Hahn, {West Germany) and Paul Scherrer (Switzerland). Also
among the prominent visitors were Dr. Homi J, Bhabha (India),
Conference President; Dr. Walter Whitman, Confersnce Secretary General;
Academician D. V. Skobeitzin, Chief, USSR Delegation; Sir Christopher
Hinton (UK); also President Max Fetit-Pierre, of Switzerland, Secre-
tary General Dag Hammarskjold, of the United Nations, Miss Frances
Willis and Mr. V. Alexis Johnson, American ambassadors to Switzerland
and Czechoslovakis respectively, and U, S, Senators and Representatives
(See photograph "B", Dr, George L., Weill, Technical Director, escorting
Secretary General Dag Hammarskjoid of the United Nations (on Dr., Weilts
right), and Gunnar Randers, special assistant to Mr. Hammarskjold (on
Dr. Weil's left) through U, S, Technical Exhibit).

The U, S. Exhivit was opened officiaily on Sunday, August 7
with a press preview at 2 p.m., foliowed by a tour of all national ex-
hibits at Palais des Nations ty Mr, Hammarskjcld and officials of the
Conference., At 5 p.m., the doors were opened to the public.

During the next two weeks the U, S. Technical Exhibit and the
exhibits of the other nat::ng at the Paiais were opened on week days
from 10 a.m. to 9 p.m., except for the first Monday and Tuesday,
August 8 and 9, when they were opened from 9 z,x. to 10 peme The
public was admitted after 5 p.m. On two Sundays, August 14 and 21,
the public came during the entire open period which was from iO a.m.
to noon and from 2 to 7 pem.

Attendance at the U, S, Exhibit .ncreased daily., During the
first week 12,808 visits were counted, Attendance the second week
was 23,414, nearly double that of the first week. The heaviest day
was I.. . , August 19, when L,648 peopie werse counted, Tuanty-five
thousand copies of a four-language trochure deszribing the exhibit
were shipped to Geneva for distribution. The last were handed out
on request several days before the exhibit cliosed,
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Description of the Exhibit

As one entered the U, S, Technical Exhibit he found on his left
the following passage from President Eisenhower's message in four
languages, (as was practically all text in the Exhibit):

Photo No. 1: "The atom cannot be limited by national boundaries.
Men of science from many countries, often working together, help to har-
ness its great energy for the good of mankind. The Geneva Conference
on Peaceful Uses of Atomic Energy is a tribute to the inventive genius
of these men, At the same time, it demonstrates to people everywhere
that continued international cooperation is essential if we are to realize
mants capacity to create for himself an increasingly productive world,
living at peace. '

"The great strides already made in putting atomic energy to work
in industry, agriculture, medicine and research, will become evident
during the course of this Conference. We hope that the free sxchange of
technical information and ideas among leading scientists and engineers
of many nations will stimulate ever greater progress in the months and
years ahead.

"In this cause, the United States is firmly dedicated to pro-
mote international cooperation and to contribute its share of scientific
knowledge and resources,”

Then straight ahead on the wall was the United States emblem

for the Conference, on its left the reception desk and on its right the
first display covering the production of uranium and thorium.
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Photo No. 2: The Production of Uranium and Thorium Metals
panel contained two parallel flow diagrams, each extending the full
15-foot length of the panel, with 32 samples of uranium materials
and 17 samples of thorium materials furnished by the Lindsay Chemical
Company. On a table in front of the panel were 27 samples of uranium
minerals and the same number of uranium~thorium minerals, brilliantly
lighted under transparent plastic.
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Photo No. Behind the uranium and thorium panel one codld
see past four other reactor materials panels to the fuel element
display.
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Photo No. 4: The first of the four reactor materials panels
described the production of beryllium with four photographs and a
flow diagram, contained 12 samples and illustrated the fabrication .
of the metal with 25 items across the bottom of the panel. A large
machined piece of beryllium produced by powder metallurgy supple-
mented the panel. These materials came from Brush Beryllium Co. and
Nuclear Metals, Inc. ‘ :

Next, there was a similar panel on zirconium with three
photographs, 14 samples in a flow diagram and 29 on fabrication from

the United States Bureau of Mines Electrometallurgical Station at
Albany, Oregon, and Nuclear Metals, Inc.:
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Photo No. 5: Then, under the head, "Thermal Cycling of
Uranium", distortion of the metal caused by repeated heating and
cooling was illustrated with pure uranium samples which had actu-~
ally been subjected to various degrees of cycling. For compari-
son, the panel included heat-treated and alloyed samples which
exhibited less damage. This display, containing 15 samples sealed
in glass, was prepared by Argonne National Laboratory.

The final reactor materials display, also by Argonne,
i{1lustrated the corrosive effect of hot water on aluminum and

improvement achieved by alloying with nickel. The panel con-
tained six samples.
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Photo No. 6: Upon a concave black background, the fuel ele-
ment section displayed elements used in or developed for eight re-
actors., They were grouped according to the cladding material —
aluminum, zirconium and stainless steel.

The aluminum-clad elements were those for the Brookhaven
Reactor (from Brookhaven National Laboratory), the Materials Testing
Reactor (from Oak Ridge National Laboratory), the Argonne Research
Reactor and the Boiling Reactor Power Plant (from Argonne National
laboratory). Both an old natural uranium Brookhaven element and a
proposed enriched element were displayed.

The zirconium-clad elements were of the Exgerimental Boil~-
ing Water Reactor (from Argonne National Laboratory) and the Ship-
pingport Pressurized Water Reactor (from Westinghouse Electric
Corporation).

The elements clad in stainless steel were for Experimental
Breeder Reactors Nos. 1 and 2 (from Argonne National Laboratory).

In addition, on the left side of the display there were
samples of uranium and thorium slugs produced by rolling and
machining, by extrusion and by power metallurgy. On the other
side were a number of forms of interest to reactor designers,
some cast, some extruded, and others produced by power metallurgy.
These supplementary materials were furnished by the duPont Company,
Sylvania Electric Products, Inc., and Nuclear Metals, Inc.
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Photo No. 7: As one left the fuel element display and
looked across the end of the 4O by 100-foot room, the five models
of the Government?!s Experimental Power Reactor Program lay before
him. Each model contained supplementary information in text and
illustration on the wall behind it.
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Photo No. 8: The Shippingport Pressurized Water Reactor
Mcdel, from Westinghouse Electric Corporation, had operating con-
trol rods and a pressure vessel, piping, heat exchanger, turbine

and generator that lighted up in sequence to illustrate the flow
of energye.
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Photo No. 9: The model of the Experimental Boiling Water
Reactor, from the Argonne National Laboratory, contained a core
which simulated boiling by the effective use of lighting.
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Photo No., 10: The core of Experimental Breeder Reactor No. 2,
represented by this model from the Argonne Laboratory, is to the left
and underground in the model. The top of the turbo-generator is visible
an the right.
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Photo No, 11: The model of Homogeneous Reactor Experiment
No. 2, from Oak Ridge National Laboratory, contained two colored
liquids circulating with bubbles to simulate the flow of the fuel
and blanket solutions.
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Photo No. 12: In t!e Sodium Reactor Experiment model, from
North American Aviation, Inc., colored liquid containing bubbles
was circulated to simulate the flow of reactor liquids, in this
case the primary and secondary liquid metal coolants.
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Photo No. 13: Following the Government program, which con-
sists chiefly of small pilot plants, there were displays of four

full-scale plants proposed by industry.
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Photo No. l4: The 240,000-kilowatt Indian Point Pressu-
rized Water Plant, proposed by the Consolidated Edison Co., of
New York City, was illustrated by an artist's perspective drawing
of the installation, a flow diagram and a small model, all fur-
nished by Babcock and Wilcox Co., the contractor.
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Photo No. 15: The 180,000-kilowatt Dual-Cycle Boiling
Water Plant, proposed by the Nuclear Power Group, was explained
by four drawings, including cut-away perspectives of the special
type of boiling reactor with its flash drums. The contractor,
the General Electric Company, furnished this material.
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Photo No. 16: The 100,000-kilowatt Fast Breeder Power Plant,
proposed by Atomic Power Development Associates, was described by a
perspective drawing of the installation, a flow diagram and & small
model, all furnished by Nuclear Power Development Associates.
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Photo No, 17: The 75,000~kilowatt Sodium Graphite Plant,
proposed by Consumers Public Power District, of Columbus, Nebraska,
was pictured by two cut-away perspective drawings from North American -
Aviation, Inc., developer of this type of reactor.
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Photo No. 18: On the other side of the aisle, opposite the
Industrial Power Program exhibits, were the last three reactor models.
There was a large and detailed model of the 30,000-kilowatt Materials
Testing Reactor. Its accompanying wall panel illustrated the new
Irradiation Facility at the MTR. (These materials came from the
Phillips Petroleum Co.)
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Photo No. 19: Exploration of the boiling reactor principle
was covered by a model of the Boiling Reactor Power Plant in Idaho,
which in an experiment for a short time on July 17, 1955, was the
exclusive source of electricity for the nearby town of Arco. The
Argonne Laboratory furnished the model.

274

1035511



S

o TINERNS O SIENES
Lo ol )

WA R

1035518




cunbtsy ¢ sonstubwping.p aiisel | serveny womesay svuetiy
. . L ST .




Photo No. 20: The Mew Argonne Research Reactor was repre-
sented by a model from the laberatory after which the reactor is
named.
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Photo No. 21: Looking past the Argonne Research Reactor
model and toward the Instrumentation section, one could see on
the left a model of the Idaho Chemical Processing Plant and a
pilot plant chemi~al separations operation and, on the right, a

reactor control panel, a welding demonstration and a section of
Reactor Components and Auxiliaries.
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Photos Nos. 22 and 23: The model of the Idaho Chemical
Processing Plant included the waste treatment building and the
two large storage tanks. Several typical cells contain equip-
ment. There was a simplified flow diagram on the wall above the
model., This portion of the Exhibit came from the Phillips Petrol-

eum Company.
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Photo No, 24: The pilot plant demonstrated separation of
uranium from fission products by ion extraction with subsequent
concentration by ion exchange. Copper was used to simulate radio-
active fission products. Its green color in solution, contrasting
with the yellow of the uranium solution, added to the effectiveness
of the demonstration. The plant included a pair of one-inch diameter
transparent pulse-type columns and three-inch diameter transparent
ion exchange columns. The process was described by a flow sheet on
the wall.
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Photo No. 25: Operating as a part of the pilot plant was
a sampler, pictured here in the background, and hot cell on the
right. This was a full-scale unit capable of sampling ten sources
simultaneously.
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Photo No. 26: The hot cell, used for determining nitrate
ion and uranium concentration of radiocactive solutions, included
two Argonne Model 8 manipulators, a three-foot thick viewing win-
dow and analytical equipment. Most of the equipment of the three
units was furnished by the Oak Ridge National Laboratory. It was
operated by a team from the Laboratory.
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Photo No., 27: The reastor control panel, containing instru-
ments essential for operating a reactor, was used to move an actual
reactor control rod. The control rod and its equipment was fur-
nished by American Machine and Foundry Company, and the instrument
panel by Minneapolis-Honeywell Regulator Company. Both were oper-
ated by three men from the latter organization, one being a Geneva
representative of the firm.
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Photo No. 28: The welding equipment demonstrated the new
consumable insert method of welding. Advantages of this method
for reactor and chemical plant circulating systems include less
susceptibility to corrosion and flaws and less friction for the
circulating liquids. The equipment was furnished by General Dy~
namics Corporation, who developed the method, and was operated by
the Arcos Company.
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Photo No. 29: A portion of the Exhibit entitled Reactor
Components and Auxiliaries was made up of ¢ section on Pumps and
Valves, on the right, and a section on Prctection of Environment,
on the left,
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Photo No. 30: The Pump and Valve section contalned,
equipment for high-pressure systems, illustrated here: From right
to left, a large cut-away gate valve from the Chapman Valve and
Manufacturing Company, a small cut-away valve from the Crane Com-
pany, and a small Westinghouse canned motor pump, partly disas-
sembled, with a cut-away drawing. All are of stainless steel. The
large valve, which had been used in test, was left uncleaned so that
it would illustrate the corrosive effect of reactor coolants even on
corrogsion-resistant stainless steel. These valves and the canned
pump are for the primary coolant systems of pressurized water re-
actors and the fuel systems of homogeneous reactors.
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Photo No., 31: For lcw-pressure liquid metal systems, the
display contained two bellows-sealed valves from the Crane Company,
an illustration of a frozen liquid metal seal from North American
Aviation, Inc., a cut-away drawing of an altermating current in-
duction electromagnetic pump from the General Electric Company and
a model, with accompanying cut-away drawing, of a direct current
electromagnetic pump from Argonne National Laboratory.
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Photo No. 32: The Protection of Environment from Radio-
activity section covered, from left to right:

(1) Development at Brookhaven National Laboratory
of a pilot plant for absorbing the radioactivity of high-level
liquid wastes on montmorillonite clay;

(2) Weather factors considered in atomic energy
operations, with illustrations from the United States Weather
Bureau and New York University;

(3) Study of the radioactive contamination of water
suwvplies, with a photograph and data from investigatlons at Mas~
sachusetts Institute of Technology and a photograph of a labora-~
tory barge on the Mohawk River in New York;

_ (4) Two types of filters for air cleaning with photo-
graphs of installations, one from the Monsanto Chemical Company
and: the other from the General Electric Company;

(5) A model of an incinerator developed by the
United States Bureau of Mines for reducing the bulk of low-level
combustible wastes;

(6) A study at Johns Hopkins University of biologic
slimes for removing radiocactivity from sewage, a pilot plant at
New York University, and the first full-scale installation at the
National Reactor Testing Station in Idaho.
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Photo No. 33: A survey of the major portion of the instru-
ments section revealed from right to left: prospecting equipment,
radiation monitors, an anti-coincidence counter, radiation spectro-
meters and medical Instruments. Components of instruments were dis-
played on tte table in the center of the open space. Beneath the
table was a large unpolished casting of scintillating plastic illum-
inated with ultra-violet light.
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Photo No. 34: In the prospecting equipment area, at the
extreme right was a drill hole logging instrument with photographs
illustrating its use from a station wagon, The probe, the '
vertical cylinder beneath the table, is lowered into a drill hole
by 2,000 feet of cable from the reel. As it moves at 10 to 20 feet
per minute, it detects uranium mineralization. The radiation levels
are automatically plotted on the Esterline Angus recorder on the left.
‘'This equipment was supplied by the Instrument Branch of AEC's New
York Health and Safety Laboratory by whom it was designed.

At the left on the raised shelf along the back wall was
scintillation counter equipment used for airborne uranium explora-
tion. The shiny cylindrical object is the detector probe contain-
ing an eight-inch diameter plastic scintillator viewed by a five-
inch diameter photomultiplier tube. In the exhibit it detected
radiation from two minerals on the turntable below. The signals
were recorded or observed by instruments on the shelf. This equip-
ment was lent by the Sherwin Instrument Company.

On the extreme left were several types of portable instru-
ments for surface exploration.
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Photo No. 35: Thirteen representative types of portable
instruments used for surface exploration were exhibited. All could
be operated by attendants and visitors. Most of them were Geiger
counters, three were scintillation counters and two were multiple
bismuth-lined geiger counter tube instruments. Three unique instru-
ments were the portable drill hole logging instrument near the
center, a portable scaler in the far left bottom compartment, and a
transistorized geiger counter with a loud speaker output in the
lower left compartment. These instruments were loaned by the fol-
lowing companies:

1. Atomic Research Corporation

2. Berkeley 3cientific Division of Beckman
Instruments, Inc.

3. The Detectron Corporation
4e El-Tronics, Inc.
5. Engineers Syndicate, Ltd.
6. La Roe Instruments, Inc.
7. Nuclear Instruments and Chemical Corp.
8, Nucleonic Company of America
- © 9. Precision Radiation Instruments

10, Victoreen Instrument Company
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Photo No, 36: Visitors often stood in line in the Radiation
Monitors section to test themselves on the hand-and-foot contamination
monitor, loaned by Technical Associates Company. Far back on the table
was an air collector, loaned by Anton Electronic laboratories. The
remaining instruments on the right, all portable, consisted of types
for measuring various kinds of radiation -~ alpha, beta, gamma and
neutrons. On the panel is a display of picket-ionization chambers
and film badges.

These instruments were made by the following companies or
organizations:

1. Atomic Instruments Company

2. A. 0. Beckman, Incorporated

3. Bendix Aviation Corporation

L. Cambridge Instrument Company

5. Consolidated Engineering Corporation

6. General Electric Company

7. Keleket X-Ray Division of Tracerlab, Incorporated
8. Landsverk Electrometer Company

9. Nuclear Instrument and Chemical Corporation
10. Nuclear Research and Development, Incorporated
1l. Nuclear Research Corporation
12. Radiation Counter lLaboratories, Incorporated
13. Radiation Industries Company
14. Radioactive Products, Incorporated
15, Victoreen Instrument Company

16, Argonne National lLaboratory
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Photo No. 37: An anti-coincidence counter is the instrument
used for measuring the radicactivity of extremely low-level materials.
For example, it is employed in carbon dating. Such an instrument
was furnished by Nuclear Science and Engineering Corporation through
the courtesy of Norden-Ketay Corporation. The iron shielding blocks,
upon which the cabinet is resting, help to keep cosmic and other ex-
ternal radiation from the counter tube within. Radiation that does
get through the shield must pass through one of a number of geiger
tubes in an anti-coincidence cylinder to reach the counter tube, and
when this happens the signals from the two tubes cancel each other.
Thus only radiation originating within the cylinder itself registers.
This arrangement reduces the background from 30 or 4O counts per
minute to only a few counts per hour.
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Photo No. 38: There were three radiation spectrometers in the
exhibit: the automatic scintillation spectrometer on the table at the
right, the 100-channel analyzer on the floor at the left, and a radia-
tion spectrometer demonstrator in the next picture. The demonstrator
is described first because it is the simplest of the three.

The demonstrator, the large, low cabinet on the right, was sup-
plied by the United States Bureau of Standards to illustrate the basic
principle of these instruments. In it, gamma radiation from cesium 137
or mercury 203 is absorbed by a scintillating crystal. The absorption
gives off visible light with intensity proportional to the energy of
the absorbed radiation, and thelight, viewed by a photomultiplier tube,
produces an electrical output proportional to its intensity. This out-
put, displayed on a cathode ray oscilloscope, takes the form of pulses
whose maximum height is determined by the energy of the absorbed radia-
tion. Cesium 137, with gamma radiation of 661,000 electron volts energy,
produces pulses more than twice as high as mercury 203, whose gamma rad-
iation has only 279,000 electron volts energy. Pulses of all heights
between zero and that corresponding to the energy of the gamma radiation
are pictured on the scope.

The counter detector head of the automatic scintillation spec-
trometer is seen on top of the Honeywell-Brown recorderon the right.
It is a single channel spectrometer, which permits the observation at
any one time of pulses of a certain predetermined energy ldavel. How-
ever, the entire energy range can be scanned sequentially in small energy
increments either manually or automatically. Scanning is done automat-
ically and the instrument automatically records the number of pulses
falling within each energy increment. The three cabinets immediately
to the left of the detector head contained, from top to bottom, tle
electronic sweep and count rate computer circuit, the pulse height
analyzer, and the high voltage power supply. This instrument was
loaned by the Radiation Instrument Development laboratory.

Instead of sequentially scanning the entire energy range, the
100-channel analyzer breaks down tre full range into 100 equal inter-
vals and simultaneously counts the pulses in each. The detector head
of this analyzer is the cylindrical object resting on the small stand
between the two cabinets. The instrument stores this data in a mag-
netic memory unit which is scanned to reproduce the energy spectrum on
an oscilloscope. The actual number of pulses in each channel can be
printed automatically by the printer on the small central stand. This
equipment contains about 300 vacuum tubes. It was provided by the Los
Alamos Scientific Laboratory and was set up and operated by a Los Alamos
electronics expert.
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Photo No. 39: The first of two medical instrument displar’s
was of various types of geiger counter probes used for tumor diagnosis
and localization. Fastened to the plaque were three different thin-
window eye probes and a brain tumor probe. The cabinet on the stand
contained a count rate meter circuit and on its left was a preampli-
fier and on its right a geiger counter brain probe similar to that
seen on the plaque. These exhibits were furnished by the Anton Elec-
tronic Laborztories and the H. W. Leighton Laboratories.
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Photo No. 40: The second medical instrument exhibit showed
one of the first commercial scintillation scanning instruments. It
automatically plots the radiation contour of organs and tissues
which have taken up radioisotopes. The instrument is used primarily
to locate and estimate the size and shape of functioning thyroid
tissue and carcinoma. A mark is formed on recording paper after a
predetermined number of counts have accumulated in the scaling cir-
cuit in the cabinet to the left of the instrument. A density pattern
results from which the organ or tissue can be distinguished. In use,
the patient would lie on a cot beneath the instrument and the scan-
ning head would move back and forth across a part of his body. In
the exhibit, the patient was replaced by a radioactive source in the
shape of the thyroid glands. Actual records from patients were dis-
played above the instrument. This exhibit was furnished by the R. C.
Scientifi¢ Instrument Company.
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Photo No. 41: The last item of the instruments section was a
display of various special electronic components used in radiation-
detecting instruments. The glass-covered part of the display table,
on the left, contained various types of special geiger and propor-
tinnal counters; on the table to the right, commercially and experi-
mental photomultiplier tubes developed largely for atomic energy
applications; and ranging from three-fourth inch to 16 inches in diam-
eter; and under glass on the right, samples of scintillating materials
including a six-inch diameter clear plastic scintillator, a large
diameter canned sodium iodide (thallium activated) scintillator, and
smaller canned sodium iodide crystals.

295

1833561



o

Photo No., 42: Looking down the aisle from the instrument
section to the entrance opposite the red and white striped canopy:
most of the biology and medicine exhibits were grouped on the left
while exhibits of applications of radioisotopes were on the right.

In the left foreground was a display of techniques used in
administering radioactivity from small sources directly on or in
tissue. Sources of different sizes and shapes used in this therapy,
and instruments for implanting and removing them, were mounted above
and below a row of back-lighted transparencies. Pressing a button
brought additional rows into view one at a time from a drum containing
six rows. Materials for this exhibit were furnished by Oak Ridge In-
stitute for Nuclear Studies, Argonne Memorial Cancer Research Hospital, and
Ohio State Medical School.

There was one medical isotopes application exhibit on the
right, where the mannequin's head is wvisible.
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Photo No. 43: In this exhibit, titled "Thyroid Uptake Cali-
bration", the Oak Ridge Institute of Nuclear Studies demonstrated
the characteristics of three types of measuring instruments, called
attention to discrepancies and to the need for standardization.

The turn-table on the left placed radiocactive calibration sources,
and phantom "patients™ representing patients whose thyroids had ab-
sorbed some radioiodine, before the detection heads of the three
instruments. The electronic circuits of these instruments were in
the cabinets on the right. The automatic slide projector gave more
information on methods and problems.
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Photo No. 44: Two other radiation therapy exhibits were
grouped with the brachy-therapy display: one on teletherapy in the
center; one on slow neutron capture therapy to the left.

Seven models of teletherapy units being constructed or used
in the United States were shown. Such units shield cobalt 60,
cesium 137, iridium 192, europium 152, cerium 144 and cadmium 109
with openings through which their radiation can be released when it
is desired for patients. More than 50 teletherapy units have re-
placed and supplemented high-voltage X-ray equipment at hospitals
in this country.

Research in slow neutron capture therapy at the Brookhaven
National Laboratory was reported by a number of photographs and
drawings. In this therapy, thus far used only for cases otherwise
incurable, a patient with a brain tumor is given an intravenous
injection of a boron-10 compound which is taken up preferentially
by the tumor. The patient's head is then placed above a hole in.
the Brookhaven reactor. The slow neutrons streaming through this
hole interact with the boron to cause theemission of alpha particles,
which, in turn, produce extremely dense ionization in the region of
the tumor which is intended to destroy it or retard its growth.
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Photo No. 45: Results of studies at the Sloan-Kettering
Institute on the origin and metabolism of steroids in man were pre-
sented on an exhibit panel. The studies, which are of importance
in cancer research, were accomplished by use of carbon 14 and
tritium tracers. The instrument below the panel, furnished by the
Packard Instrument Company, was a liquid scintillation spectrometer
for the precise low-level counting of these beta-emitting radio-
isotopes. The sample is added to the liquid scintillating materials
and placed in a light-tight counting chamber kept at sub-zero temp-
eratures in a refrigerator to reduce background due to thermionic
noise pulses in the scintillation counter'!s photomultiplier tubes.
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Photo No. 46: Progress in autoradiography -- the technique
by which a thin slice of plant or animal tissue containing radio-
isotopes takes a picture of itself -- was reported in two panels
containing back-lighted transparencies. Autoradiography provides
a method for studying the biological fates of radioisotopes in much
greater detail than is possible with counting methods. The top.
panel, describing a modified liquid emulsion technique for micro-
autoradiography, was contributed by the New England Deaconness
Hospital. The lower panel, describing the opposition method of

gross autoradiography, was from the Oak Ridge Institute of Nuclear
Studies.
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Photo No. 47t Brookhaven National laboratory prepared an
exhibit on Radiation and Plant Genetics. The center of attention
was a model of a segment of Brookhaven's gamma radiation field.
The model contained living plants showing the effects of radiation,
a real but very low energy gamma source, and a geiger counter and
amplifier that detected the radiation when the source was raised
from its storage shield into the irradiating position. Above the
model was an aerial photograph of the field and an illustration of
the Brookhaven reactor showing the thermal column facility for the
irradiation of biological materials.

A panel to the left of the model of the field showed how

- radiation increases the number of mutations over that which occurs
naturally. Mutations for color and starch content in corn kernels
were used to illustrate this point. The lower part of this panel
showed the uniform growth one obtains when seeds are irradiated
with thermal neutrons as contrasted with the nonuniform growth of
seedlings when the seeds are treated with X-rays. Living barley
seedlings were used.

To the right of the model three color transmarencies were
used to illustrate how oat seedlings are screened for disease re-
sistant mutations after irradiation. Such methods have produced
mutations resistant to Victoria blight, stem must and wheat rust
in oats, leaf spot in peanuts and stem rust in® flax. These muta-~
tions are being tested and studied prior to release of seed to
farmers.

Still further to the right, there were exhibited living
carnation plants which'showed flower form and color mutations.
By mutating a single branch, experimenters produced a plant which
bears both red and white flowers and single and double flowers.
These mutations were produced in the gamma radiation field.
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Photo No. 48: An exhibit titled, "Use of C 14 Tracers in
Biosynthesis®", featured a model of the small greenhouse at the
Argonne National Laboratory in which drug-producing plants are grown
in an atmosphere containing radioactive carbon 14 in carbon dioxide.
The model greenhouse contained growing plants., Samples of 20 bio-
chemicals and pharmaceuticals from plants produced in the Argonne
radiocactive greenhouse were displayed. Above them, a book-type
display described their production and use,
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Photo No. 49: In an exhibit headed "Radiation Toxicity",
Argonne National laboratory reported results of a research pro-
ject on the biological effects of neutrons and gamma rays. Text
and graphs were mounted on a continuous belt so that section after
section was brought into view by an automatic timing circuit. The
bottom part of the panel illustrated the way in which mixed neutron
and gamma radiations are produced by a reactor. Improved under-
standing of the effects of mixed neutron-gamma radiation is important
to establishing permissible radiation lgvels for reactor operators
and hence to the shielding design and operation of the reactors
themselves.
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Photo No. 50: Another display reported poss:._e useful appli-
cations of gamma .adiation. Called "Research on Effects of Radiation",
it emphasized, with six color transparencies and samples of four dif-
ferent foods, investigations of radiation for food preservation. The
foods pictured were liverwurst, bread, cheese, smoked salmon, ground
beef, corn and sausage and the samples were of bread, smoked salmon,
chicken and ground beef. These transparencies and food materials were
furnished by the Quartermaster Corps of the United States Army.

By pictures and charts this exhibit also reported on:

Prevention of sprouting of onions (University of
Michigan)

Prevention of sprouting of potatces (Brookhaven
National Laboratory)

Destruction of food-spoiling mold by radiation
(University of Michigan)

Preservation of beans and grain from weevils
(University of Michigan)

Destruction of trichinosis organism (University of
Michigan)

Feeding tests on white rats (University of Michigan)

Measurement of radiation by darkening of glass (Naval
Research Laberatory)

Radiation damage to organic liquids potentially use-
ful as reactor coolants and methods of reducing this
damagee

The large panel against the back wall consisted of flow charts,
specimens and text illustrating the winning from the ores of pure rare
earth compounds and metals. There were also samples of 15 oxides and
15 metals. The panel pointed out the significance of these materials
for basic research and for commercial application as in the manufacture
of glass, lighter flints, carbon arc lamps, incandescent gas mantles,
metal alloys, radiation sources and analytical chemical reagents. The
exhibit materials were furnished by the Ames Laboratory, Iowa State
College.
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_ Rare earths are becoming available in increasing quantity as
a by-product of atomic energy activity. Ion exchange processes de-
veloped for separating highly radiocactive fission products, many of
which are rare earths, are now being applied to nonradicactive rare

earths.

The large cases on the right contained 12 samples of compounds
of three transuranic elements (heavier than uranium) and produced by
artificial means, and the first bit of plutonium isolated and weighed
as a pure compound. It contained in milligram quantities: plutonium
trichloride, tetrafluoride, trifluoride and dioxide, neptunium dioxide,
tetrachloride, tetrafluoride trichloride, and trifluoride; and americium
dioxide, sesquioxide, and trifluoride. :

The first plutonium sample, isolated as a pure compound at the
University of California, could be seen on a screen magnified by a
microscope. Neptunium, the first trarsuwanium :lement discovered, also
represented an achievement of the University of California. Americium,
the fourth new element isolated, was identified at the Metallurgical
Laboratory of ttke Manhattan Project. A total of nine transuranic ele-
ments has been identified.

The display case was prepared by the Radiation Laboratory of

the University of California. The samples were sealed in special con-
tainers to eliminate any hazard of radioactivity.
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Photo No. 51: Exhibits on applications of radioisotopes
were grouped together on the right of the aisle near the entrance.
The central feature of this display was an operating industrial
thickness gage loaned by the Niles-Bement-Pond Company, a division
of Pratt and Whitney. An endless strip of metal containing a thidk
spot passed continuously through the gage. Every time the spot got
in the path of radiations from the gage's strontium 90 source, a
blip registered on the paper of a continuous recording instrument.
Gages of this type are used in industry to measure and control the
thickness of many materials such as paper, aluminum foil and plastic
sheets.

On the right was a display on the development and applica-
tion of a portable X-ray unit, using radioactive thulium and requir-
ing no electric current for operation. It included an actual proto-
type developed by the Argonne National Laboratory, a transparent
plastic model of this prototype and a unit now produced commercially
by Litton Industries.

Three types of atomic batteries, in actual operating con-
dition, were exhibited on the left, with diagrams illustrating con-
struction and principles of operation.
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Photo No. 52: Near the center of the atomic battery exhibit
and housed in a th ck plastic container was a Radio Corporation of
America semi-conductor battery and its strontium 90 source. The
source was mounted on the end of a rod so that visitors could move
it near the battery, and the battery was connected to a small audio-
oscillator and earphone outside the boxe. Thus by use of the earphone
visitors could 'hear" the energy generated when they brought the
source near the battery.

On a shelf to the right was a strontium 90 beta radiation
battery from Radiation Research Corporation. Beta rays, originat-
ing at a central electrode, pass through a very thin membrane to
an outer electrode wall therebytransferring charge from the central
electrode to the outer wall. It is theoretically possible to pro-
duce potentials as high as the energy of the beta rays passing
through the membrane; in practice several thousand volts are ob-
tained. The potential was measured by an electrostatic voltmeter
below the battery. The current from these batteries is extremely
small, of the order of 1/100 billionth of an ampere.

On the left, mounted under a small plastic cover, was an
Ohmart contact potential type battery in which ionizing radiation
produces a current used to charge a condenser which, when dis-
charged intermittently, produced a pulse on the oscilloscope below
the battery.
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Photo No. 53: Just outside the entrance to Room XV was an
interesting and important feature of the United States Technical
Exhibit: a continuously operating cloud chamber designed and built
for the exhibit by the Radiation Laboratory of the University of
California and operated by a representative of the United States
Bureau of Standards. Over an area five feet square and several
inches deep visitors saw at any one time about 500 atomic particle
tracks originating from cosmic ray disintegration products and
from natural radiocactivity sources. The cloud chamber demonstrated
the naturally occurring radiation which constantly penetrates the
human body.
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ATTACHMENT 1 - CONTRIBUTORS TO TECHNICAL EXHIBIT

American Machine and Foundry Company, New York, New York

Anton Electronic Laboratory, Brooklyn, New York

Argonne Memorial Cancer Research Hospital, University of Chicago,
Chicago, Illinois .

Argonne National Laboratory, Chicago, Illinois

Atomic Instrument Company, Cambridge, Massachusetts

Atomic Power Development Associates, Inc., Detroit, Michigan

Atomic Research Corporation, Colorado Springs, Colorado

The Babcock & Wilcox Company, New York, New York

A.0. Beckman, Inc., Soutn Pasadena, California

Beckman Instruments, Inc., Fullerton, California

Bendix Aviation Corporation, Cincinnati, Ohio

Brookhaven National Laboratory, Upton, New York

The Brush Beryllium Company, Cleveland, Ohio

Burton-Rogers Company, Cincinnati, Ohio

Cambridge Instrument Company, Inc., New York, New York

Chapman Valve Manufacturing Company, Indian Orchard, Maasachusetts

Cincinnati Ventilating Company, Covington, Kentucky

Commonwealth Zdison Company, Chicago, Illinois

Consolidated Edison Company, New York, New York

Consolidated Engineering Corporation, Pasadena, California

Consumers Public Power District of Nebraska, Columbus, Nebraska

Craftweld Equipment Company, Long Island, New York

Crane Company, Chicago, Illinois

Daystrom Instrument Company, Archbald, Pemnsylvania

Design and Production, Inc., Alexandria, Virginia

Detectron Corporation, North Hollywood, California

Detroit Edison Company, Detroit, Michigan

Allen B, DuMont Laboratories, Inc., Clifton, New Jersey

Electric Machinery Company, Minmeapolis, Minnesota

El-Tronics Inc., Philadelphia, Pennsylvania

Engineers Syndicate Ltd., Hollywood, California

Fisher and Porter Manufacturing Company, Hatboro, Pennsylvania

General Dynamics Corporation, Groton, Connecticut

General Electric Company, Schenectady, New York

Harig Manufacturing Company, Chicago, Illinois

The Harshaw Chemical Company, Cieveland, Ohio

Illinois Water Treatment Company, Rockford, Illinois

International Instrument, Inc., New Haven, Cormecticut

Iowa State College, Ames Laboratory, Ames, Iowa

Johns Hopkins University, Baltimore, Maryland

Keleket X-Ray Corporation, Covington, Kentucky

King Typographic Service Corporation, New York, New York

Labour Company, Elkhart, Indiana
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Landsverk Electrometer Company, Glendale, Caiifornia_
LaRoe Instruments, Inc., Bethesda, Maryland .
Leeds and Northrup Company, Philadelphia, Pennsylvania
H, Ws Leighton Laboratories, Hatboro, Pennsylvania
Lindsay Chemical Company, West Chicago, Illinois
Litton Industries, Beverley Hills, California
Los Alamos Scientific Laboratory, Los Alamos, New Mexico
Massachusetts Institute of Technology, Cambridge, Massachusetts
Master Electric Company, Dayton, Ohio '
McGraw-Hill Book Co., Inc.,New York, New York
Michigan State College, East Lansing, Michigan
Minneapolis-Honeywell Regulator Co., Philadelphia, Pennsylvania
National Bureau of Standards, United States Department of Commerce
National Radiac, Inc., Newark, New Jersey
New England Deaconess Hospital, Boston, Massachusetts
New York University, New York, New York
Norden-Ketay Corporation, New York, New York
North American Aviation, Inc., Downey, California
Nuclear Instrument and Chemiéal Corporation, Chicago, Illinois
Nuclear Metals, Inc., Cambridge, Massachusetts
Nuclear Power Group, Chicago, Illinois
Nuclear Research Corporation, Philadelphia, Pennsylvania
Nuclear Research and Development, Inc., St. Louis, Missouri
Nuclear Science and Engineering, Inc., Pittsburgh, Pennsylvania
Nucleonic Company of America, Brooklyn, New York
Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tennessee
Ohio State University, Department of Medicine, Columbus, Ohlo
The Ohmart Corporation, Cincimnati, Ohio
Packard Instrument Company, LaGrange, Illinois
Panellit, Inc., Skokie, Illinois
Phillips Petroleum Company, Idaho Falls, Idaho
Pratt and Whitney, Division Niles-Bement-Pond Co., Hartford, Connecticut
Precision Radiation Instruments, Los Angeles, California
Publication Services, Inc., Washington, District of Columbia
Radiation Counter Laboratories, Skokie, Illinois
Radiation Industries Company, Brookhaven, New York
Radiation Instrument Development Laboratory, Chicago, Illinois
Radiation Research Corporation, West Palm Beach, Florida
Radio Corporation of America, Camden, New Jersey
Radioactive Products, Inc., Detroit, Michigan
Raytheon Manufacturing Company, Waltham, Massachusetts

* R~C Scientific Instruments Company, Inc., Playa Del Rey, California
L., Schreiber and Sons, Company, Covington, Kentucky
Sherwin Instrument Company, New York, New York .
Sloan Kettering Institute for Cancer Research, New York, New York
Structural Display Company, Inc., Long Island, New York
Sylvania Electric Products, Inc., Bayside, Long Island, New York
Technical Associates, Burbank, California
Tracerlab, Inc., Boston, Massachusetts
Union Carbide and Carbon Corporation, New York, New York
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United States Atomic Energy Commission

United States Bureau of Mines

United States Geological Survey

United 3tates Radium Corporation, New York, New York
United States Weather Bureau

University of California, Radiation Laboratory, Berkeley, California
University of Michigan, Ann Arbor, Michigan

Victoreen Instrument Company, Cleveland, Ohio

The Vitro Corporation of America, New York, New York
Westinghouse Electric Corporation, Pittsburgh, Pennsylvania
N. Wood Counter Laboratory, Chicago, Illinois
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. The great strides already made in putting atomic
energy to work in industry, agriculture, medicine and
research, will become evident during the course of this
Conference. We hope that the free exchange of technical
information and ideas among leading scientists and
engineers of many nations will stimulate even greater
progress in the months and years ahead.

In this cause, the United States is firmly dedicated
to promote international cooperation and to contribute
its share of scientific knowledge and resources.

. Les énormes progrés déja réalisés dans la mise en ceuvre
de V'énergie atomique dans les domaines de I'industrie, de
Pagriculture, de la médecine et de la recherche scientifique
seront mis en lumiére au cours de la Conférence. Nous espérons
que l’échange libre d’idées et de documentation technique
parmi l’élite des savants et des ingénieurs de nombreuses
nations engendrera des progrés plus grands encore au cours
des mois et des années a venir,
Les Etats-Unis se vouent sans réserve a cette cause en vue de
d favoriser la coopération internationale et contribueront a ces
) [ fins leur part de ressources et de connaissances scientifiques.

. B xone pa6oT KoHepeHUHH BBIABATCA KPYTIHbIe LIATH, yXKe

cHeIaHHbIE JJIA HCMOAb30OBAHHA ATOMHON 2HEPTHH

B [IPOMBIUIJIEHHOCTH, B CEJIBCKOM X03AHACTBe, B MeJHUHHE H

B HCClIegOBAHHAX. MBI HafeeMcA, 9TO cBOGOAHBIA OOMeH

TeXHHYeCKON HHGPOpMaLHeR H HAAMH CPeIX BeQYIUHX yIeHbIX

H HHXX€HepPOB MHOIHX ~TpaH GyAeT crnocobcTBOBATE elle

GoJibllleMy TIporpeccy TedeHHe 6yYyUIHX MeCHILeB H JeT.
Pagu atoro gesa C. :gHHeHHblIe I1ITAThI TBEPJO HAMEPEHBI

pPa3BHBATL MEXAYHAT ~JHO€ COTPYAHHIECTBO H BHOCHTD

CBOO JOJIHO HAYYHOIC 'HAHHA H PeCypCOB.

. Los notables adelantos alcanzados en la utilizacién de la
energia atémica en la industria, la agricultura, la medicina
y la ciencia de investigacién, seran puestos de relieve en

el transcurso de esta Conferencia. Nuestra esperanza

sincera es que ese libre intercambio de informacién técnica

e ideas por parte de los mds destacados ingenieros y cienti-
ficos de tantas naciones, contribuya a crear un progreso

alin mayor en los meses venideros.

En esta causa comun, los Estados Unidos ponen su mas
decidido empeiio en fomentar una cooperacion internacional
y en contribuir su parte correspondiente de recursos y
conocimientos técnicos.
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Introduction

In March, 1965, the United Nations invited all countries planning to participate in
the International Conference on the Peaceful Uses of Atomic Energy to present
technical exhibits at the Palais des Nations in Geneva during the sessions.

The United States Exhibit, especially prepared for the occasion, consists of
three parts: an operating Research Reactor, housed in its own building adjacent
to the Library wing of the Palais; a comprehensive display, covering selected
peaceful applications of atomic energy in Salle XV of the Library; and a Technical
Reference Library, located near Salle XV. The United States is also showing a
number of special technical films during the Conference.

The various parts of the U. S, Exhibit serve as a visual supplement to the
technical papers presented to the Conference by the United States,

Detailed data on individual elements of the reactor and Salle XV displays is
available, upon request, in the Technical Library.

The Exhibit, including the Reactor and Technical Library, was assembled by
the U. S. Atomic Energy Commission in cooperation with other U. S. Government
agencies and private American companies and organizations.

The U. S. Information Agency is presenting a popular, nontechnical “Atoms
For Peace” exhibit in the Palais des Expositions in Geneva.

Introduction

Au mois de mars 1956, les Nations Unies invitérent tous les pays se proposant de
participer & la Conférence Internationale sur ’Utilisation de I’Energie Atomique &
des Fins Pacifiques & organiser une exposition scientifique au Palais des Nations
& Genéve.

L’exposition des Etats-Unis, spécialement préparée pour l'occasion, comprend
trois parties: un réacteur a recherches scientifiques en état de fonctionnement, logé
dans son propre bitiment, lequel est contigu a 'aile du Palais abritant la Biblio-
théque; une exposition d’ensemble sur des utilisations sélectionnées de l’énergie
atomique & des fins pacifiques, dans la Salle XV de la Bibliothéque; et une Biblio-
théque d’Ouvrages Techniques de Référence, situéé prés de la Salle XV. Les Etats-
Unis montreront un certain nombre de films techniques pendant la Conférence.

Les différentes parties de ’exposition américaine servent de compléments visuels
aux communications scientifiques présentés a la Conférence par les Etats-Unis.

Des renseignements détaillés portant sur les différents éléments du réacteur et
sur l’exhibition de la Salle XV pourront étre obtenus, sur demande, & la Biblio-
théque Technique.

L’exposition, y compris le Réacteur et la Bibliothéque Technique, a été montée
par la Commission de ’Energie Atomique des Etats-Unis en collaboration avec
d’autres organismes gouvernementaux et des sociétés et organisations privées.

De son céte, le Service d’'Information des Etats-Unis (United States Information
Agency) présente une exposition de vulgarisation de caractére non technique, ayant
pour sujet “I’Atome au Service de la Paix,” dans le Palais des Expositions & Genéve.




Baepenue

B mapre 1955 r. O6beguHeEnRble HAaQHE NpesIOHUIIM BCeM CTPAHAM, HMeBIIHM B
BRAY YYACTEOBATb B MeXIYHapOAROR xOoH(EpeHUEH NO MHPHOMY HCIOJbL30BAHHIO
ATOMEOR JHEDrHR, NPeACTABHTH HX TeXHHYeCKHe JKCIIOHATH! Bo JBopme Ranu#
(Palais des Nations), B YKeHene, Bo BpeMa 3acenaHni.

Beictaska CIIIA, crnenHafibHO NMOATOTOBJIEHHAA AJA 3TOIO CAYYad, COCTOMT H3
Tpex uacTef: 1) JdeACTBYIOMHE ACCAeXOBATENBCKHEA DEAKTOD, NOMEMleBHLIA B OT-
AGNHROM 30AHEHY PAAOM ¢ GHOJMOTEeYHbIM KpblaoM Hsopua; 2) O6mHpHAR Bhl-
CT&BKA, HJUMIOCTPHpYlOmAaA H30paHHble MHPHbIe NPHMEHeHHA ATOMHOR JHEPrHH —
B 3ante XV Bubnuotexkn r 3) TexHHUECKAA CIpaBoYHaA 6M6aHOTEKAE — OKOJIO 3aJbl
XV. CIIIA moKaxyT TaKke HECKOJLKO CHEeNHAJbHBIX TeXHHIECKHX (PHIBMOB BO
Bpeun Koudepenuun.

Pasnuuasle 3KcIORATh! CIITA CHYXAT HAMTAQHLIMH TOTMOJHEHHAMH K TeXHHYe-
CXHM AOKNajaM, npeacTaBifAeMbIM CoenuHenabiMn Illtatamu Ha KoHdepeHuum.
Tloxpo6Hbie namRHbIe 06 OTHENBHBIX YACTAX PEAKTOpa H 3kcnoHaToB 3aasl XV
MOMRO MNMOJIYIHTh B T'exHRIecKol 6H6NMBOTEKe 10 3AMpOCY.

DKCHOHATHI, BMECTe C PEAKTOPOM H C TeXHHYecKo# 6H6/IHOTeKOH], 6LIIR CKOMIJIeK-
ToBaHel KoMRccRe#t no aTomro# 2Heprua CIIIA npH coReHCTEBHH APYTHEX AMEPHKaH-
CKHX rOCy9YpexAeHHHA, 4acTHbIX GHPM H OPraHH3aATRHA.

Hadopmanuorroce aresrcteo CHIA npencraBiafieT NONYyAAPHYIO HeTEXHHYECKYHO
BBICTABKY “ATOMBI ANA Jesa MHPA” Bo JBopne BhicTapoK (Palais des Expositions)
B JXeRresBe.

Introduccion

En el mes de marzo de 1955, las Naciones Unidas extendieron una invitacién a
todos los paises que planeaban participar en la Conferencia Internacional sobre
1a Utilizaciéon de la Energia Atomica con Fines Pacificos, para que presentaran
exhibiciones técnicas en el Palais de Nations en Ginebra durante las sesiones.

La Exhibicion de los Estados Unidos, preparada especialmente para esta ocasién,
estd dividida en tres partes: un Reactor de Investigacién en operacién, alojado en
su propio edificio adyacente al ala de la Biblioteca del Palais; una exhibicién com-
pleta, incluyendo aplicaciones seleccionadas de la energia atémica para usos paci-
ficos, en la Salle XV de la Biblioteca; y una Biblioteca Técnica de Referencia, cerca
de la Salle XV. Durante la Conferencia, los Estados Unidos proyectaran también
varias peliculas técnicas especiales.

Las diferentes partes de la Exhibicién de los Estados Unidos sirven de suple-
mentos visuales a los trabajos técnicos presentados en la Conferencia. Informacion
detallada sobre los elementos individuales del reactor y las exhibiciones en la Salle
XV, puede ser solicitada en la Biblioteca Técnica.

La Exhibicién, incluyendo el Reactor y la Biblioteca Técnica, fué preparada por
la Comisién de la Energia Atémica de los Estados Unidos, en colaboracién con
otras agencias del Gobierno de los Estados Unidos, y con organizaciones y com-
paiiias privadas norteamericanas.

La Agencia de Informacién de los Estados Unidos estd presentando una ex-
hibicién popular, no técnica, de “Atomos para la Paz"”, en el Palais des Expositions
en Ginebra.
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Research Reactor

The United States Research Reactor is in a specially constructed building slightly
to the northwest of the Library and opposite the north end of the Assembly
building.

The reactor is of the type popularly known as a “pool reactor” because the fuel
elements operate while immersed in a tank of water. The core, completely visible,
consists of 23 compactly arranged fuel elements containing approximately 3.6 kg.
of enriched uranium-235. When operating, the core gives off the familiar blue
glow known as the Cerenkov effect.

Supplementing the reactor itself are a number of displays explaining its con-
struction and operation, and showing its varied uses both as a research tool and
for the production of radioisotopes.

Demonstrations of the reactor have been scheduled at announced intervals and
attendants will be present to provide additional information or to answer questions.

The Swiss Government has arranged to purchase the reactor at the conclusion
of the Conference, and will move it to the Federal Institute of Technology in Zurich.

On June 11, President Eisenhower announced that the United States Govern-
ment was prepared to help provide research reactors for other free nations and
to contribute half their cost as well as furnish the nuclear fuel required.

Reacteur a Recherches Scientifiques

Le Réacteur & Recherches Scientifiques exposé par les Etats-Unis est installé dans
un batiment qui a été spécialement construit pour le loger. Il est situé légérement
au nord-ouest de la Bibliothéque et vis-a-vis de l'extrémité nord de l’immeuble
réservé aux séances.

Ce réacteur appartient au type généralement connu sous le nom de réacteur “a
réservoir” en raison du fait que les éléments combustibles produisent leurs effets
alors qu’ils sont immergés dans un réservoir a4 eau. Le noyau entiérement visible,
consiste en 23 éléments combustibles disposés d’une maniére compacte et contenant
approximativement 3,6 kg d’uranium-235 enrichi. Lorsque le réacteur fonctionne,
ce noyau émet une lueur bleue bien connue sous le nom de radiation de Cerenkov.

La présentation du réacteur méme est complétée par une exposition d'objets
ayant pour but d’expliquer sa construction et son fonctionnement et de mettre en
lumiére ses différents usages tant pour la recherche scientifique que pour la
production de radio-isotopes.

Des démonstrations du réacteur auront lieu & des heures qui seront portées a
la connaissance du public, et un personnel compétent sera présent pour fournir
des renseignements complémentaires aux personnes intéressées et répondre a leurs
questions.

A la cloture de la Conférence, le Gouvernement Suisse se rendra acquéreur du
réacteur et le transportera & I'Institut Fédéral de Technologie a Zurich.

Le 11 juin, le Président Eisenhower a annoncé que le Gouvernement des Etats-
Unis était prét a aider les pays libres a4 se procurer des réacteurs a recherches
scientifiques et & prendre a leur charge la moitié de leur prix d’achat, ainsi qu’a
fournir les combustibles nucléaires nécessaires.







KccnepoBarennokui Peakrop

HccnenosaTescKHA peakTop CIITA noMellleH B CNEHA/IbBHO [MOCTPOSHHOM 3JaHHH
cJlerKa K ceBepo-3anany oT BHOIHOTeKH, NPOTHB CeBepHOrC KOHUA 3ZAHHA AccaM-
GiteH.

PeakTop 2TOT XxOpOIIO H3BeCTeH MOZ HA3BAHHEM “‘6acCefiHOro”, TaAK KakK ero Tomn-
JIMBHble 3JIeMeHThbl paGoTaloT B Haccefie ¢ Bogo#t. Ero xopomo BHAHLIA cepaedHHK
COCTOHT H3 23 KOMNAKTHO COGPAHHBLIX TOIMJTHBHBIX 3JIEMEHTOB, COAEPKAIIHX OKOJIO
3,6 kr oforamjedHoro ypaHa-235. IIpu pa6oTe cepAedHHK H3jaydaeT roay6oe, Tak
Ha3blBaeMoe YePeHKOBCKOe, CBeYeHHe.

CaM peaKTOp AOMOJHEH HECKOJNBKHMH JKCIIOHATAMH, KOTOpble Pa3bACHAKT ero
KOHCTPYKUHIO H PAGOTY H HJIANIOCTPHPYROT €ro pa3IHIHbIe NPHMeHeHHA [JIA Hccles
! JAOBAHHI K AJIA NIPOH3BOACTBA PaXHOAKTHBHEIX H30TONOB.

' HemoHeTpanuuu paboThl peakTopa GyOyT MPOHCXOAHTL NMO O6bABJEHHOMY DACHH~
CaHHIO; feXYpHble 6yayT Ha MecTe OnA OA49H JOMNOJHHTENBHbIX CBeJeHHRA H AJA
OTBeTa Ha BOMPOCHI.

IlIBeftirapcKoe MNPABHTEJIBCTRBO JOTMOBOPHJIOCH O MMOKYINKe 3TOrO peakTopa mocne
3akpbITHA KondepeRuHuH; peaxTop SyfAeT nepeHeceH B PenepasbHbIA TEXHOJOrH-
YeCKHH HHCTHTYT, B L{ropuxe.

Oaurnaguatoro HioHA [lpesnzeHT AR3enxaysp o6bABRA, 4TO [IpaBHTeNbCTBO
CIIIA rotoBOo NOMOYb APYTHM CBOGOOHBIM CTPaHAM B NPHOGPDEeTEHHH HCCJenoBa-
TeJbCKHX PEAKTOPOB H FOTOBO ONMATHTH IMOJIOBHHY HX CTOHMOCTH, a TaKXe npenao-
CTABHTH NMOTPebHOE ANEePHOE roprovee,

Reactor de Investigacion

El Reactor de Investigacién de los Estados Unidos estd en un edificio especial-
mente construido para él, al noroeste de la Biblioteca y frente al lado norte del
edificio de Asambleas,

Este reactor es del tipo conocido popularmente como “reactor de tanque.” porque
los elementos combustibles funcionan sumergidos en un tanque de agua. El nicleo,
completamente visible, consiste de 23 elementos combustibles dispuestos en forma
compacta, y conteniendo aproximadamente 3.6 kilogramos de uranio-235 en-
riquecido. Cuando esta funcionando, el nicleo emite un brillo azul, conocido con el
nombre de efecto Cerenkov.

Ademas del reactor mismo, hay una serie de exhibiciones que explican su con-
struccion y funcionamiento, y que muestran sus distintos usos como equipo de
investigacion y para la produccién de radioisétopos.

El programa incluye demostraciones del reactor anunciadas periddicamente, en
las que participaran ayudantes para dar informacién adicional o para contestar
cualquier pregunta.

El Gobierno Suizo ha hecho arreglos para comprar el reactor cuando se termine
la Conferencia, y lo trasladard al Instituto Tecnolégico Federal en Zurich. -’

El 11 de junio, el Presidente Eisenhower anuncié que el Gobierno de los Estados
Unidos estaba preparado para ayudar a suministrar reactores de investigacion a
otras naciones del mundo libre, y a contribuir la mitad de su costo, asi como el
combustible nuclear necesario,

1035541



1035598

PRODUCTION OF URANIUM
AND THORIUM METALS

Specimens of primary and secondary
uranium-bearing and thorium-bearing
minerals.

Steps in the processing of uranium
and thorium ores from mine to metal.

REACTOR MATERIALS

Beryllium and zirconium production,
fabrication and utilization.

Improving corrosion resistance of alu-
minum, at elevated temperatures, by
alloying with nickel.

Improving the dimensional stability of
uranium, under thermal cycling, by
alloying with zirconium, niobium and
chromium.

REACTOR FUEL ELEMENTS

Examples of fuel elements developed
for research and experimental power
reactors.

REACTORS

Models and data on various power and
research reactors in operation, under
construction, and planned in the
United States:

U. S. Experimental Power
Reactor Program

Shippingport Presgurized Water Reactor
Experimental Boiling Water Reactor
Experimental Breeder Reactor No. 2
Homogeneous Reactor Expertment No. 2
Sodium Reactor Experiment

Materials Testing Reactor
Argonne Research Reactor
Boiling Reactor Power Plant
Industrial Atomic Power Projects

Demonstration of reactor control panel
with simulator and control rod drive
mechanism.

REACTOR COMPONENTS '
AND AUXILIARIES

Demonstration of new consumable in-
sert weld for reactor circulating sys-
tems,

Reactor pumps and valves, with repre-
sentative equipment for high- and low-
pressure systems,

Protection of environment from radio-
activity, including weather and stream
studies, air cleaning, incineration to
concentrate combustible wastes, ab-
sorption of radioactivity on clay, and
investigations of removal of radioac-
tivity from water supplies and sewage.

CHEMICAL PROCESSING

Model of Idaho Chemical processing
plant.

Uranium processing demonstration
showing techniques applicable to the
chemical separation of radioactive ma-
terials. Demonstration includes the
separation of uranium from copper by
solvent extraction, concentration of
uranium by ion exchange, and remote
sampling and analysis of uranium and
sodium nitrate solutions in the manip-
ulator-equipped remote analytical cell. ‘
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INSTRUMENTATION

Prospecting Equipment

Operating examples of airborne scin-
tillation counters, drill hole logging
instruments and portable prospecting
instruments used for locating uranium
ore deposits.

Radiation Monitoring Instruments

Examples of dosimeters, air particle
monitors, hand and foot contamination
monitors and portable radiation sur-
vey instruments used to safeguard
persons working with radioactive ma-
terials.

Instrument Components

Geiger and proportional counter tubes,
photomultiplier tubes, scintillation
phosphors and crystals used as nuclear
radiation detectors.

Low-Level Anti-Coincidence Counter

Demonstration of low-level counting
techniques.

Radiation Spectrometers and Pulse-
Height Analyzers

Demonstration of gamma radiation
spectroscopy, 100-channel pulse-height
analyzer and sliding single channel
automatic spectrometer.

Medical Instruments

Demonstration of automatie scintilla-
tion scanner and special Geiger coun-
ter eye and brain probes.

BIOLOGY AND MEDICINE

Biochemical Research in Connection
with Steroid Metabolism Studies

The first uses of carbon-14 and tritium
for the in vivo study of steroid syn-
thesis and degradation in human sub-
jects. A liquid scintillation spectrome-
ter of a type used for the above study
is included.

Slow Neutron Capture Therapy in
Treatment of Brain Tumors

Techniques and results of brain tumor
treatment using boron-10 and reactor-
produced thermal neutrons.

Teletherapy and Brachy-Therapy with
Radioisotopes

Models demonstrating various possi-
bilities for radiation teletherapy, in-
cluding both fixed-beam and rotational-

therapy types; and new methods of
interstitial radiation therapy, with
other techniques in brachy-therapy,

Autoradiography Techniques in Path-
ology

Microscopic and gross autoradiogra-
phy techniques together with selected
autoradiograms illustrating results.

Radiation Toxicity Studies

Results of research on the effects of
gamma and mixed gamma and neutron
radiation exposure on biological and
plant life.

Radiation and Plant Genetics

The role of radiation in plant genetics
and crop improvement, including meth-
ods used to obtain beneficial mutations,
and examples of the resulting muta-
tions.

Research on Effects of Radiation
Examples of food preservation, deteri-
oration of organic chemicals, and bone
sterilization.

APPLICATIONS OF RADIOISOTOPES

Demonstration of methods for thyroid
uptake calibration.

Portable thulium X-ray unit.

Industrial radiation thickness gage
demonstration.

Isotope-activated light sources — used
for signs and markers.

~Atomic batteries — illustrating three

methods for the direct conversion of
radiation into electrical energy.

Use of carbon-14 tracers in biosyn-
thesis.

RARE EARTHS AND TRANSURANIUM
ELEMENTS

Separation and preparation of rare
earths and transuranium elements.

CLOUD CHAMBER (Near Salle XV)

A continuously operating four-by-
eight-foot cloud chamber, showing the
paths of cosmic rays, 500 at any one
instant.
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PRODUCTION DE METAUX
D'URANIUM ET DE THORIUM

Spécimens de minéraux primaires et
secondaires contenant de 'uranium et
du thorium,

Gamme d’opérations pour transformer
des minerais d'uranium et de thorium
en métal & partir de leur extraction de
la mine.

MATERIAUX DE REACTEURS

Production, fabrication et utilisation
du béryllium et du zirconium.

Amélioration de la résistance de l'alu-
minium & la corrosion a des tempéra-
tures élevées par alliage avec du nickel.

Amélioration de la stabilité dimension-
nelle de I'uranium par traitement par
cycle thermique, par alliage avec du
zirconium, du niobium et du chrome.

ELEMENTS COMBUSTIBLES DE
REACTEUR

Spécimens d’éléments combustibles
produits pour alimenter les réacteurs
générateurs d’énergie expérimentaux
et a recherches scientifiques.

REACTEURS

Modéles et caractéristiques de fonc-
tionnement de différents réacteurs
générateurs d’énergie et & recherches
scientifiques en service, en voie de
construction et dont la construction est
prévue aux Etats-Unis:

Programme de Réacteurs Générateurs

d’Energie Expérimentaux aux Etats-
Unis
Réacteur @ Eau sous Pression de
Shippingport
Réacteur Expérimental a Eau
bouillante

Réacteur Générateur Expérimental
No. 2

Réacteur Homogéne Expérimental
No. 2

Réacteur Expérimental au Sodium

iy ’
Exposition d’Ensemble de la Salle XV

[~ 4

Réacteur d’Essais de Matériaux

Réacteur & Recherches Scientifiques
d’Argonne

Centrale d’Energie 4 Réacteur Bouil-
lant

Centrales Industrielles d'Energie
Atomique

Démonstration du fonctionnement d’un
tableau de commande de réacteur muni
d’un simulateur et d’'un mécanisme de
barres de commande.

ELEMENTS CONSTITUTIFS ET
AUXILIAIRES DE REACTEUR

Démonstration du nouveau procédé de
soudure rapportée consumable pour les
systémes de circulation des réacteurs.
Pompes et vannes de réacteur, avec
appareillage type pour les systémes a
haute et & basse pressions,

Protection du milieu ambiant contre
les effets de la radioactivité, y compris
I’évaluation des facteurs météorolo-
giques et des facteurs de dilution dans
les cours d’eau, la décontamination de
I’air, 'incinération en vue de la concen-
tration des résidus combustibles, 1’ab-
sorption de radioactivité sur argile, et
certaines études portant sur la décon-
tamination des approvisionnements
d’eau et des eaux d’égouts.

TRAITEMENT CHIMIQUE

Maquette de l'usine de traitement
chimique de I'Idaho.

Démonstration du traitement de l'ura-
nium mettant en lumiére les techniques
applicables a la séparation chimique
des matieres radioactives. Cette dé-
monstration comprend la séparation de
I'uranium du cuivre par extraction
dissolvante, la concentration de l'ura-
nium par l’échange d’ions, et I’échan-
tillonnage ainsi que l'analyse & dis-
tance de solutions d'uranium et de
nitrate de soude a l’intérieur de la
cellule analytique dotée d’un manipu-
lateur de commande & distance.
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INSTRUMENTS

Equipement de Prospection
Exemples de compteurs & scintillation
aéroportés, d’équipement d’enregistre-
ment de trous de sondage et d’instru-
ments portatifs de prospection utilisés
pour la détection des gisements de
minerai d’uranium.

Instruments de Contrile de Radiations

Exemples de dosimétres, d'instruments
de détection et de mesure de radiations
des particules dans l’air, de contré-
leurs de contamination des mains et
des pieds, et d’instruments portatifs
de détection utilisés pour la protection
des personnes manipulant des sub-
stances radioactives.

Eléments constitutifs des Instruments

Tubes de compteurs Geiger et de comp-
teurs proportionnels, tubes de photo-
multiplicateurs, phosphores et cristaux
de scintillations utilisés comme détec-
teurs de radiations nucléaires.

Compteur d’Anti-Coincidence 4 bas
Niveau

Démonstration des techniques de dé-
tection a bas niveau.

Spectrométres de Radiations et Ana-
{yseurs de Hauteur de Pulsations
Démonstration de lidentification de
radiation gamma par spectroscopie,
d’un analyseur de hauteur de puisa-
tions & 100 circuits et d'un spectro-
métre de circuit unique & curseur
automatique.

Instruments médicaux

Démonstration d’une sonde automa-
tique a scintillation et d’ausculteurs a
compteur Geiger spécial pour les yeux
et le cerveau.

BIOLOGIE ET MEDECINE

La Recherche biochimique dans U'E-
tude du Métabolisme stéroide

Premiéres utilisations de carbone-14 et
de tritérium dans l’étude in vivo de la
synthése stéroide et de la dégénération
chez I’homme. Cette exhibition com-
prend un spectromeétre liquide a scin-
tillation du type utilisé dans l’étude
mentionnée ci-dessus.

Thérapeutique par Captage de Neu-
trons lents dans le Traitement de Tu-
meurs au Cerveau

Méthodes de traitement d’une tumeur
au cerveau a l’aide de bore-10 et de
neutrons thermiques produits par ré-
acteur, et résultats obtenus.

Téléthérapeutique et Brachy-théra-
peutique a l'aide de Radio-isotopes

Modéles d’appareils de types & fais-
ceau fixe et a traitement rotatif dé-

montrant les diverses possibilités
d’application de la téléthérapeutique
par radiation; et nouvelles méthodes
thérapeutiques par radiation intersti-
tielle et autres techniques employées
en brachy-thérapeutique.

Techniques autoradiographiques en
Pathologie

Techniques d’autoradiographie micro-
scopique et macroscopique avec auto-
radiogrammes sélectionnés représen-
tant les résultats obtenus.

Etudes sur la Toxicité de Radiation

Résultats des recherches effectuées
sur les effets produits par des radia-
tions gamma, et des radiations gamma
mélangées avec des neutrons, sur la
vie animale et végétale.

La Radiation et la Génétique des
Plantes

Réle de la radiation dans la génétique
des plantes et I’amélioration des récol-
tes, y compris les méthodes employées
afin d’obtenir des mutations utiles, et
exemples de mutations en résultant.

Recherches sur legs Effets de la Radia-
tion

Exemples de préservation d’aliments,
de détérioration de produits chimiques
organiques et de stérilisation des os.

UTILISATIONS DES RADIC-ISOTOPES

Démonstration des méthodes pour me-
surer le taux d’ingestion de la thy-
roide.

Appareil radiographique portatif a
thulium.

Démonstration sur évaluation des
épaisseurs par radiation dans l'indus-
trie.

Sources lumineuses activées avec des
isotopes utilisés dans les enseignes et
les signaux lumineux. Batteries ato-
miques—montrant trois méthodes pour
convertir directement la radiation en
énergie électrique. Utilisation d’élé-
ments traceurs de carbone-14 en bio-
synthése.

TERRES RARES ET ELEMENTS
TRANSURANIUM

Séparation et préparation des terres
rares et des éléments transuranium.

CHAMBRE A DETENTE
(Prés de la Salle XV)

Chambre a détente mesurant quatre
pieds sur huit et fonctionnant de fagon
continue, dans laquelle il est possible
d’observer le passage de 500 rayons
cosmiques a la fois.


http://traCeurs.de
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nrPOU3BOACTBO
METANNIUYECKOTO
YPAHA U TOPUH

O6pa3nbl NEPBHYHBIX H BTOPHIHBIX
MHHEPAJIOB, COQePXAIIHX YPaH H TO-
puit.

CTyneRH B nepepaloTke YDAHOBBIX H
TOPHEBBIX PYA, OT IMAXThkI A0 MeTaJJa.

MATEPWUANDBI ANA
PEAKTOPOB

MponssoagcTeo, ofpaGoTKa H HCHOJb-
30BaHHe GEDHJINHA H UHPKOHHA,

IToBbImeHHe KOPPO3HAHOCTORKOCTH
AJIFOMHHHA MPH BBICOKHX TEMIEPATY-
Pax IyTeM CILJIABJIEHHA ero C HHKeJeM.

[oBbimenne raGapHTHOR CTORKOCTH
ypaHa NpH UHKJIH49ecKoH Tepmoobpa-
60TKe NMOCPEeACTBOM CMNJIABJIEHHA €ro ¢
NHPKOHHEeM, HHOOHEM H XPOMOM.

TOMIUBHBLIE
QJIEMEHTbI
PEAKTOPA

TIpuMeph! TONJIHBHBIX 3JIEMEHTOB, Pas-
PAGOTAHHBIX AJIA HCCAeSOBATEBCKHX
PeaKTOPOB M ANA ONLITHBIX 3Heprope-
aKTOpPOB.

PEAKTOPbL!

Mogend H AaHHbIE [10 PAa3THYHBIM
3HEepreTHYECKHM H HCCJIe0BaTEJb-
CKHM peakTOpaM, paboTalolLIHM, CTpO-
SAUIUMCA M npoexkTHpyembiM B CIIIA:

IMnan CIIIA o CTPOHTENXBCTBY
OMBITHBLIX 3HEPropeakTOPOB

PeakTop ¢ Boxoll mox JaBjJeHHeM B
IIIannuArnopre

OnBITHBIR peaxTop-napoKoTex
OnbITHLHI PEAKTOPPA3MHOXKHTEAD N2
OnmuITHLIR roMoreHHBIN peaxTop Ne2
OnbITHRIR HATPHEBLIN DeakToD

PeakTop AJNA HCNBLITAHHA MaTepHA-
J0B

ADProHHCKHA HCCJIeJOBATeJbCKRM
peaxkTop

OHeproCcTaHIHA ¢ PeaKTOpOM-napo-
KOTJIOM

IIpuMenenne ATOMHOR OHepruH B
ITPOMbBILITIeHHOCTH

JdeMORCTpaUMA NHAHEJH YIpaBJeHHA
PeaKTopa C CHMYJATODOM H IPHEOR-
HBIM MeXaHHU3MOM PeryTHpYIOIlerc
CTepkKHSA.

AETAIU WU
BCMOMOIATE/IbHLIE
YCTPONCTBA PEAKTOPOB

JdeMOHCTpPanHs HOBON CBApKH ¢ IOT-
pe6nseMo#t BCTaBKOM, MpHMeHAeMONl B
UHPKYNALHOHHLIX YCTPOACTBAX peax-
TOpA.

Hacochkl ¥ BEeHTHAH PeaKTopa ¢ THNH4-
HbIM OGOpPYAOBaHHEM ONA YCTPORCTB
BBICOKOI'O H IIH3KOI'O AaBJIeHHA.
3amuTa OoKpyXallled cpeAbl OT pa-
OHOAKTHBHOCTH: MeTeOpOJIOrHYecKHe
H3BICKAHHA, HCCJIeJOBAHHA TedeHHH,
OYHCTKA BO3OYXa, CXKHIAHHe IMOPHOTHX
OTXOJOB C LeJbI0 HX KOHIeHTDALHH,
NoraomieHHe pagHOAKTHBHOCTH TIJIH-
HOR, HCCJeJOBAHHA YaajleHHA pa-
AHOAKTHBHOCTH H3 BOLOCHAGKAIOWIHX
H KAHAJH3ALHOHHBIX YCTPORCTB.

XUMUYECHAAR
NEPEPABOTHA

MoaeNb XHMHKO-TeXHOJMOTHYEeCKOro 3a-
BOOA B Afizaxo.

JlemMoHCTpauusa nepepaBOTKH YpaHa,
NOKA3BIBAIOUIAA METOAHKY XHMHYIeC-
KOro pasjgesieHHA DPaJHOBKTHBHBIX
MaTepHaJsoB.

JeMOHCTPHpPYeTCA chaenylowlee: oThe-
JleHMe ypaHa OT MeOH MOCPeACTBOM
3KCTPAKLHH PacTBODHTeJieM, KOHLeHT-
pauKA ypaHa NnyTeM HOHHOro o6MeHa,
OHCTAHLHOHHBIA 0T60p Npob H aHAJIH3
pacTBOPOB HMTPATA YPaHA H HATPHA B
aHaJHTHUeCKONR AYeflKe C MAHHNIYJIATO-
poM.

—
~ -
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MPUBOPLI

Pa3BeX0o4YHAA ANMNADATYpa

OxcrryaTanHoHHble o06pa3nbl caMmo-
JI€THBIX CHHHTHJJNALHOHHLIX CYeTYH-
KOB, NPHGOPOB IJ1A GYypOBBIX 3alHCeH
H [epeHOCHBLIX pPa3BeJOo4YHbIX npubGo-
POB, NPHMeHAEMBIX MR o6HAPYXeHHHA
3anexefl ypaHOBOH DYnbl.

TIpRGOPHLI XJAA KOKTPORA HIJAYJYeHHH
O6pa3nsl ZO3HMETPOB, KOHTDPOJIEPOB
YacTHL B BO3JYXe, KOHTPOJIEDOB 3a-
TPA3HEHHA DYK H HOr, a TakXe mepe-
HOCHBIX NPHOOPOB AJNA 06CNIeqOBAHHA
U3JYydeHHHA, KOTOpble IMPHMEHAIOTCA
AnA 3alIUTBI 3J0pOBbA JHL, pa6oTa-
HIOIHX ¢ PaAHOAKTHBHLIMH MaTepHa-
JIaMH.

HeTaan npuéopos

Tpy6xH anaa rafirepoBCKHX H Nponop-
UHOHAJNBHBIX CYeTYHKOB, (DOTOYMHO-
KHTeJIbHbIe JIAMIIBI, CIHHTHJIJIALMOH-
Hble JIOMHHOGMOPBI H KPHCTAJINLI,
[IpHMeHseMble O1A OOHADYKEeHHA AJep-
HBIX H3Ny4YeHHH.

CYeTYHK HeCOBHAJEHHA IJA HH3KHX
ypoBHe#

JleMOHCTpalHA TeXHHKH C4eTa IpH
HU3KHX YPOBHAX.

PaIRAIHOHHBIN CIHEKTpOMETP H ARA-
JH3ATOP BHICOTHI HMITYJIBCOB
JeMOHCTPALHA CNeKTPOCKOIIHHE raMma-
HanyveHut, 100-kaHAJIBHOIO AHAJIH3A-
TOpa BBICOThI HMINYJILCOB H ABTOMATH-
YeCKOIr0 CIeKTPOMETDPA ¢ OOHHM CKOJIb-
JAMIUM KaHAJIOM.

Meauuunckae OpHGOpPEI

Jleuoxcrpamm ABTOMATHIECKOI'O
CHHHTHIANAIHOHHOI0 Da3BepPTHIBATEJA
H CneqHaNbHBIX 30HAOB OJAA raasa g
MO3ra Ha rafArepoBCKHX CYeTYHKAaX.

BUONOTHUA N MEAULLIUHA

BHOXHMMYECKHEe HCCIAEJOBAHHA B
CBA3H C R3yYeHHEM CTEPOHIHOTO MeTa-
Goauama

ITepBhle npHMeHeHHA yriaepofAa-14 H
TPHTHA AOJI8 HCCeZOBAHHA CTepoOMI-
HOrO CHMHTe3a H JerpajalHH B XHBOM
qenoBeKe. IIpeacTaByieH XHOKOCTHSBIR
CUHHTHJIIIALHOHHLIA CIIEKTPOMETD TOIO
THMA, KOTODBIR NPHMEHAJICA B 3TOM
HCCJIe AOBAHHH.

JleueHHe 3aXBATOM MeAJEHHLIX Hefr-
POHOB B CaOy4YafiX MO3FOBBIX OmyXxoJel

IlpHeMBl H Pe3YJBTATHI Je9eHHA MO3-
TOBBIX OnyxoJieft nocpeacrsoMm 6opa-10
H TENJIOBbIX HEHTDPOHOB H3 DeakTOpa.

“Tesxetepanna” ® “Bpaxa” Tepamus
PAaIHOAKTHBHLIMH H30TOIAMH

Mopaens, noxa3siBarouIHe Pa3H9YHbIe

BO3MOXHOCTR PaSHAIHOHHON ‘‘Tesere-
panHi” ¢ PHKCHPOBAHHBIM H C [OBO-
POTHBIM Jy90M; HOBble METOObI Tepa-
NMHHE NPOMEXYTOYHBIMH 06JIyIeHHAMH
H ApyTHe npHeMbl “‘6paxy’” TepalHH.

TexXHAKa aBTOpazHorpadMH B HATO-
JIOTHH

TexHHKa MHKPOCKONMUeCKOA H Mak-
POCKONHYeCKOR aBTOpaguorpadun c
HINIOCTpalHelt pe3yALTATOB Ha 10406~
PaHHbLIX aBTOPAXHOCHHMKAX.

HaydeHHe TOKCHYHOCTH H3TydeHMi
PesyasraT HCCNeXOBaHHE BIHAHHA
raMMa-H3Jy9eHHR H CMelIaHHbIX raM-
Ma-HeHTPOHHBIX H3NYYeHHHA HA KHBOT-
HYIO H DACTHTEJBHYI0 XH3Hb.
H3axy9eHHA H reHeTHKA DaCTeHHH
Ponab uanydeHHA B reHeTHKe DACTEeHHH
H B YNYHUIeHHH KYJAbTYp; METOAbI MO~
JMyYeHHA GJAroTBODHBIX MYTauHi H
npuUMepbt MYTAUHHA.

HceaxeopaHRA BIHAHHA o6XydeHH

IIpuMepEI KOHCePBAIMM TTHIIENPOAYK-
TOB, PA3JIOXKEHHA OPraHHIEeCKHX XHMH-
KATOB H CTEPHJIH3ALMH KOCTeH.

NPUMEHEHUA
PAAUOAKTUBHDIX
n3ortonos

JleMOHCTPAUHA METOQOB KaJIHGPOBKH
BCACBIBAHHA UIHTOBHIHON KeJs1e30H.

ITepenocHsIt peHTreHoBcKHR npHbop,
paboTarouiHfl HA TYJIHH.

JleMOHCTpAIMA NPOMBILUIIEHHOTO pa-
AHALIHOHHOIO TOJINIHHOMEDA.

HCTOYHHKH CBeTa, AKTHBHDOBAHHbBbIE
H30TONaMH, NPHMeHAeMbIe JIA 3HAKOB
H MeTOKX.

ATOMHBIe 6aTapeH, HIIIOCTPHPYIOIOHE
TPH MeTOoAa NPAMOro npec6pa3cBaHHA
H3JIy4eHHH B 3JIEKTPOIHEPrHIO.

IIpumMeHeHHe MeTOK YriepoAoM-l4 B
GHOCHHTe3e.

PEAKWUE 3EMAN U
TPAHCYPAHOBbLIE
3NEMEHTHI

BbigesleHHe H MOJNYYeHHe DPeNKHX 3e-
MeNbk H TPAHCYPAHOBBIX 3JIEMEHTOB.

KAMEPA BWJ/IbCOHA
(0K0M0 3ANBI XV)

Kamepa BuabcoHa 4x8 ¢yToB JAefti-
CTBYeT HellpePBIBHO K nokaibisaeT 500
TPAEKTOPHA KOCMHYECKHX JydeHd B
nr060f MOMEHT BpPEeMeHH.
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Chemical Processing

Traitement Chimique
XuMudeckas oGpaboTra
Tratamiento Quimico

Instrumentation

Appareillage
Haxepureasante oprGops
H ANOADATYDS

Instrumentos

This floor plan of Salle XV
is keyed by numbers to the
booklet descriptions. Certain
information not contained in
this booklet will be found on
the descriptive plates near
each display. Additional de-
tails may be found in the
nearby Technical Library,

Ce plan de la Salle XV em-
ploie la méme numérotation

~que la brochure descriptive.

On trouvera certaines infor-
mations supplémentant celles
contennes dans la brochure
dans les légendes descriptives
placées aupreés de chaque
stand, et des informations dé-
taillées dans la Bibliothéque
Technique ci-pres.

Radioisotope Applications

Applications des Isotopes Radioar
IpaMeEeERE DATHOAKTEBANX HBOT
Aplicaciones de los Radioisétopos

OTOT MTaH D ITomTou 1l YA
NV COMToHr I HoMe e - ol
HILHMID B Dot

HeROTOPRIY CReTHHIDE H0 Mok
WIHeCH ROOTOW SPOMIk e MOIVT

GBITHh HAWIrHH R T CAHIHY
BAIM3U IKCITOHATOA., .l iMANIHEY
CORIeHHMA nMveiires 4 Tevnude:
croi Budanorene.



Preduction of Uranium and
Thorium Metals

Production des Métaux Uranium et Therium
IIpoXsseRITEO METAISETAONEX FPAXEA ¥ TOPUR

Produecién de Metales de Uranalo y Torio

Reactor Materialé

Vatériaux de Réacteurs
J{aTepMATIH IAK DeIKTOPOS
/ Materiales de Reactores

Este plano del piso de la
Salle XV tiene la misma clave
numérica usada en el folleto
de descripciones. Cierta infor-
macién que no esta contenida
en este folleto se encontrara
en los carteles descriptivos
cerca de cada cuadro de ex-
hibicién. Detalles adicionales
pueden conseguirse en la

' teca Técnica contigua.




-

Exhibiciones en Ia Salle XV

PRODUCCION DE METALES DE
URANIO Y TORIO

Especimenes de minerales primarios y
secundarios de uranio y de torio.

Pasos en el tratamiento de los mine-
rales de uranio y torio, desde la mina
hasta el estado de metal.

MATERIALES DEL REACTOR

Produccién, fabricacion y utilizacién
de berilio y zirconio. Mejorando la re-
sistencia a la corrosion del aluminio, a
temperaturas elevadas, por medio de
aleaciones con nickel,

Mejorando la estabilidad dimensional
del uranio, en el ciclo térmico, me-
diante aleaciones con zirconio, niobio
¥ cromio.

ELEMENTOS COMBUSTIBLES DEL
REACTOR

Ejemplos de elementos combustibles
desarrollados para los reactores ex-
perimentales de energia y de inves-
tigacién.

REACTORES

Modelos e informacién sobre diversos
reactores de energia y de investiga-
cién, actualmente en uso, en construe-
cién o en proyecto en los Estados
Unidos.

Programa de Reactores Experimentales
de Energia de los Estados Unidos

Central de Energia de Reactor de
Agua Hirviendo

Proyectos Industriales de Energia
Atomica

Demostracién del panel de control con
simulador y mecanismo impulsador de
la varilla de control.

COMPONENTES Y AUXILIARES
DEL REACTOR

Demostracién de la nueva soldadura
de inserto consumible para los siste-
mas de circulacién del reactor.

Bombas y vilvulas del reactor, con el
equipo tipico para sistemas de alta y
baja presién,

Proteccion del ambiente contra la ra-
dioactividad, incluyendo estudios del
tiempo y las corrientes, limpieza del
aire, incineraciéon para concentrar los
desechos consumibles, absorcion de la
radioactividad en arcilla, e investiga-
cion de la eliminacién de la radicacti-
vidad de los sistemas de abastecimiento
de agua y alcantarillados.

TRATAMIENTO QUIMICO

Modelo de la planta de tratamiento
quimico de Idaho.

Demostracion del tratamiento del ura-
nio mostrando las técnicas aplicables a
la separacién quimica de los materia-
les radioactivos. La demostracién in-
cluye el separar el uranio del cobre
por extraccion por solvente; la concen-
tracion del uranio por intercambio de
iones; y la extracciéon de muestras y
analisis a distancia de las soluciones
de nitratos de uranio y de sodio,
usando la celda analitica equipada con

£ \
Reactor de Agua a Presion de Shippingport ] manipulador.
Reactor Experimental de Agua Hirviendo |
Reactor Generador Experimental No. 2 !
Reactor Homogéneo Experimental No. 2 ‘
Reactor Experimental de Sodio j INSTRUMENTOS
]B Reactor de Ensayo de Materiales i Equipo Explorador

Reactor de Investigacién de Ar- Ejemplos practicos del uso aéreo de
gonne contadores de centelleo, instrumentos ‘))




de registro para perforaciones, e in-
strumentos portatiles de exploracién
usados para localizar los depositos de
mineral de uranio.

Instrumentos Monitores de Radiacion

Ejemplos de dosimetros, monitores de
particulas en el aire, monitores de
contaminacién de manos y pies, e in-
strumentos portatiles para estudiar la
radiacién, usados para proteger a las
personas que trabajan con materiales
radioactivos.

Componentes de log Instrumentos

Tubos de contadores proporcionales y
Geiger, tubos fotomultiplicadores, fos-
forescentes de centelleo y cristales
usados como detectores de radiacién
nuclear,

Contador de Anticoincidencia de Bajo
Nivel

Demostracién de las técnicas de con-
teo de bajo nivel.

Analizadores de Pulsactones y Espec-
trémetros de Radiacién

Demostracién de espectroscopia de ra-
diacién gamma, analizador de pulsa-
ciones de 100 canales, y espectrometro
automatico deslizante de un solo canal,

Ingtrumentos Médicos

Demostracion de la sonda para ojos y
cerebro, con contador Geiger especial,
y explorador automatico de centelleo.

BIOLOGIA Y MEDICINA

Investigacion Bioquimica en Conexién
con los Estudios de Metabolismo Este-
roideo

Los primeros usos del carbono-14 y el
tritio para los estudios in vive de la
sintesis esteroidea y su degradacion
en los sujetos humanos. Se incluye un
espectrometro para liquidos de cente-
lleo del tipo usado para el estudio men-
cionado,

Terapia de Captura de Neutrones Len-
tos en el Tratamiento de Tumores en
el Cerebro

Técnicas y resultados del tratamiento
de tumores en el cerebro, usando boro-
10 y neutrones térmicos producidos en
el reactor.

Teleterapia y Braquiterapia con Ra-
dioigotopos

Modelos para demostrar las distintas
posibilidades de la teleterapia de ra-
diacién, incluyendo los tipos de rayo
fijo y rotatorio; asi como los métodos
nuevos de terapia de radiacién inter-
sticial, con otras técnicas de braquite-
rapia.

Técnicas de Autoradiografia en Pato-
logia

Técnicas de autoradiografia micro-

scépica y corriente, junto con autora-
diogramas seleccionados para mostrar
los resultados.

Estudios de Toxicidad de la Radiacion

Resultados de los estudios hechos so-
bre los efectos de la exposicién de la
vida animal y vegetal a radiaciones
gamma o gamma mezclada con neu-
trones.

La radiacion y la Genética de Plantas

La parte que juega la radiacién en la
genética de las plantas y en el mejora-
miento de las cosechas, incluyendo los
métodos usados para obtener mutacio-
nes beneficiosas, y ejemplos de las
mutaciones resultantes.

Estudios sobre los Efectos de le Ra-
diacién

Ejemplos de preservacién de alimen-
tos, deterioro de cuerpos quimicos or-
ganicos, y esterilizacién de huesos.

APLICACIONES DE RADIOISOTOPOS

Demostraciéon de los métodos para
determinacién de la absorcién de la ti-
roides.

Unidad portatil de rayos X, de tulio.
Demostraciéon del calibrador indus-
trial para medir espesores por medio
de radiacién.

Fuentes de luz activadas por isétopos
—usadas para sefiales y marcadores.

Acumuladores atémicos — mostrando
tres métodos para la conversion di-
recta de radiacién a energia eléctrica.
Uso de indicadores de carbono-14 en
la biosintesis.

ELEMENTOS TRANSURANICOS Y
METALES ALCALINOS RAROS

Separacién y preparaciéon de los me-
tales alcalinos raros y los elementos
transuranicos.

CAMARA DE NIEBLA
(Cerca de la Salle XV)

Camara de niebla de funcionamiento
continuo, de cuatro por ocho pies, en
la cual pueden verse 500 trayectorias
de rayos coOsmicos en cualquier mo-
mento dado.
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U.S.
Technical
Library

Bibliotheque
Technique

des
Etats-Unis

The U. S. Technical Library exhibit is intended to show the types of scientific and
technical information on atomic energy available in the United States. It includes
representative examples of published accounts of both government and privately
sponsored work. The U. S. Government policy of encouraging open publication of
research results makes the conventional publications of the learned societies a
basic reference tool in the United States for atomic energy information.

The Technical Library includes a depository collection similar to those which
the United States is offering to other nations as part of its contribution to the
“Atoms for Peace” program, These depository libraries, each including approxi-

" mately 7,000 laboratory reports, some in full-size and some in microcopy form,

provide the information that, coupled with published data and continually brought
up to date, represents the total contribution of the United States to the scientific
literature on atomic energy. Guides to the literature, journals of abstracts, and
librarians’ manuals are included to simplify reference,

Books sponsored by the U. S. Atomic Energy Commission form an important
part of the depository collection. These include the National Nuclear Energy Series,
textbooks, and training manuals, including several volumes completed within
recent weeks.

The Technical Library exhibit also includes over 100 books on atomic energy
subjects contributed by American publishers and a display of technical journals
published in the United States.

Booklets, pamphlets and data sheets, prepared by private companies, which are
exhibiting products, equipment and processes in Salle XV and the Reactor Build-
ing, are available in the Technical Library. For the convenience of Delegates and
visitors, a card index of this material has been prepared.

Following the Conference, the depository collection will be presented to the
United Nations Library in Geneva for its permanent collection,

The attendants at the Library exhibit, among whom are persons who speak
the conference languages, are prepared to assist each visitor in finding the infor-
mation and materials he desires.

L’exposition de la Bibliothéque Technique des Etats-Unis a pour objet de mettre
en lumiére les divers renseignements d’ordre scientifique et technique sur 'energie
atomique qu’il est possible d’obtenir aux Etats-Unis. Cette exposition comprend des
exemplaires d’articles publiés sur les travaux effectués sous les auspices du
Gouvernement et d’entreprises privées. La politique du Gouvernement des Etats-
Unis qui consiste & encourager la publication des résultats des recherches, fait des
publications émanant des sociétés savantes un instrument fondamental de référence
pour l'obtention de renseignements sur I'énergie atomique,

La Bibliothéque Technique comprend une collection semblable & celle qu'offrent
les Etats-Unis a d’autres pays dans le cadre de leur contribution au programme de
“I’Atome au Service de la Paix.” Ces bibliothéques, dont chacune comprend ap-
proximativement 7.000 rapports de laboratoire, les uns reproduits sur format
normal, les autres sur microfilm, fournissent les renseignements qui, constamment
tenus a jour et ajoutés aux données parues, représentent la contribution totale des
Etats-Unis a la littérature scientifique sur l’énergie atomique. Ces bibliothéques
comprennent également des répertoires d’ouvrages scientifiques, des recueils d’ex-
traits et des manuels a4 l'usage des bibliothécaires en vue de simplifier l'obtention
des ouvrages de référence.

Les ouvrages publiés sous le patronage de la Commission de ’Energie Atomique
des Etats-Unis représentent une partie importante de la collection de référence.
Ceux-ci comprennent des recueils et des manuels d’'instruction de la “National
Nuclear Energy Series” ainsi que des volumes complétés il y a quelques semaines.

L’exposition de la Bibliothéque Technique renferme également plus de 100
ouvrages présentés par des éditeurs américains et une collection de journaux tech-
niques publiés aux Etats-Unis, i

Les notices descriptives, brochures et feuilles de renseignements préparées par
les sociétés privées qui exposent des produits, du matériel d’équipement et des
procédés dans la Salle XV et dans le Batiment du Réacteur peuvent étre obtenus a
la Bibliothéque Technique. Un fichier indiquant les produits, le matériel et les
procédés exposés a été préparé i l'intention des Délégués et des visiteurs.

Aprés la Conférence, la collection d’ouvrages sera présentée a la Bibliotheque
des Nations Unies & Genéve pour sa collection permanente.

Les membres du personnel attaché a I’exposition de la bibliothéque, dont certains
parlent les langues employées a la Conférence, sont i la disposition des visiteurs
pour les aider & obtenir les renseighements qu'ils pourraient désirer.



'I' OxcnonrpoBanne Texmuveckoit 6mbanroTexs CIIIA HMeeT Henbi0 NMOKA3ATD THIMI
ex“"qacxaﬂ HAYYHO-TeXHHIeCKOR! WAGOPMANHME NO aToMHON 2nepruH, HMeromelicx B CIIIA. B
GHONMHOTEKEe HMEIOTCA THNHYHble 06pa3nbl OoNMyGJHKOBAHELIX OTHeTOB O pabGorax
Euﬂn"orﬂxa KaK N0 I'OCYAAPCTBEHRLIM, TAK H N0 YACTEBIM 3axa3aM. ITonHTHKAE RNOOWIPeERR
OnySIHKOBAHUA Pe3yNBTATOB HCCAeQOBAHHE, npoBoanmMan [IpasuTenscTrom CIIIA,
Gm A AenaeT H3JAHHA YIEHLIX OOLIeCTB OCHOBHLIM CIPABOYHLIM HHCTPyMeHTOM B CIIIA

AN nEPOopMANHH 06 ATOMHOR IHEePrHH.

B Texnr9ecKkyro OROIHOTeKY BXOAHT “AomonHAeMas OHOGIHOTEKA", CXOAEAA €
TeMH, KoTopble CIIIA npeanaraloT APYTHM CTPaHAM K&K HacTh CBOero BKJIAJA B
nporpaMmy “ATOMb! AnA fena MEpPA’. Takad NOCTOAHHO NMOAHOBJAAeMas Gubiamo-
TeKa, COCTOAWAA NPHOAHIATENbHO H3 T000 1a6OPATOPHBIX OTHEeTOB (H3 HHX HEKOTO-
Pble B BHOe MEKPOKONHA), A2eT HHPOPMALKIO, KOTOPAA B COYETAHHR C OnyGauKo-
BAHHBIMH JAHHBIMH, NTpeACTABNAeT nojiHbiA BrkJAax CIIIA B HAYIHYIO JHTEPATYDY
no aToMHOfl 3HeprrH. UTo6bl YIIPOCTHTH HaBeJeHHe CIIPABOK, NMPHJIOXEHb! YKa3a-
TeNH JIATEPATYPbI, AHHOTAIHOHHbLIE X YDHAJIBI H NOCOBRA AnA 6HONHOTexapef.

Kuurd, H3gaHHEble MNpPH noaxepxkke KoMuccHH no aToMHO# dHeprum CIIIA,
COCTABJANIT BRXKHYK YACTh AONONRAeMOoft 6ubaHorexkH. Croga BXxoaaT “Beinycks
no agepHoft 9Hepruu” (National Nuclear Energy Series) H ye6Hble PYKOBOACTB&
M NOCOOHA; U3 HHX HEKOTODble 3aKOHYeHbl B TeYeHHe MOCNEeaHHX Heaeb.

B 3kcrnoHaTsl Texuudeckoft GHOGIHOTEKH BXOQHMT TaKwe cBbimie 100 KHHr Mo
BONMPOCAM ATOMHOR 3HePrHH, NPeJOCTABJIEHHBIX AMEPHKAHCKHMH H3JaTebCTBAMH,
H PAAR TeXHHYeCKHX XYDHAJOB, H3aaBaembix B CIIIA.

B TexaH4YeckoR OHOJHOTEKE MOXKHO TaKXKe IOJAYIHTh KHHMKH, GpolIlopsl H
crnegudAKALNE, H3JaHEbIe TeEMH YaCTHLIMH (PHPMaMH, KOTOPbIe 3KCIIOHHDYIOT CBOIO
NPOAYKIHIO, annapaTypy M npoueccsl B 3aje XV ¥ B 31aHHH peaxTtopa. Jas
YAoG6CTBA JeJIeraTOB H NOCETHTesefl MPHIOTOBJIEHA YKA&3ATEJBHAA KADTOTEKa IO
3THM MaTepHAJaM.

ITocne KondepeHnna nonojrAemas 6H6aHoTexa 6yneT nepefaHa B NOCTOAHHYIO S
Konnekunio Br6MHOTekH O6beauHeHHbLIX HauHiR B JKeHeBe. "

HexypHable o 6H6AHOTEIHBLIM 3KCIIOHATAM, CPEXH KOTODPLIX HMEIOTCA JIHNA MOBO-
pAamHe HA A3bikax KoRdepeHIHH, roTOBbl NOMOYL KAKAOMY [MOCETHTENIO HARTH
HYXXHbIe eMy CBeJeHHA H MATeDHAAJIbI.

— La exhibicion de la Biblioteca Técnica de los Estados Unidos tiene como propésito
mostrar los tipos de informacion técnica y cientifica que sobre energia atémica se
tienen en los Estados Unidos. En ella se incluyen ejemplos representativos de los

Biblioteca trabajos patrocinados tanto por el gobierno como por las companias privadas, Gra-
cias a la politica del Gobierno de los Estados Unidos, que siempre favorece la pub-
’ . licacién de los resultados de los estudios hechos, las publicaciones de las sociedades
Tecnlca doctas constituyen un medio bdsico de referencia sobre informacién nacional rela-
cionada con la energia atémica.
d e Io s La Biblioteca Técnica incluye una coleccién similar a la ofrecida por los Estados
Unidos a otros gobiernos como parte de su contribucién al programa de Usos Pacifi-
Est ados cos3 de la Energia Atémica. Estas colecciones, que incluyen cada una aproximada-
mente 7,000 informes de laboratorio (algunos en tamafo natural, otros en micro-
. copias), suministran la informacién que, junto con los datos publicados y
unldos continuamente revisados, representan la contribucién total de los Estados Unidos
8 las publicaciones cientificas sobre la energia atémica. Para facilitar su uso se
- incluyen guias, manuales de bibliotecario, y revistas de articulos condensados,

Los libros patrocinados por la Comisién de la Energia Atémica de los Estados
Unidos forman una parte importante de esta coleccién. Estos incluyen la Serie
Nacional de Energia Nuclear, asi como libros de texto y manuales de entrenamiento,

entre los cuales hay varios volimenes terminados hace unas pocas semanas.
La Biblioteca Técnica incluye también mas de 100 libros sobre temas de la

. energia atémica que han sido donados por los publicistas americanos, y una varie-~
dad de revistas técnicas publicadas en los Estados Unidos.

En la Biblioteca Técnica se tienen disponibles varios folletos, informes y hojas
de datos, preparados por las compaiiias privadas que exhiben sus productos, equipos
o tratamientos en la Salle XV y en el edificio del Reactor. Se ha preparado indice
Zﬂ en tarjetas de este material, para la conveniencia de los Delegados y los visitantes.
Al terminar la Conferencia, se obsequiara la coleccién depositaria a la Biblioteca
de las Naciones Unidas en Ginebra, para anadirla a su coleccién permanente. ‘
Los ayudantes presentes en la exhibicién de la biblioteca (entre los cuales hay
personas que hablan los idomas usados en la Conferencia) estdn preparados para
ayudar a los visitantes a encontrar la informacién y los materiales que deseen.
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Films

Technical films on wvarious peaceful
agpects of atomic energy will be shown
by the United States during the Con-
ference. A list of the films that will be
available, and a description of each,
follows :

NUCLEAR REACTORS FOR RESEARCH. Explains the basic design of a small
homogeneous “water boiler"” reactor-type and describes components and various
construction steps. Operation of the reactor is described and various research
uses are illustrated.

CONSTRUCTION OF THE ARGONNE RESEARCH REACTOR. Shows some of the
important stages in the construction and illustrates many design features of
the Argonne Research Reactor.

DEVELOPING HOMOGENEOUS REACTORS Depicts some of the most important
stages in the development, construction, operation and dismantling of a homo-
geneous reactor designed to operate at 1,000 kilowatts.

SODIUM GRAPHITE REACTOR PROGRESS REPORT. Shows a number of experi-
ments devoted to the development of the Sodium Reactor Experiment, with
special emphasis on the fuel element. A number of sequences of the testing of
components are shown,

SAFETY EXPERIMENTS ON A BOILING REACTOR. Records a series of safety

experiments with a prototype boiling water reactor, consisting of a pressure
vessel containing an assembly of uranium-bearing plates submerged in water,
plus a control mechanism.

THE RADIOISOTOPE IN GENERAL SCIENCE. Shows the use of radioisotopes in

a variety of scientific experiments, illustrating uses in different fields of scien-
tific research and development, including metallurgy, chemistry, biochemistry,
and plant physiology.

RADIOISOTOPES — THEIR APPLICATIONS TO HUMANS FOR TRACER STUDIES

AND THERAPEUTIC USE. 1lustrates diagnostic and therapeutic medical work
with radioisotopes. The application of these techniques in a variety of medical
situations is depicted.

2
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Films

Des films techniques relatifs a divers
usages pacifiques de [Pénergie ato-
mique seront montrés par les Etats-
Unis au cours de la Conférence. La
liste et la description de ces films sui-
vent:

NUCLEAR REACTORS FOR RESEARCH (Réacteurs nucléaires ¢ Recherches sci-

entifiques). Ce film explique le plan fondamental d’'un petit réacteur du type a
“eau bouillante” et décrit ses éléments constitutifs et diverses opérations dans
la gamme des travaux de construction, Le fonctionnement du réacteur est égale-
ment décrit et différentes utilisations 4 des fins de recherche sont démontrées
par des exemples.

CONSTRUCTION OF THE ARGONNE RESEARCH REACTOR (Construction du

Réacteur & Recherches scientifiques d’Argonne). Ce film montre certaines des
opérations importantes effectuées au cours des travaux de construction et met
en lumiére maintes caractéristiques de Ia structure du Réacteur i Recherches
scientifiques d’Argonne.

DEVELOPING HOMOGENEQUS REACTORS (Création de Réacteurs homogénes).

Ce film décrit quelques-unes des opérations les plus importantes dans la con-
ception, la construction, le fonctionnement et le démontage d’un réacteur homo-
géne, dont le fonctionnement est prévu pour un régime de 1000 kilowatts.

SODIUM GRAPHITE REACTOR PROGRESS REPORT (Compte rendu des progrés

réalisés dans la mise au point du Réacteiir au sodium graphite). Ce film pré-
sente un certain nombre d’expériences consacrées i la mise au point du Réacteur
expérimental au sodium mettant en relief 1’élément combustible. Un certain
nombre de scénes décrivant I'essai d’éléments constitutifs sont projetées.

SAFETY EXPERIMENTS ON A BOILING REACTOR (Expériences de Sécurité ef-
fectuées sur un Réacteur bouillant). Ce film présente une série d’expériences
pratiquées sur un prototype de réacteur & eau bouillante, composé d’un vase a
pression contenant un ensemble de plaques & teneur d’'uranium immergées dans
de l'eau et d’'un mécanisme de commande,

THE RADIO-ISOTOPE IN GENERAL SCIENCE (Le Radio-isotope dans les do-

maines de la Science). Ce film décrit I'usage qui est fait de radio-isotopes au
cours d’expériences scientifiques, mettant en lumiére leur utilisation dans dif-
férents domaines de recherche et de développement scientifiques comprenant la
métallurgie, la chimie, 1a biochimie et 1a phyto-physiologie.

RADIO-ISOTOPES —THEIR APPLICATIONS TO HUMANS FOR TRACER STUDIES

AND THERAPEUTIC USE (Les radio-isotopes—Leur utilisation en thérapeutique
et pour effecteur des études par la méthode des éléments marqués). Ce film
montre 'emploi qui est fait des radio-isotopes en médecine pour l'identification
et le traitement des maladies. Il décrit les méthodes employées dans diverses
situations médicales.
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OHNbMbI

Bo spems pabor Kondepenunn, CILIIA
NMOKAXKYT TeXHHYeckHe PHIbMBI 0 pa3-~
JHYHBLIX MHPHBIX CTOPOHAX ATOMHON
Ineprrun. Huke gan mepedens ORAM-
MOB H COJepXAHHE KaXJI0ro H3 HHX:

ANEPHbLIE PEAKTOPbHI A4NA UCCNELAOBAHUNA. Pasuacus-

HTCA OCHOBBI KOHCTPYKIHH MaJIOr0 roMOTeHHON0 peakTopa-napoxoTna ¥ OnNHCbI-
BaNOTCA NETaJIH H Pa3NHYHbIEe CTYMEHH ero nocrpofxyd. OnHchbIBaeTCA HeRCcTBHE
PeaKTopa H HANKCTPHDYHTCA DA3NHYHbIe HCCNeNOBATeJbCKHe ero NpHMeHeHHA.

MOCTPOAKA APrOHHCHOIo WCCNEAOBATE/NbLCKOIO

PEAKTOPA. roxassisatores HeKOTODPhble BaXKHble CTAAHH MOCTPORAKH H HJ-
JIOCTPUPYIOTCA MHOTHe KOHCTPYKTHBHbIE 9epThl ADrOHHCKOIO HCCJNeROBATesb-
CKOTO peaKTopa.

PA3PABOTHA FTOMOTEHHbLIX PEARTOPOB. o6pucosans: we-

KOTOpbIe HanboJiee BaKHble CTAJHH pa3paboTKH, NMOCTPofKH, PaBoTbl H JEeMOH-
Ta)Xa FOMOreHHOIO DeaKTOp&, PACCIHTAHHOIO HA IKCIIYATARHIO npH 1000 xBT.

[BOKNAL 0B YCNEXAX HATPO-FTPA®UTOBOro PEAH-

TOPA IToka3biBaeTCA HECKOJBKO OMbITOR, MOCBALIEHHBLIX pa3paboTke OMLIT-
HOT'O HATPHEBOI'O PeaKTOpa, B OCO6eHHOCTH ero TOIJIHBHOIO 3J1eMeHTa. Iloka3aHo
HECKOJIBKO CeDHA HCNLITAHHA AeTaJel.

ONbiTbl MO BE3ONACHOCTA PEAKTOPA-TIAPOKOTNA.

OTMe4YaeTCA CepHA OMbITOB 10 Ge3onacHOCTH peakTopa-napoKoTaa (nMpoTOTHIA),
COCTOALIEro H3 KaMepbl! AaBJIEHHA, B KOTOPDOA HMEeTCA KOMILJIEKT YpaHocogep-
XamHUX MAACTHH, NOTPDYKEHHBIX B BOAY, IUIHOC MEeXaHH3M YINpaBJieHHA.

PALVWOAKTUBHbLIA U30TOMN B OBLLLEA HAYHE. moxassi-

BaEeTCA NpPHMeHeHHe DAJHOH3OTOMOB B PA3HOOGPA3HBLIX HAYYHBIX JIKCIIEePHMeH-
Tax; HIJIHCTDHPYETCA HX HCIOJbL30BAHHE B DA3JHYHBLIX 06JaCTAX HAYIHBIX
MccieOBAHHA H pa3paboTOK, BKJIOYAA MeTAJNITYPrHi0, XHMHIO, GHOXHMHIO H
PHIHONOTHIO DACTEHHH.

PAAUOAKTUBHLIE MU30TOMbI, X NMPUMEHEHWA K
YENOBEKY ANA WCCNEAOBAHWUMA C MEYEHLIMU 3NE-
MEHTAMWA U ANA TEPANEBTUYECKUX UENEA. uumo-

CTPHPYETCH SHAHOCTHYECKAS M TepaleBTHYeCKaA MeJHLHHCKaA paGoTa ¢ pa-
auoH3oTonaMu. OGDPHCOBLIBAIOTCA MPHMEHEHHH 3THX METONOB B Da3JHYHBIX
MEeJUIHHCKHX CHTYALMAX,
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Peliculas

Durante la Conferencia, los Estados
Unidos exhibirdn peliculas técnicas so-
bre varios usos pacificos de la energia
atémica. A continuacion damos una
lista de las peliculas, con una deserip-
cién breve de cada una:

REACTORES NUCLEARES PARA INVESTIGACION. Explica el disefio bdsico de un
reactor pequefio, homogéneo, del tipo de “caldera de agua,” y describe sus com-
ponentes y los detalles de su construccién. Se describe el funcionamiento del
reactor y los usos que pueden darsele en trabajos de investigacién,

CONSTRUCCION DEL REACTOR DE INVESTIGACION DE ARGONNE. Muestra

varios pasos importantes de la construccién, e ilustra numerosos detalles de
disefio del reactor de investigacion en Argonne,

DESARROLLO DE LOS REACTORES HOMOGENEOS. Incluye varios de los capitu-

los mas importantes en el desarrollo, construccién, operaciéon y desmontaje de
un reactor homogéneo, disefiado para trabajar a 1000 kilovatios.

INFORME DEL ADELANTO DEL REACTOR DE SODIO GRAFITO. Muestra varios

experimentos dedicados al perfeccionamiento del reactor experimental de sodio,

poniendo énfais especial en el elemento combustible. Se ven varias escenas sobre
el ensayo de los componentes.

ENSAYOS DE SEGURIDAD EN UN REACTOR DE AGUA HIRVIENDO. Ensefia una
serie de ensayos de seguridad en un reactor tipico de agua hirviendo, que con-
siste en una vasija a presién en la que se tiene un conjunto de placas con uranio
sumergidas en el agua, mas un mecanismo de control.

LOS RADIOISOTOPOS EN LA CIENCIA EN GENERAL. Muestra el uso de los

radioisétopos en una gran variedad de experimentos cientificos, ilustrando sus
aplicaciones en numerosos campos de la investigacién cientifica, incluyendo la
metalurgia, la quimica, la bioquimica y la fisiologia de las plantas.

RADIOISOTOPOS — SUS APLICACIONES EN EL HOMBRE PARA LOS ESTUDIOS
CON INDICADORES Y EN TERAPEUTICA. Muestra trabajos terapéuticos y de

diagnosis con radioisétopos. Se ensefia la aplicacién de estas técnicas en una
gran cantidad de casos médicos.
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H. W. Leighton Laboratories, Hatboro, Pennsylvania
Lindsay Chemical Company, West Chicago, Illinois
Litton Industries, Beverley Hills, California
Los Alamos Scientific Laboratory, Los Alamos, New Mexico
Massachusetts Institute of Technology, Cambridge, Massachusetts
Master Electric Company, Dayton, Ohio
McGraw-Hill Book Co., Inc., New York, New York
Michigan State College, East Lansing, Michigan
Minneapolis-Honeywell Regulator Co., Philadelphia, Pennsylvania
National Bureau of Standards, United States Department of Commerce
National Radiac, Inc.,, Newark, New Jersey
New England Deaconess Hospital, Boston, Massachusetts
New York University, New York, New York
Norden-Ketay Corporation, New York, New York
North American Aviation, Inc., Downey, California
Nuclear Instrument and Chemical Corporation, Chicago, Illinois
Nuclear Metals Inc., Cambridge, Massachusetts
Nuclear Power Group, Chicago, Illinois
Nuclear Research Corporation, Philadelphia, Pennsylvania
Nuclear Research and Development, Inc., St. Louis, Missouri
Nuclear Science and Engineering, Inc., Pittsburgh, Pennsylvania
Nucleonic Company of America, Brooklyn, New York
Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tennessee
Qak Ridge National Laboratory, Oak Ridge, Tennessee
Ohic State University, Department of Medicine, Columbus, Ohio
The Ohmart Corporation, Cincinnati, Ohio
Packard Instrument Company, LaGrange, Illinois
Panellit, Inc., Skokie, Illinois
Phillips Petroleum Company, Idaho Falis, Idaho
Pratt and Whitney, Division Niles-Bement-Pond Co., Hartford, Connecticut =
Precision Radiation Instruments, Los Angeles, California .
Publication Services, Inc., Washington, District of Columbia ’
Radiation Counter Laboratories, Skokie, Illinois
Radiation Industries Company, Brookhaven, New York
Radiation Instrument Development Laboratory, Chicago, Illinois
Radiation Research Corporation, West Palm Beach, Florida
, Radio Corporation of America, Camden, New Jersey
: Radioactive Products, Inc., Detroit, Michigan
Raytheon Manufacturing Company, Waltham, Massachusetts
R-C Scientific Instruments Company, Inc., Playa Del Rey, California
L. Schreiber and Sons, Company, Covington, Kentucky
Sherwin Instrument Company, New York, New York
Sloan Kettering Institute for ancer Research, New York, New York
Structural Display Company, [nc.,, Long Island, New York
Sylvania Electric Products, Inc., Bayside, Long Island, New York
Technical Associates, Burbank, California
Tracerlab, Inc., Boston, Massachusetts
Union Carbide and Carbon Corporation, New York, New York
United States Atomic Energy Commision
United States Bureau of Mines
United States Geological Survey
United States Radium Corporation, New York, New York
United States Weather Bureau
University of California, Radiation Laboratory, Berkeley, California
University of Michigan, Ann Arbor, Michigan
Victoreen Instrument Company, Cleveland, Ohio
The Vitro Engineering Corporation, New York, New York
Westinghouse Electric Corporation, Pittsburgh, Pennsylvania
N, Wood Counter Laboratory, Chicago, Illinois
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CONTRIBUTORS

The United States Technical Exhibits,
in Salle XV and the Reactor Building,
would not have been possible without
the participation of a large number of
organizations in the United States,
both private and governmental. A list
of these organizations follows:

American Machine and Foundry Company, New York, New York
Anton Electronic Laboratory, Brooklyn, New York
Argonne Memorial Cancer Research Hospital, University
of Chicago, Chicago, Illinois
Argonne National Laboratory, Chicago, Illinois
Atomic Instrument Company, Cambridge, Massachusetts
Atomic Power Development Associates, Inc., Detroit, Michigan
Atomic Research Corporation, Colorado Springs, Colorado
0 The Babcock & Wilcox Company, New York, New York
A. 0. Beckman, Inc., South Pasadena, California
Beckman Instruments, Inc., Fullerton, California
Bendix Aviation Corporation, Cincinnati, Ohio
Brookhaven Nationzl Laboratory, Upton, New York
The Brush Beryllium Company, Cleveland, Ohio
Burton-Rogers Company, Cincinnati, Qhio
Cambridge Instrument Company, Inc., New York, New York
Chapman Valve Manufacturing Company, Indian Orchard, Massachusetts
Cincinnati Ventilating Company, Covington, Kentucky
Commonwealth Edison Company, Chicago, Illinois
Consolidated Edison Company, New York, New York
Consolidated Engineering Corporation, Pasadena, California
Consumers Public Power District of Nebraska, Columbus, Nebraska
Craftweld Equipment Company, Long Island, New York
Crane Company, Chicago, Illinois
Daystrom Instrument Company, Archbald, Pennsylvania
Design and Production, Inc., Alexandria, Virginia
Detectron Corporation, North Hollywood, California
Detroit Edison Company, Detroit, Michigan
Allen B. DuMont Laboratories, Inc,, Clifton, New Jersey
Electric Machinery Company, Minneapolis, Minnesota
El-Tronics Inc., Philadelphia, Pennsylvania
Engineers Syndicate Ltd., Hollywood, California
Fisher and Porter Manufacturing Company, Hatboro, Pennsylvania
General Dynamics Corporation, Groton, Connecticut
General Electric Company, Schenectady, New York
Harig Manufacturing Company, Chicago, Ilinois
The Harshaw Chemical Company, Cleveland, Ohio
Illinois Water Treatment Company, Rockford, Illinois
International Instrument, Inc,, New Haven, Connecticut
Iowa State College, Ames Laboratory, Ames, lowa
Johns Hopkins University, Baltimore, Maryland
Keleket X-Ray Corporation, Covington, Kentucky
King Typographic Service Corporation, New York, New York
Labour Company, Elkhart, Indiana
Landsverk Electrometer Company, Glendale, California
LaRoe Instruments, Inc,, Bethesda, Maryland 25
Leeds and Northrup Company, Philadelphia, Pennsylvania
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UNITED STATES REPRESENTATIVES

! T0 THE
i INTERNATIONAL CONFERENCE ON THE PEACEFUL USES OF ATOMIC ENERGY

Chairman LEWwIs L. STRAUSS, Chairman, United States Atomic Energy Commission
Vice-Chairman DR, WILLARD F. LiBBY, Member, United States Atomic Energy Commission
Dr. I. I. RaBl1, Professor of Physics, Columbia University; Vice-President
of the Conference
Dr. DETLEV W, BRONK, President, National Academy of Sciences
‘ DR. SHIELDS WARREN, Scientific Director, Cancer Research Institute,
: New England Deaconess Hospital, Boston, Massachusetts
DR. GEORGE L. WEIL, Technical Director

HARRY S. TRAYNOR, Executive Officer
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