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SUMMARY

King large in the record of atomic energy development of the
pul ;nonthsl has been the swift advance of the Atoms-for-Peace
past 6 around the world.
prog pin the past 60 days of the period under report here, 27 other

Wit entered into agreements for cooperation with the United
natl sin developing the civil uses of atomic energy. To supply the
Stgﬁtesh t would eventually be required for research reactors under

el b aany agreements, the President authorized adding 100 kilo-
these n(1220 pounds) of uranium 235 to the original 100 kilograms
de in late 1954 for atoms-for-peace programs. This was an-

ced by the Chairman of the Commission in an address to the
nout eas Press Club, New York, in late June. The President also
Olszisged the scope of the program in two statements. At the Asso- .
¢ red Press Iuncheon in New York City, April 25, the President
f;vocated construction of a nuclear-powered merchant ship and its
e D demonstration cruises about the world to portray the peaceful
;;es of atomic energy. In May the Executive Branch placed before
e Congress requests for funds for the atomic-powered ship program.
it Pennsylvania State University in mid-June, the President in a
gpgech proffered financial aid to other nations in the construction of
;ﬁearch reactors, and training and technological aid in the develop-
ment of power reactors by friendly nations.

Extensive preparations were made for the contributions of the
{nited States to the International Conference on Peaceful Uses of
stomic Energy at Geneva in August. The conference originally was
proposed by this Nation, and its management was assumed by the
United Nations last December as noted in the following chapter.

Various training courses were inaugurated by the Atomic Energy
Commission for technical men of other nations. Libraries of all the
unclassified technical material published by the Commission were
suthorized for presentation to 23 other nations at their request. The
xcord of major developments in the atoms-for-peace movement as
 gathered momentum and gained wider participation is presented in
te first section of this report.

The other activities of the Atomic Energy Commission con-
tnued at & growing rate and with increasing effectiveness. The pro-
zam for developing civilian applications through the access of the
dmerican industrial and educational community to the accumulated

?owledge in this field took shape and moved forward on various
donts,
R

et 851

"This Teport notes certain events that have occurred subsequent to the reporting period.
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2 MAJOR ACTIVITIES

Domestic production of uranium ore and concentrates duri
first 6 months of 1955 reached record levels—making the Uniteq
one of the world’s leading uranium producers—while
from foreign sources continued to increase. Greatly
exploration activity by private industry resulted in the discope "
potentially large deposits of uranium ore in presently nonpr, de’l“_ !
areas off the Colorado Plateau. Research and process devel Ui,
studies on economic methods for recovery of uranium frop, itI;mez;z
continued. | " O

Increased availability of raw materials, along with the start
new plant capacity, resulted in new high levels in the prog U of
special nuclear materials, at lower unit cost.

All of the new gaseous diffusion facilities authorizeq i, 1951
except that at Portsmouth, Ohio, were completed and contributm;t
production. Construction at Portsmouth proceeded op Sche(f itk
New facilities at the Hanford and Savannah River reactor siteg beu.;;,
operation during this period. Design of additional feed mate;igi
processing facilities at Fernald, Ohio, St. Louis, Mo., and Pagq, "
Ky., progressed satisfactorily, and construction at the three Sﬁ;
began during March. A

Largely as a result of this progress in construction, capita] inyey
ment in atomic energy plant facilities was estimated to have reach;:
about $6.6 billion before depreciation reserves.

A prominent event in the weapons research and development pro-
gram was a successful test series (Operation TEAPOT) conduycte
at the Nevada Test Site from February 18-May 15. The Federy
Civil Defense Administration conducted its “Operation Cue” ;;
connection with the 13th nuclear test of this series. This was the
most comprehensive civil-defense exercise held in Nevada to date.
Details of the exercise are given under “‘Civil Effects Experiments”
(pp. 81-83).

The Commission’s program of developing reactors for industris
and military power and for naval and aircraft propulsion made
greater strides during the first 6 months of 1955 than in any earlier
half-year. During this period the AEC moved toward greate
participation by industry in advancing the development of competitive
nuclear power. Toward this end, the Commission set up an expande
program for making classified information available to indusuy,
established a classified schedule of prices and charges for materiak
furnished by the AEC, and prices for special nuclear material pre-
duced in power reactors. Four industrial proposals were receive

ng t}ii
St&\

iz

Uctigy

for the power demonstration reactor program. The number o |

industrial participation groups was increased from 18 to 25, bringinf
the number of individual firms now in the program to 81.
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- construction work is in progress at the Shippingport (Pa.)

;\{ﬁl"the Nation’s first civilian nuclear powerplant. This 60,000-

site of { version of the pressurized water reactor will be operated
i;ﬂoggztpuquesne Light Co. of Pittsburgh.

% by first nuclear-powered submarine, the USS Nautilus, got under

{ Thﬁn nuclear power on January 17, while the second such sub-

i "8 "7 i1e USS Seawolf, was launched on July 21, at the Electric

£ ﬁmrm]‘;ivision; General Dynamics Corp., Groton, Conn. A 100-hour

1 post wer test of SIR Mark A, the land-based prototype of the engine

H i\d.ligged to propel the Seawolf, was successfully completed. Surplus
JesiS

am from SIR Mark A will be channeled into a 10,000-kilowatt
SO ¢ generator installed and operated by the General Electric Co.
;urblncost to the Government. The resulting electrical output will be
st nOb AEC as a demonstration of the first commercial usage of
, sld -C}_Tproduced electricity.

s{{]})nzlsi“’ﬂ and development work on the large ship reactor continued at

e Begbis Plant by the Westinghouse Electric Corp. under AEC con-

ract. The first phase of the_ Army’s Package Power Beactor program

:85 completed, and the Aircraft Nuclear Propulsion program ac-
erated, with the promise of nuclear-powered flight considerably
brightened.

The physical research program continued to be the source of many
of the new ideas contributing to the Nation’s progress in atomic
eergy.  University participation in this program is emphasized in
wis report.  The leading role of academic institutions in the training
of scientists is cited, and some major university contributions in phys-
i, chemistry, and metallurgy are described. A few outstanding re-
«arch accomplishments of the past 6 months at Commission labora-
wries are outlined here, such as the discovery of element 101 (Mendel-
svIum).

In the biology and medicine program of the Commission advanced
methods and procedures employing radiation as a tool helped to
nerease fundamental knowledge of the biological and chemical
mocesses that take place in living things. Current progress herein
wported on research projects is indicative of the broad scope of this
¢ mogram.  Data on the biological and medical phases of the 1955

wmic test series in Nevada are given in this report. In April,
2¢ Commission announced that it will make radioisotopes for all
“medical and agricultural research, and research in medical therapy
ud diagnosis available to domestic users at 20 percent of the AEC
*ablished price, effective July 1.

! I;l its community operations, the Commission’s revised proposed
1 =slation to facilitate the establishment of local self-government,

) . i i e L L
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4 : MAJOR ACTIVITIES

. nn. and Richland, Wash. was int}"oduced in the Coy e
?;dig}iilr 36, by members of the Joint Committee on At"?n?c_ Enef ‘\?a

The Division of Civilian Applicatlog (.formerly the DIV}Slon of L.
censing) was established in June tf) tzu.ir.mmster ?hg CommlSSI(?n"S‘ licey,.
ing function and related respons1b1.htles pertaining to the civiljyy,
of atomic energy under the Atomic Energy Act of 1954,

On March 15 Dr. John von Neumann took office as CommiSSione,
following his confirmation by the Senate. Appomntment of Briga die;
General Kenneth E. Fields as General Managgr Was announceq by
the Commission, effective May 1. ‘Genera.l Fields, former Dir%tor
of the Division of Military Application, retired from the Army. H,
succeeded K. D. Nichols who resigned from the AEC on April 3
to become an engineering consultant. . .

In the staff, David F. Shaw was appointed Assistant Generg)
Manager for Manufacturing. Mr. Shaw had been manager of y,
Hanford Operations Office since June 1950. - Harqld L. Price, DePULy
General Counsel, formerly designated Spec_nal Assistant to the Genery]
Manager for Licensing, was appointed du.'e(.:t.or of the. new Divisioy
of Civilian Application (formerly the Division of Llcen§mg)_ w
Kenneth Davis who had been serving since January 1 as Acting Diree.
or. Division of Reactor Development, was appointed Duector of the
Division, Col. Alfred D. Starbird, USA, was appointed Director
Division of Military Application. William C. Wamplel.' WAas appointed
Special Assistant to the General Manager (Congressional).

8¢
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4IN DEVELOPMENTS IN THE ATOMS-FOR-PEACE
M PROGRAM

« . ., the United States pledges . . . to devote its entire heart
nt'i mind to find the way by which the miraculous inventiveness
Zf man shall not be dedicated to his death but consecrated to his

&ﬂjl

President Eisenhower addressing the
United Nations General Assembly
December 8, 1953.

Following the President’s historic address before the General
Jssembly of the United Nations, December 8, 1953, the United States
Goverﬂment embarked on a program of international cooperation
<hich has become generally known as the Atoms-for-Peace program.
The pace of events was quickened and the scope of the Atoms-foy-
Pesce program broadened in late 1954 after passage of the Atomic
Energy Act of 1954. This revision of the basic atomic energy statute
suthorized various actions in the internationsal field which had been
gmpossible previously.

The acceleration continued into the first half of 1955. Support for
the growing number of projects involved took an increasing share of
the time and attention of the Commission and staff. This first section
of the Eighteenth Semiannual. Report of the Commission to the
Congress sums up the main developments of the Atoms-for-Peace
program in which the AEC played a part during this period.

Five major projects were underway including (1) drafting and
negotiations looking toward early establishment of an International
Atomic Energy Agency; (2) negotiation of bilateral agreements for
cooperation between the United States and other nations in the civil
wes of atomic energy; (3) preparations for United States participation

§ m the International Conference on the Peaceful Uses of Atomic

Energy, to be held in Geneva, Switzerland, August 8-20, 1955 under
the aegis of the United Nations; (4) organization and conduct of
Cnited States programs for training and orientation of students and
professional men of other countries in the peaceful uses of atomic

i E“xfrgy; (5) provision df Atoms-for-Peace libraries of AEC-published
i Merence materials on atomic energy development to other nations

*hich desire such a collection of technical literature in this field.

1 ;here were several other single actions supporting the Atoms-for

‘tice idea during the 6 months and these will be noted.
S
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6 MAJOR ACTIVITIES

Steps Toward an International Atomic Energy Agency

The early establishment of an International Atomic Ener
of the type proposed in President Eisenhower’s addresg
by the General Assembly of the United Nations in D
Earlier, the United States, under the leadership of
Morehead Patterson, appointed especially to negotiate for S,
agency, had exchanged views with the United Kingdon Sgck
France, Australia, Belgium, South Africa, and Portuga) ¢p ’th Uhagy
organization and functions of such an agency. The injtj, €1y,
by these eight countries was approved in the UNGA resoy,
Following the resolution, discussions were extended, ang the drzg}

gv Aggfisi

was endg"ig
Cember ] f;}; h

Alnbagz Lﬁ

tivg pop b
Ve tgzgé

of a statute for the Agency was set underway. The Atomic 1, ¥
Commission has provided technical assistance in the drafting | arrf?
y 4l i.g

furnished technical information for the use of the Uniteg -
negotiators carrying on the conversations with other states, !

While the negotiations looking toward an Internationg
Energy Agency proceeded, the Commission and the Depa
State made great progress with the second phase of the
Peace program.

] Atg%

Atoms.{oy,

BiLATERAL AGREEMENTS FOR COOPERATION IN THE Crvi Usts o
Aromic ENERGY T

Negotiation of bilateral agreements for cooperation between oti.
nations and the United States in the civil uses of atomic energy vy
set underway early in 1955. By early July agreements wi »
nations were initialed or signed. After Presidential approval, es-
agreement was forwarded to the Joint Committee on Atomic Eners:
in accordance with the requirements of the Atomic Energy Ac o
1954. By the date of this report, the statutory waiting period ta
expired on all but 5 of the 27 agreements and they had either be
signed or were ready for signature and entrance into force.

Standard Agreements for Research Assistance

Of the agreements 23 are of similar nature, providing for‘coei;g—
ation in research in the peaceful uses of atomic energy. This g
of agreements sets the arrangements for cooperation between 2

Governments of the United States and Argentina, Brazil, C*.%

China, Colombia, Denmark, Greece, Israel, Italy, the Rep{!bﬁj? o
Korea, Japan, Lebanon, the Netherlands, Pakistan, Peru, Philipp=

Portugal, Spain, Sweden, Switzerland, Thailand, Turkey, Venezest

and Uruguay.
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each agreement the United States Atomic Energy Commis-
[End.er rovide to the cooperating government unclassified informa-
&0 Wdlto the design, construction and operation of research reactors
gion 8. use as research, training, development and engineering tools.
and thell'templated that private American citizens and organizations
O{l)e guthorized to supply to the cooperating government or

[t
woul .,ed private persons under its jurisdiction appropriate equip-

jorl .
:ui‘t and gervices.

me roposed agreements further provide that the AEC will lease
Thehpcooperating government up to six kilograms (13.2 pounds) of
-ned U 235 in uranium enriched up to a maximum of 20 percent
f,:,mtﬂ: Each recipient government assumes responsibility for using
: 230-feau&rding the fissionable material in accordance with the terms
and 5 ;’greement. Each agreement provides for the exchange of
of thesi fied information in the research reactor field, related health
@Clifety problems and on the use of radioactive isotopes in physical
gsbiological research, medical therapy, agriculture, and industry.
inIﬂOking to the future, each agreement expresses the hope and expec-
ation of the parties that this initial agreement for cooperation will
ead t0 consideration of further cooperation in the peaceful uses of

gtomic energy.

to €8C

sritzerland.  The agreement with Switzerland covers the sale by
‘;k United States and purchase by Switzerland of the research reactor
<hich is to be a central feature of the official United States exhibit
ut the International Conference on Peaceful Uses of Atomic Energy at
Geneva in August.

The price of the reactor, building, associated machinery and exhibits
i to be $180,000. The United States will lease to Switzerland suffi-
aent uranium enriched in the isotope U 235 for initial and replacement
tel for the reactor. The quantity of uranium under such lease shall
a0t contain more than 6 kilograms of U 235 (maximum enrichment—
0 percent), plus such additional quantity as the AEC may determine
s necessary to permit the efficient and continuous operation of the
ractor while replaced fuel elements are radioactively cooling in
witzerland or while fuel elements are in transit.

The relocation of the reactor at another site and the restoration of
¢ Geneva site to its original condition are to be undertaken at the
apense of Switzerland. Other provisions of the agreement cover the
=change of information relating to the reactor and its operation, and
“e sale or lease of materials other than special nuclear materials re-

ah'ed in the operation of the reactor and not obtainable on the com-
Zercial market,

oy ey
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8 MAJOR ACTIVITIES

Sale of heavy water. As part of the President’s program, th, Q
mission has agreed to sell heavy water for use in research reg, mrzm.
Italy, India, France and Australia. t

The agreements with the Governments of Belgium, Canada, gy
United Kingdom are of a special and more extensive ch&rac:hﬁ
Principal provisions in each, as summarized to the President i, o
Atomic Energy Commission’s recommendation for his approvg] tie
as follows: fre

Belgium. There exists a special relationship between the Gove

of Belgium and the Government of the United States in the ﬁeldem
atomic energy, and beginning with discussions initiated in 194 t}?f
two Governments have closely cooperated with each other in thig ﬁelde
Under an arrangement made in 1944, the Belgian Government, agréed‘
with the Governments of the United States and the United Kingdop,
that all uranium ores wherever located should be subject to effectiy

control for the protection of civilization, and the Governmep c:
Belgium undertook to insure the effective control of such ores IOC&te(i
in all territories subject to its authority.

The Belgian Government also agreed that all uranium ore
the Belgian Congo, including ore from the rich Shinkolobwe Mjy,
should be made available to the United States and the Unjteq
Kingdom through commercial contracts, and that it would use i,
best endeavors to supply such quantities of uranium ores as might b,
required by the Governments of the United States and the Unite
Kingdom. The Governments of the United States and of the United
Kingdom, on their part, agreed that the Belgian Government should
participate on equitable terms in the utilization of these ores asa
source of energy for commercial power at such time as the two Gor-
ernments should decide to employ the ores for this purpose.

Since the 1944 arrangement, the Government of Belgium, throug
commercial contracts, has made available to the United States and w
the United Kingdom a vitally important quantity of uranium pro-
duced in the Belgian Congo. This has constituted a unique contribu-
tion to the defense of the western world and to our strength asa
nation dedicated to the preservation of peace and freedom.

In addition to being the principal foreign supplier of uranium
Belgium’s interest in atomic energy is also evident in its strong
scientific and technical community. This interest led in 1950 to the
establishment of a Nuclear Research Center to coordinate the
country’s atomic energy programs, and current plans call for work I8
both the research and power fields. .

The agreement with Belgium calls for an exchange of classified 804
unclassified information relating to the development of peaceful usés
atomic energy, and, particularly, the development of atomic powet:
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_ 1uding general information on the overall progress g,nd ecom?mies of
meld reactor programs and technological information required for
Poweronstruction of specific reactors for the Belgian program and
e cspeciﬁed reactor information. The agreement also provides for
oth\?;change of research materials not available commercially, and

] ihe transfer of equipment and devices. .

However, the parties will not exchange Restricted Data under the

cment relating to design or fabrication of atomic weapons or
.grermation which, in the opinion of the Commission, is primarily of
mfifimry significance; and no Restricted Data concerning the produc-
o of special nuclear materials will be exchanged except that con-
ing the incidental production of special nuclear materials in a

wer reactor.  Further, the Commission will not transfer any mate-
rals or equipment and devices which in the opinion of the Commission
gre primarily of military significance.

It is provided in the agreement that the Commission will sell to the
Government of Belgium such quantities of uranium enriched in the
isotope U 235 as Belgium may require, during the period of the agree-
ment, for use in research and power reactors, subject to any limitations
in connection with quantities of such material available for such
distribution by the Commission during any year, and subject to the
further limitation that the quantity of uranium enriched in the isotope
U 235 of weapon quality in the possession of Belgium by reason of
ransfer under the agreement shall not, in the opinion of the Com-
mission, be of military significance. Enriched uranium to be sold
under the agreement will be limited to uranium enriched in the isotope
U 235 up to & maximum of 20 percent U 235.

The Government of Belgium, on its part, gives to the U. S. AEC an
option to purchase any special nuclear materials produced in Belgium,
the Belgium Congo, or Ruandi-Urundi, from materials purchased from
the Commission and which are in excess of Belgium’s need in its
program for the peacetime uses of atomic energy.

The agreement also provides for the continuance of existing com-
mercial contracts relating to the sale of uranium ores and concentrates;
and the Government of Belgium undertakes to use its best endeavors
tosee that the Combined Development Agency (a contracting agency
vhich acts on behalf of the United States and the United Kingdom
with respect to the purchase of uranium and thorium ores and concen-
trates) will have a first option to purchase 90 percent of the uranium
ud thorium and concentrates produced in Belgium and the Belgian
Congo during calendar years 1956 and 1957, and 75 percent of such
ores and concentrates produced during the calendar years 1958, 1959,

tjon

ind 1960. Belgium also agrees to evaluate its requirements of -
s nlum and thorium ore concentrates for the period of the agreement

®heining after calendar year 1960 and to consult with the United




10 MAJOR ACTIVITIES
States for the purpose of establishing an agreed percentage of py, Ao

which thereafter the Combined Development Agency sha)] h eria;
first option to purchase.

Equitable consideration has led to incorporating in the agTee

g formula whereby the Government of Belgium may repurchESe Mep,
rial in the event the diminution of available ore supply reSult;n-ll 6.
decline in the rate of production of uranium ores and concentryy m'

Belgium and the Belgian Congo by as much as 80 percent of the-es 1
of production in 1955 and if the strategic stockpiles of specig] g T‘LF*
material in the United States and the United Kingdom hgy, ie&
demilitarized, or if the civilian needs in the United States and eer
United Kingdom are covered without limitation by means of pmdthe
tion and current imports of uranium ores and concentrates. ue-

aVe tlkg

Canada. Canada and the United States were active partnerg in
wartime undertaking that resulted in the first release of atomie ene
by man, and during World War II the collaboration between thei j
countries was close and invaluable. Since then, however, anq UB:,_:
the passage of the Atomic Energy Act of 1954, United States particip;:
tion in a cooperative effort to advance the peaceful uses of Atom;,
energy was limited by law. Canada has closely cooperated wit}, &E
United States in certain important areas and in a way which py,
made a valuable contribution to our common defense and security.

The agrecment with Canada calls for an exchange of classiﬁed'mg
unclassified information relating to the application of atomic energy 1,
peaceful uses, for an exchange of research materials not availty
commercially, for the use of research and testing facilities, and for (b
transfer of equipment and devices. However, of the informatier
which is classified, only that relevant to current or projected programs
will be exchanged; and the parties to the agreement will not exchang
Restricted Data under the agreement which, in the opinion of either
country, is primarily of military significance or which relates to the
design or fabrication of atomic weapons. Further, it is provided ths:
the Commission will not transfer materials or equipment and devie
which in its opinion are primarily of military significance, nor wil
grant access to research and testing facilities which are primarily ¢
military significance.

It is provided in the agreement that the Commission wil sell
Atomic Energy of Canada Limited (a wholly-owned corporation of tx
Government of Canada) such quantities of uranium enriched i e
isotope U 235 as may be required in the power reactor prograf E
Canada during the period of the agreement, subject to the availabils:
of this material for such distribution and to the limitation ﬂlﬁ‘f‘%
quantity of uranium enriched in the isotope U 235 of weapon Q“‘fi
*+ the possession of Atomic Energy of Canada Limited by rease®
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ander the agreement shall not be of military significance, as
the Commission. Enriched uranium to be sold under
ment will be limited to uranium enriched in the isotope U 235
e 857 maximum of 20 percent U 235.
ap 10 Government of Canada, on its part, will give to the Commission
The fusal of any special nuclear materials which it may desire to
, first ¢ atside of Canada, where such materials have been produced
gransTe Oirmdiation of fuel elements enriched with U 235 purchased
from tlﬁz Commission. The agreement also provides for continued
from ¢ otion between the two countries in the field of raw materials
@Qaboghea dy has resulted in the development of substantial uranium
hich tion in Canada which has been made available to the United
produ® Under the agreement, it will also be possible for the Com-
N8 t ;1 to continue its use of Canadian reactors for special and unique
%“Eﬁl-(:,‘tions of value in the Commission’s weapons program. A still
ﬁer benefit to the United States gnder the agreement will result
o the strengthening of the United States domestic economy
ijmuah the authorization granted United States industry to enter
10 commercial arrangements in the atomic energy field with the
covernment of Canada and its authorized nationals.

o o iRl A

i

+nited Kingdom. Great Britain has from the beginning been one of
4o leaders in the development of atomic energy. Her scientists
~cJude great names in nuclear research, and her research and experi-
zental centers are among the finest and most advanced in the world.
3ritish endeavor in the field of atomic energy preceded World War IT,
st in 1943 all work in this field was suspended in the British Isles,
«d the leading English scientists came to the United States and to
(anada to labor jointly with the scientists of those countries in the
ievelopment of the atomic bomb. The immense contribution made
s the United Kingdom in the great scientific achievement which
-sulted is & matter of recorded history. _
Since the war, the United Kingdom has developed and put into
flect an impressive, comprehensive and highly integrated atomic
«ergy program; but collaboration and the exchange of atomic energy
zformation between the two Governments was, until the passage of
te Atomic Energy Act of 1954, severely limited by law. The
wreement negotiated under the Atomic Energy Act of 1954, repre-
«ats an important step toward achieving in the field of the peaceful
=sof atomic energy the friendly tradition of cooperation which pre-
s in the other areas of relationships with Her Majesty’s Govern-
=t and will result in mutual benefit.
The'a.greement with the United Kingdom calls for reciprocal assis-
e in the achievement of the use of atomic energy for peaceful
3 Pposes, for the exchange of information between the United States
] 347661—55—2
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12 MAJOR ACTIVITIES
Atomic Energy Commission and the United Kingdom Atomje
Authority of classified and unclassified information rel&tin?, lery,
application of atomic energy for peaceful uses (including Sucﬁ to g,
information on design and characteristics of various typeg of Bhpp,;
as is required to permit evaluation and comparison of theip Tty

“lny
. . Otop::
use in a power production program), for an exchange of regeq Potey,;..

rials not available commercially, for the use of research &nr(fh Ingy,
testing facilities, and for the transfer of equipment and deviceg Teaey,,
ever, of the information which is classified, only that relevapt t(; N
or projective programs will be exchanged. Crreyy

The parties to the agreement will not exchange Restricteq D
under the agreement which is primarily of military significan, &
will they grant access to facilities which are primarily of mifi i
significance. Further it is specifically provided that the Partiog v
not transport or export, or permit the transfer or export, uﬂdé?ﬁ
agreement of any material, equipment or device which is Primarijy
a military character; and, further, that the disposition and umm}f of
of atomic weapons and the exchange of Restricted Data relating mg
design or fabrication of atomic weapons shall be outside the 8C0pe o
the agreement. i

Special nuclear material will be exchanged under the agreemen;
only for research purposes and in such quantities and under g4
terms and conditions as may be agreed, subject to the genera) hz::
tation that no material which is primarily of a military character wy
be transferred.

Provision of Additional Fissionable Material for Agreement Programs

So rapid was the progress in concluding proposed agreements, thy
it became necessary before the end of June to make provision for ad-
ditional quantities of fissionable material to carry out eventually the
United States commitments involved. Accordingly, the Commissioz
recommended and the President approved supplementing the origina
100 kilograms (220 pounds) of uranium 235 the United States s
aside by a second 100 kilograms. The making available of the ad-
ditional amount was announced by Chairman Strauss in an addres
on June 24 to the Overseas Press Club in New York City.

PrRESIDENTIAL PrROPOSAL To ENLARGE ScopE OF AID

In an address at Pennsylvania State University on June 11, the
President briefly outlined new programs which would enlarge
scope of United States assistance to other nations in development &
research and power reactor projects under agreements with oth&
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or through an International Atomic Energy Agency. The
ps ¢'s statement of these proposals was as follows:
preside?” We propose to offer research reactors to the people of free
.« who can use them effectively for the acquisition of the
zxgtxollzn d understanding essential to peaceful atomic progress.
':‘kdlSUnited States, in the spirit of partnership that moves us, will
The ‘pute half the cost. We will also furnish the acquiring nation
cﬂnt'r; cJear material needed to fuel the reactor.
the Iz-ondi Within prudent security considerations, we propose to
ablfe available to the peoples of such friendly nations as are pre-
od to invest their own funds in power reactors, access to and
;ning 10 the technological processes of construction and opera-
sion for peacef}ﬂ purposes. . .
1f the technical and material resources of a single nation should
pot 8ppear adequate to make effective use of a research reactor,
¢ would support a voluntary grouping of the resources of several
pations Within a single region to acquire and operate it together.

[xrrED STATES ParricipATiON IN THE INTERNATIONAL CONFERENCE
} ox THE PraceruL Uses or Aromic ENERGY

Early in December 1954 the United Nations General Assembly en-
dorsed President Eisenhower’s proposals both for an International
srency and for a UN conference of scientists and engineers on peace-
) applications of atomic energy.

The Secretary-General of the United Nations in January convened
un Advisory Committee for the conference composed of representa-
ives of seven nations, one being the United States. The United
sstes member is Dr. I. I. Rabi of Columbia University, who is
Chairman of the General Advisory Committee to the AEC. The
slace selected for the conference was Geneva; the time August 8-20.
secretary-General Hammarskjold named a staff for the United
\ations management of the conference, including as Secretary-Gen-
il Professor Walter G. Whitman of Massachusetts Institute of
Technology. On February 1, invitations were sent to 84 nations to
ke part in the conference. To the time of writing of this report in
nid-July, 66 nations had accepted.

The United Nations had not completed its final program at this
miting but United Nations Conference officials indicated that about
0 of the more than 1,000 papers accepted will be presented or dis-
Wssed during the 165 hours of sessions at Geneva. The remainder
‘fm'&ppear in the proceedings to be published by the United
Mtions, Papers from at least 25 nations will be included in the
Poceedings, '

BOUET o



14 MAJOR ACTIVITIES
Each nation accepting the United Nations invitation to the cont
ence may send an official delegation of up to five persons. () Jer.
1, President Eisenhower approved the designation of the ofh “1.13.
United States Delegation. The members are: g
Chairman, Mr. Lewis L. Strauss, Chairman, U. §, Ato

Energy Commission.
Vice Chairman, Dr. Willard F. Libby, Commissioner, 1y
Atomic Energy Commission.
Dr. I. I. Rabi, Professor of Physics, Columbia Universit
Chairman, General Advisory Committee to the AEC,
Dr. Detlev W. Bronk, President, National Academy of S¢jg,
President, Rockefeller Institute for Medical Research. u;
Dr. Shields Warren, Scientific Director, Cancer Research Ing(;
tute, New England Deaconess Hospital, Boston, Mass,

In addition to the official delegates, each nation may send technicg,
advisers. These will be principally the scientists, engineers &,:Z
economists who will present or discuss the topics on the Geney,
agenda. The technical advisers from the United States will Dumb:
about 150 and will represent a strong cross section of all segryey,.
of the public and private nuclear research and application ngmmsi:
this country. )

In February, the Commission organized the Office for Internatiog,
Conference (OIC) and named as its head Dr. George L. Weil, one
the pioneers in atomic energy research and formerly Assistant Direey
of the AEC Division of Reactor Development.

Under his direction, invitations were sent to more than 3,000 persoy
to submit ideas for papers for the Geneva Conference. The respons
was overwhelming and nearly 1,100 technical abstracts were receive:

The abstracts, and later the papers developed from them, wex
processed by a number of reviewing committees set up by the OIC
This review included evaluation, checking for restricted data unde
the new tripartite classification guide and patent review. Duplics-
tions were eliminated and where a stronger United States contributio:
could be made, papers were combined. The work of these reviewinz
committees has been an important factor in the conference plannirs
and preparation.

More than 500 United States abstracts were submitted to ¢
United Nations. Although the conference program is not yet c0=

.

y ’ &Tlé

pleted, it appears that about 175 United States papers will be read e |

discussed during the Geneva sessions. All of the remainder ¥
appear in the proceedings. The United States will make contn™
tions to every section of the conference agenda which includes me=
than 60 specific topics.

In addition to processing the abstracts and then the paper:
NIC worked out and put into effect a comprehensive plan for
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.putions by the U}lited States, including a researcfh reactor which
o . actual operation at the conference site; technical and popular
“'i".g?{s and a reference library at the Palais des Nations, the confer-
_chibit

ex ; peadgquarters building.
enCt

. arch Reactor

Res )
This will be the first United States actual operating reactor to be
ited outside this country. It is of the pool type, one of the
est gypes of research reactors which will become available to the
;o.t 0 S with which the United States enters into bilateral agreements
fmuonoperation. Two research reactors of this type are under con-
lor (:zion on college campuses in the United States—at Pennsylvania
f::te ‘University and.the University .Of Michigan. After the Geneva
Conference, this particular reactor will be sold to the Government of
<witzerland, as reported earlier,
" The reactor will operate in a cylinder of purified water 10 feet in
jismeter and 21 feet deep. The core of the reactor—the fuel elements
ontaining 18 kilograms of uranium, enriched to 20 percent (3.6 kilo-
ams) in uranium 235—will be near the bottom of the tank, sitting
on & pedestal.

The water acts as a shield to retain radiation and as a basic operating
component—the moderator. Through the water, observers will be
shle to see the Cerenkov radiation effect, a blue glow emanating from
e water in the immediate vicinity of the core. Operation will be

i st about 10 kilowatts, but the power will be flashed to about 100

tlowatts at times in order to emphasize the Cerenkov effect.
Delegates will be invited to watch demonstrations and experiments
vith the reactor. At other hours, the reactor will be open to the

i public. As a result of advances in instrumentation, it is possible

for this reactor to be operated automatically from start to full power.
Laboratory engineers point out that adaptation of this design will
uld safety factors for reactors of this type now under construction
both in the United States and abroad.

The reactor was built at the Oak Ridge National Laboratory in
e record time of 8 months. The Laboratory is operated under
antract for the AEC by Union Carbide and Carbon Chemicals Co.
The reactor was thoroughly tested before being dismantled, crated,
fad shipped in U. S. Government aircraft to Geneva over June 30—
‘v 1. There it is housed in a temporary building adjacent to the
Pdais des Nations. The building contains about 3,000 square feet

{"f‘f_io.or space, which allows room not only for the reactor, but for
] nibits of components and information related to the reactor.

= [ T L
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Exhibits

The United States originated the idea of exhibits at the confer,
Tts application for exhibits space in the Palais des Nationg Wasnﬂe.
first one, and some time was consumed thereafter by the Un'th(f
Nations in working out space allocations. While this went, forwlted
many United States firms, universities, and agencies ip dic ;‘;d?
interest in exhibiting. The range of subjects covered, the Moy
floor space required, and the decision that the official exhibit at &0;
Palais would be highly technical in nature, suited directly o t;e
character of the conference, made it impossible to accommg date 1»
one place all United States exhibits. The outcome was thgt bn}&i
the official technical exhibits will be shown at the Palajg T ‘F
tvpes of unofficial supplementary exhibits, both encouraged by ;“"
United Nations, will be presented in downtown Geneva at the E;:bibi:g
tion Palace. There will be wide United States participati(,n’ Go:
ernmental and private, in all three exhibits. .

Official technical ezhibits. The official technical exhibits gt y,
Palais will occupy some 4,000 square feet of floor space. The frame
work for this exhibit has been designed and built under contract j;
the Atomic Energy Commission by the firm of Design and Produzt
tion, Inc. It houses components, models, and displays contribyteq
by many firms and organizations.

The exhibit provides an integrated story of peacetime atomi
energy development on its technical side, from raw materials througt
fuel elements, models of reactors, reactor components, chemicsl
processing, instrumentation, the uses of isotopes in biology and
medicine and industry, and basic research. KEvery component o
model in this exhibit has been supplied by an organization. The
suppliers include 82 organizations, of which 63 are industrial and the
remainder Government agencies or laboratories, universities and

hospitals.

USIA exhibit. This exhibit, titled Atoms for Peace was built for tie
United States Information Agency and has been showing in Wes
Germany. It will occupy 15,000 square feet of floor space in the
Exhibition Palace in downtown Geneva. A number of the organiz
tions which had originally offered materials for the official technick
exhibit have found that these materials are adapted to supplementix
and rounding out the USIA exhibit, and their contributions are b&fi'
added to this display. Altogether 19 United States organizations,
of them industrial, have contributed extra materials for this eduet

tional showing.
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;r exhibit. This was organized by the management of the
T?adg.f .an Palace following U.N. encouragement of the enterprise.
Eﬁhibmzwo United States firms had taken space in this exhibit at the
, ent'gi‘ s report was prepared.
¢ tll some 100 American industrial and commercial firms, along
In ® academic, professional and private educational, medical and
th 0(1)1 organizations will be represented in one or more of the exhibits
rf»‘e&rcGeneva, Conference.
st the ndix 8 (pp. 155-160) lists the United States firms, universities,
Ap}}es and Government contractors who have contributed to the
= nCliypes of exhibits and to the exhibit portion of the research
%ﬁfm demonstration.

g

1

T(fhnica'l Reference Library

For the use of the delegations at the conference, and as a display
| certain atomic energy technical information resources available
?rom the United States for use world-wide, the Delegation is installing
;wchnical reference library in a room alongside the official technical
<hibit. This library contains all the unclassified publications issued
;\- the Atomic Energy Commission itself, and a cross section of the
<ientific and technical journals and the commercial books published
ﬁ the United States and carrying atomic energy subject matter.

The AEC library is a replica of the ones being presented by the
['SAEC to other nations which wish them, as described in a separate
wction of this chapter (pp. 20-21). It includes 6,500 research and
development reports, 1,500 printed and 5,000 reproduced in microcard ;
34 case-bound books and 22 miscellaneous pamphlets; 11 volumes of
the Commission’s journal, Abstracts of Nuclear Science, and 55,000

* gtalog cards. The portion of the reference library at the Geneva

Conference contributed by the scientific and technical societies and
the commercial publishers includes more than 300 books, displays of
# United States journals dealing with atomic energy subjects, and
i publications by agencies of the United States Government other
tan AEC. The contributions to this portion of the library are listed
2 Appendix 6.

After the conference, the technical reference library will be presented
¥ the United States Delegation to the library of the United Nations

@nter at the Palais des Nations, to become a permanent part of its
allection.

Him Program

. To portray atomic science and technology in film, the United States
“egation is providing to the UN management of the conference a




LR LI R e L

18 MAJOR ACTIVITIES

collection of 7 technical films voiced in each of the foy, off.

languages. The showing of the films will be scheduled by the {Clg]
management for the conference. There will be an hour gy . Cy
of United States films on various technical reactor subjects. N Ly
hour on the applications of radioisotopes in general science, ch’e
metallurgy, and biology and medicine. The contributoprg

portion of the United States program for the conference g
in Appendix 8.

The delegation staff includes as Executive Officer, Mr, Harpy
Traynor, Assistant General Manager; as Technical Directoy D\
George L. Weil; as Director of Public Information, Mr. Jobs r.
McKnight, Deputy Public Affairs Officer, United States Emb;&})'
Rome, Italy. Also Mrs. Laura Fermi, widow of the late Enrfé‘;
Fermi, will serve as Historian of the delegation. %

The conference will be, it is now apparent, the outstanding scientif,
and technical event up to this time in the years following Wof§
War II. It will gather together the largest and most rePreSentazj:
group of the world’s specialists in nuclear science and the art f
applying atomic energy to human welfare that has ever been :
sembled. Old lines of scientific communication will be reneeq ang
new ones formed. The collective knowledge of mankind on L %
put the atom to work for material progress in all lines will be g}, y
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School of Nuclear Science and Engineering, Argonne National Laboratory Inited States

bave been adr

Without the training of technical personnel in the theories and the ,
demand from

skills involved in the operation of nuclear reactors, both for resears:

and power, and in the handling of the radioisotopes used in peacetime a-jstmnsf could
applications, no nation will be able to make rapid progress with iu j:;téno l(\)/fher
Atoms-for-Peace program. Therefore, along with the other action ol g Vay
detailed above, the Atomic Energy Commission has developed s éi:‘)pw:n%i 1]212 .

extensive and growing program of training in various lines of speciai-
zation open to qualified students sent by nations cooperating & |
Atoms-for-Peace programs. 5
To start the work of training in reactor engineering the Commissict
opened on March 14 a new School of Nuclear Science and Engineenss
at the Argonne National Laboratory with Dr. Norman Hilberrs
Associate Director of the Laboratory, as Director for the school. T
school has a full time faculty and is provided with its own laborst®®
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. will run 7 months. It includes unclassified courses in design,
sesslgruc tion and operation of reactors for nuclear research; principles
P .on of nuclear power reactors; handling of irradiated materials
tﬁer related peacetime applications of nuclear energy.
grolled for the first session are 30 scientists and engineers from 19
ns representing & cross section of applicants from Europe, Cen-
e and South America and the Near, Middle and Far East. There
trﬁiﬁiqo 9 United States students in the class of 39.
ar?r h;: nations represented in the first class are: Argentina, Australia,
Belgium, Brazil, Egy.pt, France, G.rt.aecg, Guatemala, Indonesia, Israel,
Iaphﬁﬂ.; Mexico, Pakls_tan, the Philippines, Portugal, Spain, Sweden,
«gizerland, and Thailand. .
" 4 second session 1s scheduled to begin in November and a third next
March. : . i :
present plans for expanding the training facilities—subject to Con-
ional approval—will bring the capacity of the school for each
ession to 120 students. When these men return to their own nations
;{ter completing the courses of the future, they will form a nucleus

qround Which may develop their own country’s group of specialists
in reactor technology.

courses 1 Radioisotepe Techniques, Oak Ridge Institute of Nuclear
Studies

For the past 6 years the Oak Ridge Institute of Nuclear Studies has
«onducted each year six 4-week courses in the safe and efficient han-
ding of radioisotopes. Whenever possible, without excluding any
[nited States candidates for enrollment, students from other countries
kave been admitted to these courses. However, so great has been the
¢emand from the United States that very few students from other
utions could be accommodated. To provide for training for stu-
dents of other nations, the Commission held a special course for them
sarting May 2. Enrolled were 30 scientists and technicians from the
ilowing 21 nations: Australia, Canada, Chile, Colombia, Cuba,
Ezvpt, Finland, Germany, Greece, Guatemala, India, Italy, Japan,
Mexico, Netherlands, Pakistan, Peru, Philippines, Spain, Thailand,
ud Venezuela.

Thg training given to these students was identical with that given to
f‘fmgncan students at earlier sessions. In the future to make certain
=4t traming is readily available to people from all lands, up to 15
=eent of the total enrollment in the radioisotopes handling courses at

| In

;ﬂ‘ Ridge will be reserved for students from other countries.
“dition a second special course will be offered in October 1955.

ZEOOEO,
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Training in Biological and Medical Applications

An extensive program for conveying new knowledge available in fh
United States to special groups of doctors, surgeons and bio]ogic?
scientists from abroad was inaugurated June 20 when a group of 2&)
leading doctors and surgeons from 11 nations started a 37-day oup
hospitals, research centers, universities, and AEC installations i, to,
United States. This tour was sponsored by the Department of Stat&
and the American Council on Education as well as by the Atomf
Energy Commission: The medical program prepared for the gmurf
centered on the use of isotopes, reactors, and other atomic deviees &ng
techniques in medicine, with emphasis on their application to resen, ;
and treatment in the field of cancer. The general medical applicatioii
of atomic energy also were covered. B

The tour group included physicians and surgeons from Austrglj,
Brazil, Denmark, Egypt, France, Italy, Japan, Philippines, Portugai
Spain, Turkey, and the United Kingdom. _ '

Over and above such tours are the many training courses offereq
year in and year out in the United States dealing with the utilizg;,,
of atomic energy in the fields of biology, medicine, and agricylyy,
Such courses are open to students from all over the world, Ta
AEC is preparing a brochure listing these courses for world-y;,
distribution so that their availability may be known wherever trgiy;,.-
in these lines is desired. As some examples, pre- and post-doctor
training will be provided henceforth at Brookhaven National Laby.
atory, Argonne National Laboratory, Argonne Cancer Resears
Hospital, and the U. S. Atomic Energy Projects at the University ¢
California, the University of California at Los Angeles, and t
University of Rochester. Courses in the medical applications ¢
atomic energy are available at the Harvard University Medis
Physics Laboratory, the New England Deaconess Hospital Canee
Research Laboratory, and the Western Reserve University Schod

of Medicine.

Technical Libraries

Since late in 1954, the Atomic Energy Commission has been pr
pared to make available to each foreign country upon reques
library carrying all of the unclassified atomic energy publicstee
of the AEC. This offer was announced by Ambassador Hem'."_c‘*%g
Lodge of the United States Mission to the United Nations on Nove
ber 5, 1954. Ambassador Lodge stated: )

“Always mindful of the day when it might be beneficial to Pfgﬁ
this material in package form despite the fact that it has always ™

available in individual items, we have accumulated 10 comp= |
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.og of our own material, which we are prepared to give to the
“b_raljl a] technical libraries of cooperating nations. And we will
P;;n({g)e more than 10 if there is a demand for more.”
proy? response has been widespread. In November 1954 a library
Thiesented to Japan. Since then, the AEC has approved requests
W the following nations: Argentina, Australia, Austria, Burma,
from ork, Egypt, Finland, France, Greece, India, Israel, Italy,
enl® ands, New Zealand, Norway, Peru, Philippines, Portugal
E\eth; Africa, Spain, Sweden, and Turkey. In addition, the library
0 u;ispl&y at the Geneva conference will be presented to the United
on ons library at Geneva and a partial library will be given to CERN.
;\?Sle composition of these libraries was described in connection
.y the typical Atoms-for-Peace library which will be set up at the
ﬂ[;ference in Geneva and later presented to the library of the United
?ations Center at Geneva. As new material is published by the
1EC, periodical additions are made to these libraries—and to the
i identical libraries maintained in the United States by the AEC

% wd cooperating institutions. The United States asks only that the

pations receiving AEC libraries reciprocate by providing their collec-
jons of similar official unclassified papers.

OTrER PROJECTS

stomic-Powered Ship. On April 25, speaking at the annual luncheon
of the Associated Press, President Eisenhower proposed adding to
e Atoms-for-Peace program a demonstration atomic-powered ship.
“This new ship,”” the President said, “powered with an atomic reactor,
vil not require refueling for scores of thousands of miles of operation.
Tsiting the ports of the world, it will demonstrate to people every-
viere this peacetime use of atomic energy, harnessed for the improve-
1 zent of human living. In part, this ship will be an atomic exhibit,
4 amving to all people practical knowledge of the usefulness of this
1 v science in medicine, agriculture and power production.”

{ Oo May 9, the Commission transmitted to the Joint Committee

1 equest for authorization of $21,000,000 to proceed with the building

2 “the reactor and power system for the proposed ship. On May 26,

428 request for supplemental appropriations for the Commerce
f%%partment, the White House included $12,650,000 for the Maritime

5 ‘umission for “design and construction of the hull, crew training,
é%d&dMnistration of its part of the program.”

{ Asof June 30, Congressional action had not been completed.-

=

f %’NS-For—Peace Stamp. The Post Office Department was scheduled
%iﬁﬂt on sale on July 28 a special three-cent commemorative ““Atoms-

=R R00
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For-Peace” stamp. The d
ings and ideas submitted by t

esign was chosen from more than 4¢ dryy,
he AEC and its contractors. )

Assistance to USIA. The Commission and its contractors continy,
to furnish technical assistance to the USIA’S growing atomic exhib;;
program whose showings have been viewed by more than 5,000, f
persons in other nations. AEC contractors anc.1 other ﬁrlps and orgy, - i
izations have been most generous in supplying ma.temals for thes,
exhibits. The close liaison with USIA’s che}' projects in supp,.  f
of the atoms-for-peace program has been maintained and strengthep, di 7
{
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concentrate production continued to increase during the
(sl If of 1955. 'The production increase in the United States was
first hﬁ'tial. Further sharp increases over the next 18 months are
s-ubst*":i1 as a result of construction programs now under way or about
ﬁsuret Domestic prospecting, exploration, and processing trends
o St87 éd on the upswing. Foreign sources continued to supply a
¢ nt"mutial quantity of concentrates, with South Africa assuming a
éﬁb:::?gniﬁcant role. Research and process development studies on
mo

Jomic methods for the recovery of uranium from its ores continued.
o0

gl

A o

Dowmestic PropuctioN

Domestic production of uranium ore and concentrates during the
grot 6 oonths of 1955 reached record levels—making the United
siates one of the world’s leading uranium producers. The expansion
g, existing processing facilities and construction of new n§ills due for
E‘.f;mpletion before the end of the year will add substantially to the

aresent production rate. Private prospecting and exploration activ-
Z}v continued at a high level.

fne Production

In June 1955, the number of producing mines in the United States
s1s estimated at 850 as compared with some 795 in June 1954.
The potential uranium production area continued to expand with

sow discoveries in eastern Washington, North Dakota, and south-
cntral Texas.

; ‘Mmmwmwwummmmm\u.ummmmmmmmmmmmmim%wmmwnmmmeMmeWWWWWWW"1“

{me Processing

Ore production continued to exceed present processing capacity
tith & resultant buildup of ore stockpile inventories at certain loca-
wns. However, stockpiles in excess of normal plant requirements
ve at mills just completed or at locations where new mills are being
@mstructed or are planned.

A contract was completed between the Uranium Reduction Co.
d the AEC for the construction of & large mill at Moab, Utah and
“¢plant is now under construction. Negotiations are in progress
1 2rconstruction of a plant in the Cameron area of the Navajo Indian
2 “wrvation in Arizona. The Commission also completed a con-

it O s R
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centrate procurement contract with Mines Development, Ing i
the construction and operation of a processing plant at Edgen;(, or
S. Dak. The plant is presently under construction. The yy "
Vanadium Co. and the Commission have reached an agreemg, 0\

i

a major expansion of the present Uravan, Colo. mill, which i L
under construction. 0w
The Shiprock, N. Mex., mill of Kerr-McGee Oil Industrieg I
now operating at rated capacity, is serving the mining areas of I’lo:‘tg,"
eastern Arizona and also treating some of the high-grade oreg of t’h‘
Big Indian Wash area of Utah. Expansion of the Natm‘ita, COIHE
mill of the Vanadium Corp. of America was completed in Marg}, “tﬁ
full capacity operation in April. Expansion of Climax Uranjuy, Cé ‘~
Grand Junction, Colo. plant is completed. The plant of th, Blu'é
water, N. Mex. mill of Anaconda Copper Mining Co. beggy u}?
capacity operation in April. Construction of another plant i pm:
ceeding rapidly with completion expected later in 1955, Vanadim;
Corp. of America’s Durango, and Naturita, Colo. plants are OPeratiﬁi;

above their rated capacities. ‘

New Ore-Buying Stations

The new uranium ore-buying and sampling stations at Mgy
Utah and Riverton, Wyo. were officially opened on February | &m,
March 1, 1955, respectively. The Globe, Ariz. plant opened fo
receipt of ores in June, while plants at Greenriver, Utah and in (s
Tuba City, Ariz. area are expected to be in operation this year. Tps
addition of Greenriver, Utah and Tuba City, Ariz. will bring to 1
the number of locations where producers may sell uranium ores.

Uranium From Phosphates

Three uranium recovery facilities are now producing and shippixg
small tonnages of uranium concentrates as a byproduct of the recor
ery of phosphate chemicals and fertilizers from Florida phosphas
rock. These facilities are Blockson Chemical Co., Joliet, IIl; Inte-
national Minerals and Chemical Corp., Bartow, Fla.; and Virgs
Carolina Chemical Corp., Nichols, Fla. A fourth facility, the U.3
Phosphoric Products, Division Tennessee Corp. plant at East Tamp
Fla. is presently under construction.

ForeElGN AcCTIVITIES

Belgian Congo

The Shinkolobwe mine in the Belgian Congo continued t0 be #
important producer of uranium concentrates.
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wth Africa

oduction from South Africa again increased over the previous
onths period, with a total of 11 uranium processing plants now
2m

fn Operation-

fanad‘”

the Beaverlodge area of northern Saskatchewan the new, en-

od Eldorado Mining and Refining Co., Ltd. mill is now operating

. full capacity. In addition to treating ore from the Ace Mine of
; Jorado, the mill is accepting ores from several nearby minss. Con-
wuction of the large mill of Gunnar Mines, Ltd. in the Lake Atha-

8

i &a ares in northern Saskatchewan proceeded on schedule with

oill startup expected in October 1955.

An underground development program is being carried on by
gldorado Uranium Mines, Ltd. in the Beaverlodge area of northern
gskatchewan, where surface drilling, completed in 1954, indicated
;;tenSive mineralization. National Exploration is also carrying out
.ensive underground development near the Beaverlodge plant. At
;i;ze Verna property, which includes ground under lease to Eldorado,
underground work continued on four levels with encouraging results.
The entire Blind River area was the center of intensive prospecting
wd exploration activity by many companies. Construction of the
pronto Uranium Mines, Ltd. mill is scheduled for completion in Sep-
wmber, 1955. The Quirke Lake and Nordic properties (Algom
ranium Mines) each has a large milling plant under construction.
¢ Drilling on Consolidated Denison property indicated substantial ore
wnnages, and an underground development program is underway.

Considerable drilling and exploration activity continues in the
Bancroft area of eastern Ontario, where large low-grade ore bodies

g vere found.

§ Normal production was maintained at the Port Radium operation
« Eldorado on Great Bear Lake.
{ Shipments from the Port Hope refinery were suspended during

trl, May and June in preparation for production of metal-grade
=unium oxide.

 tutralig

, fi‘Ven_lber 10, 1954, and low-grade mechanical concentrate is being
%i;:}mﬂed there until the Port Pirie chemical plant opens in July.
‘st shipments from the Rum J ungle ore processing plant, officially

j%?&'ted up on December 19, 1954, arrived in the United States.

. umsw R

' The Radium Hill mine and treatment plant was officially opened on
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Widespread exploration continued in northern Australia, with
new areas—the Alligator River district in the Northern Territqp, bwg
the Mt. Isa district in Queensland—appearing as potential produ(i

I3,

Portugal

Portuguese operations continued at the normal rate during .
past 6 months. he

Combined Development Agency

The Combined Development Agency is a joint United Kingd,
United States-Canadian organization established in Washington .
1944 to develop the production and to undertake the PTOCUremen;Ii
uranium and thorium supplies in certain areas. The present mey, ;;
ship is as follows: United States, Lewis L. Strauss, Dr. C. g, Le&.
and Jesse C. Johnson; United Kingdom, Sir Edwin Plowdep auij
J. G. Bower; Canada, G. C. Bateman. Mr. Strauss is the Chai’rm&
of the CDA and Sir Edwin Plowden is the Deputy Chairmap, t

The agency at the present time has production contracts wi}, the
Belgian Congo, the Union of South Africa, Australia and Portug;g

Doumesric ExXPLORATION

Greatly accelerated exploration activity by private industry re.
sulted in the discovery of potentially large deposits of uranium on
in presently non-producing areas off the Colorado Plateau. The fis
large deposit of ore in a contact-metamorphic geologic environmes:
was discovered in Stevens County, eastern Washington. Promisizs
deposits were found in Gunnison and Fremont Counties, Colorade

and private ground and airborne exploration located an ares o

significant uranium mineralization in Karnes County in south-centn!

Texas.
The continually increasing number of prospectors and mining coz-

panies engaged in exploration and airborne surveying, coupled wit

a noticeable expansion of private geological consultant services, s |
permitted the Commission to emphasize the development of geologx §

information and criteria for finding new mineralized aress and o
favorable stratigraphic horizons. )
public to assist private interests in the exploration and developme
of favorable ground. (Technical reports on exploration, geology, 8%
mineralogy are on sale at the Office of Technical Services, U.S. e
of Commerce, Washington 25, D. C.)
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yeilling
: | drilling by the Government was approximately 350,000 feet
Towthe first half of 1955, as compared to a rate of over a million
car in the past 2 years. The Commission’s drilling was
conducted on withdrawn lands which, upon completion of
= - are leased to private companies or restored to the public do-
“"’u v’The rate of private drilling was accelerated and is now es-
mslﬂ-ed ot more than six times that of the Government. Continued
imét of ore reserves was due largely to the discovery of new deposits
elopment of known deposits by private drilling.

éuring
ipel a
%gjgely

:ncredse
snd de¥

Process DEVELOPMENT

The U. S- Bureau of Mines Experimental Station at Salt Lake City,
sh, the National Lead Co., Inc. operating the Raw Materials
clopment Laboratory at Winchester, Mass., Battelle Memorial
the Dow Chemical Co., and Arthur D. Little, Inc. are

t

[pstitute,

' ontinuing to work on the development of both new and improved

covery processes for Colorado Plateau uranium ores.
" Chattanooga uraniferous shale process studies continued on a
shoratory and bench scale at Columbia University.

New ore testing facilities for both acid and alkaline processes for
cestern OTes are NOW in operation at the pilot plant at Grand Junction,
tolo. This pilot plant, operated by National Lead Co., Inc., now has
tur separate processing circuits.

Studies on the recovery of uranium as a single product from Florida
shosphatic leached-zone materials were completed. Although it was
wmonstrated that uranium can be recovered from the leached-zone
zsterial, this process is not considered economical by present

i wandards.

Production

foduction of special nuclear materials exceeded that during the
wevious 6 months, and attained new high levels.

fucilities for Production

Al of the new gaseous diffusion facilities authorized in 1952, except

“at at Portsmouth, Ohio, were completed and contributing to

ff‘%)duction. Construction at Portsmouth proceeded as scheduled.

‘ev facilities at the Hanford and Savannah River reactor sites

*2n operation during this period. '
847661—55—3 ,
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28 MAJOR ACTIVITIES

Design of additional feed materials processing facilities, ayt),
last year at Fernald, Ohio, St. Louis, Mo., and Paducah, g,
gressed satisfactorily and construction at the three sites begay d’ul;.m.

, iy

March.

OriZ&p_’

AEC-MV GC Contract

On July 16, 1955, the Director of the Bureau of the Budge, .
firming an earlier oral discussion, wrote the Chairman of the Cor 0L
sion that “The President has requested me to convey his dipe etio .
the Atomic Energy Commission to take immediately the pe, S: l
steps to bring to an end the relationship between the MiSSiSSisf*’?_‘
Valley Generating Co. and the Commission.” The CommissionprE
taking action in accordance with this direction. i

Source and Special Nuclear Materig]
Accountability

Since the Atomic Energy Act of 1954 provided that the Governmery,
retain ownership and control of special nuclear materials, gt t;,;
same time encouraging the use of these materials in industrig] g,
plications of atomic energy, the necessary accountability conyrl
were formalized. These controls developed by the Divisiop ¢
Source and Special Nuclear Materials Accountability are expected
to follow standard practices of private industry. They requir
periodic reports of holdings of special nuclear materials and period;:
review by the Commission to find out if the control measures use
are adequate. In this respect AEC’s function corresponds in soms
ways to those of internal auditing staffs in industry.

In keeping with the Commission’s policy of accounting for source
and special nuclear materials on the basis of their dollar value, s
review of AEC’s current material accounting practices is planned
This review would determine if accounting practices have kep
pace with the increasing volume and scope of Commission activius

A criterion was developed to permit operations offices to maintes
a routine evaluation of contractors’ activities on the basis of doli¥
value of materials handled. This criterion advanced to a poi
where it could be applied to routine operations on a trial basis. &
employs simple techniques of mathematical statistics and elemenis™
formulas. If successful, its use will provide the AEC with a valus®
guide in determining an appropriate balance between the value &
material assets and the cost of material accounting control.
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sgls are being studied of the best means of preparing and
Prf)POting standard materials, improving and developing measure-
gfﬁlbuéthods, and providing facilities for verification of inventories
spment-owned source and special nuclear materials, in helping
of Govemmission to carry out its responsibilities in retaining the
the Cgment’s title to and control of such materials.
Govef gfth annual meeting of AEC’s accountability representatives
' geld in Washington on June 22-24. Such annual discussim.ls
g gtual problems contribute significantly to improvements In
o erials accounting and provide a better understanding of overall
p¥ . esion problems.
W onjunction with the June meeting an AEC and contractor
ing Was held to discuss problems associated with the application
_sthematical statistics to accountability goals. Papers were pre-
o 4 by AEC and contractor personnel describing techniques of
iﬁtiematical statistics applied to the accountability program.

g}i’n /

mef

Construction and Supply

During the period January 1 through June 30, 1955, costs incurred
for NOW plant and equipment were estimated to be $375 million,
aising the total capital investment in atomic energy facilities to
(hout $6.6 billion before depreciation reserves. Except for the Feed
\lsterial Expansion program now under way construction of most of
{ .o AEC major production plant facilities has been completed or
1 nsed its peak, and construction activity is gradually tapering off.

{  (Costs incurred for new plant and equipment amounted to approx-
i mately $870 million during fiscal year 1955—AEC costs accounting
i ir 2.2 percent of the Nation’s total construction dollars.

4 For the first half of 1955 monthly incurred costs averaged about
1 %3 million, a decrease of almost 25 percent from the $83 million per
% month for the previous 6-month period. A further moderate decline
i = monthly construction costs is expected during the second half of
3 uecalendar year.

=5

§ Lemew of Real Property

An estimated 3,900 acres of land were or will be declared excess as
we result of a program for review of AEC real property holdings.
g ‘Nteria for such action in this review and in future reviews are that
@_Property not essential for minimum operating and program needs,
4§ Yumum physical requirements, and health and safety standards be
5 posed of as excess.

R
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Emergency Relocation Center

 Consistent with the Administration’s policy of planning {,, i
continuity of essential Government operations during an emergenf
period resulting from enemy action affecting the Nation’s capitg) th‘\
AEC prepared a plan to provide for carrying out its essential &Cti‘v"iti ‘
during any such emergency period. As part of this plan, an &lt:
native headquarters was established at a location outside the Distri;.:
of Columbia where key members of the Commission’s staf ca
assemble and conduct the most urgent operations. This altem&tiv”
headquarters (emergency relocation center) is fully operationa] Wit,‘f
the necessary office supplies, equipment and communications f&Cﬂit.i:
available for immediate use. Test operations were held gt th)s
center during the Nation-wide Operation ALERT, June 15-17,

Auction Sales

The AEC continued to disposz of surplus property by the auctioy,
sale method whenever the amount, value, type, and location of the
property warranted. Returns from 6 auctions at Paducah, Savanng
River, Oak Ridge, Portsmouth and Hanford, during the past 6 month,
grossed from 17 to 29 percent of the original cost of the property s|g

Small Business

The AEC small business program, established in conjunction wit
the procurement activities of the AEC operations offices and cost.
type contractors, was explained at a hearing before Subcommijtte
No. 2 of the House Select Committee on Small Business on Mare
2, 1955, and the Procurement Subcommittee of the Senate Sele
Committee on Small Business on May 5, 1955. The testimony dw
scribed the action taken by the Commission to assure that a fa

proportion of total supplies and services are procured from smd |

business concerns.

A substantial portion of AEC procurement dollars continued to g
to small business. From July 1, 1951, to March 31, 1955, AEC
cost-type contractors awarded $2.44 billion in subcontracts. Sm
business concerns received $941 million or 38.6 percent of the to
amount. Direct contract awards to small business during the ssu
period amounted to $172.8 million or 3 percent of the $5.6 billion =
contracts awarded during the same period.
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Military Applicatibn

Jiately following Operation CASTLE, the test series held at
me IC’S Pacific Proving Ground in the spring of 1954, the weapons
was directed toward development of weapons whose design
qrof? v Jd on results of those tests. During the first 6 months of 1955,
s B2 produced in accordance with the President’s directive in-

ns . :
;'5‘323 types incorporating such designs.
ludv

&

jm

e

{7p€ r(ltion TEAP oT |
other prominent event in the weapons program during the period

his report was Operation TEAPOT, at the Nevada Test Site. This
éﬂ; o series of 14 nuclear tests conducted between February 18 and
av 15, It took only 7 more days than the 11-shot, 80-day series

M d at the Nevada site in the spring of 1953 despite the heavier

i_ﬂnducte

<hedule. N
&lgperation TEAPOT introduced a concept of ‘“dual capability”

permitting two nuclear devices to be ready for .ﬁ'r'mg on several
ccasions—one ‘“‘sensitive’” and the other “nonsensm've” in terms of
«arious test criteria including public safety. Under this concept it was
ometimes possible to delay the most ‘“‘sensitive’ tests until conditions
wero more favorable—using the less ideal periods before or after these
ior & less sensitive test. On March 29 this dual readiness for testing

{ ilowed the firing of a sensitive test at 4:55 a. m. (Pacific Standard
{ Time) and another less sensitive one at 10 a. m. (Pacific Standard
§ Time), the first time that 2 nuclear tests were carried out in one day.

The firing of 2 more nuclear devices than originally planned for

1 10 series again demonstrated the unique advantages of a continental

wsting facility. Data developed in the weapons laboratories and from
the tests themselves, indicated the need for two additional tests and
. was possible to plan and fire them during Operation TEAPOT. This
veomplishment would have been impossible without the special
sivantages offered by the Nevada site.

In conducting Operation TEAPOT the Commission again worked
ontly with the Department of Defense, the Federal Civil Defense
Admmnistration, and other Government agencies. Private enterprises

# wurticipated under Government contracts. The Commission, through
§ & tontractors, was responsible for the test devices and diagnostic

wasurements, while the associated military and civil tests were
~rormed by the Department of Defense, FCDA, and other inter-
sted agencies. The Department of Defense also used several of the
sheduled detonations for indoctrination of military personnel.

The Federal Civil Defense Administration conducted its “Oper-

“on Cue” in connection with the thirteenth nuclear test of the

G o
BCLIRLI B e
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series on May 5. This was the most comprehensive FCDA gy,
held in Nevada to date, and consisted of emergency feeding
logical safety monitoring, and other disaster-related training ey,
before and after the detonation.

One nuclear shot in the series and one non-nuclear test were Speci
ically designed to determine effects of high altitude atomic detopy tigh'
required in connection with development of nuclear warheads to ;L
used against attacking enemy aircraft. *

I‘Cif\_'s.
adjq,
rCiS(f-i

Operation WIGWAM

In addition to Operation TEAPOT, & joint AEC-DGP&rtmem y
Defense test (Operation WIGWAM) was conducted in the Easte(}i
Pacific ocean in mid-May. The principal purpose of the test W&s?
study effects of a deep underwater detonation. The CommiSSiof
participated in the test by furnishing the device, assisting in jtg ﬁn&‘
assembly and placement, and conducting diagnostic measurementé;
As forecast, indications are that the test involved no health haz&rdk;
mainland or island inhabitants or consumers of fish.

Contract with ACF

A definitive contract with ACF Industries, Inc., replaced the lete
contract under which certain engineering, design, fabrication, testing
and operating work have been carried on by ACF at Buffalo, N, 1.
for more than a year. The new contract extends from February 193
to June 1959.

Community Operations

Community Dhisposal

Revised proposed legislation to facilitate the establishment of loca
self-government, and to provide for disposal of Federally owne
properties at Oak Ridge, Tenn. and Richland, Wash. was intr-
duced on April 26, 1955, by members of the Joint Committee e
Atomic Energy. In the House of Representatives, Representati
Carl T. Durham introduced H. R. 5845 and an identical bill, S. 182,
was introduced in the Senate by Senator Clinton P. Anderson. Hes-
ings were held on these bills at Oak Ridge on June 10, 1955, by s
Subcommittee of the Joint Committee on Atomic Energy. i

The principal change in the present bill as compared with the ,
submitted last year, concerns the basis for Federal contributions to
municipalities, schools and hospitals at the communities. Un¢¢
last year’s proposal, such contributions would bave been paid Onff
basis of & formula under which any entity to which municipal facli*”
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|
4

rehensive FCD 4 psferred would receive the difference between the Commission’s
»mergency feedjy, e‘\‘erci% : i—gret‘r operating such facilities for fiscal year 1955, and the revenue
-related training . g g‘“’ that entity actually received. These payments would have

Xerg, * gu; cabject 10 review‘a,fter 5 years and would have terminated after

n—.nuclear test Were

titude atomic detonap?cif’

f nuclear Warheg g téo%‘
g

P Wy ejrsfvised legislation proposes the payment of fixed dollar amounts
herools at Oak Ridge, and for the municipality, schools and
or % at Richland—which payments after transfer of facilities,
ﬁr}’h Jecline annually on a straight line basis and terminate at the
ﬁm]of«" years at Richland, and at the end of 15 years at Oak Ridge.

ne revisions in the bill were made in the light of the Richland
ent o 1. T- o last June, of numerous helpful comments and suggestions
ast of | gﬁ?:d from various interested groups at both Oak Ridge and
oy %’fm ond, and of further study by the Commission.

St\V& ,
nimj ° lo tor hearings were beld by the Subcommittee of the Joint Com-

)mt AEC-Departm
:onducted in the |
urpose of the te
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vice, assisting i + Son 1 i ’
liagn’ostic ‘i:llzga Sm its fing | gittee OO Atomic Energy at Hanford on July 5.
Ure '
lved no health ha, Mentg 3
of fish zarq , % Housing anp Communtry FacILiTiEs

i ok Ridge
Construction of the new commercial center, to be known as the
, Inc., replaced the ] i .jowntown” area, was started J anuary 19, 1955, Whe}l Oa.l? .Ridge
sign, fabrication tesi‘_“&' § poperties, Inc. held a groundbreaking ceremony. It is an_tlclpated
ACF at Buﬁal(; N zgjg. i ast the ﬁ}‘st segment of 287,500 square feet of commercial space
:nds from Februa,rv '19_? g «ill be avallab}e for occupancy by October 1, 1955.
s oo In preparation for general disposal, a boundary survey of the
? inimum geographic area for the municipality of Oak Ridge was
atl ons ompleted. In addition, all lot lines were surveyed.
As of June 30 the program of leasing lots for private residential con-
zruction progressed to the point where 126 individual lots were leased,
i 1 houses were completed, and 10 houses were under construction.

L
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> establishment of Jocg] |

al of Federally owneq § Verth Richland
and, Wash. was intre-
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{ North Richland, used principally as a construction camp, was
1 mnsferred from custody of the AEC to the Department of the
n identical bill, S, 1824, Ay on_JuIy 1, 1955. Prior to transfer the AEC .had curtailed its
on P. Anderson. Hear. ;| TiStuction activities to the‘ extent th.at remaining construction
m June 10, 1955, by 8§ anployees coulc.i be housed satisfactorily in privately owned housing
omic Energy. . ¢ nthe surrounding area.
compared with the bili
>ral contributions to the
- communities. Under
bave been paid on the
hich municipal facilities

L Alamos

R

%‘The program to replace substandard housing at Los Alamos,
A Mex. continued. The first phase of this program, 120 replacement

i
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units, was completed ia February, while the second phase, calli,
for completion of 96 units by March 9, 1956, began on March 37
Several times in th2 past consideration was given to making chg,
in the system of community access controls at Los Alamos, ge?
cently this plan was fully consideresd in terms of security of technigei
facilities and information, economy of operations, and communit& -
relationships, and it was decided that existing controls should not b}
changed at this time. ¢

Other Areas

Occupancy control by the AEC of all privately owned Permaney,
type Title IX dwelling units at Portsmouth area was released dy;
January and the units were made available for sale or renta] {, the

general public. However, in no event was an eligible defense Worker

occupying a rental unit required to vacate in order that such it
could be sold. As of June 30 there were 221 vacancies in the 4
temporary housing units and 496 vacancies in the 900 trailers f,,.
nished by PHA under Title IIT of the National Housing Act. q,
hundred of these trailers were released by AEC. The Public Hoygj,,
Administration will discontinue operation of the 250 temporgy
housing units at the Waverly project by September 30, 1955,

At Paducah 58 Title IX housing units were sold, and others g,
being advertised for sale. As of June 30 there were 137 vacancies iy
the remaining 390 Title IX units, and 243 vacancies in the 500 Tij.
VIII units.

Reactor Development

The Commission’s program of developing reactors for industrial and
military power and for naval and aircraft propulsion made greate:
strides during the first 6 months of 1955 than in any earlier half-yesr

Expenditures of nearly $151 million were made for reactor develop-
ment during the fiscal year ending June 30.

During the period of this report emphasis was placed on the develop-
ment of advanced reactor technology through projects involving tb
building of experimental reactors. These reactors were chosen &
February 1954 under a 5-year program to represent five idess e
power reactor designs that seemed potentially capable of produci
economic nuclear power and at the same time could be built and tnec
out because the technology had recently advanced sufficiently. (Tt
program was covered in detail in the Sixteenth Semiannual Reper-
January-June 1954, pp. 20-26.)

Each of these five concepts selected continued to show prom= =
ultimate production of civilian power at competitive costs I f“*";
nuclear powerplants. Some changes were made in the progm=
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., others are under active consideration. Meanwhile studies of
e romising reactor concepts have reached a point where experi-
ot ol reactor projects are being considered.
gent Navy gave preliminary acceptance to the nuclear-propelled
Tbe ine Nautius. A 100-hour full power test of the Submarine
;“me&rediate Reactor (SIR) Mark A—the land-based prototype of
Eatﬂmgine designed to propel the second nuclear submarine, the
ipe elllf,_was successfully completed (p. 44). Development work con-
yﬂ wﬁ on & reactor for a high performance submarine and on a reactor
uqﬂeble for large ship propulsion. The first phase of the Army’s
ﬂ“{ e Power Reactor program was completed and the Aircraft

) cl:fr Propulsion program accelerated, with the promise of nuclear-

M u. ored flight considerably brightened.

?;he AEC moved toward greater participation by industry in ad-
cng the development of competitive nuclear power. Toward

.. end, the Commission set up an expanded program for making

:fied information available to industry, established a classified

chedule of charges for materials furnished by the AEC, and prices

] for special nuclear material produced in power reactors. Four in-

qustrial proposals were received for the power demonstration reactor

am. The number of industrial study groups was increased
gom 18 t0 25, bringing the number of individual organizations now
in the program to 81.

Implementing the President’s ‘‘Atoms-for-Peace” plan, a training
«hool was established at Argonne National Laboratory primarily for
de training of foreign students in nuclear technology, as noted
arlier in this report (pp. 18-19).

CiviiaNn Powkr REacror ProGramM

Pressurized Water Reactor

The Pressurized Water Reactor (PWR) will be the Nation’s first
avilian nuclear powerplant. This nuclear powerplant is to produce
atleast 60,000 kilowatts of electricity net and is the only large-scale
ractor in the original civilian power development program. Major
austruction work is in progress at the PWR site at Shippingport,
% Excavation for the entire plant was well advanced in recent
veeks. Contracts were awarded for concrete and for furnishing and
=ting the steel structures to house the reactor portion of the plant.
‘Procurement of major components for the nuclear portion of the
“nt was put under way and final design of auxiliary equipment was

§ *rly complete.

aIn February, the Duquesne Light Co. entered into a contract with
3 "™ & Roe Inc. (J. Rich Steers, Inc., and Hatzel & Buehler, Inc. as

E Stalelelztely
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associates) to act as Duquesne’s agent-constructor for the turbiy,
generator portion of the plant and as supervisor of construetigy, 0;
those portions of the nuclear plant which may be assigned for cor
struction to Duquesne. ’ -
Design of the turbine-generator portion of the plant wag wel
advanced. Duquesne placed purchase orders for all major equi
ment to be installed in this part of the plant. p-
On May 7, 1955, the Commission held the third of a series of PWp
classified technical seminars at Bettis Plant, Pittsburgh, Py, Thi;
seminar was planned to acquaint representatives of private and publi.
utilities, industrial study groups, major AEC contractors, and aDpre.
priate Government agencies with the details of PWR progregs. ]£
was attended by about 300 individuals. '

Boiling Water Reactors

Investigation of the concept of boiling water reactors continyeg
under the direction of the Argonne National Laboratory. Ty
concept—basically a variation of the pressurized water reactor con:
cept—differs in that pressure in the boiling design’s coolant systen j
lowered and steam generation allowed to take place in the core,

There are three experimental reactors in the overall project. T},
first boiling reactor experiment (Borax I) was operated at the Nationg]
Reactor Testing Station in 1953 and described in the Sixteenth Sem;.
annual Report (January-June 1954, pp. 22-23). A second boilie
reactor experiment (Borax II) was constructed last summer on g sitz
close to Borax I. The reactor became critical on October 19, 1954,
and since then has operated successfully. During the past 6 months
experiments were conducted to study both the steady state and
transient behavior of the reactor and to define the limits of stable
operation as a function of variables such as pressure and specific
power. '

The ultimate goal of the boiling reactor project is the construction
and operation of the Experimental Boiling Water Reactor power-
plant (EBWR) designed to produce 20 megawatts of heat and 5,000
kilowatts of electricity. This plant was conceived as a minimum
capacity, enabling sound extrapolation to large size central station
powerplants. Bids for the construction of the reactor building were
invited and a lump-sum contract was awarded to the Sumner Sollit
Co. of Chicago, Ill. Construction at Argonne began in June 1955
This reactor plant should be generating power during the latter part
of 1956.

In the meantime plans were made to install a 3,700-kilowatt (elecf
trical) turbogenerator at Borax II to be driven by the steam from
this temporary boiling experiment. One object of this experiment B
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54, pp. 25-26).

JANUARY—JUNE 19535 37

-de data on the carryover of radioactivity from the boiling
10 Proﬂto the turbine, condenser and feed water pumps which can
8l ’.§-Zed in the design of the EBWR. Another objective is to
utit ot plant of package power type for possible further devel-
sﬁ“ﬁteapSpeciﬁcations for the turbogenerator addition were pre-
' gargent & Lundy Co. architect-engineers for the EBWR.

11 el

o Graphite Reactors

‘ yclear powerplants with sodium-cooled, graphite-moderated re-

‘\u, continued to look promising for production of competitive
North American Aviation, Inc., is pursuing this concept

“‘-‘gg contract with the AEC. TFabrication of the small experi-

iﬁaut&l reactor designated SRE (Sodium Reactor Experiment)
:;ceeded on schedule. . ' .

" puring the past 6 months detalled. design work on the Sodium
Reactor Experiment and site preparation were ess.eptmlly co_mpleted
* § an engineering test building erected. In addition to being used
i: engineering experimental work, the final fabrication and assembly
,:-::he fuel elements for the first core of the SRE is being carried out
. the engineering test building.

" Original plans did not include the generation of steam or the con-
cersion of heat energy from this experiment. The reactor heat was
.o be dissipated to the atmosphere. However, the Southern Cali-

iurnia Edison Co. proposed to the Commission to purchase the SRE

5010

i .t and install, at its own expense, all equipment necessary to con-

rert the heat to electricity. Proposals from other utility organiza-
It is ex~

Fure.

;  Consistent with its policy of making technical information devel-
i oped under its civilian nuclear power program available to author-
¢ z2ad groups and individuals, the Commission sponsored & classified
i =minar on the Sodium Reactor Experiment at Los Angeles, Calif.,

a February 3 and 4. This seminar was attended by some 200 repre-

! =atatives of private and public utilities, industrial study groups and
%Savernment» agencies. ‘

tast Breeder Reactors

_The project for the construction and operation of the Experimental
teder Reactor powerplant (EBR No. 2) continued under the direc-
‘%93 of Argonne National Laboratory. The EBR No. 2 is to be
j«um cooled, generate 62.5 megawatts of heat, and produce 15,000
S0watts of electricity (Sixteenth Semiannual Report, January-June

U7 Ty ey
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The development program for the EBR No. 2 was well upg,

: X T

during the period of this report. Complex problems in physics, ch &&y

acteristic of such fast reactors, were solved on the UNIVAC electronih
.

computer at New York University. Reactor physics Measureng,.
required for the program were made at ANL with & subcriticg) o 5
assembly using the neutron source reactor. Such exponentig eh
periments neared completion and data were analyzed by the AVIDA-(E
electronic computer at Argonne. The construction of a zerg Pow
fast critical assembly was essentially completed at the N&tioner
Reactor Testing Station. It will provide accurate data for tp, d2
tailed design of the core of EBR No. 2. )

Construction of EBR No. 2 is scheduled to start in 1956, whil, th
reactor is scheduled to be in operation early in calendar year 19589.

A facility for the development, manufacture, and reprocessipe of
fuel elements containing plutonium is essential to the developn;’ent
and operation of fast breeder reactor powerplants. The architec;.
engineering for such a facility, to be located at Argonne, was completeg
and the building will be erected this year.

Homogeneous Reactors

Reactors may be defined as heterogeneous, meaning the core j
composed of different materials separated one from the other, ¢
homogeneous, signifying a uniform core material of fuel and moderatq;
in solution. The Commission’s homogeneous reactor project js
directed toward solving problems whose solution will permit cop-
struction of reactors of an engineering type different from other
being investigated on a project basis.

The Oak Ridge National Laboratory continued its investigation of
the homogeneous reactor. ORNL designed, built, and operated the
Homogeneous Reactor Experiment No. 1 in 1952. The present
program is centered on assembling a second Homogeneous Reactor
Experiment (HRE No. 2).

During the past 6 months this reactor concept was modified rather
significantly as the design progressed, so that a much more useful
reactor will be provided than was originally planned. The reactor
will be more powerful than the HRE No. 1. It is believed that power
levels of 10 megawatts may be attained, at least intermittently,
compared with the 3 megawatts originally planned. It also will be
more versatile and, by fiscal year 1957, will include a blanket system
with chemical processing equipment as part of the reactor. These
modifications made it appear unnecessary to construct an intermediate-
scale homogeneous power reactor, as reported in the Seventeenth
Semiannual Report (July-December, 1954), since it is expected. thet
the modified HRE No. 2 will provide most of the technology originaly
intended to be obtained from the intermediate-size reactor.
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tion of the HRE No. 2, housed in the original HRE No. 1

vell truc

phy:;;der“’ ¥y Qg?sg was started in July 1954, after HRE No. 1 was shut down
"AC o] % ch poil dlflsn'lantled. Erection of the underground steel-lined reactor cell
measu:%ro i v :)mp]eted in May 1955. Contracts were awarded and fabrica-
lbcriticerlne ? «8S cmrted on all major equipment, including the heat exchangers,
Ipbnent?l . Séank, pressure vessel, and circulating pumps. In view of the
the AV;D x- 1 @’rs that the scope of the HRE No. 2 project was enlarged since Jan-
ail zero po“c % fgaﬂ': the startup date was changed from 1955 to early 1956.

the Natiq i

n
ta for the 4 % iher Reactor Concepts
956, while the % General research and development work is essential to the power

ctor development program. Most of the promising new reactor

neepts are the results of such work, &_nd from the.se beginnings

cance to a state of technology which permits the planning of reactor
fansbruCtion' Among promising concepts are a liquid metal-fueled
reactor, 80 organic-moderated reactor experiment and a small homo-
feneoUs type reactor. During the past 6 months work on these
;DCEPtS has progressed to the point where experimental reactor
projects which would test these concepts are being considered.

lar yeqr 1958
ePI‘ocessing of

deveIOpment
The architecy.
was Complet&d

A s

g the core ig

Liquid metal-fueled reactor. A reactor in which the fuel is carried in a

the other, op liquid metal system has the potential advantages of simplified fuel
ind moderator processing, &s in the homogeneous reactors, plus the advantage of
Or project ijg £ hich temperatures at low pressure. During the past 6 months one
1 permit cop- | such Teactor concept, using graphite as moderator and & uranium
t from others olution in bismuth as fuel, was carried to a reasonably advanced

L state of component development primarily by Brookhaven National
wvestigation of  § Lsboratory. ‘

| operated the Babcock & Wilcox entered into a contract to study the BNL data
The present and calculations with a team of highly trained technical personnel on
1eous Reactor loan from several other organizations. They are: Air Reduction

Co., American Smelting & Refining Co., Atomic Power Development
issociates, the Bailey Meter Co., Carbide & Carbon Chemicals Co.,
Dow Chemical Co., Electro Metallurgical Co., Ethyl Corp., the

10dified rather
h more useful

The reactor i International Nickel Co., Inc., Merck & Co., Inc., National Carbon
red that power Co., Nuclear Power Group, Oak Ridge National Laboratory, Rens-
ntermittently, «laer Polytechnic Institute, Tennessee Valley Authority, and
It also will be { Vanadium Corp. of America. The objective is to determine technical
lanket system leasibility and identify important areas for additional investigation.
:actor. T_hese A final report on this study is expected in July or August 1955.
1intermediate- Future plans for development of this type of reactor technology

4 .
lzgeg;fi’gin tfi" other fye] systems offering comparable advantages.

SQ0RRTL

.
:
o teh ;i 3 . . . .
e SeventeeD ; ¥ill depend upon the results of this study and upon investigations of
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Organic-moderated reactor experiment. Several advantages of .
organic compounds as possible reactor moderator-coolants W f“ﬁ
evident from investigations of these materials. Low induceq I‘ad(' e
activity, low corrosion of fuel elements, and high boiling poipy W]f"
among these advantages. Thus, they would afford the POSsibﬂ?&
of reactors of the small size of water-moderated units operat;y, t‘
higher temperature with lower vessel pressure and practimuyb r:
problems of corrosion. 0

The major unknown in systems under investigation is the Megl,
nism of deposition on heat transfer surfaces under reactor con dition;
Experiments in progress are expected to develop the facts aboy; thL
mechanism. It is believed that the next step in determining th-‘
value of this technology, if radiation-loop test results are satisfact()r:
should be a simple, inexpensive reactor experiment somewhat simjlg,
to the boiling water reactor experiments at the National Reacm;
Testing Station. This experiment with the organic-moderated
reactor principle would simulate conditions of heat flux, tempey,.
ture, and coolant velocities practical for a power reactor of this type

In May the North American Aviation Inc., began an engineerip,

design for such an organic-moderated reactor experiment. The (.

sign will be completed by the end of 1955.

Los Alamos Scientific Laboratory reactor. While not included g
part of the original civilian power reactor program, nonmilitary
application work involving reactors at LASL was integrated with th
civilian reactor power program. LASL continued development of g
power reactor experiment of the homogeneous type using an enricheq
uranium compound as fuel. The fuel composition, operating tem.
peratures and pressures as well as other engineering aspects differ
somewhat from the ORNL-HRE No. 2 approach. LASL also made
plans for another homogeneous reactor to be used in ‘“hot” loop
experiments.

Small-sized civilian reactors. 'The Army Reactor Program (p. 45-46)
is the only one currently studying and developing small reactor
powerplants. This small, package powerplant concept, designed to
meet military requirements, is also well suited to many other non-
military power needs. For example, package powerplants may ful-
fill needs in outlying, hich power cost areas. Indications are that 8
large foreign market lies in the range below 30 megawatts of electrical
capacity. Applications to mining operations and outlying industrial
plants also appear likely for package power reactors.

INDUSTRIAL PARTICIPATION

The Commission under the provisions of the Atomic Energy Act of
1954, took steps to accelerate the domestic industrial development
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ower. AEC procedures for providing access to classified
modified making such data available to a larger segment
a8 v, Schedules of charges for available materials and services
f mdU”bV: private atomic energy developers and users in the United
%——'{"de,d cerc issued, and falr prices were established for certain products
catc? ‘I.ivately operated atomic reactors. Proposals were received

§ﬁ’?€r the power demonstration reactor program.
v

v e A

yeeess P ermats

In April of this year the Commission announced a simpliﬁed pro-
under which organizations or individuals may be given access
£ gmrwin confidential and secret restricted data relating to civilian
0 cﬁcations of atomic energy technology, and not primarily of
39?-03”7 significance, for their own private purposes. (This program
gl(;iscussed in detail under “Civilian Application,” Pp- 102-103.)

power Demonstration Reactor Program

In January, the Commission established a program planned to
(nCOUTrage industry to develop, fabricate, c.(.)nstruct, and opera.t.e
f,,‘,merimental nuclear power reactors. The aim of the program is
10 bring private resources into the development of engineering in-
formation on the performance of nuclear power reactors and thus
sdvance the time when nuclear power will become economically
competitive.

Under the program the Commission stated that it would consider
providing the following kinds of cooperation and assistance in effect-
wating proposals for power reactors submitted by April 1, 1955 by
spplicants who were willing to assume the risk of construction,
ownership, and operation of such facilities:

1. Waiving the established Commission charges for loan of source and
special nuclear materials up to an agreed upon amount for a period
of up to 7 years from July 1, 1955. The proposers would never-
theless pay for all material consumed and for services performed
for them by the AEC;

. Performing in AEC laboratories without charge or at reduced
charges to the proposers certain mutually-agreed upon research
and development work; and

- Making payment, to be fixed in advance, for technical and eco-
nomic¢ information resulting from the project. This information

~would then be made available by the Commission to the technical
public working on reactor development.

| g9

Lo
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Proposals for large central station reactors. By Aprﬂ' 1, 19£COmpetence and respon
proposals were received for large-sized reactors at sites Su}in ‘ e b th
Commission approval. The proposals are: ssurance gl\lell \t e
1. Boiling water reactor plant in Illinois of 180,000 kilowatts ]domnent of the project.
capacity, to be completed in 1960. This plant is proposeq
Nuclear Power Group, composed of: American Gas & y Groups
Service Corp., New York; Bechtel Corp., San Fransjeso,
Commonwealth Edison Co., Chicago, Ill.; Pacific Gas ¢ 3 ymmission approved s
Co., San Francisco, Calif.; Union Electrlc Co., St. Loy smouncement of the new
2 nght water-moderated and -cooled reactor plant in nGnumber of participatin
Massachusetts of 100,000 kilowatt capacity, to be com for(r&mzatlons under th
late 1957, proposed by the Yankee Atomic Electric Co. of e¢t will be converted to
members of which are: New England Power Co., Boston%%contrraots or sooner if th
Connecticut Light & Power Co., Hartford, Conn.; BostoptPS Was published in t
Co., Boston, Mass.; Central Mame Power Co. Augusta, gmber 1954, pp. 26-27.)
Hartford Electric nght Co., Hartford, Conn.; Connectlcugen new mdustnal study
Co., Hartford, Conn.; Western Massachusetts Electn@ma Hamilton Corp. ar
Greenﬁeld Mass.; Public Service Co. of New Hampshu-% which will study the
chester, N. H.; I\Iontaup Electric Co., Fall River, Massaremprocatm ¢ ’
4 . . g atomic
Bedford Gas & Edison Light Co., New Bedford, Mass : Cag
Electric Light Co., Cambridge, Mass.; Central Vermom;n Engineering, Inc., whi
Service Corp., Rutland Vt. ir central station and sp¢
3. Fast breeder reactor plant at Monroe, Mich., with 100 0@1 fabrication processes.
watts capacity, to be completed in late 1958, proposed by .
Hudson pGas & Electric Corp., Poughkeepsie, N. Y.; Ci grgg(; which will study
Gas & Electric Corp., Cincinnati, Ohio; Consumers Povg '
West Jackson, Mich.; Delaware Power & Light Co., Wilngynamics Corp., which
Dsl.; Detroit Edison Co., Detroit, Mich.; Long Island Iind components of rea
Co., Mmeola N.Y,; Phﬂadelphm Electmc Co., Philadelphitreas as decontamina
Rochester Gas & Electrlo Corp., Rochester, N. Y ; Toledotiation, waste disposal
Co., Toledo, Ohio. (By mid-June the following addmonils and equipment.
panies had joined this group: Alabama Power Co.; Allis- Cg?uml Flectric COOperatz
Manufacturing Co.; the Babcock & Wilcox Co.; Burrou hg and economic practic
Georgia Power Co ; Gulf Power Co.; Holley Carbureti;elecmc < stemsp <poc
Mississippi Power Co.; Potomac Electrlo Power Co.; the 3¢ ¥ p
Co.; Wisconsin Electrlc Power Co.)
, 4. Sodlum gra.phlte reactor plant of 75,000 kilowatts capacxtgnd Utilities Council, w
completed in 1959; proposed by the Consumers Pubhczems for the most practi
District of Columbus Nebr. e for future constructi
In evaluating the proposals, the Commission will consider: %lDCl.l}S member utilities
a. Probable contribution of the proposed project
achieving economic nuclear power;
b. Cost to AEC in funds and material;
c. Risk to be assumed by the maker of the proposal;

lectric Cooperative Ass.
%hlevmg economic nucle
de suitability of a 10,00
éof supply.
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1 Competence and responsibility of the maker of the proposal;
1
and
Assurance given by the maker of the proposal against aban-
" Jonment of the project.

v § Q’md?/ @roups

Commlssmn approved seven new study group agreements

announcement of the new access program in April. This brings
! [081 pumber of participating study teams to 25 and the total
e 10 forcra,mzatlons under the program to 81. Study agreements
gmbel‘ effect will be converted to the new access permits on expiration
e :ent contracts or sooner if the groups desire. (A list of industrial
J;‘ oroups was published in the Seventeenth Semiannual Report,
J December 1954, pp. 26-27.)
The seven new lndustrlal study groups are:

=
]
%

§ %‘damn'mma Hamilton Corp. and the Denver & Rio Grande Western
£ 0ad Co., which will study the engineering, technical, and economic
§ gects of a reciprocating atomic-powered engine.

% ~mbustion Engineering, Inc., which will conduct a study of reactors of
% 1<izes for central station and special uses, and also study fuel element

Fai

. and fabrication processes.

trd Motor Co., which will study fuel element fabrication for present
actor designs.

wneral Dynamics Corp., which will make a study of small power
-sctors and components of reactor systems and also study such
qliary areas as decontamination services, byproduct radiation,

¢ sarumentation, waste disposal and related developments required
= materials and equipment.

e

b

sgtional Rural Electric Cooperative Association, which will study the
«zneering and economic practicability of nuclear power reactors for

2 rural electric systems’ specialized wholesale power needs and
zablems.

it Sound Utilities Council, which will make a survey of nuclear

ersystems for the most practical and techmcally and economically
ﬁ::ble type for future construction and operation in the areas served
1 7 tie Council’s member utilities.

wle Electric Cooperative Association, which will study the possi-
T of achieving economic nuclear power in the Florida area and also

4 aine the suitability of a 10,000-kilowatt electrical capacity reactor
Souree of supply.

Hittl—55— 4
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_ Jant in which General Electric, Legislative Branch and Exec-
'\mwl]lgfanch spokesman took part. The arrangement with Niagara-
atlve % is temporary, pending determination by the three public
Moha¥ reanizations or cooperatives within a 100-mile radius of West
O;hich have expressed a desire to purchase the power on
S pgements for transmission to their systems. o
8. Jer the Atomic Energy Act of 1954, the Commission is dlre(;ted
I:-‘I;ive preference and priority to public bodies and cooperatives
“» in contracting for the disposal of electrical energy. The pub-
' ver organizations or cooperatives which desire it will be sold the
hc‘fgr when they can make arrangements to transmit it to their
e
i.stems. _
* production of SIR Mark B continues at KAPL, , .
Design and development work on the nuclear powerpla:nt, Submarine
sdeanced Reactor (SAR) continued at the Knolls Atomic Power La:b-
.’ggmry by the General Electric Qo_. under AEC con.tract. Authoriz-
.o legislation was enacted permitting the construction of a land pro-
z:‘—pe of the SAR. This plant will consist of a section of a submar'me
hnﬁ containing one reactor with primary coolant system including
Jated control and auxiliary systems and steam-producing equipment.

power

Large Ship Reactor

Design and development work on the nuclear powerplant, Large
Ship Reactor (LSR), continued at the Bettis Plant by the Westing-
touse Electric Corp. under AEC contract. The ship design studies

1 irthe Newport News Shipbuilding and Dry Dock Co., and Bethlehem
1 el Co., Shipbuilding Division, under contract to the Navy Depart-

gent, continued. Under the AEC prime contract Westinghouse has
zbeontracted with Newport News Shipbuilding and Dry Dock Co.

: iy assistance 1n arrangement, shielding and systems studies at the
& 3R prototype plant.

Authorization was obtained to construct a prototype Large Ship
actor at the National Reactor Testing Station, Idaho, at an esti-
sted cost of $25 million, $6 million to be spent for test facilities, and
Y million for engineering, design and construction of the reactor
{ the propulsion equipment. The Rust Engineering Co. of Pitts-
zh, Pa., was selected to perform the architect-engineering work
:this prototype. :

' ArmMY REACTORS PROGRAM

ite Army Reactors program has as its objective the development
4nd based systems suitable for meeting heat and power require-
“Us of the three military services.

The first, project under the Army program is the Army Package

Preliminary efforts are in progress which
Flead to establishment of additional projects.
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Army Packaye Power Beactor (APPR-1)

ALCO Products, Inc. (foumerly the American Locomotive Co.
continued work under lump-sum contract to design, construct and
test operate at Fort Belvoir, Va., a prototype of a plant for furnishin;
heat and electricity at remote bases. Operation of the APPR-1
employing a pressurized water reactor system with enriched uraniun
fuel and producing 1,825 kilowatts of electricity, is scheduled for
December 1957.

Developnients supporting military pressurized water reactor systems
include heat transfer tests under contract with Columbia University.
and experiments at the Oak Ridge National Laboratory and the
National Reactor Testing Station in Idaho.

Advanced Military Package Power Reactors

Study projects were initiated to prepare conceptual designs o
advanced reactor systems to meet additional requirements in th
overall military range of interest. The most promising types will b
selected for further development. Organizations engaged in thex
study projects arc: General Electric Co., Schenectady, N. Y.; Bab-
cock & Wilcox Co., New York City; Westinghouse Air Brake Co.
Pittsburgh, Pa.; Fluor Corp., Los Angeles, Calif.; Walter Kidd
Nuclear Laboratories, Garden City, N. Y.; Glenn L. Martin Ce
Baltimore, Md.; Sanderson & Porter, New York City; Argonu
National Laboratory, Lemont, Ill.; Oak Ridge National Laborator:
Oak Ridge, Tenn.; and the Army Engineer Research and Developme::
Laboratories, Fort Belvoir, Va.

Amcrarr REAcTOoRs PROGRAM

The Commission continued to push forward the frontiers of reacte:
technology in the effort to develop a successful nuclear-powered ai:
craft reactor. By its very nature the aireraft reactor requires, amo:;
other characteristics, the optimum in shielding, high temperat:
materials, higch temperature fuel media, and high power-weight rat.

Construction of the aircraft nuclear propulsion test area for testi.
aircraft reactors and associated components at the National React
Testing Station is nearing completion. These facilities include s
administrative aud service area, an assembly and maintenance ar:
and an initial engine test area.

In addition to its reactor research facilities the Carbide and Carbc:
Chemicals Co. at the Oak Ridge National Laboratory has a tow
facility for shielding research. The company employs many of L
other test facilities, such as the Bulk Shielding Facility, in resear.
for nuclear-powered aircraft.

wo R EEL
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facilities at the General Electric Co. at Evendale, Ohio, while
. jed DY the Air Force, are used jointly by the AEC and the Air

o™ to carry on their respective parts of the Aircraft Nuclear Pro-

julsiOn progral. | ey 0

?Work is presently underway to construct facilities at Middletown,

, to implement further the Pratt & Whitney effort in the program.

(’Onne' too, are Air Force facilities to be used jointly.

Tlafwie, Air Force also has research facilities for nuclear propulsion at

b plant of the Consolidated Vultee Aircraft Corp. at Fort Worth,
ihe

Tex.

The

GENERAL ENGINEERING AND DEVELOPMENT
ganitary Engineering

Through the cooperation of 20 public water supply systems in
carious parts of the Nation, water samples from their source to and
shrough treatment plaI.lts were collected follov.ving certain detonations
of nuclear devices during the spring test series at the N gvada Test
cte. The water samples were examined for radioactivity by the
sanitery Engineering Laboratories at the Massachusetts Institute
of Technology which is under contract to the Commission. The
objective is to evaluate the effect, if any, of fall-out of bomb debris
i public water systems and the extent to which standard water puri-
seation methods remove radioactive contaminants. '

The economic and public health aspects of disposal of high level
ndioactive wastes were given special consideration. Because of
mereased interest in the construction of nuclear power reactors near
wpulated areas, safe disposal of these wastes is a significant factor

i ndevelopment of the industry. The Oak Ridge National Labora-
i wry emphasized research to determine the feasibility of disposal in

special underground pits instead of costly storage in underground
unks. The Geological Survey cooperated in this program.

Under AEC contract, the Department of Sanitary Engineering and
Water Resources of the Johns Hopkins University continued evaluation
ol environmental problems in transporting and disposing of radio-
wtive wastes. The cooperation of a special committee of the Earth
¥iences Division, National Research Council, was enlisted to investi-
ate the potentialities of ground disposal of high level radioactive
rastes,

Since controlled dilution in surface waterways offers economical
asibilities in the disposal of large volumes of low level radioactive
‘stes from atomic energy operations, a contract was made with
% Engineering Science Department, Harvard University, to study
% potentialities and limitations of this disposal method. Under

4 Wprogram a controlled pilot stream in Massachusetts will be used

tvelop and evaluate significant data useful to industry and public
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officials in establishing the effects of release of radioactive Wast

es
surface waterways. o

Reactor Safety

The Reactor Kinetics program continued to study the behgy;
reactor systems under adverse operating conditions. The pufr of
of this study is to demonstrate experimentally safe top ODeraIZ-USé
limits, to discover points of design weakness, and to learn What Wy
herent safety mechanisms contribute most to self-safety g Lf‘
capitalize on them. A center was established at the National Ry, .
Testing Station for such tests, and the first reactor core COnSistip,
aluminum-clad MTR-type fuel elements became critical on ), (
1955. s

A parallel program studying the kinetics of homogeneous reactqy :
underway at North American Aviation’s field laboratory at S&;f
Susana, Calif. The Sodium Reactor Experiment there is scheduf;
to reach criticality either at the end of 1955 or the beginning of 19;

The reaction between the water coolant and molten fue] elemp;
material in the event of high temperatures during a runaway “L
studied to determine the extent of pressure surges during sug;{
incidents.

Explosive studies were made by the Naval Ordnance Laborgigp,
for the AEC to study the relation between power excursions gy
damage to reactor containers.

&ngg

Engineering Test Reactor

In April the Commission invited industry to build and operste
with private funds an Engineering Test Reactor which would provigs
radiation facilities the Commission will need early in 1957 for tz
development of reactor components for military and civilian nuclesr
power programs. Irradiation facilities now being used by the AEC
are not suitable for engineering experiments which require relativeir
large spaces in areas with high neutron intensities.

During the period of this report the Commission received tw:
proposals from industry to construct the ETR. These proposals wer:

made by the Babcock and Wilcox Co., of New York, jointly with &>

Lockheed Aircraft Corp., of Burbank, Calif.; and the J. A. Jones Cox-

struction Co., of Charlotte, N. C. They are being evaluated by t& .

. ; S B
The AEC estimates that it would cost abou ° "Mamer materiq

Commission.
million to build the ETR at the National Reactor Testing Station: 7

To assure meeting the date when irradiation services are requi-
the Commission awarded a contract in June for architect engin&
work for an Engineering Test Reactor to the Henry J. Kaiser (&
QOakland, Calif.
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pressure Vessel Studies

Three separate studies of pressure vessel design and technology

de under the direction of the Engineering Development Branch
mé EC’s Reactor Development Division demonstrated the feasibility
of & structing power reactor shells from conventional pressure vessel
o corr)ial with approved fabricating methods. The studies included
mated vessels, vessels fabricated from heavy plate material, and
foi%ils fabricated in layers. Comparative costs were prepared for
;:bajﬁerent methods of construction.

i mng and Fuel Elements

g
%

Electronicaﬂy controlled remote manipulators were developed at

he Argonne National Laboratory handling as much as 10-pound
loads. These manipulators transmit ‘“feel’”” back to the hands of the
operator, which was possible prgviogsly .only with mechanical.models.
They are an important contribution in the remote handling and
audy of alpha-active materials. ,
" Corrosion testing and theoretical work led to development of
Juminum alloys which may be used for cladding fuel elements used
o very pure high temperature water, contrary to former experience.
This information was used as a design basis for the boiling reactor
% the Power Demonstration Reactor program.

Since higher temperatures in water or other coolants require mate-
nals of greater strength and corrosion resistance, AEC facilities con-
2 unued study of the zirconium-base alloy systems. As a result of this
§ sudy one new alloy composition will be adopted in the near future,

§ wd several others are very promising.

¢ Uranium-base alloys are the subject of much work. The objective
4 510 secure greater radiation stability and corrosion resistance, with
{ znmum use of “poison” elements. Radiation stability is par-
§ wdarly important for reducing the cost of nuclear power.

1 New production methods for recovering uranium, thorium, zirconium,
1 wiberyllium are being developed as means of reducing costs. Those
4 B thorium and beryllium appear to be especially promising. Ar-
4 Pue National Laboratory is installing equipment for plutonium

-3 “¥ieation development, which will also be used as a guide on other

*uote fabrication problems.

| 5?90khaven National Laboratory made further progress in fuel and

“imer material problems. The solution of these problems is

=ary for the contemplated “Liquid Metal Fuel Reactor.” The
ith solution of uranium was stabilized so that there will be little,

1 fiﬁnteraction with the steel piping or the graphite moderating

AR
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50 MAJOR ACTIVITIES
An extrusion method of cladding rods and tubes of yy
thorium was developed by Nuclear Metals, Inc.

Reactivity Measurement Facility

During the report period, a Reactivity Measuremeny Faiv
(RMF) was placed in operation at the Materials Testing R&cma;
operated at the National Reactor Testing Station in | d;}:&ﬂift
Phillips Petroleum Co. 10 by

Basically, the RMF consists of a low power (1-100 WaLts) g,
using MTR-type fuel assemblies, constructed in the MTR L&c@
with ordinary water serving as moderator, coolant, and shielq 'I‘
RMTF is a sensitive device for measuring neutron-absorptioy qual’r;sf
of various materials, both before and after irradiation. Am()rlu%
other “uses, it provides a quicker and less expensive megpg ofg !g
termining in advance the effects an experiment will have f{;

neutron flux of the MTR.

REAcTOR TRAINING SCHOOLS

Oak Ridge School of Reactor Technology

In August 85 students will be graduated from the 1954-55 sessiés
of the Commission’s Oak Ridge School of Reactor Technology, 4
. . [ =R}
1-year graduate-level course run at the Oak Ridge National Laboratory
Of those graduating 52 will return to their sponsoring industrig
organizations, 20 to AEC and military contractors, and 13 to .
military and other Government agencies. Of the 80 new students
enrolled in the 1955-56 class, 60 are experienced men from Govern.
ment and industry and the remainder are recent college graduates.
On completion of the present course, the school will have graduated
300 men. :
Beginning with the 1956 session more scientists and engineers
from industry will be accommodated at the school. By 1958 a:-
tendance of the nonexperienced recent college graduates is expectec
to be eliminated. This year, for the first time, the Governmen:
will charge a tuition fee for students sponsored from private industry
The fee of $2,500 is intended to reduce the Government’s operatior

cost and is consistent with its general policy of charging for servies

rendered.

Argonne School of Nuclear Science and Engineering

On March 14, 1955, a training school in reactor technology W‘; j
.. officially begun. The first class consisted of 31 students from I¥ ;
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‘om countries and 9 students from the United States. The 7-
fort;;:h course of instruction will cover only unclassified fields of
0

lear reactor technology. A second course with a similar
n“:oument is planned to start in the late fall.
gD

Physical Research

Emph&Sis in this report is given to univeysity participat.ion in the
pysicel research program of the Commission. The leading role of
"~ geademic institutions in the training of scientists is cited, and

ou?versity contributions in physics, chemistry, and metallurgy are

g:cribed. At this point, however, there are outlined a few out-

4anding research accomplishments of the past 6 months at Commis-
;icm Jaboratories.

]
i

‘Discovery of Element 101

peavier than uranium have been created artificially. Preparation
1 ;d identification of the last of these—elements numbered 99 and
§ \0—were described in the Sixteenth Semiannual Report (January-
! jpe 1054, p.41).
i Recently scientists working under Dr. Glenn T. Seaborg at the
1 [niversity of California Radiation Laboratory identified element 101.
* The newly discovered element contains 101 protons and 155 neutrons
* zits nucleus (atomic number of 101 and mass number of 256).
i Toform the new atomic species, element 99 of mass number 253
§ v bombarded with 41 Mev helium ions from a cyclotron. A neu-
- o released in the ensuing nuclear reaction yielded the observed
5 stope of element 101. Seventeen atoms of the isotope were iden-
tdel. They are radioactive, with a half-life of one-half hour. It
insproposed by the discoverers to name the element Mendelevium
2r) in honor of a pioneer in chemistry—the Russian scientist

:mitri Mendeleev. The identified isotope would be represented
j I \v26
Wl .

% Since the beginning of the atomic energy project eight elements

s-wrium Production

Thorium metal is the starting material from which uranium 233, a
“uble isotope of uranium, is made. Reactor cores containing

m 235 can be surrounded with a blanket of thorium metal,
“babsorbs the stray neutrons leaving the core and with the added
“uns becomes uranium 233. Thorium is now produced by batch
s requiring expensive reagents. At Oak Ridge National

= ‘:..)x:u\ onn e e

=




52 MAJOR ACTIVITIES
Laboratory, a promising new, semicontinuous process fop the
production was worked out. Appreciable savings are eXpecteq f‘d!&
the process, which uses inexpensive reagents. r

Oy,

Low-Temperature Nuclear Alinement

Nucleons (protons and neutrons) like the earth rotate aboyy ¢ .
axes and have magnetic poles at the two ends of the axes. T, a:}aﬁiﬁ:
of nucleons, the axes of the particles are usually randomly Orie)e‘t"i’i
However, methods have been developed whereby nucleons ip, 4 bew
can be oriented with their axes all parallel and their spiyg meﬂ&
direction. Such a beam of nucleons is said to be “polarize » Ole
studying the funadmental properties of neutrons and their in;er,ic " L
with atomic nuclei, additional information can be gained whey ex;f
ments are carried out with polarized beams of neutrons. Howef‘f
such experiments must deal with nuclei whose orientations hay, be;
alined by a magnetic field and a low temperature. .

The lowest temperature attainable is —460° F. At this temper
ature (absolute zero) all substances or particles reach a state of fng;
immobility. -

At Oak Ridge National Laboratory indium metal was Placed
between the poles of a magnet and kept at a temperature betwee,
—459 and —460° F. Under these conditions the nuclei becgp,
preferentially oriented in the direction of the applied magnetic fielg
and the effect could be observed by passing polarized neutrons throygy,
the sample. )

According to theory when polarized nuclel revert to a randog
arrangement, they should absorb energy from the motion of the
atoms. Accordingly, if advances in technique can increase the
degree of polarization, then by simply cutting off the magnetic field,
the indium should be cooled by temperatures perhaps one hundredth
as great as those realized previously in low-temperature research.

Digg

Hydrogen Bubble Chamber

Cloud chambers and photographic emulsions have provided cor-
ventional methods for studying the mass, energy, and reactions of
high energy nuclear particles. More recently, a technique was de
veloped by Donald A. Glaser of the University of Michigan ths!
offers significant advantages over cloud chambers and emulsions &

nuclear research. Glaser succeeded in photographing bubbles ¢ |

vapor formed along the tracks of cosmic ray particles passing throus
super heated ether. His success encouraged scientists working &

other laboratories to explore the advantages of bubble chamber

especially for studying reactions of mesons and protons.

b
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—
Ll

thoriuy, ' Through the use of a spe.ciall liquid hydrogen bubble chamber,
ted froy, = on tracks were observed dux:mg operation of the bevam:on at the
%ﬁ “}es. rsity of California Radiation Laboratory. The density of the
1 Urﬂf’; pydrogen in the chamber is equivalent to that which would be
§dau dinary cloud chamber were operated at about 700
% " aned if an ordmary cloud ¢ p at
i Dznospheres. Consequently, the large amount of materla} in the Path
out their ! 8f o Sp eeding mesons permits obserys?tion o_f rare partlc}e interactions.
n 8 bean, % 4150, the target nuclel}s canlble p(f)s1t1vely identified, since the liquid
hented, § pydroger nucleus consists solely of protons.
n 8 beam H
ns in one ResearcH IN UNIVERSITY LABORATORIES
Zed.” In %
teractions i The physical research program is the source of many of the new
en experi- Jess contributing to the Nation’s progress in atomic energy. Here
However, (00, is where the atomic scientists of the future first become interested
have been at’he Commission’s problems and begin their work in the program.
yaturally, the universities play an essential role because of their
as temper- ;ﬂdjtional responsibilities for advancing fundamental knowledge and
@ of frozen
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Fortunately, the areas of science where advancement most benefits
the atomic energy program are also of great interest to the academic
gieptists. For this reason it is possible to enlist the assistance of
oofessors and their students in university departments of physics,
gemistry, and metallurgy for research which advances atomic tech-
oogy and, at the same time, strengthens the universities in their
Aorts to keep pace with the rapidly increasing demand for qualified
wentists. The record shows that the great majority of those who
e now entering careers in the laboratories where atomic weapons
¢ stomic powerplants are being developed began as assistants on
nearch projects conducted for AEC by the universities. Moreover,

clear that the rate at which these projects are able to introduce
»% manpower is a limiting factor as America advances toward full-
wte utilization of atomic power and in her efforts to keep the peace
zough superiority in atomic armaments.

The Atomic Energy Act of 1954, like that of 1946, directs the
‘mmission to conduct research and development in support of the
smic energy program, both in its own facilities and through contracts

oher arrangements with independent institutions. In response
x!}is directive, and in recognition of the unique service the educational
tutions can render the program, the Commission is currently
irt}(:ting with 90 different universities, colleges, and research in-
i;m}ls for fundamental research in the physical sciences. The
3-Bity contractors and the type of work they perform are listed

3 ;éfppendilx 5,pp. 128-136. These consist of 135 studies in chemistry,
v‘PADthne, and 46 in metallurgy-

3
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Universities have traditionally supported research to eXpag
frontiers of human knowledge, and in those areas bearing op 4 o
energy they have a common interest with the Commnission. Nonnmzf
contracts between the Commission and a university for basic Scien?‘ ly
research are based upon proposals made by the university SCient']ﬁ!’
and the results of the research are generally made available to Sts
scientific community through publication in the open literature, the
Commission believes that giving free latitude to individual initigp .
is the surest way to insure that significant new ideas are 00ncei:‘,§;
and rapidly developed. t

A type of arrangement which the Commission has adopteq o
assisting research in universities and colleges is the lump-sup jo'oi'
participation contract. These contracts may be used when the &nnmt
cost to the ARC is less than $100,000, when the cost can be estimaut:i
with reasonable accuracy in advance, and when the contractor ang
the AEC both contribute to the costs. In consideration for the Work
undertaken and the submission of a satisfactory report, the ggp
pays a lump-sum based upon a part of the estimated total 00=L
These contracts involve a minimum of supervision and auditiny
Projects requiring the AEC to pay substantially all of the costs, o
those for which the costs cannot be estimated with reasonable .
curacy, are financed under cost-type contracts under which the AEe
controls expenditures and audits the accounts.

Irrespective of contract type, the payments assist the institution to
meet the expenses of the project, which usually include summer sq}-
aries of the investigators, supplies and equipment, and part-time
employment of graduate students who partake in the work and ofter
use the results as material for a dissertation.

Since the inception of the Commission’s university research pro-
gram in 1948, these institutions have made many contributions to
the advancement of the atomic energy program. Investigations
in which they have had a leading role are those designed to develop
a better fundamental understanding of the nuclear processes involved
in the release and use of atomic energy. They have also mad:
substantial contributions to knowledge in chemistry and metallurgr
basic to the development of new processes for the manufacture and
use of nuclear and other special materials.

In carrying out investigations for the Commission the educationt! |
institutions are also substantially strengthened for their primar

task of training the manpower which flows in an increasing, but sﬁi
insufficient stream, from university classrooms and laboratories mte
the plants and other establishments where the end products ©
program are being developed or manufactured.
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NucLEAr ProcEssEs

The story of the university’s role in atomic research is an important

d interesting chapter in the history of our time.
g0 " result of a century and a half of research, mostly in university
| t;omt,ories, the atomic theory of matter was developed. This theory
,ad in 1939 to the discovery of a method of releasing atomic energy.
1ebe theory was tested and proved beyond all doubts. Extensive
sboratory experiments invariably check its predictions, but all of
.. consequences will not be realized before another generation or two.
chcordiIlg to this theory all substances are made up of minute and
; Jivisible units called atoms of which 101 different varieties are
oW, Each variety corresponds to one of the chemical elements—
Lcyeen, iron, silver, uranium, or any of 97 others found in nature.
EA'bzua]]y only 88 elements occur in nature, 13 have been produced

grtificially )

N ‘n‘,,WWMW,i;‘.;;‘,mewmuu‘uwwm‘MWWWMWWW3

The Atom and Its Energy

|

§ The atom is & very small unit of matter. For example, the number
4 ifsilver atoms in & dime is expressed by the digit 1 followed by 22
% gros.  Small as it is each atom is in itself a complex structure, con-
1 .ining at its center a minute but relatively massive nucleus surrounded
i be & cloud of light weight particles called electrons. The nucleus
1 pears & positive charge of electricity which attracts and holds the
1 genatively charged electrons. According to the atomic theory, all
3 if the reactions of chemistry—like the burning of coal or the fer-
1 pentation of sugar—are to be explained by the forces between electric
% darges on the electrons and nuclei of interacting atoms. Atomic
§ =ugy, on the other hand, arises from forces deep within the nucleus
tween the still tinier particles of which it is composed, for the nu-

dus is also a surprisingly complex structure, and one occurring in
2 men greater variety than the atoms.
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& Muclei are now known to be made up of two still smaller units of
3 i%itter.-g)rotons and neutrons—bound together by strange newly

*ogized forces which are neither electrical nor gravitational in
Wure. (Because they are the essential constituents of atomic
391, neutrons and protons are often referred to by the general
470 of nucleons.) Nuclei are characterized by the numbers of
, :‘fmns and protons contained in them. These numbers range from
ga‘*"to .101 protons, and from zero to 157 neutrons. More than
o erent nuclear species have been identified. '
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56 MAJOR ACTIVITIES
A fundamental problem of nuclear science—toward the solug;
of which the universities are assuming major responsibility, islo
devise a theory of the forces between neutrons and protong Wh't‘(j
will explain all of the observed properties of the 1,000 or more nuel Igh,
species. Not until such a theory 1s devised and tested can g of t@&r
possibilities of releasing atomic energy be conceived. b
The attack on this problem is going on from two sides, the exp
mental and the theoretical. Experimentalists must first discom
as many of the facts as will yield to their observations and me&su‘:r
ment. Then the theorists try to interpret the facts as they g4 ine‘
the picture of structure of neutrons and protrons interacting accorg; o
to a hypothetical law of force. The idea is to learn the nature of t}, ':
force and understand how it operates. In this phase of the woy| tzi‘
possible practical use of the information is undetermined’ i le
experience shows that uses cannot be fully determined upty tg&
facts of nature are understood. ¢
Facts about the nucleus are obtained by observing the radiation,
which it emits as it changes from one energy state to another, or froxﬁ
the scattering or absorption of high energy particles used in eXper.
ments to bombard materials containing the nuclei under Investigs,
tion. The modern experimentalist is equipped with instiumeps,
which count both radiations and particles and measure their energies,
Both types of experiments usually involve the use of either ap g.
celerator which supplies & beam of charged particles with high
energy—such as protons or electrons—or & reactor, which is the bes
source of neutrons. Even at the low energy with which they emerg
from a reactor, neutrons are able to enter a nucleus and make changes
in it. Protons or other charged particles cannot enter a nucleus
unless they have a sufficiently high velocity to overcome the ele-
trical repulsion which extends beyond the range of the attracting

nuclear force.

I

Particle Accelerators

Most of the university laboratories engaged in nuclear research for
the Commission use a particle accelerator of one sort or other to
supply high velocity particles. Reactors are less common on the
university campus, although several universities are now acquirig
them and one is already in operation at the North Carolina Stsi
College. The accompanying table lists the educational institutiof:é
where particle accelerators are being used for Commission resesrc:
This table also includes institutions where projects in nuclear phﬁ“‘*‘
are jointly supported by the AEC and the Navy. As shown I &
table, several kinds of accelerators are in use—cyclotrons, electre-
static generators, synchrotrons for both electrons and protons, bets-
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s and linear accelerators. These give various energies to a
rod {’v of particles.
i’:ﬂlié characteristics and principles of operation of the different
Tﬁ of accelerators are described in books on nuclear physics. It
ﬁ;ﬁcient here to realize that the nuclear physicist has the means
"’q roducing beams of several kinds of nuclear particles possessing
for 10 range of carefully controlled energies.
B The particles accelerated for nuclear research include electrons,
o0, OT any of the simpler atomic nuclei.! The energies to which
-i{rDT 3r:3 accelerated are commonly expressed in units of the electron
ﬂ?t One such unit is the energy acquired by a particle carrying the
;:31'!-'6 of one electron (or of one proton, since it is of the same magni-
:.ideubutr opposite in sign) moving through a potential difference of
e volt. Modern accelerators are able to produce all energies up to
iﬂlion electron volts (Bev.) A new machine being constructed
:;tbe Brookhaven National Laboratory is expected to accelerate
grotons to an energy of 25 Bev.

Vuclear Changes

yuclear changes can be observed in target materials when they are
ombarded by particles with an energy of a few hundred thousand
Jectron volts or higher. In the range of energy between a third of a
Tlion and 250 million electron volts (Mev) the bombarding particle
zsy do one of three things. It may knock one or more neutrons or
-wtons out of the nucleus; the bombarding particle may be captured
w form a heavier nucleus; or it may agitate the particles of which the
wmbarded nucleus is made up so that the nucleus goes into a state
‘ bigher internal energy, called an excited state. The last usually
-opens to the residual nucleus in any event, causing it to emit elec-
smagnetic (or gamma) radiation as it returns to its normal, or stable

£ale,
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wiear Structure and Forces

Nuclear reactions are complex problems for the typical university
*search project. For example, even in the relatively simple nucleus of
§ 7uary carbon, containing 6 protons and 6 neutrons, 32 different
*’ﬂ;of internal energy were identified.

; the nucleus of uranium ? containing 92 protons and 143 neu-

_‘:_Lmight seem hopeless to try to understand the complex modes
Machines that

% use the heavi
1 - o eleragors. vier nuclei, such as lithium, beryllium, boron, ete., as projectiles are called

o

25 ) .
S ‘hﬁ SDQleBS of uranium that contains 235 nucleons, uranium of mass number 235. Like other ele-
3 Wwamnm exists in several forms that bave different mass numbers. These varieties of the same
¢ known as isotopes.
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of internal motion and countless energy levels. However, it ig &lrea
becoming clear that protons and neutrons are not throwp mto
nucleus at random like apples into a basket. Evidently , ULI
particles fall into subgroups, or shells, in which their motjopg L
simple regularity. From the work already done In university |
tories, there appears to be definite hope that we may be able ¢

ahor,
Undg,
stand the law of force between neutrons and protons well eng, by,
be able to calculate their interactions and modes of motion ang &I'rx
f

at energy levels which agree with the observations. These po

may lead to generalizations of deep significance and practica) W&lu
Our knowledge of nuclear reactions and nuclear structure i beiy
advanced by the work of 22 universities in this field (see table’ o

The problem is formidable but definite progress is being mag,
Whether the riddle of the nucleus is solved or not, it is of the great{f
significance that scientists are concernmg themselves with thes,
problems. In attacking them they are gaining an understandm,, g
a facility which prepares them to deal with technical problems g,
throughout the Commission’s program. Arsing

To study forces between protons and neutrons by observing the
energy states of the nucleus is like watching two football teams i,
action in order to study human nature. One would learn more by
observing an individual player. It has long been realized that 1},
study of collisions between proton and proton, or proton and neutro,,
would be expected to give the most readily interpretable informatj,,
on the elementary nuclear force.

Experiments of this nature are possible with accelerators used by
the university contractors of the Commission, and they have loxL
engaged the attention of several such investigating groups. In oge
instance a beam of protons is scattered by a target containing hydroge:
atoms, the nuclei of which are protons, and the angles through whick
particles of the beam are scattered are recorded by suitable detecting
instruments. The observed distributions in angle of scattered particles
are found to depend upon the energy of the incident beam. Itk
possible to interpret the results obtained with beam energies up to 20¢
million electron volts (Mev) by assuming that the force between two
protons varies in a regular way with the distance between the colliding
particles, when account is also taken of the directions in space of the
axes about which the protons spin. Similar experiments were al®
done with heavy hydrogen targets, the nuclei of whose atoms contait
one proton and one neutron and are called deuterons. From the latter.
it is possible to infer the nature of the forces between neutron and

proton.

2002847
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{5507}3
i Jough the results for collisions at energies up to 200 Mev are
Al Jv easy to Interpret, protons behave in & very confusing manner
z?l"miéy collide at higher energy. In addition to neutrons and pro-
shen ther strange new particles emerge from the impact and appear
ons cated by the force of the blow. These particles, called mesons,?
j obe? their mass is intermediate between that of the electron and the
1 4uSe are not fragments of the original protons, since those particles
§ poto he impact undamaged. On the contrary they are entirely

27 et .
g"m;feces of matter created out of the energy of the bombarding

§ oton bestd: .. ) .

E s A]though in some respects SlIIlll&'I' to ordinary matter, mesonic

{ s of extremely short duration. Soon after their creation

1 gﬂ articles disappear and their mass reverts to energy. More-

1 %ie g,I;veral kinds of mesons have been observed, differing from one
avely

o™ Aabn

ther in Iass, in electric charge, and in the time that they exist
i ?omatter. These particles are apparently embodiments of atomic
| ;rgy in its purest essence. Their fundamental significance has
i qused the interests of the pure scientists on a broad scale. Several
Znhe Commission’s institutional contractors, as indicated in the
: ;‘sle. have facilities for producing mesons and for studying their
qunifold properties. Ten machines have been put to use by nine
! iversities investigating these phenomena. Investigations of this
4 pe are aimed at the heart of the problem of understanding the
e pature of atomic energy.

TR

WA

Srtron Spectroscopy

i N

Processes of immediate practical interest in the reactor and weapons
wgrams are those in which neutrons are scattered (p. 60), slowed
, or captured by atomic nuclei of the various materials used in
ase devices. The design engineer must know how far, on the aver-
g.aneutron goes through the material in question before it is affected
zeach of these ways. Moreover, the distance depends upon the
o of the neutron as well as upon the kind of material. At certain
ual speeds the neutrons interact strongly with the nucleus,
s “eeas at others they are only weakly scattered or absorbed. Because

% te similarity to the absorption of light in certain regions of the
E

ot s

§ ™, these studies are called neutron spectroscopy. Each material

‘Raracterized by a neutron absorption spectrum. In fact, since
$ %700 absorption is a nuclear property, each different nuclear
4 &, of which there are more than 1,000, has its own characteristic
& “eabtrom the Greek mesor, meaning intermediate,
T Miee_p5__
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At five universities (listed in the table), special emphasig IS pie
research on neutron spectroscopy. Under these projects

By,

R ) greg;
vances have been made in the techniques for accurately dete ag i,

lr”'a

the energies of the highly absorbed neutrons. The almost Limjy),

task of studying the various nuclei is also underway g
campuses as well as in AEC laboratories. The results arg of
value for nuclear engineering, and of interest to the student, of nug?f:zi
structure. leg,
Nuclear spectroscopy is a general term covering the study (f ..
resulting from internal changes in a nucleus brought ab()utpe@%
taneously or stimulated by a bombarding nuclear particle. ,insp%
accelerators are being operated by 14 university contractors on :t{%‘
in these studies apart from those working on problems of ne;&géé
spectroscopy (see table). These studies are also closely relateq "
those on nuclear reactions and nuclear structure. b

Scattering

Particles such as protons raised to high velocities, and hepee higk
energies, in accelerators undergo collisions with nuclei whep 15;
strike a target. A common type of interaction that the prote;;
experience is simple scattering. (Proton scattering reactions Wene
mentioned in connection with studies of nuclear forces.) SC&tterﬁé
protons may rebound, be deflected, or simply be slowed down. I:
any event they are removed from the proton beam of which they wen,
initially a part. In the scattering process energy may be transforrs!
from the energetic protons to the target atoms.

Two kinds of scattering occur, inelastic scattering and eodi
scattering. In an inelastic scattering process part of the energy o
motion (kinetic energy) of the proton serves to excite the struck
nucleus, and kinetic energy is transformed to internal or potenti
energy of the nucleus. On the other hand, in elastic scattering the
proton imparts only kinetic energy to the struck nucleus, but nos
of the proton’s kinetic energy is converted into other energy forms

Se“e}g - 0

M

Thus, the kinetic energy of the system comprising both particls |

remains unchanged as in billiard ball collisions. x
having a given mass, the amount of energy transferred will depes

on the angle through which the proton is scattered. Much can b |
learned about nuclear forces from the energies and angles of scatter< &

particles.

Although protons were used as the example in discussing scatle” &

ing, all the other particles such as neutrons, electrons, alpha particle:

For a target nucles

etc., can also be scattered on collision with nuclei. The folloi‘fg :

table lists 22 universities performing a wide variety ol !
experiments and 26 accelerators employed in these studies.
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p cilation Functions

1,en deuterons or heavy hydrogen nuclei are accelgrated and used
mbard nuclei, the reaction frequently results in the neutron
jo DO he deuteron being ca ptured by the nucleus and the proton being
from® td as a free particle. Insuchreactions it was found that a higher
1ttemae ot target nuclei undergo change as the energy of the
reed nbprojectile is increased. In this connection, the dependence
deutero'eld of a nuclear reaction on the energy of the incident particle
of ilﬁe}(? the excitation function of the particular process. Excitation
B¢ tions are being worked out in several university laboratories,
unc'éu]arly at the University of Washington where research is

: ;‘e;;rmed with a 60-inch cyclotron (see table).

S};mmary

[n summarizing, there are 33 universities at work on 62 accelerators.
gsch group contributes new data or improvements ot old.eI: data
4 ,od at the same time provides training for the nuclear physicists of
3 e future. The new facts being brought to light continue to fill in

3 ge spaces of a giant jigsaw puzzle. When all the pieces are put

%ﬁemer in the right order man will have attained a more complete
§§;derstanding of the source of atomic energy and, possibly, a greater
% yeility in its use.

% 2iRTICLE ACCELERATORS USED FOR AEC RESEARCH BY UNI-
i VERSITIES

% Year of

%; Institution Particle E&?fggj‘" cg]%l- Type of research

% tion

#UEROTRONS:
Lffornia Institute of Tech- | Electron....| 1,000

........ 1953...| Meson production.

nology.
,§ Triversity of California Radia- {Electmn_..-- 335 eeeecaan 1948___| Nuclear structure.
% tion Laboratory. Proton......| 6,100____._._ 1953_..| Meson production and scatter-
L |

ing, neutron and proton inter-
actions.
{zoell University. .. ..._.___. Electron....| 1,500 _._.___. 1955...| Meson physies.
s State College_ _____.._.___|.___. do_..... - T 10951_ .. Nuclear structure.
Z Hmmchusetts Institute of |..__. do....... 330 1950..-.. Do.
£ 3 gV.
#rbigan, University of ......_[.___. d0eceeno.] 300 ecan..n. 1953_._| Electron scattering and nuclear
. structure.
2z Fedue University oo ____|..... do_..__. 300 oeeo . 1953___ Nuclear forces.
2 2m0-CYCLOTRONS (acceler-
€z diameter shown in par-
theses): i
snnity of California Radia- {Deuteron_--_ 195 el Meson production and scatter-
o0 T Proton.__.... 850 oo 1946_._|{ ing, high energy nuclear re-
I...aboratory (1847%). Alpha....__. 390 . actions.
Tegle Institute of Tech- | Proton...... 440, e 1852... Do.
=gy (1427),

0, University of (170°)__|..__. [ e T— 400

Sy VIIversity of (170")__|_____do.ce_oof 400 oo, 1951__. Do.

*&mbia University (170'7)._|_.... A0 | 400 .. 1950.._{ Meson production and scatter-
ing, high energy nuclear re-
actions, high resolution slow

I . neutron spectroscopy.

Soester, University of.._.__{..... 0| 240 ... 148...| = Do.

;:“"5 (accelerator dia-

220w in parentheses):

—@é!)f (gg ,)Cahform'a (Los |-._... d0.ceeet 18 eecees 1934...| Nuclear reactions, proton group

studies.
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VERSITIES—Continued

Yooy

- Yearof
nergy com-
Institution Particle (Mev) ple- Type of Feseargy,
tion
CycroTroNs—Continued
Universty of Cllornia Radie- [ Bt 1702117 hisa.._ 1" dchon o1 it
tion Laboratory, (60°). %lp?a _______ iﬁ ........... ‘ clear reactions,  0topes,
TOLONS  c o] G -
Columbia University (36°) - .---|{ Dengaror-o2| 8o rroi }1039..._| Slow neutron spectrog,
Harvard University (82")... ... Proton._..... 1250 e 1949...| Nuclear reactions g )
scattering, nd Dligey,
INlinois, University of (417).._... Deuteron....| 0. ... 1940...| Nuclear reactions, Seatter: )
Indians University (45 .- - do.—. .- %g ........... 1941 Do. tering,
N N . eute: | MU !
Michigan, University of (427)... {Pr;}:m{(_)f‘____ 0TI }1950--- Fast neutron SDeCtrOSCOpy
Proton_ ...} 5Teceemaaaan .
Ohio State University (42%)..... Deuteron....| 10 ... 1951...| Nuclear reactions, py, )
Alpha_.____. . | tering. » THCieRr gy,
Pittsburgh, University of (477)...! Deuteron....| 16._.._-_____ 1940__. Do.
Princeton University (35°)...... Proton...... 1951... Preclai;gq nuclear Teactions
scattering, e
Purdue University (37")ccace--- {Ele;ﬁgt(_’?_'_'_': . }1936--_ Nuclear reactions ang
Rochester, University of (277)...| Proton...... 7 1936_..{ Nuclear structure nygl "
Wash U D 20 Ete{mg' L
ashington, niversity of euteron....| 20. e, xeitation functio
(80"), {Alpha 40.ZZTITIIIE tost.. {2 e scattering. 10 Uiy
Yale University (287).cccoocae- Proton.._.__ S, 1940...| Nuclear structure,
B%r.un&);g:t te of Technol Elect 30 1949 Nucl
ase itute of Technology... ectron.._.| 30 ...| Nuclear reactio;
tering. 1S, electron yy,
Chicago, University of ... ..__|...__ o [+ T 100 oo 1950...| Nuclear reactions,
(Electron..... 22 1949, .. Do.
Illinois, University of . ...... -_--go _______ gg(.) .......... %3458--_ M Do.
ceee@Oee | 3000 ---| Meson productio
tering. 1, electron sy,
Pennsylvania, University of... |Eleetron.._.._| 22....___._.. 1948___| Nuclear reactions,
INEAR ACCELERATORS:
University of California Radia- {Pmm ------ 82eccreeone 1047....| Nuclear | SPectroseopy, nue
tion Laboratory. Heavyion.._| 10/nucleon.._| 1857... Unger icons)truction (nuclesr
chemistry).
Massachusetts Institute of | Electron.. . | 16.cceaao.o.. 1950. .. Nuclear reactions,
Technology.
Minnesota, University of....... Proton.____. 40 oo 1952.__| Seattering, nuclear reactions.
Purdue University...ccocceeae Electron_...| 100 ___.. 1952...} Nuclear reactions, low eter
Elect 70 055 Uel((;ctron scattering, Y
ectron.....| 70..._o..._ —--| Under construction (accclerys
Stanford University ccmeeaoaoo { development). ¢
SO [ 680 - 1956. .| Under construction—now in per-
tial operation (meson prodaze
tion, electron seattering).
Heavy jon..| 10/nucleon.__| 1957.._| Under construction (nuclear pry.
Yale Universityoccecceaccuaann- sies). )
Eleetron. _.o}ccecamceaaoao. 1955...| Slow neutron spectroscopy.
ELECTROSTATIC GENERATORS:
Bartol Research Foundation...| Proton._.__. b S 1851___{ Fast neutron scattering.
) W S 1946...1 Nuclear spectroscopy.
California Institute of Tech- |__... o 1 TR © ¢ SRS 1948, Do.
nology. 4.5, e 1950... Do.
Columbia University_ . .-coco|cee-a do.__.._. 3 TR 1955___] Fast neutron and nuclear, see
troscopy.
Duke Universityaoooocoeeeeeo|acmm- do_...... L S 1951 _. Do.
Iows, State University of...._. {%‘;’}%’;Bﬁ““ ::"" """" 1950. .| Nuclear spectroscopy.
Johns Hopkins University..... Proton.._.... LI 1053.._| Nuclear spectroscopy, fast o=
tron reactions.
Massachusetts Institute of {-..-- 1638__.| Nuclear spectroscopy.
Technology. 1947_.. Do.
1952___ Do.
Minnesota, University of....... { }1940-__ Do.
Notre Dame, University of ... 1940__.| Electron secattering.
Ohio State University.___._.__.. 1950.__| Nueclear spectroscopy-
Pennsylvania, University of .___|-.._. 1951 Do. o=
1946-__| Nuclear spectroscopy, fast
Riece Institute. oo jaaaes tron scattering.
1952.... Do. {ast, D
Texas, University of « e o ccocenes|-aaan 1952.__| Nuclear spectroscops,
v U tron interactions.
irginia, University of .o _|.ea.e 1955._. Do. g
‘Wisconsin, University of. ._....|..... 1939...| Nuclear spectroscopy: fast 0%
tron scattering.
;——'—"f
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CuaeMicaL ReseaArcH BY UNIVERSITIES

clease of atomic energy for military or for peacetime applica-
z uires preparation and processing of many new materials, some
jons 724 le. The subsequent use of these materials is oft
enormous scale. e subsequent use of these materials 1s often
on 1 conditions far more difficult than those encountered in normal
ander % ] operations. At every stage of this complex undertaking
;Bdustﬂa‘ . . .
Y must be concerned with how materials react to or resist the effects
of per substances in contact with them, or what are the effects of
of Otera,tul‘e and pressure, and of the radiation which is frequently
;enzlént‘ In the preparation of special materials to be put into a
ctor for irradiation or where products of reactor irradiation are to
e recovered, many of the processes are entirely chemical in nature.
iy manifold impact of cherpjcal prol.)lems on utilization of nuclear
erey requires that jche chemists working on atomic energy projects
;haﬂ be continuously involved on many fronts in the struggle for better
grocesses at lower cost. The long-term assurance of supplies of raw
paterials is based on progress in understanding the processes by which
e deposits are formed, and in the improvement of processes for
pecovering uranium and thorium from these sources. Conversion of
ore concentrates to fuel for reactors and recovery of the valuable
.nstituents from used fuel are expensive operations which must be
wrther improved. Materials must be developed that can resist the
wvere conditions of use in a reactor. Chemical methods have pro-
aded powerful tools in the interpretation of the nuclear processes
avolved in the release of atomic energy and project chemists are
~ntinually using such methods and developing better techniques to
«tend knowledge of nuclear reactions.

['nderlying the specific chemical problems is the need for better and
zore extensive knowledge of the fundamental properties of chemical
shstances and of basic chemical principles. Advances here will
rsult in 8 more effective attack upon the difficult practical problems
zat will arise as the Nation moves into a nuclear power economy.
“hefundamental problems are emphasized in all parts of the chemistry
sogram. It is here that the universities are clearly suited, by their
vademic background and unconcern with immediate technical prob-
«us, to make their most important contributions. In discussing the
=atributions to the Commission’s program of university research in

‘%aemi.stry, examples are given of work bearing on some of the current
#hnical developments.

The T

Gv Materials

i
%
i
i
]
i

Atomic energy is based on the chemical element uranium. Thorium

*sko potentially useful in power systems. These elements combine
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in nature with other elements as minerals. Among the many
known the content of the useful elements vary widely.

In the search for uranium to support & continuing large,. .
atomic industry, research is required to develop methods for lg(}‘ﬁﬁf&%
useful minerals, to learn how ores were deposited, and t, disatlr;g
their origin. The results may assist in locating new depositg COve,
concentration of the valuable mineral components of the or;g,q Tk,
isolation of the metals, their purification, and a host of othey PTOgl It
arise in connection with the processing. The method of aﬂtt&ckeé
these problems varies with the particular ore. A method of chem, o
treatment that is entirely satisfactory for high-grade ore, Suchﬁﬁi
pitchblende, is not suitable for relatively low-grade carnotitg, e
universities are making valuable contributions to the solutigy of ;
these problems through 15 separate research projects carried gy fa \
the AEC in their own laboratories. o

For example, at California Institute of Technology the Proble
of ore formation and occurrence are under investigation thy, s
measurements indicating the temperature of the rock in the geologse
era when the uranium ore was formed. The ratio of abundancez;
the light and heavy isotopes of oxygen in the ‘‘ore minerals” jg ags:
indication of that temperature. The measurements indicate thy,
minerals containing uranium and thorium were formed at a conside,.
ably lower temperature than the quartz and feldspars in which thes,
minerals are imbedded. This is regarded as an important clue ¢,
the method of formation, but its full significance is not yet knowy
The geochemistry of radioactive elements in granites is being inves.
gated with the hope of more definitive conclusions, since these rocks
are related in origin to the uranium minerals. KEvidence strongly
indicates that uranium was deposited between the grains of fe]dspa}
and quartz where it is more accessible than previously supposed.

Some of the uranium atoms originally present in minerals, such s
pitchblende, have already undergone fission either spontaneously or
by absorption of neutrons. The number of neutron-induced fissions
were estimated by scientists at the University of Chicago and at the
University of Arkansas. Both studies indicate that about 25 to 3
percent of the fission in pitchblende is neutron-induced. The Arkansss
croup has also undertaken analysis for radioactive chlorine 36 as s
indicator of total meutron flux in minerals, with the objective%
evaluating the overall importance of neutron reactions in geologk
history. )

At the University of Chicago measurements are being made &
temperatures that existed in the oceans during past geologic ag=
Tt was found that the bottom temperature of the Pacific Ocean bes
fallen by about 9° C. during the last 35 million years, and the temper
ture is apparently still decreasing. Measurements depen

d on th¢ '
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. :ops in the amounts of heavy oxygen (0'%) in the calcareous shells
oriatho o animals. Temperature determinations are being correlated
AP N Jioactive carbon dating methods to broaden our understanding

dth 7 and method of deposition of ocean sediments.

of eﬂoledge of the history of ground water yields & better under-
an“f, of processes that deposit mineral substances, and may be

sﬁndlil-”n finding useful ore bodies. Although the possibility that some

§€1Pfu ’ ter issuing from hot springs has originated from the earth’s

, W8
o the

.o cannot be entirely excluded, it was found by scientists of the
tert '

L orsity of Chicago that hot springs are fed mostly by surface water
i?m:has traveled deep into the earth and become heated and returned
!‘iibe surface. . .

' gIn all of these studies new knowledge of the nucleus has increased

| I derstanding of the geological history of the earth’s crust.
§§K g

§
|

i (fhen s nucleus fissions or is §truck by an accelerated particlfa, S0
§ st it breaks up Into smaller pieces, one asks what new nuclei are

j%
§ !\-;dgar Chemastry
1
1

i gemed and what properties they possess. Such products of nuclear
" ;éintegration are often best identified through their chemical proper-
' In fact chemical methods were used for identifying the artifi-
ol vproduced heavy elements and their isotopes, including plutonium

0 of the important sources of nuclear energy. It is also necessary
.know both chemical and nuclear properties of the elements in order
«» understand and improve the design of nuclear machines and
#apONS.

When medium high-energy protons, deuterons, helium ions, etc.,
e used to bombard the nuclei of the common stable elements, a wide
sety of different nuclei is produced. A study of the nature and the
7lds of the nuclei contributes to our understanding of the nucleus
ud what happens to it when struck by a high energy particle.

The elements, cobalt, vanadium, cesium, and yttrium, among others,
rre subjected to proton bombardment at energies up to 240 Mev
aflion electron volts) in the University of Rochester synchrocyclo-

5, In order to study the nature and yields of the various kinds of

3 ;,;,!9

1 uckear fragments produced and thereby add to our understanding of

% 2 nucleus.

i3

- ol

%

ol
e ﬂﬁ &

=

-y
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3 The total yields decrease with increasing proton energy, amounting
1 %0 Mev to about 25 percent of the amount obtained at 60 Mev,
s indicating a change in the nature of the process occurring. At
£ " energies, the proton projectile amalgamates with the target nucleus
%iiﬁrm & neutron-deficient nucleus that subsequently disintegrates
*4stable form of lower atomic number. At high energies, the

§ =arded nucleus becomes some what transparent, and a large per-
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centage of the protons pass through without striking Deltrgy,

protons. As & byproduct of these studies, previously unknowy, 5 o |

Ur]

are formed. At the University of Rochester alone more thap , 1o
new nuclei were found and studied. D2y
A new isotope of manganese (Mn®®) was recently Droduggg
Florida State University. In this instance chromium 53 (Cr, 8
bombarded with 9.5 Mev protons to produce Mn®® which hags 5 ha)

of about 140 years. Rt

Radiochemistry

A minute amount of a radioactive isotope of an elemen;
placed in a sample of the element, makes possible observation’ of t;
sample’s course during a chemical, biological, or physica] Proc N
Movement of the element can then readily be followed by radioge; \-{f
measurements without disturbing the process in any way, Tsoto p;

that are so used are called isofopic tracers. Radiochemistry melyde
the preparation and isolation of the radioisotopes as well g thcz

adaption to these studies. Isotopic tracers are generally produceq by
means of reactor or accelerator irradiation of suitable targets. 41
though the uses of isotopic tracers are already numerous, they 4,
constantly increasing. o
A year ago the technique of isotopic tracing was possible with g
of the 100 chemical elements then known except aluminum. Ty,
naturally occurring form of this element contains only the stah)
isotope Al”. The longest lived radioisotope then known (Al?) b
a half-life of only seven minutes, too short for tracer work. Seven!
lines of theoretical and experimental work suggested that the knows
6-second Al?* might be only one of a pair of nuclear isomers (nucle
of the same element having the same mass number, but existing iz
different energy states) and that the other might be long-lived.

At Carnegie Institute of Technology, a feebly radioactive sample |

of aluminum was isolated from a magnesium target bombarded witk
deuterons in the University of Pittsburgh cyclotron. The half-li
of the new aluminum isotope, designated Al1%® to indicate thatitisis
the ground or stable state, is about 1 million years. It emits bott
beta and gamma radiations—easily measurable with standard equip-
ment, making Al?¢ suitable for tracer work. .
At Florida State University, a search was made for new radioactvt

isotopes that might be particularly applicable as tracers. The mos

interesting isotope uncovered appears to belmagnesium 28 (Mg’;—

It is particularly useful, since its half-life of 21.3 hours is more thes

100 times longer than that of the longest-lived previously knowE

magnesium activity. For this reason, it should prove pa,rticu!ﬁff
useful in the study of photosynthesis, the metallurgy of magnesi
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1 and plant metabolism involving magnesium, and perlia,ps the

s %\‘ot only
hat sium 28 useful as a magnesium tracer, but because it has an
° ctivity in equilibrium with it, a second isotope of aluminum
vailable for tracer experiments.

A preparation and use of tracers is another example in which
: The p provides the means for further investigations that are
§ et in solving important and difficult problems. Isotopic
o are powerful research tools for learning how processes occur.
j gigf{r;jtion to the universities named, a half dozen others are making
E SR

x i

:ﬁﬁcant contributions to this program.
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; gudiation Chemistry

Fih energy radiations are destructive to most solids, liquids, and
, _and to living matter. On the other hand, they are potentially
| fﬁ;sli in medical treatment, in chemical synthesis, and in modifying
zmical properties. For example, the materials in a reactor are
§ . avs exposed to high energy radiations as a result of the fission
: :hess These include neutrons, beta particles, and gamma rays.
' ;gen the detrimental effects of radiations on engineering materials
4 e better understood, it will be possible to select materials that will
% .sod up under exposure. A beneficial effect is also observed in the
3 wstic polyethylene whereby hardness, tensile strength, and density
§ & increased by irradiation. This points to the possibilities that
1 oy be realized from research in this field.

Work in radiation chemistry once required an expensive source of
distion. However, the radiation project at the University of Notre
7ame, in collaboration with Oak Ridge National Laboratory, devel-
4 «¢d & versatile cobalt 60 radiation source that is not too expensive
tr g small college laboratory or research institution.

P

{

2 8t Atom Chemastry

1. .

1 lbeterm hot atom chemistry refers to the properties of atoms which
jwinahigh state of excitation (p. 57) or possess high kinetic energy

 #aresult of nuclear processes. Also, processes in which a radio-
j%ue atom emits a particle and “kicks back” or recoils from its
gton are “hot” processes. It is apparent that, through such
$™lions, new compounds can be formed in a reactor and also in
5%30115 being processed to recover material after pile irradiation.

-::”Ifidge of these reactions will help improve atomic energy
3 "allons,

Akl g

L

3‘ udy was carried out at the University of Arkansas on the
4 “8lion in chemical form of certain fission products, as affected by
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the environment of the fission process. This study could b,

8 s,

of fundamental information on the chemical effects of energetiem% i

clear processes, and be valuable in planning chemical pp,
reactor technology.

To date, the work was largely concentrated on one of ¢}, fise
products—iodine. Todine was fractionated into oxidized anq red Slo;
forms (varieties representing a difference in the number of hy dr“‘-‘%é
atoms with which each form will combine) following the irp, dls‘e"":
of uranium in various chemical environments. The distribyg;, tx&%
iodine activity among its oxidation states was determined g , fn o
tion of solution composition, length and intensity of irradiatiqy, “Iu::
the separation method. The following results were obtaip, ) &{;
increasing the irradiation time led to a decrease in the fr&cti(‘m‘li
reduced iodine, (2) when the irradiation period was held consty of
the more alkaline solutions yielded a smaller fraction of Teducté
products, and (3) greater radiation intensities increased the Producti,);
of oxidized forms.

At the University of Illinois crystalline ammonium compoupg, o i

being irradiated with pile neutrons in a study of the chemical DrOCesse
taking place when an energetic recoil atom is projected into crysta).
line material. The chemical compounds containing radioactiy,
carbon that are produced, following the N* (n, p) C* reaction, wep
determined for the case of irradiated ammonium sulfate crystgls dis-
solved in water.

High Temperature Chemistry

The most efficient power reactors operate at high temperatures
Accordingly, it is important to develop materials that will be stabl
and resist corrosion at such temperatures. In the processing of spen:
reactor fuels there is need for more economical methods; high tem-
perature metallurgical or chemical methods may prove advantageous
for this purpose. Both could be explored more effectively if the
properties of chemical substances at high temperatures were better
known. Studies to broaden knowledge in this area are underway at
six different universities.

At high temperatures atoms in the solid state can move throughou:
the solid structure at appreciable rates.
a corrosive gas, such as oxygen or chlorine, it becomes covered with
a layer of metallic oxide or chloride.
only if the metal atoms or the atoms of the attacking gas can diffuse
through the layer of corrosion product. .
rates at which atoms move through such solid layers are being studied

These rates determine the resistance of the metal to attack by gas# §

at high temperatures.

OCesygg L :

When a metal is exposed to §
Further reaction takes place |

At Indiana University, the §
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ase of an oxide film on copper—by using oxygen 18 as a

d be g 80 § n th?tcwas found that the copper migrates about 30 times faster

thergetic 3 e 0Xygen at 1,000° C. An understanding of these rate process-

Procesgng .~ £ af ¢ uld aid the development of alloys suitable for exposure at high
oy ¢ 500 atures to reactive gases.

of the Son g emper pature of gases and solids at high temperature is also under

1 ang reduceg i The Titanium, a metal useful for high temperature application,

C of hydpg. 4 giud ;'vefﬂl oxides, one of which, TiO, was identified in gaseous form

e :jﬂonomers in many stars. At the University of Kansas this

§ ¥ ) as received particular attention, and the stability of gaseous
3 i"_‘di,as measured. It was found that solid TiO evaporates as molec-
( 33 Ti0 predominantly, rather than decomposing into atoms.

hemiced Kinetics and the ‘““Isotope Effect”

sortance in all chemical systems. The difference in reaction rates
{ uween isotopes of the same element—that is between atoms that
E;ﬁer onlyin weight and not in chemical identity—providesa significant
.l for the understanding of kinetic processes. For some time after
e discovery that many elements have different isotopes, it was
tought that isotopes of the same element should have identical chem-
wl properties. However, careful work showed the existence of
1 iferences both in rates of reaction and in degree of reaction to
wuilibrium—the latter providing the basis for isotope separation
methods that are discussed under “Isotope Separation’ (pp. 70-71).
A molecule containing a heavier isotope is more stable than one
wntaining & lighter one. Such molecules react at slightly different
ates, Studies of this “isotope effect” carried out at Illinois Institute
s Technology and at the University of Michigan have shed light on
mction mechanisms, and have served to corroborate the theory of the
sotope effect. '
The greatest differences in reaction rates are found between the
ove throughout #topes of hydrogen. The speed of reactions involving rupture of
al is exposed to £ & t hydrogen bonds is often 5 times or more faster than the speed
\s covered with 3§ &ractions involving heavy hydrogen (deuterium). A recent study
ion takes place 2owed that at 400° C. light water (H;O) reacted with zinc 60 per-
gas can diffuse 4 ﬁt faster than did water containing deuterium (HDO). Thus, in
&

h The rates of reactions that are desired in a chemical process or the
uie productigy 2 sion that one would like to avoid in a reactor structure are

§ zgt?ed to the nature, the mechanism, apd the energy changes of the
°ibounds gry 3 ;sctjon taking place. Study of such effects is of fundamental im-
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University, the 3 reduction of water vapor by zinc, the portion of the hydrogen

o being studied- 47

A

dved first was depleted in deuterium by a factor of 1.6, whereas

attack by gase ?j‘%; t;h:it portion of hydrogen produced was substantially enriched in
3 *uterium.
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Another investigation was concerned with the rates of th

decomposition of chloroform containing hydrogen and chlom““‘i i

f()r,r

containing deuterium at elevated temperatures. The diﬁerenc 8
i,

rates was small, showing that the initial step in the pyrolyg;q b
the direct scission of a C-H (or C-D) bond, but rather involi ligy
C-Cl bond rupture, a fact which was demonstrated by g dif ey
method. Erens

In another study the C!® isotope effect was measured in the the
decomposition of gaseous ethyl bromide. The initial Portig, §
ethylene produced has a slightly lower C'® abundance. Ty, . of
magnitude of the isotope effect suggested that the first step lgmﬁi‘.
reaction does not involve the simple rupture of the C-Br bong tfhé
which a larger carbon isotope effect would be expected on theore,ffo‘t
grounds, but that the reaction proceeds by the direct intra,molec&ii
elimination of HBr. :

The hydrogen isotope effect on different organic reactigpg
studied at the Massachusetts Institute of Technology, and the resuly
obtained have contributed to an understanding of reaction mech&nim
Investigations in which tritium was used as a tracer have eXtendeq
understanding of the exchange of hydrogen between oxygen atom_
a process of the most widespread occurrence.

Isotope Separation

Although different isotopes of an element have very similar chemiey
properties, their nuclear properties may differ greatly. Accordingly
when materials are for nuclear use, one isotope is frequently preferred
to the others found with i1t and there is a need to separate it from the
others. Thus, uranium 235 is useful in power reactors when separated
from the preponderant uranium 238, and deuterium or heavy hydrogen
in the form of heavy water is useful for slowing down neutrons iz
thermal reactors.

One of the more interesting methods of isotope separation is chem-
ical exchange. When two suitable compounds containing a mixtur

of isotopes are brought together under proper conditions, a chemic |

exchange, or transfer, occurs, and the isotope of interest becomes
concentrated in one of the compounds.
or single stage, separation is normally rather small, the procedure caz
be repeated many times to give significant concentrations. Productiot
of heavy water usually depends upon this principle.

Chemical exchange methods provide efficient and versatile meant §
for separating the isotopes of many of the lighter elements. Thee §

isotopes find many uses in the sciences and in engineering, especially

as tracers. At Columbia University, investigations of the Sep{lrﬂti“% :
of nitrogen 15 from nitrogen 14 showed that the exchange of nitrogts &
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pitric oxide gas to a solution of nitric ac.id appears favorable
se-scale separation plant. Similar studies initiated at New
for & e College for Teachers indicate that the exchange between
york Dt?ide gas and liquid oxides of nitrogen may also be useful.
pric 0% pomical method for the production of nitrogen 15 is of in-
: ec?nce it would make possible the use of thorium nitrate in
gerests Sleous breeder reactors where thorium should be converted to
%om(.’genzgg by absorption of neutrons at a high efficiency. Ordinary
W which consists of 99.72 percent nitrogen 14 is not suitable
ﬂv;i: application because it absorbs too many neutrons, whereas
Jen 15 absorbs relatively few neutrons.
(=4
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i Pl

5} L
for
7o

METALLURGICAL RESEARCH BY UNIVERSITIES

\[ore than 70 of the 101 recorded elements are mgtals, b1.1t only a
::_ -EJ; ively few of these are now developeq as materials of mdustry.
1 ... uncovering of additional useful materials was speeded up by the
The ting Tequirements of the atomic energy program, which makes it
i;sary to examine carefully all of the elemen?s in the per.iodic table
.. Jetermine their nuclear, chemical, and physical properties. Some
;wl;, produced commercially prove satisfactory for use in reactors,
;elerators, and weapons, but this is the exception. More commonly,
aument, processing, and mixing of metals as alloys are required to
;@ride & suitable material. Ceramics prove useful for some high
ifmperature applications where conventional metals and alloys fail.
The metallurgist is concerned with the extraction of metals from
s, and their subsequent purification, the heat treatment of metals
o obtain suitable properties, the correlation of the properties of
Jovs with their compositions, the reduction or elimination of corro-
g0, the effects of radiation on materials and many other problems.
The AEC has about 50 university contracts for research of long-
xzze interest in metallurgy. These deal with (1) production, treat-
ant, and properties of materials of AEC interest—such as uranium,
orium, zirconium, etc., (2) the structural nature of solids, including
and (3) the effects of various kinds of radiation on materials.
msmples of fundamental metallurgical research—programs on crystal
uture, diffusion (movement of atoms in metals), and sintering

ding of metal powders)—in which several laboratories are cooper-
z, follow,

i b ol " e i i, i e
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wal Structure of Metals

1 Dne of the characteristics of solid metals is the arrangement of their
ﬁ‘?‘j‘“n a.periodic array of crystal lattice. In the very simplest case,
2 *4ttice is made up of cubical cells stacked face to face. Atoms are

CHCEO R
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located at each of the eight corners of every cube. Some ety
built as variations of this simple structure, whereby an additioy aly .
is Jocated at the center of the cube (body-centered cubic) o fung‘?i
atoms occupy the cube faces (face-centered cubic). Othep b

¥
o

have still more complicated structures. <

The distance between atoms in & unit cell varies with the 1 .
but is on the order of one-hundred-millionth of an inch. S.e‘%‘;,
crystals in which the lattice structure is continuous thmughoutm%%
be produced in pencil size, or larger, but the usual metal is an 8gere
of many small crystals or grains, randomly oriented. In thbese gate
adhesive forces between grains are of special interest in determ’ th
the strength of the metal. Bicrystal specimens are frequently
for research purposes, since these consist of two single crystgs Sens
rated by a single grain boundary. Crystal dislocations are regi()n:p i
misfit in which one section of the crystal contains an extrs Dlan; &
atoms relative to the adjacent section. Regions of misfit t}y O
rise to an alignment of lattice defects known as dislocation Diges .
channels. For example, these defects can occur when one portjgy 0;%
crystal is caused to slide or slip over the remaining portion. '

Studies of crystal structure and its influence on the propertjes
solids are under way at the University of Virginia, New York L'ﬁg_j
versity, Massachusetts Institute of Technology, and the S,
University of Iowa.

Useg

Diffusion mn Metals

Metals, as they are known in most aspects of everyday usage, an
rather stable and dormant materials. The position of the atoms in t
metal, however, is far from rigid, since atoms are constantly chanmrz
their positions from one lattice site to another. Furthermore, ti
rate of change is increased by increasing the temperature. For
example, in a piece of solid lead at a temperature of a few hundrd

degrees, each atom changes its location about a billion times a second

If two blocks of lead are placed together with good contact betwee
the smoothed sides of each, and the assembly is heated to high tem-
perature (but below the melting point), the two pieces will be bonde

together. The effect results from the movement of lead atoms in bot: |

directions across the boundary between the two pieces. Such movs
ment of atoms in a single metal is known as self-diffusion. When 1%

different metals, such as lead and tin, are involved, the phenomes®

is known as interdiffusion.
The diffusion phenomenon is of extensive scientific and tec

importance, since atom movements are involved in p
metallurgical reactions and processes.
an important role in the homogenization of alloys, the heat-
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ering of metals and alloys, the sintering or he.at-bonding
gnd teroP owders, the coating and cladding of metals to improve or
of 8 the surface, and in a host of other operations. The use and
gﬂtﬁt ding of the diffusion process is essential in the fabrication
i gde® t‘ﬁ(lil'ndi)f reactor fuel elements, in the processing of the irradi-

snd clad Inis for fuel recovery, and in other problems of vital interest
sted e‘lezl}%a University laboratories that have assumed an active
. “this program, under AEC contracts, are the University of

Carnegie Institute of Technology, and Rensselaer Polytechnic

Experimental and theoretical studies on the basic
; apisms of diffusion in metallic systems are being made at the
ity of Illinois, where a special type of alloy system is under
e These alloys are mixtures of two metals (binary alloys) in
: ‘ﬁi the minor constituent is dissolved in the major component,
: ‘h; as sugar dissolves in water. The resulting solution of one metal
g?inothel’ is known as a solid solution. Only the crystals of the
k| zedominﬂnt metal are observable in the alloy. The dissolved metal
1 7 \ermed the solute and the dissolving metal, or major component, is

The binary alloys under study are further distinguished

g

1 7.4 solution, because the solute atoms replace, or substitute for,
3 _ent atoms in the crystal lattice.
: "Particular attention is being devoted to precise radioactive tracer
ssurements of the migration of solvent and solute atoms in these
3,5, With solid solutions of metals in silver, the new work showed
% g the solute atoms diffuse faster than the silver atoms in those
i%g where the former are heavier than silver, i. e., lie to the right
4 ¢dlver in the periodic table of the elements (e. g., cadmium, indium,
and antimony). On the other hand the metals diffuse slower
a0 they are lighter than silver.. The effect depends upon the

aence in atomic number (number of protons in the nucleus)
<weel the solvent and the solute.

g
.’
o
<
=
o
=
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O

The lllinois investigators developed a theory of the dependence of
diffusion mechanism upon atomic number, giving a good explana-
.of many of the experimental facts.

to high tem-
i1l be bonded
ytoms in botk
Such move
.. When two
phenomenos

in boundary diffusion. At the Carnegie Institute of Technology,
problem of grain boundary diffusion in solid solutions is being
: In this work, the diffusion of silver along grain boundaries
“lumnar bicrystals of copper was investizated bv the radioactive
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extent on the direction of the movement. In a paralle] sty
self-diffusion along grain boundaries in bicrystals of the bo dS’-ced}' .
cubic lattice (i. e., iron containing about 3 percent silicon) ilztﬁr%
shown that there is a good correlation between the deHSitJ; Of»
locations in grain boundaries and the depth of diffusion Denetry, 4,

This aspect of the program is continuing to clarify t}, rr;%'
atomic size in grain-boundary diffusion and also the diffusioy, be }? €y
along grain boundaries made out of various types and com} i

¢ . nay;
of dislocations. o,

5
=

Anisotropy. It is well known that many metal crystals exhibit ..
ferent diffusion rates in the various lattice directions. Thjg Droh i,
of anisotropy of diffusion is being vigorously investigateq at,)ﬁ?i
Rensselaer Polytechnic Institute. Measurements of the diﬂu:-t"’
coefficients (numbers indicating the rate of diffusion) ang ene =
required for diffusion in different lattice directions in zinc, cadrm{g\‘%
and thallium have been completed. Similar studies on &ntimolﬁ
arsenic, and bismuth—members of a different crystal System~m;
progress.

Moreover, it is intended to study the anisotropy of diffysjgy,
iridium and uranium. Knowledge of the diffusion rates in yray;,.
in the different lattice directions is of vital importance in understa;
ing many of its peculiar characteristics. -

Liquids. Besides atom movements in solids, the diffusion of atomg i
the liquid state is also of great interest and concern. Not only does,
study of diffusion in liquids contribute to an understanding of 4.
liquid state, but such data are useful in dealing with problems ase.
ciated with heat-transfer liquids, mass transfer, and corrosion i
nuclear reactors.

A study has been completed at the Carnegie Institute of Technoloz
on the diffusion of atoms in liquid lead-bismuth alloys. The prograz
for investigating various diffusion phenomena in liquid metals is nev
being expanded to include other academic institutions.

Sintering of Metals and Oxides

The process of bonding metal or other powders by heating belov
the melting temperature to form a strong cohesive body is call«
sintering. In this process the powders are usually first pressed it¥
the desired shape when cold. Metal-cutting tools, bearings, machi
parts,Yinsulators, and many other items can be fabricated by us¥
the sintering process. The technique is often employed in makiz;
special materials required in the atomic energy program.
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It was shown that atoms move within metals—especially at highgr
cratures—and that bonding of metals can result from this
terP 5. Thus, diffusion is generally acknowledged to take place
, cei .the gintering process. Sintering in certain cases is believed
quroe artly due to the flow of the powdered material under the proces-
to be };nditions——a phenomenon known as plastic flow. New cohesive
gd(; are thus formed both by diffusion and by plastic flow. Other
bonhanisms are also thought to contribute to the bonding of powders.
meIc the hot pressing of powder formed into a compact, or briquette
by Eompression in a die, elevated temperature and pressure are used
* :crease the surface contacts through deformation of the powder
0 ltjcles. Diffusion can then proceed at a more rapid pace. The
r;rlﬂting metal is polycrystalline and resembles _that obtained.by
ci(,nventional fabrication methods—melting, casting, and forming.
Plastic flow during sintering is related to the surface forces of the
articles. Just as two drops of water will join together to form a
Iparger droplet with a resulting decrease in surface area, solid particles
«ill combine with a decrease in the area of exposed metal surface.
The decrease in surface is accompanied by a decrease in surface
energy, and a more stable condition is thus reached. The fact that
temperature increases the reaction is directly related to the increase
in surface energy attending the rise in temperature. When bonding
is accomplished, surface energies are reduced, and only a grain
boundary may remain as a reminder of the previous status.

To clarify the mechanism of sintering in metals and ceramic pow-
ders, AEC-financed experimental and theoretical studies are under
way at various laboratories, including work at the Massachusetts
Institute of Technology and the University of Utah.

At MIT, sintering studies were made for sodium chloride, glass,
copper, aluminum oxide, zirconium dioxide, sodium fluoride, and
caleium fluoride. It was shown that sodium chloride, glass, and
copper sinter by a distinctly different mechanism. Investigations
are planned for systems which have a limited quantity of material
present in the liquid state. Surface energies will also be studied.

Metals rolled when cold, or otherwise cold worked, possess stressed
and distorted grains. When the metal is heated to a sufficiently
bigh temperature, which varies with the conditions, and then slowly
cooled, the grains are rendered free of stress. This process is known
wrecrystallization. In a similar fashion, recrystallization is observed
% a part of the sintering process.

At the University of Utah, research is being performed on the
Sntering characteristics of alumina (AlLO;), with special attention
 recrystallization and the influence of impurities.

Since the sintering process is often accompanied by an increase in

the grain size of the material (grain growth), relationships will be

47661568
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sought that link recrystallization, grain growth, and impul'it'
The Utah investigators have already found that impurities can leg,
crease or decrease the temperature at which recrystallizatioy .
occur and that the observed eﬁect depends upon the parti;
impurity present. Measurements of plastic deformation under
are also being made in order to determine the effect of crystal St‘l‘ucto
on this property of materials. Ure

REesvrrs oF UNIVERSITY RESEARCH

The ingenuity of university researchers led to the design ang o,
struction of a variety of particle accelerators that impart e, -
up to billions of electron volts in nuclear particles. In adgig,,
North Carolina State University now owns and operates a nyg o
reactor and many others are being planned by educational inst;:ar
tions. All of these are tools useful for basic studies of the stryet v

. Ure
of matter and forces at work in the nucleus. They are also Usefy]
in finding practical answers relating to the nature and propertieg of
materials produced in production and power reactors, to the effoog
of irradiation in changing the character of materials, and to methods of
separating the mixtures of radioactive materials that are the prodyes
of nuclear bombardment.

University research in sintering of metal powders and in the diffusigp
of atoms in metals proved useful in the fabrication and cladding of
reactor elements and in fuel recovery studies. Such studies haye
shed light on the peculiar characteristics of uranium—the most im-
portant source of nuclear energy.

University studies of the age of minerals and of mineral deposits
are making easier the location of thorium and uranium ores and their
extraction from these ores. New nuclides are being prepared and
identified, and novel uses for these are surely forthcoming. Research
at educational institutions advanced the discovery and use of nuclides
for isotopic tracing, and this technique can now be used with all of
the 101 known chemical elements.

Studies of high-temperature corrosion of metals and alloys help
in the selection of satisfactory materials for reactors and chemical-
processing equipment. |

Advances made in isotope separation methods, as in the isolation
of nitrogen 15 by chemical exchange, have served the atomic energy
program in many ways.

Only a few of the university accomplishments in the Commission’s
research program could be outlined here. Contributions from owr
educational institutions have accounted for major breakthroughs 12
science and technology, resulting in the investment of substan
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of money in successful processes used in reactor and weapons
s
[

;)rogr”'ms |

Biology and Medicine

arch relating to the establishment of cont.rol measures against
tul exposure to radiation for the protection of atomic energy
«rs and the public. Laboratory and field investigations continued
worke ast 6 months to be projected toward studies of the effects of
’ t'hiign on living things, understanding the mechanisms by which
, 2 offects are produced, and developing controls for and methods
® otectioﬁ against damaging effects. Current progress is reported
o pron research projects indicative of the broad scope of this program.
he;‘eunds allocated for the 1955 fiscal year for the biology and medicine
research program totaled $27 million and financed "mvestigations in
such fields 8s cancer, medicine, biology, and b.iophysms. .The budget
for the work done at the national laborat9r1es and major r.esea,rch
installations represented $19,570,000 of thlS‘ tota.l.. Appro.mmately
415 separate “off-site” studies at colleges,.umverS}tles, hospltal.s and
other research centers throughout the Nation received support in the
smount of $7,430,000. The results of these studies are published and
disseminated widely to research groups under the unclassified technical
nformation program of the AEC. Illustrative of the many ways in
which experimental data can be put to use are the techniques used
by the Commission in the application of radioactive isotopes in
rescarch, some of which are described in the following.
A report on the biological and medical phases of the 1955 atomic
test series held at the Nevada Test Site is given in this report.

The piology and medicine program of the Commission includes
50

Wearons TEsT AcCTIVITIES

Various safeguards were in effect during Operation TEAPOT to
old to & minimum the exposure of the public to fall-out radio-
sctivity, The Commission also maintained an extensive monitoring
sstem to detect and measure levels of radioactivity near the test
i site and also at points throughout the Nation. In general, the
adiological safeguards and the monitoring system were similar to
ttose for previous Nevada test series, but past experience made it
wssible to improve controls and procedures in several respects. As
tresult, fall-out outside the controlled area was less than that resulting
om the preceding Nevada test series in the spring of 1953. Off-site
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levels of radioactivity were well below those which would impaj, "
health of human beings or animals or cause damage to crops, ¢

Improved Controls and Procedures

Improved weather prediction techniques and methods of o
casting fall-out intensity and location were utilized. For th, !
time, towers as high as 500 feet were built, and their use ajgeq .
keeping fall-out to & minimum. Asin the past, all factors relatiny .
health and safety were carefully considered by an Advisory P;;S
before the detonation of each device.

The system of radiological monitoring around the test site .
strengthened by reorganization of procedures and the additionr;
two additional monitoring programs. The area within 150 ;e o
the test site was divided into 12 zones, each of which was staffed by;
joint AEC-Public Health Service team. These personnel liveq j
communities within their zones during the test series, and acteq both
as monitors and as liaison between the residents and the test orgyy;.
zation. There were also six mobile teams which moved to areas where
additional monitoring was desired.

In addition to the monitoring teams, about 30 automatic recording
instruments and the same number of telemetering units were in opers.
tion in localities within about 350 miles of the test site. The tele.
metering units were part of a unique system which made it possible
for an operator at a control point to place a long distance telephone
call to each unit, and to receive signals which could be translated intg
radiation readings in a few seconds.

As in the past, aerial surveys were conducted to provide for
monitoring over large areas in a relatively short time.

National Monitoring System

The monitoring systems described above were used to obtais
information on radiation levels within a few hundred miles of the
test site, where more fall-out would be expected. To provide a con-
tinuous record of the lower level fall-out in more distant aress.
samples were collected at 89 U. S. Weather Bureau Stations acros
the Nation as part of the Commission’s National Monitoring System.
This system has operated during previous Nevada series, and i
maintained on a partial basis between testing periods.

Weather Bureau personnel at the stations cooperate with the
Commission by serving as fall-out collection agents. A one-foo!
square gummed film, spread on a three-foot high stand, provides 8
simple but excellent device for catching and retaining fall-out part-
cles. The films are changed each day. After being exposed, t¢
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i mailed to the Hea.l'th and Safety Laboratory at the Com-
 on’s New York Operations Office, where it is ashed in a vacuum
B“S"ace and the radioactivity in the ashes is measured. Through
Juction line techniques, it is possible for the laboratory to count
400 t0 600 such samples per day. '

Ful _out Measurements wn Test Site Area

In the ares surrounding t}}e test site, monitors made measurements
of oxternal gamma radiation, of airborne radioactivity, and of
activity in water. The results were as follows:

—nal gamma radiation. The highest measurements of external

g radiation experienced in populated areas off the test site

Juring Operation TEAPOT are given in the table below. The
exposure is expressed in units of “Effective Biological Dose,” which
represents the best estunatfa of radiation dosage in terms of its bio-
jogical effects. I.n qalculatlng the effective biological dose, account
is taken of reduction in exposure as a result of weathering and shielding
py walls and buildings.

"The operational guide established by the test organization in terms
of the effective biological dosage for exposure of the public to radia-
rion was 3.9 Toentgens in any one year. This limit was not exceeded
ot aNy community nor at any place where people were living.

EFFECTIVE BIOLOGICAL DOSES

Effective
Location ﬁapprglaizn ote Bl%lg:d
att

1. Elgin, Nev. oo ” 01:10 (rom;mgz)
2. Alamo, Nev. (and environs) _______________________°° 1, 000 1. 35
3 Moapa, Nev_______________________________ T ’ 150 .84
4 Glendale, Nev________________________________ ™" 17 . 68
5. Beryl Junetion, Utah___________TTT7TTTTTTmmmmms 10 .6l
6. Lockes, Nev.____________ """ "7TmmTmmmmmmmommoomes 5 .51
7. Warm Springs Ranch, Nev_._.__________________"°°°7 50 . 51
8 Lund, Nev_________________TTTTTTmmmmmmmmmmomoeoes 300 .41
0. Caliente, Nev.________ """~ ""7"TTTTTTmmmmmooemes 970 .39
10. Logandale, Nev________ - TTTTTTTTTmomommoooe- 300 .35
il. Warm Springs, Nev________________ "~ ~"""77"7777== 12 ) 32
i Beaver, Utabh_____________________""""/""°° A 1, 700 : 27

. Currant, Nev_.____________________"TTTmmmmmmmmmmes " 75 X
4. Adaven, Nev_________________"TTTTTmmmmmmmTooTosss 25 -2
T 600 20
North Las Vegas, Nev_________________""""mm=7=7n- 4 000 -2
Ely, Nev_.___ [ TTTTTmmmmmmmmmmooemmemeoes 70 ‘18
B Enterprise, Utah_______________ T TTTTTTTmoes---- ’ 533 ‘18
2 New Castle, Utah______ 1 777TTTTTTmmomommmmms 100 18
3 Santa Clara, Utah_______ 77771777 TTTTmTommmmmmeoes 320 18
3 Minersville, Utah_________ .. .. 7 77T7TTTTTmmmo- 600 ‘17
» vstal Springs Junction, Nev_____________ ..~ °°° 4 e
< Kanarraville, Utah__.__. . .. 777777 =oo-=--e- St
;} Pallaca’ Nev ------------------------------------- 260 - 13
A B
eorge, Utah________________________T_TTTTTmmmC 5, 000 .10

STV
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Airborne radioactivity. Although past experience indicated that

concentration of radioactive fall-out materials in the air is of Sec%dt :
importance to the external gamma radiation, the alr monitoriy Ty
gram was continued. The highest concentration of radioactiyy, To.
the air following any one detonation was at Ely, Nev. This ar, ¥ b
to about 6/100 of a microcurie per cubic meter averaged over the ‘::
hours that the material was present in significant quantitieg TQ’
highest concentrations in air, averaged for the entire series, o¢, h“
at Ely, Nev. and Alamo, Nev., where the total additional rq diags,
doses to the lungs from inhaling fall-out material were estimgyyg o
be about equivalent to that expected from breathing air coﬂtainik
normal amounts of naturally radioactive materials, for g Periog 0':

several days.

Radioactivity in water. 'The highest concentrations of radioge;

. ) . Vity

in water measured during the spring of 1955 are shown below, .
Concentrag:

(Microcurigem

mll(lzltutiim ettrape

Locality ofter d:{’oﬁ;m

Upper Pahranagat Lake, Nev_ ___ e 14 x 10~
Waterhole near State (Nevada) Highway 25_ . _-.__.__ 9.2 x 10~
Meadow Valley (Nevada) Wash__ __ . 3.3 x 10

The highest concentration noted in the table is about ¥, of (s
operational guide—an amount that is still considered safe even it th,
water were to be stored and used as the sole source of supply for ,
lifetime.

Fall-out Measurements Across the Nation

The National Monitoring System consists of a network of stations
which collect and measure fall-out over the entire United States.
Fall-out levels at distances away from the test site have been low, and
generally have not exceeded more than one milliroentgen per hour.
The collection stations in the network do not provide information oz
immediate dose rates, as do the monitoring units operating in the
test site area. However, the information collected has varied so-
tific uses. It is needed by the AEC to compute and record the overal
accumulation of radioactivity in the Nation as a result of tests. It
needed by the photographic industry and by scientists conducting
experiments with low-level radiation, since these activities can b*
affected by even a very slight increase over the normal backgrouns
radiation. The data also are used by meteorologists to trace 8¢
masses and check predicted trajectories.
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(;UMULATNE FALLOUT IN U.S, FROM BEGINNING OF WEAPONS TESTS TO
- 5/20/55 BETA ACTIVITY. MILLICURIES PER SQUARE MILE EX-—

{RAPOLATED TO 1/1/56

More than 17,000 samples were processed by the Health and Safety
1aboratory from mid-February to the end of May 1955 and analyzed
0 determine the overall distribution of fall-out resulting from the 1955
test series.

Since 1951, more than 200,000 samples have been processed to
provide cumulative figures on fall-out in the United States resulting
trom all known tests conducted to date. The data are shown on the
shove map.

It will be noted that the figures vary from 22 millicuries per square
mile in California to 260 millicuries per square mile in Colorado. In
is natural composition, the upper foot of soil in the United States
contains about 1,000 millicuries of radium per square mile.

Gl Effects Experiments

, During the current test series, the Civil Effects Test Group under
de test organization conducted extensive field experiments to obtain

This was the largest civil

fm comprised 10 scientific and technical experiments broken down
0 47 projects involving 160 separate tests. Agencies participating
%h the AEC included the Federal Civil Defense Administration;
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the Department of Health, Education and Welfare; the DeP&rtm

of Agriculture; the Department of Commerce and the Generg] Semem
Administration. Scientific and technical personnel actively gy ac?f
included a total of some 200 medical doctors, physicists, biOIOgiQ%
geneticists, veterinarians, chemists, architects, engineers ang Ot-i]ts,
specialists. &

The experiments in the Civil Effects Test Group are dege,
under the following categories:

1. The evaluation and documentation of radiological fall-oyt dats.
This included use of the radiation telemetering system as descri,q d f’j
the Sixteenth Semiannual Report of the Commission (January\Jan“
1954). Airborne radioactivity and meteorological data were recorq (;’
through the use of land lines and radio links from points up to 35
miles distant to a central point at the test site headquarters
addition, a number of automatic radiation measuring and recordipg
devices was placed in populated areas out to 350 miles in Potentig]
fall-out locations. Data were collected of radioactivity depositeg
over other off-site and on-site areas by employing aerial SUIvey
techniques. :

Utilizing the data from earlier tests, a study was set up to deteryp,
the function of distance as related to fall-out exposure. Five gpo
were extended from the Nevada Test Site out to a distance of g
miles. Rabbits were placed at several distances and radiatjoy
inhaled by the rabbits was measured.

A field exercise was held to train and orient on-site and off-site
radiological personnel in monitoring procedures during atomic ex.
plosions. The groups participating in this training were drawy
generally from State radiological organizations. The programs i
cluded monitoring techniques of radioactive fall-out with survey
instruments, mobile laboratory equipment, light aircraft, evaluation
of a number of commercially produced radiation detection instru-
ments, and investigations of gamma radiation intensities in various
parts of residences constructed for the tests in probable fall-out
areas. _

2. Biological and medical experiments: In this category, investi-
gations were made to evaluate the effects of nuclear explosions ou
foods and foodstuffs. Bulk staples, canned foods, meat and mes!
products, semi-perishable foods and frozen food packages were ex-
posed to develop information on immediate and long-range radiation
effects. This study will be supplemented by a 2-year feeding pro-
gram, in which the exposed food will be fed to experimental animals.
The results will be used to develop permissible limits of nuclear
radiations in food used under emergency conditions, and for the com
mercial market in peacetime. Resistance of glass, metal, plasi
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apeT, and other packaging materials to radiation, thermal
plast effects was also tested. '

ant  mber of biomedical experiments were designed to evaluate

‘ nt medical data on blast phenomena, and to verify laboratory

en ents. In & related project, a pilot test was developed in which
e‘(perlmre’trained to move in certain maze patterns. These animals
rats Wegain tested after exposure to determine the effect of noise

, zk aol;l the efficiency of the animals to perform their learned routines
ihe maze patterns. ' - '
mBiomedical and engineering expfarlments were coprmed to deter-

. the design of physically resistant and biologically acceptable
mlél:ers and structures. Another phase of this work involved the
51? ﬁbution and density of missiles from explosion effects. Missile
d s made of cork and plastic materials were placed both inside and
outside the shelters and resid.ences to determine the size, number and
celocity of fragments per unit area produced f¥om explqsmns. .

3. Materials, utilities, structural and functlox}al d.es1gn projects:
Tests were planned to study nuclear eﬁects on res1dent1.a_l,.commerf:1al
and industrial structures and I.natenals'r,, shelters, utilities, services
qnd associated equipment, mot‘)lle housing and emergency vehicles.
Construction entailed completion of 4 two-story and 6 one-story
residences, 7 commercial and industrial structures, and a number of
aecial projects involving certain structural components. There
were 15 to 20 indoor-type and 9 to 12 outdoor-type home shelters
designed to test protection from blast loadings. Other tests included
Jectrical installations, communications equipment, such as & standard
commercial 250-watt AM radio broadcasting station, underground
and surface installations of natural liquified petroleum gas and
representative types of large machine tools, as well as a wide variety
of safes and other record storage equipment.

Analysis of the results of these experiments is in preparation, and
vil contribute significantly to the knowledge necessary to work
sfely with nuclear energy in peacetime, and to improve techniques

smployed for self-protection against enemy action in the event of
war,

REsEARCH INVESTIGATIONS

EteS}lltS of current experimental work offer a certain measure of
‘Pimism, not possible a few years ago, on the possibility of protection

wunst and recovery from radiation. However, vital problems of

“eeffects of radiation on living things are still unsolved, and extensive

3 ™earch continues at the Commission’s major laboratories and at

Qe Participating universities, hospitals, and other institutions.
dvanced methods and procedures employing radiation as a tool
% helped to increase fundamental knowledge of the biological
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and chemical processes that take place in living things, A

of some of the important advances follows. Teviey

Protection Against Radiation

Experiments conducted for several years in laboratories throys
the world as well as in Commission and private laboratoriag Shbhoaa
that reducing the supply of oxygen reduced the sensitivity ’of l.(’“féé
cells to damage by X- and gamma rays. Similar effects were Prodl“ 2
by using reducing compounds; that is, chemicals which use up o Uk
during the process of their metabolism. One of the Outsta?’géﬁ
chemical compounds in this field was cysteamine (Bacq, Up; ding
of Liege). More recently a derivative of cysteamine (SB_, -
ethylisothiuronium.Br.HBr.) was found to have a wider mnf;l;no:
protective ability, and also to be less toxic than the origipg] mﬁ*
pound (Doherty et al., Oak Ridge National Laboratory). -
these protective effects resulted only from treatment given before .
during radiation exposure. No protection was afforded by treatmeg
given after exposure. ' '
~ An approach relating to treatment after exposure was developeg
by transplanting spleens from nonirradiated mice to irradiated Mire
(Jacobson, Argonne National Laboratory). A considerable nuxnb;
of mice supplied with spleen transplants recovered from r&diatig;
damage. The basic action of the treatment is the prevention of
radiation injury, hemorrhage, and anemia by causing damaged tissyes
to recover.

Similar results were obtained with mouse bone marrow trans.
plantations (Lorenz, National Cancer Institute). Rat bone marrow
was shown to prevent death of the irradiated mice. Some of these

Versite

marrow tissues not only caused recovery from radiation damage, bus |

also prevented leukemia induction by radiation (Kaplan, Stanford
University). Rat bone marrow also was found to prevent spon-
taneous leukemia in mice (Lorenz, National Cancer Institute:.
Attempts to isolate specific chemical substances which will produee
the same effects in mammals as spleen or bone marrow have not bees
successful as yet. Experiments at Oak Ridge National Laboratory
have shown that it is possible to produce recovery of bacteria from
damaging effects of radiation by means of yeast or spleen extract.
For one strain of bacteria (Escherichia coli) it was found that the

chemical substances glutamic acid, uracil and guanine are almost &

effective as the yeast or spleen extracts. By combining chemict

protection before irradiation and these recovery chemicals aft_ .
esist larg

it was possible to make a very high percentage of bacteria r 7
quantities of radiation. Experiments with this strain of bacter®
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Ao g roper conditions of nutrition and temperature showed a
Teviey undertic};n of 50 percent or more of the potentially lethal damage
rgd‘(liz ~ed by radiation.
N w 4

P so was indicated that the recovered bacterial cells had a lower
I,t“ &-On rate than might be expected from the amount of radiation
utstt This suggests that there may be a relation between the

rough oy ?XPOSU.IZ in mutation rate and the increase in survival produced by
'S, Shp\ved ' ri’ductlompounds, and that both effects are produced through the
- of livig e o tective mechanism. The low mutation rate is an interesting
"Produceq  sme Erosince previous experiments had indicated that mutation
lltgtc;x}’g_en ‘ ﬁ:i;ﬁz;;ion depends solely on the amount of radiation to which the
Unjvzgsl'ng ; P s exposed. Fu.rther studies are now under way to see if these
 Boar irllt} gedings with bacteria can be applied to mammals. .
* Tange 0‘{ i By treating mice with some of these newly-found. che;mc.:al coIn-
rinal corg §{ .unds before exposure, giving 1F)one IMarrow after irradiation, an_d
DHOWever‘ i ?;ep tomyein t0 reduce bacterial infection, mvest1gator§ f(.)und tk}at it
1 before 01: 3 ;ss possible to more than double the amount of radiation which a
treatm ent % mouse can survive.
developed g qil-Plant Relations i Fission Products Uptake
1ated mice
sle number - Enowledge of the effects of fission products on plant growth and
1 radiation | pproduction is important in evaluating health and safety aspects of
svention of i gomic tests and production operations of nuclear reactors. For
1ged tissues present and future operations, it is necessary to understand their
distribution in the soil, their uptake and concentration by plants,
TOW trans- wnd their effect upon animals which might eat the plants. This
yne Marrow | gformation also is valuable for civil defense planning. (See appen-
ne of these i 47, “The Effects of High-Yield Nuclear Explosions,” pp. 147-154.)
amage, but Investigators at the AEC-University of California project (Los
n, Stanford ° wgeles), in collaboration with the U. S. Department of Agriculture
»vent spon-  Reearch Service, have acquired data on the distribution in the soil
Institute).

_ ¢ various elements found in fission products that may enter the food-
~1ll produce = d4in year after year.

ve not been When materials are transported or placed in the soil, many dynamic

Laboratory  * metions follow. These reactions are very complex and the solution
wcteria from - “sngle specific case effects is difficult. A solid particle that may come
extract. ~u radioactive fall-out, or result from the discharge of a nuclear
nd that the -

- mctor plant stack, may contain & number of different elements, each
i aeting in its own characteristic pattern. Among these are strontium,
. Wenium, cerium, cesium and iodine. Current research indicates
. “tmost of these elements have distribution and uptake patterns
’“*'nbl.ing those of common soil elements with similar chemical
, “Perties.  For example, the behavior of strontium is quite similar
#“ st of calcium and like calcium and magnesium, diffuses slowly

I

re almost as
ng Chefnitﬁl
5 afterward.
EY reSiSt- lar g_:'i!

of bacteris
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and has little solubility in water. Cesium, in the same chemj,
as sodium and potassium, moves quite readily under the ing
water.

Diffusion processes in the soil and in the plant disperge sol
material away from the source, making more of the materig] ava_ﬂlmfr:
to the plants. Each element has its own diffusion rate. Ty, r&tah;i
uptake of any material differs according to the presence of 03}@%
chemical substances during the diffusion process. Field and aborg;, e
studies, such as the work being done at North Carolina State Col] ory
have supplied data on these diffusion processes permitting cﬁr:g.‘:'
predictions of the fate of the various elements and confirming oy i
However, complete analysis of fission products dispersal through thex?
numerous processes is not yet clearly defined. e

Studies at the University of California (Los Angeles) gpq he
University of Arizona indicate other important factors, such thf
presence of actively growing microorganisms which tie up appfedab}i
amounts of such elements and slow down their uptake by plans
This is indicated by the fact that reduced uptake was observegd wher
readily decomposable organic materials were added to soils, T,
reduction was found to be directly related to the ease of decomposit;;
and the quantity of material added. -

The rate at which fission products spread through soils depepg,
somewhat on the quantity of rainfall (leaching process); somewhgt c:.r,
solubility of the compound formed by the elements; and somewhat ¢
materials in the soil which may speed or hamper diffusion.

Another phase of these studies included comparison of the tota!
chemical reactions among various species of plants and betwees
varieties within the species. In addition to the chemical transforms-
tions or ion distribution processes, the root distribution pattern of
each plant must be considered. For example, the nutrient uptake of
deep-rooted plant will differ from that of a shallow-rooted plant
Fission product distribution is not uniform throughout the soil; there
fore, the uptake of each species would vary depending on root char-
acteristics. This fact was pointed out by recent studies at Nort
Carolina State College. It was found that corn obtained about it
percent of its total nutrient from the upper 10 inches of soil, whit
peanuts obtained about 87 percent from the same layer of soil.

Experiments undertaken by the U. S. Department of AgriC}ﬂﬂi?f
Research Service used soybeans and blue grass to test the reglonfi
maximum uptake. Blue grass showed relatively more upta.kf‘- &
strontium from the surface regions and less from those deeper m}k
soil. Soybeans, on the other hand, obtained relatively more stronti®
from 6 inches or more below the soil surface. ]

The root distribution pattern of a plant also involves the dens!
number of root tips per unit soil volume. The nutrients in most P
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ente’ dicates how thoroughly the plant forages the soil. This foraging
ups nll;idered to range from values of a few percent to about 10 percent.

B0 data on strontium uptake show that these values may be high
Reci much as tenfold.
by ®

'hlibraﬂ‘m Standards for Measuring Thyroid Uptake of Iodine 131

o Oak Ridge Institute of Nuclear Studies directs a research pro-
employing radioactive isotopes in the study, treatment and
g?am sis of cancer and allied diseases. This work also encompasses
‘ag?izvelopment of therapeutic devices and equipment employing
e .o energy byproducts and the advancement of techniques and
;wmldures to measure radiation energies. A study was designed to
X ? methods of measuring and calibrating results of tests of iodine-
take by the thyroid. For a number of years, it was realized that
%i’iine-llpta’ke measurements, as performed by different techniques
i.ﬂ- the country, are highly variable. It is important, especially with
Z‘e increasing use of radioisotopes, to'correct unnecessary errors in
wchniques, and to establish standardized and accurate calibration
methods. o : :

4 Thyroid Uptake Calibration Committee was formed of medical
representatives throughout the country, including members from
\ECand the Oak Ridge Institute of Nuclear Studies. The committee
=itisted & study to survey methods and procedures presently being
=ed to measure thyroid uptake. The plan calls for shipping accurate
zodels of human patients to physicans first in one area under the spon-

wrship of members of the committee, and then shipping them in turn
» adjacent areas. ‘

The models were design

" A - m«mmmmmwwwu\mu.wmwmmwmmn“u«umwwmwwmwwnumwmwuww
M O e

i

ed with head, torso, and thigh sections,
3 od are suitable for making all essential physical measurements.
4 Tisgives the physician or clinic & full scale standard of measurement
3 i amounts of uptake of radioiodine in the thyroid. It is useful for
§ alibration studies as well as for teaching. Simulated radioiodine,
3 viich was developed from a mixture of radiobarium (Ba-133) and
siocesium  (Cs~137), will be used. This mixture matches the

#ctrum of radioiodine remarkably well and has a useful life of 5
years.

praprmmr R T

4 Models sent out will be supplied with a series of standard dose
: =els from small to large doses which are in common use for uptake

. The physicians will conduct calibration practice studies on
*models, applying their own routine methods of measurement at
= vanous dose levels. Studies may be made to simulate patients

tormal, hyperthyroid or hypothyroid conditions. It is expected
47 %me 60 sets of independent measurements may be obtained from

from the soil through the root tip. Knowing the density of root
er

s

ity
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each model, and these measurements will be sent to the Caljp,

. . at)
Committee for evaluation. O

Pituitary Radiation Therapy

A group at the University of California Radiation Labor&torv-
actively engaged in research on the hormonal aspects of the pitui{‘ &
gland as related to the treatment of cancer. The hormones py, duél
by the pituitary regulate growth of all body tissues ang conf%%
development and functions of the thyroid. To}

In experimental work at the University of California Radiy;
Laboratory and at the University’s Institute of Experiments] Bio];oE
it was found that the pituitary gland of sheep contains very smgfi
amounts of a specific material which increases red cell formatioy aaL
hence iron uptake, by the bone marrow. 141G

This development will be an important factor in the care of Datio:
in which the pituitary was therapeutically destroyed by radiati(,:
In such patients anemia may be a serious complication. ‘

Radioactive Dye-Solution Tests for Liver Diseases

Various dyes have been used for many years in clinical medicine ¢,
evaluate liver functions. In classical tests designed to measure is
function, dyes injected into the circulation were removed from y1,
blood by the liver cells and then excreted into the intestine vig .
bile. Their rate of removal from the blood is known to be slowe
in patients with liver disease. It is not always safe to employ the
classical dye solutions in patients with jaundice resulting from ob.
struction of the bile passages. However, by using Rose Bengal dre
tagged with radioactive iodine 131 only very small amounts are neede.
the tests are easy to perform, and early diagnosis is possible. Thi
technique was developed at the AEC project at the Universitre
California (Lios Angeles). ‘

The new test was demonstrated to be at least 100 times mor
sensitive than standard dye-excretion tests in detecting liver damage
in rabbits. To perform the tests in man a small dose of tagged dr
is given to the patient intravenously. The rates of liver uptake a
excretion are measured externally by placing a sensitive gamms i}
counting device over the liver area. The results are read on an aue
matic recorder. .

Since liver diseases are fairly common, this new method of measur=
liver function is important. It is rapid, taking only about an hOlB"ff
complete including evaluation of the results, and is an improf’emg%f
over some of the lengthy laboratory procedures and diagnostic tes

i
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ased. Also, tests can be repeated at frequent intervals with
noV

{pimum of discomfort to the patients.
a0

pole of Fatty Acids in Radiation Injury
20

Earlier experiments reported by the University of Sout.hern.Cz_i,li-
. chowed that Jow fat diets decrease resistance to X-irradiation
f"?ma . rats subjected to repeated sublethal doses of X-rays. The
in“gial responsible for this action was found to be largely in the
mé atial fatty acids. ' .
esv’f‘mcer studies on the metabolic pathways of these.z essenma,! acu.is
also in progress at the AEC project at the University of California
ﬁs Angeles). Emphasis was placed on the role of arachidonic acid
i‘ uced In animals, and linoleic acid derived from plant ff)od. Ani-
als deficient in the essential fatty acids are more susceptible to the
Zlﬁects of ionizing radiation. This probably is associated with the
fanctions of these substances in growth promotion and wound healing.
Feeding experiments with a high fat diet showed that these fatty
yids appear to be required for certain metabolic reactions. The
nechanisms of these reactions are being investigated using pure vita-
nins, fatty acids, and crude body lipids—neutral fats, waxes, etc.

E
E |

RN A A 3 S

————E

Labeling Antibodies

The use of radioactive isotopes in treating human disease will be
reatly broadened when further methods are developed for localizing
these isotopes in the body tissues to be treated with radiation therapy.
i it the University of Rochester Atomic Energy Project, research is

mderway to develop methods of attaching radioactive elements to
3 wtibodies that will localize specifically in certain tissues and body

4 rpns.  (Antibodies are substances in the blood, etc., that destroy
§ « weaken bacteria.)

1 In experiments with rabbits, it was found that the animals could be
§ oduced to manufacture antibodies against certain tissues when
1 ziected with tissue fractions and organ extracts from other animals.
7 labeling with radioisotopes, antibodies were shown to localize
1 707 specifically in certain tissues or organs. For example, labeled
, tikidney antibodies were produced that localized in the kidney
s higher concentration than in any other organ.

Itis hoped that continued research along this line will eventually
3‘_00 the production of antibodies against different human tumors,
lic enough to carry therapeutically useful doses of radioactive
"9pes direct, to them. This technology has important applications

™ in brain tumor studies, such as are carried on at Brookhaven
*onal Laboratory and several of the off-site installations.

i
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Columbia River Survey

River areas lying within the vicinity of the Hanford Works Projey
of AEC are continually monitored for radioactivity to determine i
any radiation effects from plant operations produce changes iy lig
forms or the environment. ¢

Crustacea (crayfish) and other small arthropods in the Colulnbia
River are easily accessible for such studies, and a 14-month Surye
was made of their life activities to determine if radioactivity prodye, d
any changes in growth or productivity.

None of the levels of radioactivity reported in the areas dOWnstream
from the Hanford reactors indicated any injurious effects or change
on growth or productivity of these aquatic life forms. It was fo, P
that in the crayfish, as well as in the smaller arthropods, the levelg
of radioactivity measured in the young, rapidly growing forms Were
higher than those found in the adult specimens.

Ecological Surveys of Coral Reef Communities

Surveys are being made at the Eniwetok Marine Biological g},
oratory of the effects of nuclear explosions on whole plant-animg]
populations and ecological systems in the Central Pacific island aregs
used in atomic test operations.” The laboratory, recently establisheq
by the Commission, is located within the Eniwetok Atoll of the
Marshall Islands. The atoll lies 2,500 miles southwest of Hawaj
and is made up of a circle of coral islands approximately 20 miles
in diameter. Many of these islands are covered with tropical vege-
tation and possess coral reefs making an excellent experimenta
ground for biological field studies. Work completed in 1954 for the
AEC under arrangements with Duke University and the University
of Georgia provides interesting data on coral reef activities.

Coral reefs represent the ultimate in stable natural communities
with a history of thousands of years of constant adjustment between
organisms and environment. Effects of radiation on these reefs
cannot be evaluated unless the structure and function under normal
conditions are known. Thus, the initial work included experimentsl
assaying methods in order to measure the “basal metabolism” and
the overall trophic or “food-chain” structure of a coral reef com-
munity as a whole not affected by nuclear explosions. This was
similar to assaying the metabolism of animals or humans under
normal conditions. For example, it was found that a healthy En

wetok reef had a production rate of about 74,000 pounds of glucost

(a sugar) per acre per year. This exceeds man’s best agricult
efforts in most parts of the world. The critical assay meth
devised can be completed in a few weeks. The significant chang®
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. oasurable “‘basal community production rate’”’ can readily be
g;aihlsxg ;f important effects are produced.
pse ™ qssays revealed that corals and the algae growing in the
¢ he coral colony live together to their mutual advantage
~ Although observations of skeletal algae were made
this is the first study to determine quantitatively the
gae present in different species of corals. A very definite
200 ween algal (plant) and coral (animal) tissue was found. The
atio D¢ of plant tissue was greater than the amount of animal tissue
@ouﬂ‘ft of surface area. This marked development of symbiosis
s U d animal components achieves excellent “conserva-

b plant an :
This enables the

1;\€=
These B

AR 11

g*‘fﬁ d cyclic use and reuse of critical nutrients.
iﬂ reef to achieve a high rate of productivity in waters which in
x es have a very low fertility.

" These results are significant in physiological applications to other
s and animals which man requires for food. They provide a
iﬁle field for scientific study of nuclear radiation effects on the
! ;etabolism” of highly integrated systems.

The biological assays will be extended for related research investiga-
1 . carried on by the AEC. College or university biologists, and
i iiw Commission . contractors interested in radiological data of this
' ; are invited to participate, using the facilities of the Marine
2 ological Laboratory.

L

;gmselV

PaxeL DiscussioN oN Rapiation Heavrs ProBLEMS

1 The Commission organized a panel discussion on “The Impact of

-+ Atomic Energy Industry on Community Health”. Held under
{ . sponsorship of the American Medical Association Council on
sdustrial Health on January 25-26, in Washington, D. C., the
=~ting was attended by about 250 representatives from industry.

Toe purpose of the discussion was to explore the health problems
§w=oxisted with the placement of a nuclear power reactor in a com-
1:zity. Papers were presented on the organization and function
¢ e radiological protection and medical groups in reactor facilities
c=well as the control of hazards in normal operations. Part of the
g was devoted to the types of possible reactor accidents and
- potential effect on the plant and community. The conference

. “ued the first public presentation of much of this material.

NEw Raprorsorores Pricing Poricy

jpyﬂ the Commission announced that it will make radioisotopes
~ biomedical and agricultural research, and research in medical
Py and diagnosis available to domestic users at 20 percent of the

= esi?sll)hShEd price, effective July 1, 1955.
8681557
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Since 1948, the AEC has supported the distribution of radio;
used in cancer research and therapy. Initially, radioisotOpeS f b
against cancer were made available without charge for prOdor%
costs. Since 1952, a charge of 20 percent of the AEC ey,
price has been made.

Under the new policy, reduced prices are extended for g biom
and agricultural research. The discount will not be av&ﬂabf( -
radioisotopes used for routine clinical treatment nor for ry diOisoe w
in fixed sources. The program is being administered by the t(’?%
mission under the Division of Biology and Medicine, W&Shin(:'i
D. C. Domestic users who are interested and fulfill the Fequirg Igt';:
may submit application for authorization to make dis¢ ount ’L
chases. Upon approval of the application, the Division wj]] auth j
the applicant to purchase radioisotopes at 20 percent of ARC ;f
lished price. The investigator or institution receiving the diseq :"‘
must agree to publish the results of the research, or report th, resL
to the Commission. Ll

NATIONAL ACADEMY OF SCIENCES RaADIaTiOoNn Prosecy

The Commission will cooperate in a broad study on radiatjop effect
recently undertaken by the National Academy of Sciences by provigin,
information and consultation services. The Rockefeller Foundyyg,
made an initial grant for financial support of the project in its planniz
stages.

The project will consist of an appraisal of present knowledge op g,
effects of atomic radiations on living organisms. Extensive resegr:
work completed by the AEC will be available for the new studs
The Academy will appoint a committee of eminent scientists gz
staff to deal with the project. From this study should come 1
necessary facts to clarify opinions in this important field of effects
of radiation on human beings and their environments. Further, &
the work in this general area may be reviewed to identify those ares
needing increased effort. The study may evaluate the state ¢
medical knowledge regarding therapy and protection; and the avss
ability of information to scientists, physicians, and the general publx

AEC Scientrric Expreprrion To PaciFic

Scientists from the AEC, the Scripps Institute of Oceanograph?
and the Institute of Applied Fisheries, University of Washington. =
April completed a 6-week survey of the Pacific to measure the amoti?%
of radioactivity, natural or introduced, present in sea water and mai?
life. The expedition is an extension of the marine biological stué®
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by the AEC and cooperating agencies for some years in the
on slands area, and included major ocean currents of the
acific not previously studied.
" pedition left the West Coast aboard the U. S. Coast Guard
e e;pn.ey on February 26, 1955. It reached Tokyo on April 12,
Cutter ering wide reaches of the Equatorial and North Equatorial
ror 118V and of the Kuroshio current east of Japan.
éﬂ'ents’ ements of temperatures, current characteristics, salinity,
;fﬁ;activity were taken at various ocean depths. Specimens of

@

g

e Jife and plankton were collected and measured for radioactivity
*g@un;iv%tigators found that minute traces of radioactivity existed

Toe rtions initially predicted by the oceanographers. The analyses
spro o widespread low-level activity of sea water throughout the
=7 .. with the level dropping to zero only in approaching the West
; ?ﬂi :)f the United States. The activity level in edible portions of
iﬁ;*gs about one percent of the recognized health standards.

Ml expected that data collected during the expedition will clear up

.ymber of presently obscure points in oceanography. For example,
. presence of traces of radioactivity from atomic tests is being
+-ed in mapping the course and rate of flow of the north equatorial
qent. The AEC plans to survey these waters as long as it is
;:-_,ible to detect identifying activity. Valuable information concern-
he depth of mixing of surface waters and the rate of turnover of
weper waters should also result from these studies.

Amalyses of the preliminary data collected by the expedition are

~asistent with such findings as were made available to United States
1 jntists by members of the Japanese cruise of the Shunkotsu Maru
1 sade in June 1954. ;
The Japanese scientists found that residual radioactivity from the
§ «i: conducted in the Marshall Islands in the spring of 1954 were still
1 #ectable in June of that year. Since that time, this residual radio-
4 wivity has greatly diminished in intensity as a result of mixing with
1 g volumes of ocean water, and the known laws of radioactive decay.
% “uefission product activity was found by the Taney expedition to be
¢ 2 about one-tenth of that due to naturally radioactive potassium
< &8 water.
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Organization and Personnel

Personnel and Organizational Changes

The following personnel and organizational changes took
Washington Headquarters during the first 6 months of 1955.

Dr. John von Neumann took office as Commissioner on My,
following his confirmation by the Senate.

Appointment of Brigadier General Kenneth E. Fields ag Gene:
Manager was announced by the Commission, effective May .
General Fields, former Director of the Division of Military App) L
tion, succeeds K. D. Nichols who resigned from the AEC op A Plics.
to become an engineering consultant. General Fields retired fy,
Army to accept the General Manager assignment.

David F. Shaw was appointed Assistant General Manager {
Manufacturing on June 6. R. W. Cook had been serving in an &ct':f
capacity in this position since his appointment as Deputy Gen:‘%
Manager. Mr. Shaw had been manager of the Hanford Operatij;:
Office since June 1950. :

The Division of Licensing was established in March to admipig,,
the Commission’s licensing function and related responsibilitieg p:
taining to the civilian use of atomic energy under the Atomic Ene}é?
Act of 1954. Harold L. Price, Deputy General Counsel], forme;;.:
designated Special Assistant to the General Manager for Licensing
was appointed director of the division, effective March 22 (4,
“Civilian Application,” pp. 101-104). On June 29, the division was .
named the Division of Civilian Application, with Mr. Price as directe;.
The new division takes the place and assumes the responsibilities ¢!
the former Division of Licensing and carries out AEC responsibilities
relating to civilian uses of atomic energy under the Act of 1954. I
establishing it, the Commission transferred to it the following staf
functions previously assigned to other divisions: the activities of the
Licensing Controls Branch, Division of Construction and Suppls,
and certain functions of the now abolished Industrial Liaison Branct.
Division of Reactor Development.

W. Kenneth Davis who has been serving since January 1 as Actizg
Director, Division of Reactor Development, was appointed Directer
eflective February 24.

pl&(:(. i
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Col. Alfred D. Starbird, USA, was appointed Director, Division ¢

Military Application, effective July 1.

William C. Wampler was appointed Special Assistant to @ J

General Manager (Congressional), effective January 31.

The Commission was assigned primary responsibility
planning and preparation for United States participation In tI
Nations International Conference on Peaceful Uses of Atomic
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Jd at Geneva, Switzerland, August 8-20. Dr. George L.

0 be 25 pamed Technical Director for United States participation in
o |

s
the €

ﬁ;nization and Management Studies
i ugh epactment of the Atomic Energy Act of 1954 did not
Alt‘h.o major changes in AEC’s organizational structure, it did have
it tqmntial impact upon the operations of nearly all parts of the
fs“b-bt:tion. In some cases existing organizations absorbed new
#e . ons without material increases in personnel; in others, new
fanchio have been established or some increases in personnel will be
é‘;ﬂsmnsy to provide for the regulation of and services to civilian in-
§ 7 . required by the Act. These needs arising out of this Act
‘ ﬁ:u'it necessary for the Division of Organization and Personnel to
: :‘;;wke the following organization and management projects:

1. istudy of the functions to be included in the Inspection. Divisif)n

B g_wblished by Section 25 ¢ of the Act, including definition of its
Juties, provision for staffing, and clarification of its functions
«ith reference to those of other organization units.

. 4 study of the organization necessary to administer the licensing

" und related provisions of the Act, which has resulted in establish-
ment of the Division of Licensing (subsequently changed to the Divi-

son of Civilian Application) and in definition of its relationships
to other parts of the organization.

1 A

i

i

LT

¥

[

s ol

4 basic administrative document which states AEC organization
Jliey, defines the roles of staff and line organizations, traces the
%, of authority from the Commission down through sub-offices in
£ % fidd, and provides uniform nomenclature for organization units,
2 ns completed as part of the AEC Manual.
3 Continuing progress was made in codifying in the AEC Manual
2 2 directive material issued to subordinate units in the form of
25;.3&1 Manager bulletins and a variety of correspondence.

b

b

s

i

: monnel Studies

i addition to the continuing staff work required in personnel
ters, the following principal studies were completed:

Q*J‘I.nplete revision and incorporation in the AEC Manual of the

mlicies and procedures on job evaluation and salary administra-

%, including substantial expansion and refinement of job evalua-

Son standards in the form of benchmark job descriptions.

5 ;ne Incentive awards program, authorized by the Government
“mloyees’ Incentive Awards Act, was formally established

[
i
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March 1, 1955. Complete instructions under this pro
issued, awards committees established, and a number of 4 Wy,
for constructive suggestions and for superior performa.nce W

MAJOR ACTIVITIES

. The procedures for resolving employee grievances, hgy, & gy
separations, suspensions, demotions and other discipling

&
. . I‘y&c A
and others, were revised and improved. by

Officials began reviews of important training needs of AR

ployees which can be met under authority granted under Sectigy e,
of the Atomic Energy Act of 1954. Such reviews are contmumglﬁé:
» &g

employees are beginning to be sent to technical training cq

Urseg yns
this authority. U0y

Job Ewvaluation System

Benchmark jobs used as standards in evaluating AEQ
for salary purposes were revised, and a substantial num},
ditional ones developed. This will provide broader coy
benchmarks in various occupational areas found in AEC, [, -
also contribute to a more effective application of the job eV&lua;;,,:
system, and make possible a more consistent and equitable &dL
istration or salaries within statutory limitations.

Positig,
er of A
er&ge b:f

Work Stoppages

Work continuity in atomic energy construction and design actiritje
continued at a high level during the first 4 months of 1955. Lost i,
for the period was 0.5 percent of the scheduled working time—a nota},.
decrease from the loss of 1.5 percent for the corresponding period o
1954. Construction work stoppages for the year 1954 amounted to *
percent of the scheduled working time—a decrease of 28.2 perces:
over 1953.

Organized employees of Sandia Corp., Albuquerque, N. Mex. wer
on strike from April 26 through May 4 in a dispute over terms &
renewal of labor agreements which expired on April 20. Strikmz
workers were represented by an AFL Metal Trades Council and Offe
Employees International Union, AFL. Organized guards, whow
agreement expired on April 21, did not stop work. Although thet
had at first refused to utilize its services, the employees returned #
work with the understanding that the Atomic Energy Labor Mansg~
ment Relations Panel would hear the dispute. )

As a result of the Sandia strike the percentage of scheduled time i
through work stoppages in the operations program was 0.11 for =
first four months of 1955. There were no stoppages during the %
parable period in 1954 and 0.08 percent for the entire year 1934.
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and Eamings

<erage earnings of production and related workers of AEC’s
G,-os_sﬁ contractors tended to level off during 1954, following a
,, grsﬁmfr ond in industry. The year-end average of $2.27 per hour
%dente d an increase of 8% cents during 1954, as compared with
§ 9 during 1953 , -
38 o hourly earnings of workers of AEC’s operating contractors
g | éver:f » 1ast 6 months of 1954 were 13 cents higher than the earnings
3o g kers in the inorganic chemicals industry and 2 cents lower
ng 44 wo:hose of the petroleum and coal products industry (industries
: % oarly comparable in process and equipment).

o

§ - ‘ﬂllﬂ HOURLY EARNINGS #roDUCTION & RELATED WORKERS (6 meath Averages)
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i and Contractor Employment Trends

1 Employment by AEC and its contractors totaled 116,054 in April
3 35, Of this total, 5,930 were AEC employees and 110,124 contrac-
iw en}ployees—27,932 in construction and design, and 82,192 in
£ enations. :

£ AECemployment was relatively constant during the past 6 months—
£ ®nufrom a high of 6,894 in June 1953 when total contractor em-
“Tment also reached its peak. '

luled time lost Construction and design employment was about half the number

< 0.11 for the ‘3‘?%(1 6 months ago. Large declines occurred at the Hanford,
ring the com | Mgy and Savannah River projects where major construction was
oar 1954. 1 “ully completed, and at Portsmouth and Oak Ridge which were

®aderably under the peak levels reached in July and October,
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respectively. Current employment was the lowest sincg Fe,

1951. ’u@f

Operating contractor employment increased at the rat,
1,000 per month during the past 6 months. The total in \’Iar

than doubled the number employed before the 5-year nh& ?

program. During this 5-year period, production employme
while employment in research and development dOUbled IDE?“;

AEC & CONTRACTOR EMPLOYMENT

THOUSANDS OF EMPLOYEES
100

OPERATIONS

COMSTRUCTION
& DESIGH

LY s 1 1950 1951 1952 1953 I ~—
\ AML ng
YEAR-END DATA J

Labor Turnover

Turnover of employees of AEC operating contractors compare
favorably with those of comparable industries—industrial inorgai
chemicals and petroleum and coal products. AEC contractor sep-
aration rates fell between those of the two industries, all three being
lower than the combined rate for all manufacturing industrie
- During 1954, employees of AEC contractors were separated at the
rate of 1.3 per 100 employees per month. This was 35 perces
lower than the two previous years and approached the 1.1 rate recordeé
for the petroleum and coal products industry—one of the few larg
industries experiencing a lower rate than AEC. .

Unlike industries where accession rates nearly equal separatis
rates, accession rates of AEC operating contractors exceeded separs-

tion rates by 60 percent in 1954 and 35 percent in the preﬂou;‘

years, due to the placement of new and expanded facilities i
operations. The effect of this difference is reflected in the upware
trend in employment.
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Inspection

oo February 1 Curtis A. Nelson became the director of the Division
+f Inspection established in Septeml?g.r 1954 (Seventeenth Semiannual
Beport, July-December 19.54, pp- xiil, 58). A s¥nle'1 staﬁ was organ-
2ad to carry out the functions assigned to the division in accordance
vith the provisions of Section 25 ¢ of the Atomic Energy Act of 1954.
his section provides in part that the division “shall be responsible
i gathering information to show whether or not the contractors,
sensees, and officers and employees of the Commission are complying
vith the provisions of this Act (except those provisions for which the
78] is responsible) and the appropriate rules and regulations of the
{emmission.”’

The director has three assistant directors: an Assistant Director
tr Management Appraisal to ascertain that management appraisals
+ the Commission’s programs are developed and carried out by the
e and program divisions and that these appraisals are adequate in
¢ areas they cover and do not involve any unnecessary duplication
sctivity; an Assistant Director for Compliance to inspect directly
¢ =emsees for compliance with all license requirements; and an Assistant
¢ Jeector for Investigations to investigate directly all questions of
?Qloyees’ conduct, fraud, etc.,in AEC and contractor organizations.
= eddition, when directed by the General Manager, the division

fﬂ inquire into and report upon any other matters that are under the
“eral Manager’s authority.

P m—————ee T RN R A i
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Inspection Activities
During the first 6 months of 1955 studies were undertakep ¢

ing inspection type activities by program and staff divisi, “Xigy
preliminary inspection of some components of the Raleig} Ree,.

Reactor at North Carolina State College was conducted. Agq dlsteartz.
inspections of reactors at Oak Ridge—including the graphit,e re;z)r
tor,

the Low Intensity Test Reactor, the Tower Shielding Facilig,
the Bulk Shielding Facility—and inspections of the Generg] Elé ang
Aircraft Nuclear Propulsion critical facility at Evendale, Ohi ctﬂ%‘
the Pennsylvania State Reactor at Pennsylvania State U!livé 8nd
were also scheduled. ity
The authorization and inspection program of the Isotopes D;
Oak Ridge Operations Office, was studied and a plan of ipg
developed under the new licensing program—subject to

review as additional licensing experience is gained.

Patents

The Commission has approximately 775 patents available for liceqs
ing on a nonexclusive, royalty-free basis. It has issued 8PProximate);
481 such licenses under these patents. B

The first patent issued to the Commission on & complete nycley,
chain reactor was issued (after declassification) as patent No. 2,708,65¢
on May 17, 1955, by the U. S. Patent Office. The patent covers tpe
inventions of Drs. Enrico Fermi and Leo Szilard on thermal neutry
reactors. It includes the uranium-graphite moderated reactor cop.
structed at the University of Chicago in 1942 in which the firs
controlled nuclear chain reaction was achieved.

During the past 6 months a considerable number of patents were
issued on the electromagnetic method of separating isotopes. In-
cluded in this group is a patent on the overall electromagnetic method
(the Calutron) developed by Dr. E. O. Lawrence—issued as patent
No. 2,709,222 on May 24, 1955, and owned by the AEC.

After notice published in the Federal Register, the Commissior
amended its regulations establishing general rules of procedure iz
considering applications for reasonable royalty fees, just compepss
tion and awards under the patent provisions of the Atomic Energs
Act of 1954. The principal changes include a delegation of authorit}
to the Patent Compensation Board to determine applications for

Visioy,

furthe,

just compensation under Section 173 of the Atomic Energy Act of ¥

1954. There is also provision for the submission of interrogatori®

to any party to a proceeding before the board for the purpose o 7
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» oD record facts which the board deems relevant to its
‘1&61.[151-3131011 of a patent application.
cons decommission settled for $400,000 the application for an award

The Drs. Glenn T. Seaborg, Joseph W. Kennedy, Arthur C. Wahl,
nade Igﬂio Segre. Their application was based upon patent applica-
an E overing basic chemical separation processes developed prior to
tons vernment contract. The settlement provided for the acquisi-
s0f Go the Government of all rights, both domestic and foreign, in the
y ,bi matter of the inventions and any patent applications and
bl issuing therefrom and a release of all claims against the
?‘wnts ent arising out of the inventions. The assignments were
i"ri’fede 4 in the U. S. Patent Office.
“ﬁ\gr January 11, 1955, the United States Court of Claims dismissed

ictioﬂ of Consolidated Engineering Corp. vs. United States, 104

%es P. Q. 111, who sued the Government in connection with certain
v {ﬁc line recorders associated with the diffusion processing plant
g?egak Ridge. The plaintiff’s petition to the United States Supreme
::ourt for a review of the case was denied on May 23, 1955.

In agccordance with the provisions of Section 156 of the Atomic
ppergy Act of 1954, standard specifications upon which the Com-
;;asion may grant patent licenses for the use of Commission-owned

sents and patents declared to be affected with the public interest

o

H

i L being promulgated.

Civilian Application

1z order to discharge its regulatory responsibilities under the Atomic
tnergy Act of 1954, the Commission established a Division of Licens-
=g 4in March 1955 and took initial steps in setting up procedures
ader which private enterprise may assume the major responsibility in
sveloping atomic energy for civilian uses.

Proposed regulations covering licensing of production and utilization
weilities, distribution of special nuclear materials, and safeguarding of
=tricted data were published in the Federal Register (under Notice of
tde Making), so that the public might have an opportunity to com-
zat on them prior to the time when they would become effective.
sgulations on access to restricted data relating to civilian uses of

. vamic energy were similarly published.

né_dditional regulations covering operators’ licenses, radiation pro-
“ton, and rules of practice are currently being drafted by the Com-

; Wsion ff)r. future publication in the Federal Register.
;. ‘neddition to the new regulations published, or soon to be published,

e are already in effect regulations covering the distribution and
ﬁ"%:eimE. of source and byproduct materials. These regulations,

?!:Dl‘vmon of Licensing was renamed the Division of Civilian Application on June 29, 1955 (see
“.40d Organizational Changes,” p. 94).
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promulgated under the authority of the Atomic Energy Act of |
are being revised to meet the requirements of the Act of 1954 and
proposed revisions will be published in the Federal Register,

%&
the

Access Permats

In meeting the general objective of encouraging American induSt
to take an active and leading part in the development of future u:‘?
of atomic energy for nonmilitary purposes, it was necessary fo, AP;?
to institute a program under which information in this field OOMdg;
made available to those outside of the Commission program Thi
was done previously on a limited scale by means of “‘study agreemem;
under which companies or groups of companies agreed to SPend‘
certain amount of money on specific study projects and to Submi
reports to the Commission describing the results of these Studig
Some 25 study groups, comprising a total of 81 companies, wer,
granted access to restricted data under this program. -

The study agreement program was replaced in April by 4 .
simplified procedure under which restricted data relating to the civilj;
use of atomic energy, and classified as confidential, may be Made
available to any applicant who can evidence a potential use or applics.
tion of the information in his business, profession, or trade. The ot}
conditions to this access are that applicants obtain simplified securirr
(“L”) clearances and agree in writing to conform to all AEC securits
regulations. The Government will waive under Section 152 of ke
Atomic Energy Act of 1954 all rights to inventions and discoverjes
arising out of access to such information. Where an invention ¢
discovery is made or conceived in the course of, in connection with, o:
under the terms of an access permit the applicant will be required to
waive potential claims against the Government arising from the
imposition of secrecy orders on patent applications and all claims for
just compensation under Section 173 of the Atomic Energy Act of
1954,

Under similar conditions, limited access may also be granted t
certain specific information classified as secret, if the applicant ca
demonstrate that such information has an immediate or significan
effect on his business, profession, or trade. In such cases, applican?f
must obtain full security (“Q”) clearances and the Government ¥t
retain royalty-free, nonexclusive rights for governmental purposes =
inventions and discoveries which result from such access.

Applicants for access must also agree to pay all established cha{ﬁ?
for security clearances, publication, reproduction, and other servic®
furnished by AEC in connection with access permits.
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3 the time the new access program was announced on Apm:l 20,
Act of 194 % Fror June 30, 214 applications for access permits were received.
)54, ang the % 1959 ane 30, 148 of these were approved and the balance were in the
ter, 2 A5 td { being reviewed. The industries represented by these ap-
§ gﬁ’ces.s ° include aircraft, electric power, chemical, petroleum, ship-
\ ?ljcﬁtjlonssteel and equipment manufacturers, as well as research and
i bundmg,institt’ltions, insurance underwriters, and engineering con-
can indust 36 sncis
f fut,ure usés i gjtan
iry for ’ .
ield couﬁE}i % 1 ?pl'icat'i‘ms for licenses
BTam.  Thi, g aring the period covered by this report, the following applications
1&%1‘eemems,, D ,GCZived for licenses to construct facilities.®
O spend were

gonsolidated Edison Co. of New York. The company has applied

L. for & license to construct and operate, for a period of 40 years, a
puclear power reactor of the pressurized water type, using fully
enriched uranium 235 as a fuel and thorium as a blanket.

o Armour Research Foundation of the Illinois Institute of Technology.

“ This application contemplates a research reactor of the homoge-
peous solution type to be used for industrial research purposes. A
construction permit was issued. .

3 Battelle Memorial Institute. This proposed research facility is a
modified “‘swimming-pool’’ reactor.

i, Naval Research Laboratory. 'This is an application for a license to
construct and operate a modified “‘swimming-pool”’ type research
reactor. A construction permit was issued.

5. University of California at Los Angeles. This is to be a low-power
“water-boiler’’ type reactor for research in medical therapy.

& University of Michigan. The application is for a license to con-
struct and operate a ‘“‘swimming-pool” type reactor for research
purposes. A construction permit was issued.

.. Metals and Controls Corp. The Company’s application is for a
license to operate a facility for the fabrication of fuel elements.

¢ Pennsylvania State University. The application is for a license to
possess and operate a ‘“‘swimming pool” type reactor for research
and training purposes. A license was issued on July 8, 1955.

U t0 subryj
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ses, applicants & * Commonweaith Edison Co. of Chicago. The company proposes to
yvernment will 3 onstruct and operate a 180,000-kilowatt boiling water reactor for
al purposes it % production of electric power to be integrated with the existing
<. : Commonwealth Edison transmission system.

Jlished charges %

Shce 1353 North Carolina State College has operated a research
tor at North Carolina. This project was started prior to the 1954
Fopeeals submitted under the Power Demonstration Reactor Program not listed.

other services
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Act and arrangements are being made to place the operatiop of
reactor under license.

In addition to applications involving construction of facilitieg
following applications for possession of nuclear material were recei)vthe
1. Battelle Memorial Institute. For use in its anticipated researq, &ed; t of T of AEC rep

development work with industry, the Institute has applieq o U ;
license to possess 3,000 grams of contained uranium 235 f, !
preparing prototype fuel elements and subassemblies fq

the spplic. '

el addition te

I uge i

r in“pﬂe

O
-1
c*
)]
©
[}
o)
o]
o
b
n

testing and post irradiation inspection. | Fese 8T The
2. Nuclear Science and Engineering Corp. Tk.le corporation p, § pesearch Institu
applied for a license to possess 10 grams of enriched uranjury oxig 4 G corgia In

&

containing an uranium 235 concentration of up to 90 percent, f,, ositories is T

in fabricating flux monitors for the corporation’s clients in Conneg, d:i »ed for such
tion with irradiation experiments. 8° Jlassified Tesea

3. Sylvania Electric Products, Inc. In April the company wag granteq m:chanica.l draw.
a license to possess, fabricate and transfer 50 grams of Wonjyy | mEach Americas
containing 10 percent uranium 235 for use in irradiation testingof | gonduct self-evs
material specimens. In June, at the company’s Tequest, th, ;ﬁine its role In t
license was amended to double the quantity of material so thgt the § To sssist these f
company could fabricate an additional group of samples for irradis. cemination of cls
tion testing. CrogTalll

Some 16,000 ex

: : i nder 1
Industrial Information et ete will
| available as micr
Passage of the Atomic Energy Act of 1954 stimulated industry’ In addition to t
already considerable interest in the possibilities of the atom for summarizing broa
peaceful purposes. Before enactment of the 1954 amendments, the svailable.
Commission’s information-for-industry programs were necessarily §  Charges will b
limited to unclassified areas. While these information programs materials. To efl
contributed to scientific and industrial progress in many fields, they to assure that per
did not provide, because of classification problems, the technical opportunity to le:
information essential to the sustained growth of & normal, competitive developed classifie
atomic energy industry. To start this new industry, the Commission, fied reports, drawi
under the authority granted by the new Act, will operate two infor- the Technical Infc
mation-for-industry programs—one unclassified and another classified. In addition to
As in the past, the AEC will continue, wherever possible to d= ¥ ad periodicals to
seminate program-developed unclassified information through regulsr Commission will ¢
channels of communication. To assist in this function, the Com- ¥ aeceqq permit holc

mission has enlisted the advice and support of outstanding membert
of the industrial press and professional engineering societies._ Thes
men serve without compensation on the Advisory Commuttee o2
Industrial Information. : o

To assure availability of unpublished reports covering techm*f’:
data of particular usefulness to persons participating in the civiliss
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about 950 AEC reports were selected from the
. rogram, g . . .
fieationS P . Services master file, printed in full-size copy,
nical InforIlT; at the Office of Technical Services, U. S. Department
ﬁigfed on SaWashingtOn 25, D. C. These reports will bring the
. C ,nﬂﬂerc’e’e orts on sale at OTS up to approximately 2,000. New
?siﬂi "&Eiglghed will increase this number. '
wpor$8 B o to reports on sale, full col}ectaons of u.nclasmﬁec.l AEC
jp additt® intained at AEC Industrial Information depositories.
ports Are I;Ze Atomic Industrial Forum in New York; Stanford
wyese BT itute in Stanford, Calif.; John Crerar Library in Chicago;
- sesrch h.lsmlnstitute of Technology in Atlanta. Each of these
o G&O?glais making available to industry, at charges normally
o g,;tol‘fl:: such services, reference and photocopy service of all AEC
e od Tesearch and development reports as well as unclassified
ah : ol drawings of AEC-developed equipment. |
&Ch American business firm or industry will want eventually to
i _Juct a self-evaluation in terms of all available m.i'ormatlon.to deter-
. its role in the development of t&le new atomic energy mdustx:y.
%};ﬁ-“bt these firms the AEC I}as Inaugurated a program for dis-
égtxon of classified information under the civilian applications
%;:?16,000 existing AEC classified reports will eventually be made
g{;{ale under this program. Abogt 3,000 of the most usef.ul of
e reports will be printed in full-size copy; the remainder will be
_sble as micro-cards or photostats.
"+. yddition to the report literature, special manuals evaluating and
g}:ﬁmmg broad technical subject areas will be prepared and made
~uable.

Cuarges will be made for the use of the classified information
¢ suerials. To effect necessary accounting and security controls and
£ . wure that persons holding access permits or licenses have equal
£ =wrtunity to learn about, to obtain and to evaluate Commission
oped classified technical information, all distribution of classi-
reports, drawings, or other documents will be made by or through
echnical Information Service. |

i addition to the classified reports, handbooks, bibliographies,
§ = periodicals to be made available under the classified program, the

=uission will conduct periodic classified information briefings for
== permit holders.
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2 | NIZATION AND PrincrpaL Starr or U. S. Aromic ENERGY
;% 0OrG COMMISSION
Y
E .. Energy Commission. . - oo ___._ Lewis L. Strauss,
Atom! _ Chairman.
WirLarp F. LiBBY
TaoMAs E. MURRAY.
JoHN voN NEUMANN.
Assistant to the Chairman____________ JOoHN MACKENZIE’ Jr.
sssistant 0 the Chairman____________ McKay Donkin.
yssistant to the Chairmen____________ Evererr HoLLEs.

General Manager______ e emdcccecan- K. E. FieLbps.

peputy General Manager__ . ___________ R. W. Coox.

Special Assistant to General Manager Paur F. FosTtERr.
(Liaison).

special Assistant to General Manager. . CHARLEs VANDEN BULCE.

Special Assistant to General Manager WiLLiam C. WAMPLER.
(Congressional).

ysistant General Manager_____________ H. S. TrayNOR

yistant General Manager for Adminis- J. L. KeLEBAN,

tration

ssistant General Manager for Manu- Davip F. Smaw,

facturing.

imistant General Manager for Research A. TamMmaRro.
and Industrial Development.

uhuvwWMWWWWM»wwmu«u‘nMW1u‘nmwwwwwwmumwwwmwwwwmm\'uh»:mmnusumuﬂ%nm»«w«m "
iy

antroller _ - o ______ Do~ S. Burrows.
General Counsel .. _________________ WiLLiaM MITCHELL.
seretary to Commission.______________ W. B. McCooL.

Cief, Office of Operations Analysis. _____ C. D. W. THORNTON.

Jrector, Office of International Affairs__ Joun A. HaLL.

Drector, Division of Biology and Medi- Dr. Jorx C. BuGHER.
3 une.

tor, Division of Civilian Application. HaroLp L. Prick.

______ CrarLEs D. Luke,
etor, Division of Construction and Jomn A. DErry.
Supply.

i

lvision of Inspection_._______ Curtis A. NELSON,
*xtor, Division of Intelligence__._____ C. H. REICHARDT.

%fcmr, Division of Military Applica- Col. ALFRED D. STARBIRD,
e USA.
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Director, Division of Organization and Oscar S. Swmiry,
Personnel.

Director, Division of Production...____.- E. J. Brocn.

Director, Division of Raw Materials____. JEsse C. JORNsOy

Director, Division of Reactor Develop- W. KENNETH Dy
ment.

Director, Division of Research_ .. _._____ T. H. Joansoy,

Director, Division of Security...-.------ JorN A. Warers j,

Director, Division of Source and Special D. F. Musser
Nuclear Materials Accountability.
Managers of Operations Offices and Areas:

Chicago (I1l.) Operations Office____.-- J. J. FLamERTY,
Lockland (Ohio) Area. . -~ E. M. VEurex,
Pittsburgh (Pa.) Area__________.__. Lawron D. Griggg

Grand Junction (Colo.) Operations SHELDON P. Wimppp,
Office. )

Hanford (Wash.) Operations Office_._. JaMEs E. Travis, Acting

Idaho (Idaho Falls) Operations Office.. ArLan C. Jomnsoy.
New York (N.Y.) Operations Office._. MERRIL Eisexsyp,
Brookhaven (Long Island, N. Y.) E. L. Vax Horx,

Area.
Oak Ridge (Tenn.) Operations Office.. S. R. SaririE.
Dayton (Miamisburg, Ohio) Area.__ JomN H. RoBErsoy,
Fernald (Cincinnati, Ohio), Area____ CLARENCE L. Kagi,

New Brunswick (N. J.) Area_______ C. J. Roopen.
Paducabh (Ky.) Area____.___________ Kennepy C. Brooss,
Portsmouth (Ohio) Area._ . _.___.-___ KeENNETH A. DUNBaR,
St. Louis (Mo.) Area______________ Frep H. BELCHER.

San Francisco (Calif.) Operations Office. HaroLp A. FipLer.
Santa Fe (Albuquerque, N. Mex.) Donarp J. LEEHEY.
Operations Office.
Eniwetok (Albuquerque, N. Mex.) PaurL W. Spain.

Field Office.
Kansas City (Mo.) Field Office.-.__ James C. STOWERS.
Las Vegas (Nev.) Field Office...___ Sere R. Woobrurr, Jr.

Los Alamos (N. Mex.) Field Office.. Frank C. DiLuzro.
Rocky Flats (Colo.) Field Office--._ GirBerT C. HOOVER.
Savannah River (Augusta, Ga.) Op- Roerr C. BLAIR.
erations Office. ‘
Dana (Terre Haute, Ind.) Area_.__. CuaarLEs 'W. REILLY.
Schenectady (N. Y.) Operations Office. Jon D. ANDERSOX.
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APPENDIX 2
MeMBERsHIP OF COMMITTEES
STATUTORY COMMITTEES

Joint Commattee on Atomic Energy—Eighty-fourth Congress

mittee was established by the Atomic Energy Act of 1946, and continued

This 07 Atomic Energy Act of 1954, to make “continuing studies of the activities
ynder t’hfomic Epergy Commission and of problems relating to the development,
the ﬁ control of atomic energy.” The committee is kept fully and currently
) 87 4 with respect to the Commission’s activities. Legislation relating
ﬁﬁﬁy to the Commission or to atomic energy matters is referred to the

® o ittee. The committee’s membership is composed of nine members of the
zﬂmI?e and nine members of the House of Representatives.

;]

<pator CLINTON P. AxpERsoN (New Mexico), Chairman.
,:.fmwr RiceArDp B. RusseLL (Georgia).

f@swr Joun O. PasTore (Rhode Island).

ﬁm ALBERT GORE (Tennessee).‘

gamor Hexry M. JacksoN (Washington).

senstor BOURKE B. HickEnLoOPER (Jowa).

@tor EvceNE D. MiLLikIN (Colorado).

;gstor WwiLLiam F. KNowLaND (California).

seastor JoEN W. BrICKER (Ohio).

:gepmentative CarL T. Duream (North Carolina).
gepresentative Cret Hourrierp (California).
gepresentative MEeLviN Price (Illinois).

gepresentative PAUL J. Kiupay (Texas).

epresentative JoEN J. DEMPSEY (New Mexico).
gepresentative W. STERLING CoLe (New York).
Qresentative CarrL Hinsmaw (California).

imresentative JAMES E. VAN ZaNpT (Pennsylvania),

bpresentative JAMES T. ParrersonN (Connecticut).
{orBIN ALLARDICE, Ezeculive Director.

‘ ‘HWWuw‘iwmWMWMMMWM‘mm‘w\.AWMWWWMMMMMWMMWM AR a1

Miditary Liaison Committee

i

wder Sec. 27 of the Atomic Energy Act of 1954, “there is hereby established a
iZiary Liaison Committee consisting of —a. A Chairman, who shall be the head
2reof and who shall be appointed by the President, by and with the advice and
ent of the Senate, who shall serve at the pleasure of the President, and who
receive compensation at the rate prescribed for an Assistant Secretary of
us¢; and b. a representative or representatives from each of the Departments
e Army, Navy, and Air Force, in equal numbers, as determined by the Secre-
*7 of Defense, to be assigned from each Department by the Secretary thereof,
% who will serve without additional compensation. The Chairman of the Com-
~# may designate one of the members of the Committee as Acting Chairman
% during his absence. The Commission shall advise and consult with the
E ‘?‘ﬂment of Defense, through the Committee, on all atomic energy matters
“the Department of Defense deems to relate to military applications of atomic
U8 or atomic energy including the development, manufacture, use, and

SOOTET 109
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storage of atomic weapons, the allocation of special nuclear material fop mi;
research, and the control of information relating to the manufacture or utili lt§r3.
of atomic weapons; and shall keep the Department of Defense, through thezém;
mittee, fully and currently informed of all such matters before the Comm o,
The Department of Defense, through the Committee, shall keep the Comm:?l.ga
fully and currently informed on all matters within the Department of De;%:,
which the Commission deems to relate to the development or applicatioi‘:
atomic energy. The Department of Defense, through the Committee (' f“
have the authority to make written recommendations to the Commj Ssio[’, fx
time to time on matters relating to military applications of atomic energy asmrr;
Department of Defense may deem appropriate. If the Department of Defe, Fhs
any time concludes that any request, action, proposed action, or failure a:f: &
the part of the Commission is adverse to the responsibilities of the Departm,.
Defense, the Secretary of Defense shall refer the matter to the Presidep

decision shall be final.”

~iixe

tor
ment
t Wha

Hon. HersErT B. LoPER, Chairman.

Brig. Gen. Jorx P. Daley, United States Army.

Maj. Gen. Harry McK. RopER, United States Army.

Rear Adm. George C. WriGcHT, United States Navy.

Rear Adm. Paur H. Ramsey, United States Navy.

Maj. Gen. HErBERT B. THATCHER, United States Air Force.
Brig. Gen. Ricaarp T. CoINER, Jr., United States Air Force.

General Advisory Committee

This committee was established by the Atomic Energy Act of 1946 (sec. 2 (b)), ang
is continued by Sec. 26 of the Atomic Energy Act of 1954. The nine ci\.u‘-&;
members are appointed by the President to advise the Commission on scieny jg.
and technical matters relating to materials, production, and research and de\'elop;
ment. Under the Atomic Energy Act, the committee shall meet at least foy
times in every calendar year. '

Dr. 1. 1. Rasi, chairman; professor of physics, Columbia University, New York
N. Y.

Dr. Jesse W. BEawms, professor of physics, University of Virginia, Charlottesville.
Va.

Dr. J. B. Fisg, executive vice president, Bell Telephone Laboratories, Murras
Hill, N. Y.

Dr. WarreN C. JoHNsON, chairman, department of chemistry, University of

Chicago, Chicago, IlL

Dr. Epwin M. McMiLLaN, professor of physics, UCRL, Berkeley, Calif.

Ecer V. MURPHREE, president, ESSO Research and Engineering Co., New York
N. Y.

Dr. J. C. WARNER, president, Carnegie Institute of Technology, Pittsburgh, Fa

WaLTeER G. WHITMAN, head, department of chemical engineering, Massachuseits
Institute of Technology, Cambridge, Mass.

Dr. Evegene P. WiGNER, professor of physics, Princeton University, Princeto:
N. J. _

Dr. Ricearp W. Dobson, secretary; chairman, department of chemistry, Broak:
haven National Laboratory, Upton, Long Island, N. Y.

PATENT COMPENSATION BOARD

This board was established in April 1949 pursuant to section 11 of
Energy Act of 1946, and is the Board designated under Section 157a of
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Act of 1954. Section 157 provides that upon application for just compen-
Energ.V awards or for the determination of a reasonable royalty fee certain pro-
s do.ngsrsh&n be held before such a board.

g,edlﬂ

; Ww. OoMs, chairman; firm of Casper W. Ooms, Chicago, Il

C:AsPE?{ABTER, of Babcock & Wilcox Tube Co., Beaver Falls, Pa.

ﬁAACV L. HoaaN, consulting engineer, Hogan Laboratories, Inc., New York,
oBN Y1

§
Y
N- COMMITTEE OF SENIOR REVIEWERS
Committee of Senior Reviewers studies the major technical activities of the
The :c Energy Commission program and advises the Commission on classification
A dﬂélc]assiﬁcation matters, making recommendations with respect to the rules
£

7 guides for the control of scientific and technical information. The committee

gsists Of six members appointed for a term of 5 years on a rotating basis.

WARREN C. JOHN.SON, chairman; associate dean of physical sciences, Univer-
_'m, of Chicago, Chicago, TIL

Teomas B. Drew, head, department of chemical engineering, Columbia
méniversity, New York, N, Y.

pr. ALVIN C. Graves, J division leader, Los Alamos Scientific Laboratory, Los

Alﬁmos! N- IVICX.

o, Jors P. HOWE, section chief, reactor materials, North American Aviation,
| inc., Downey, Calif.

n. WinsTON M. MaxnNING, director, chemistry division, ANL, Lemont, Ill.
;: J. R. RicHARDSON, professor of physics, University of California, Los Angeles,
" Calif.

ApvisorY BopieEs To THE ATtomic ENeErcY COMMISSION

Adwvisory Committee on Biology and Medicine

3 n, Advisory Committee on Biology and Medicine was created in September
4 7, on the recommendation of the Commission’s Medical Board of Review.
§ e committee reviews the AEC programs in medical and biological research
§ iod bealth and recommends to the Commission general policies in these fields.

4 = GroaccHINO FarLLa, chairman; director, Radiological Research Laboratory,

4 College of Physicians and Surgeons, Columbia University, New York, N. Y.

§ = CuarLes H. BURNETT, professor of medicine, University of North Carolina,
Chapel Hill, N. C.

2 = 8neon T. CanTriy, director, Tumor Institute of Swedish Hospital, Seattle,

L

pWARD A. Doisy, director, department of biochemistry, St. Louis University
00l of Medicine, St. Louis, Mo. '
*.Cort STERN, professor of zoology, University of California, Berkeley, Calif.

SeELDs WARREN, vice chairman; pathologist, New England Deaconess
dospital, Boston, Mass.

Adm'éory Board of Contract Appeals

5 ¥ board was established in February 1950. One or more of its members
4 ®contract appeals arising under the ‘“disputes articles’” of AEC contracts
E Flbcontracts and makes recommendations to the General Manager concern-
¥ aeir disposition.

=11 P. Branprs,

~
H

Jr., dean of the law school, University of North Carolina,
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SueLpoN D. Evuiorr, director of institute for judical administratiop N
University, New York, N. Y. "W Yor
RoserT KinGsLEY, dean, school of law, University of Southern Califop;
Angeles, Calif. » Dia, 1,
Epmunp R. PUrvES, executive director, American Institute of Architects v
ington, D. C. 1 “&g{:ﬁ
Herserr F. TacGarT, dean,

school of business administration, Univers;
Michigan, Ann Arbor, Mich. Tty |,

Advisory Commilttee on Brazing

This committee was formed at AEC request by the Welding Researcl, Co
of the Engineering Foundation to serve in an advisory capacity op pmb‘;nﬁi‘%
involving fabrication by brazing. 2]

F. W. Davis, chairman; U. 8. Atomic Energy Commission, Washington D

Cearres D. Coxge, assistant manager, metallurgical department, Ham’j -C
Harman, Bridgeport, Conn. 7 ang

A. E. Focke, manager, materials development, Aircraft Nuclear Pmp%
Project, General Electric, Cincinnati, Ohio. &

Frank G. HarkIns, chief welding engineer, Solar Aircraft Co., Sap Di
Calif. o,

Lt. T. Hixpo, Wright Air Development Center, Wright Patterson Air Fop.,
Base, Dayton, Ohio.

G. 0. HocLunD, welding engineer, process and development laboratories, Alum.
num Company of America, New Kensington, Pa. :

T. E. KinLcrEN, welding section, research laboratory, International Nicke] Ce.,
Bayonne, N. J.

W. D. ManLy, head metallurgist, ANP division, ORNL, Oak Ridge, Tenn.

RosEeRT L. PEASLEE, development engineer, Wall Colmonoy Corp., Detroit, Mich

H. R. SPENDELOW, Jr., assistant director of research, Metals Research Labory.
tories, Electric Metallurgical Co., New York, N. Y.

W. SPRARAGEN, secretary; director, Welding Research Council, New York, N. Y,

Lyarr ZICKRICK, supervisor, materials application unit, Knolls Atomic Powes
Laboratory, Schenectady, N. Y.

Advisory Committee on Industrial Information

The committee, formed in 1949, appraises technological developments within the
national atomic energy program and makes recommendations which serve &
guides in the formulation of AEC information-for-industry policy.

SipNEY D. KIRKPATRICK, chairman; vice president and director of editons
development, McGraw-Hill Book Co., Inc., New York, N. Y.

Dr. ArLan G. Gray, editor, Steel, Penton Publishing Co., Cleveland, Ohio.

Evcene Harpy, National Association of Manufacturers, Washington, D. C.

Kerra HENNEY, editor, Nucleonics and Electronics, MecGraw-Hill Publishing Co-
Inc., American Institute of Radio Engineers, New York, N. Y. )

Dr. ELmer HurcrissoN, editor, Journal of Applied Physics, American Institt¥
of Physics, New York, N. Y.

NormMaN H. Jacoeson, editor, market issue, Electric Light and Power,
Publishing Co., New York, N. Y.

WarLter E. Jessup, editor, Civil Engineering, The American
Engineers, New York, N. Y.

ANDREW W. KraMzR, editor, Power Engineering, The Technical Publishing Cor
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S. LeE, American Institute of Electrical Engineers, New York, N. Y.
Eﬂamiwa J. MurpHY, editor, Chemical and Engineering News, American
pr- mical Society, Washington, D. C. )

Che arck A PawLEY, research secretary, American Institute of Architects,
2agDE )
Fnéfa,shington’ D. C. . . . . llurgical
zp H. ROBIE, secretary, American Institute of Mining and Metallurgic
WA‘neerS’ New York, N. Y.
Eng! T. SCHWARTZWALDER, The American Ceramic Society, Inc., Columbus,
gash
Of:g;: F. SvLLIvaN, managing editor, The Iron Age, Chilton Publication, Inc.,
GEO : Y
York, N. Y. ,
NEWTHUM’ editor, Metal Progress, American Society for Metals, Cleveland,
Ohl(;- H. TOWNSEND, secretary, Atomic Industrial Forum, Inc., New York, N. Y.
: A, TUCKEE, publications manager, American Society of Mechanical Engineers,
* New York, N. Y. . o . .
1. VAN ANTWERPEN, editor, Chemical Engineering Progress, American Institute
) f Chemical Engineers, New York, N. Y.
¢ AserTO F. THOMPSON, secretary; chief, technical information service, division
‘;finformation services, AEC, Washington, D. C.

E

o

Advisory Committee on Isotope Distribution

This committee was originally appointed by the Manhattan District to advise on
e off-project distribution of isotopes. The Commission approved its continua-
jon in December 1947 to aid in establishing new policies on distributing radio-
1 jctive materials and to review existing policies. The committee reviews all
% iitial applications for use of radioisotopes in human beings, and all other requests
3 gor their use in research, education, and industry which are referred to it by the
§ (Commission.

§ Dr. BAMUEL E. EaToN, chairman; A. D. Little, Inc., Cambridge, Mass. :
% Dr. RiceaRD CHAMBERLAIN, University of Pennsylvania Medical School, Phila-
2 delphia, Pa. ‘

% 1. Jon E. CHRISTIAN, associate professor, department of pharmaceutical
2 chemistry, Purdue University, Lafayette, Ind.

5 D Leox O. JacoBson, associate dean, division of biological sciences, University
2 of Chicago, Chicago, Ill. .

3 Ir.Eorrr H. QuiMBy, associate professor of radiology, College of Physicians and
Surgeons, Columbia University, New York, N. Y.

i

=

gg‘g Howarp E. SkirrER, associate director, Southern Research Institute, Bir-

mingham, Ala.

-Jorx E. WILLARD, professor of chemistry, University of Wisconsin, Madison,
Wis.

‘:..IPAUL C. AEBERsOLD, secretary; chief, isotopes division, AEC, Osak Ridge,
enn,

Adwvisory Commattee on Reactor Safegquards

= " committee, formed in 1953 from the former Reactor Safeguard Committee

iﬁme Industrial Committee on Reactor Location Problems, serves in an ad-
oy eapacity to the AEC with regard to the hazards associated with the opera-

‘E?f reactor facilities. The committee reviews safety studies prepared by

§i§mzations planning to build or operate reactor facilities and appraises pro-
=d resctor locations in terms of accepted industrial safety standards.

-Rogers McCuLrovUGH, chairman; general development department, Mon-
%10 Chemical Co., St. Louis, Mo.

2(
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Dr. MansoN BENEDICT, professor of chemical engineering, Massachusettsl )
of Technology, Cambridge, Mass. Ustivy,,

Dr. HARVEY BRoOKS, professor of physics, Harvard University, Cambridge

Dr. Witnarp P. CoNNER, manager, physics division, research depa‘rtmen’t Ma%!
cules Powder Co., Wilmington, Del. » Hey,

Dr. R. L. DoaN, manager, atomic energy division, Phillips Petroleum Co
Falls, Idaho. " 1day,

Dr. Hymer FrieperL, director, department of radiology,
Western Reserve University, Cleveland, Ohio.

Dr. I. B. Jorxs, Monsanto Chemical Co., Everett, Mass.

Dr. Mark M. MiLts, radiation laboratory, University of California, Liver
Calif.

K. R. OsBorN, manager of industrial development, general chemicy)
Allied Chemical and Dye Corp., New York, N. Y.

D. A. Rogers, manager, central engineering, Allied Chemical and Dye (4
Morristown, N. J. .

ReveL C. STRATTON, supervising chemical engineer, engineering and logg
division, the Travelers Insurance Co., Hartford, Conn. . Obtro]

Dré Epwarp TELLER, professor of physics, University of California, Berkele,

alif. ¥,

Dr. ABeL WoLMAN, head, department of sanitary engineering and water regy

Johns Hopkins University, Baltimore, Md. : \roee,

Lakeside H°Spita§

m()rel

divisioﬁ

Advisory Committee on Stainless Steel

This committee, formed in 1950, by the Welding Research Council of the Fy,:
neering Foundation, in July 1951 at AEC request became advisory to the Coii
mission in regard to research and development to improve the welding of type
347 stainless steel. All data resulting from these investigations are being mm;g
public. In October 1953 the scope of the committee’s services was enlarged 1o
include the manufacture, fabrication, and use of all stainless steels.

hairman: development and research division, Internatinns
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LSTON 5. HoUSEHOLDER, mathematics panel, Oak Ridge National Labora-
0sk Ridge, Tenn.

gNRY HURWITZ, Jr., supervisor theoretical physics division, Knolls Atomic

. er Laboratory, Schenectady, N. Y.

PogEORGE A. Korsrap, vice chairman; physics branch, division of research,
pr. £C, Washington, D. C.

AN '0. METROPOLIS, group leader, theoretical division, LASL, Los Alamos,
v Mex.
Ish}{l(\fl;ar:z?.q' D. RICHTMYER, secretary; theoretical division, Los Alamos Scientific
" poratory, Los Alamos, N. Mex.
LBBEBNARD SPINRAD, physics division, Argonne National Laboratory, Chicago,
Dr.

prmiB 1 F. ZartMAN, U. 8. Atomic Energy Commission, Washington, D. C.

Committee on Raw Materials

Gl s R Ao

.. committee was appointed in October 1947 to review the Atomic Energy
Commission’s raw materials program and to advise on questions of exploration,
gevelopment; and procurement. ‘;

(,'Mirmanship (vacant).

tgororp F. FieLp, consulting mining engineer, Duluth, Minn.

FRANCIS C. FraRy, technical advisor, aluminum research laboratory, Aluminum
Company of America, New Kensington, Pa.

J. K. GustAFsoN, consulting geologist, M. A. Hanna Co., Cleveland, Ohio.

fasest H. RosE, staff metallurgist, materials advisory board, National Research
Council, Washington, D.C.

wawrer O. SNELLING, director of research and consulting chemist, Trojan Powder
Co., Allentown, Pa.

psviL R. WHITAKER, consulting mining engineer, Denver, Colo.
CuroE E. WiLLiams, director, Battelle Memorial Institute, Columbus, Ohio.

Nuclear Cross Sections Advisory Group

This group is appointed on a yearly basis to make a continuing review of the
AEC program of nuclear cross section measurements, and to evaluate the needs
fr cross section information in the various activities of the AEC. The following
=embers were appointed to serve from July 1954 to July 1955.

|

D RicHARD F. TAsCHEEK, chairman; department of physics, Los Alamos Scien-
tific Laboratory, Los Alamos, N. Mex.

2 . LoweLr M. BoLLINGER, department of physics, ANL, Lemont, Ill.

3 > Tom W. BoNNER, department of physics, Rice Institute, Houston, Tex.

3 M Jostpn L. FowLER, physics division, Oak Rid

3 Ridge, Tenn.

~. HERBERT GOLDSTEIN

LY.

= WiLiam W, Havens, Jr.,

York, N, Y.

" DoNarp J, Hvuares, department of physics, Brookhaven National Laboratory,
fpton,' Long Island, N. Y.

% ALEXANDER S. LANGSDORF
i&“ﬁcago, 111

:.J ¥eYy W. NEWsoN, professor of physies, Duke University, Durham, N. C.

g ACK M. PeTERSON, cyclotron group, University of California Radiation Lab-
Wtory, Livermore, Calif.

ge National Laboratory, Oak

» Nuclear Development Associates, Inc., White Plains,

= 5.

department of physics, Columbia University, New

AT

, physics division, Argonne National Laboratory,

A

oAl b
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Dr. HerBERT 8. PoMERANCE, physics division, Oak Ridge Nationa]l Laborat

Oak Ridge, Tenn.
Dr. Troma M. SNYDER, manager, nuclear physics section, Knolls Atomie p
Laboratory, Schenectady, N. Y.
Dr. GeorGE A. XovrsTap, vice chairman; physies branch, division of Teses
AEC, Washington, D. C. areh
Dr. Ira F. ZaArTMAN, U. S. Atomic Energy Commission, Washington, D, C
Dr. CarroLL W. ZABEL, secretary; department of physics, Los Alamos SCiﬁ;ntiﬁ
¢

Laboratory, Los Alamos, N. Mex.

0?}-

O,

Patent Advisory Panel

This panel was appointed in January 1947. It makes informal Teports
recommendations to the Commission and its staff on various questions of Dol'nd
and procedure relating to patents and inventions. ey

H. Taomas AusTERN; of Covington & Burling, Washington, D. C,
WiLLiam H. Davis; of Davis, Hoxie & Faithfull, New York, N. Y.

Joun A. DiENNER; of Brown, Jackson, Boettcher & Dienner, Chicago, 11],
CasPErR W. Oowums; firm of Casper W. Ooms, Chicago, 11l

Personnel Security Review Board

This board was appointed in March 1949 primarily to review specific Personne!
security cases which arise under the Commission’s administrative review pro-
cedure and to make recommendations concerning them to the General Manage
The board, in its monthly meetings, also advises the Commission on the broadg,;
considerations regarding personnel security, such as criteria for determining
eligibility for security clearance and personnel security procedures,

GaNsoN PurceLL, chairman; of Purcell & Nelson, Washington, D. C.
Dr. PauL E. KLopsTEG, associate director, National Science Foundation, Wash.

ington, D. C. :
WiLLiam E. LEaRY, president, Columbus University, Washington, D. C.

Stack Gas Problem Working Group

The appointment of this group was authorized in May 1948 to advise the Atomiz
Energy Commission and its contractors on problems in the treatment and control
of gaseous efluents. The group meets formally at irregular intervals but renders
continuing assistance in the field of air cleaning through specific research and
development work directed by individual members and by individual consultizg

advice.

Dr. ABeL WoLMaN, chairman; head, department of sanitary engineering and
water resources, Johns Hopkins University, Baltimore, Md.

Dr. PaiLip DRINKER, professor of industrial hygiene, Harvard University Schoal
of Public Health, Boston, Mass. ,

Dr. LyLe I. GILBERTSON, director, research and engineering department, Air Re
duction Co., Inc., Murray Hill, N. J.

Dr. H. Fraser JoBNSTONE, professor of chemical engineering, University ¢
Illinois, Urbana, Ill.

Dr. CrarLEs E. LapprLe, Stanford Research Institute, Palo Alto, Calif.

Dr. Mover D. THomAs, Stanford Research Institute, Palo Alto, Calif.
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"esearch, %{ Ma AroMic ENeErcYy CoMMISSION
Seientifig § Ames Laboratory (Iowa State College, contractor), Ames, Iowsa
§ T mm mmmmmm e D mmm oo mmme - Dr. Frank H. SpEDDING
% Dﬂezi'ate Director - - - oo e Dr. H. A. WiLEELM
§ istant to Director .. Dr. Avorer F. Voigr
: AssIOY
yort, ¢ 2 . . . .
of ;0;:3 3 Argonne Cancer Research Hospital (University of Chicago,
’ g contractor), Chicago, Ill.
The participating institutions associated with Argonne National Laboratory
m : ?;sted immediately below) are also affiliated with the Argonne Cancer Research
' 1 popital
; 0T~ o mm m = — = mmmmmmm o m e mmmmmmemmmmmmmm o Dr. Leo~ O. JacoBsoN
E Associate Director - - - - e e Dr. RoBERT J. HASTERLIK
|
personnel § Argonne National Laboratory (University of Chicago, contractor),
view pro- Chicago, IlI.
Manager,
he broader 3 The participating institutions are:
etermining % Battelle Memorial Institute St. Louis University
4 (arpegie Institute of Technology State University of Iowa
) 4 (ase Institute of Technology Washington University (St. Louis,
ion, Wash. %: Ilinois Institute of Technology Mo.) :
Z  Indiana University Wayne University
C. 3 lowa State College Western Reserve University
% Kansas State College University of Chicago
2 Loyola University (Chicago, IlL.) University of Cincinnati
v Marquette University University of Illinois
the Atomic Mayo Foundation University of Kansas
and contro! Michigan College of Mining and Tech-  University of Michigan

but renders
esearch and
d consulting

peering &nd
arsity School
jent, Air Re-
Tniversity of

WJif.
lif.

nology
Michigan State College
Northwestern University
Ohio State University

Uilshoma Agricultural and Mechani-
cal College

Purdue University

University of Minnesota
University of Missouri
University of Nebraska
University of Notre Dame
University of Pittsburgh
University of Wisconsin

____________ Dr. Warter H. Zinn
____________ Dr. Norman HILBERRY
____________ Joaxn H. McKINLEY

Dr. Josepr C. Boyce
Jorx T. BOBBITT
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Bettis Plant (Westinghouse Electric Corp., Atomic Power Divig;
contractor), Pittsburgh, Pa. lop,

Division Manager, Westinghouse Atomic Power Division. CHARLEs |, y

LSR Project Manager- .- -«---o-oem-momco--=-o-ooos JosErn C, RE\EA?EE
PWR Project Manager__..----- e iiieeeee. JoBN W, SIMP‘SGEL
SER Project Manager_ - .- ceo-cocec-mmoommmommmm-oo- ALEXANDER § ON
STR Project Manager - cococoocomcmmemmmm=mmn= JomN T, STIE:;‘IRE

Brookhaven National Laboratory (Associated Universities I
contractor), Upton, Long Island, N. Y. ¢,

The participating institutions are:

Columbia University

Cornell University

Harvard University

Johns Hopkins University
Massachusetts Institute of Technology

Chairman, Board of Trustees. - - cccoocecmva---

President, AUI__.___.. [P IPR
Vice President, AUTI and Laboratory Director_..__--

Deputy Laboratory Director. - - - ocoooomeoeom-
Assistant Director. - oo emme e mmm e
Assistant Director. - - - oo e

Princeton University
Yale University
University of Penp,

- . s ,l" i
University of Rochez;te:m‘

Epwarp REvNoLpg
Lroyp V. Berkngg

Dr. Leranp J. H AWoRtg
Dr. GERALD F. Tapg
Dr. RoBERT A. Parrengg,
WiLviam H. FieLps

Knolls Atomic Power Laboratory (General Electric Co., contractor)
Schenectady, N. Y. '

K. R. VaN Tassg

General Manager. _ . e ceecemmmmemmm e

Manager, SIR Project oo e o F. E. CrevEr

Manager, SAR Project . - oo F. B. Horxsy

Manager, Technical Department_ -« coomoomnonans Dr. R. D. Bennerr
W. W. Smrtw

Manager, Auxiliary Operations Department_ ... —---

Los Alamos Scientific Laboratory (University of California, contractor),
Los Alamos, N. Mex.

Dr. Norris E. Brapsver

Director - e mm———————— -
Dr. DaroL K. Froumax

Technical Associate Director_ - o oo mmceeoeeeee

Mound Laboratory (Monsanto Chemical Co., contractor),
Miamisburg, Ohio

Dr. N. N. T. Samanat

Project Director - oo eemaemme
Epwagp C. McCagre?

Laboratory Director. - o o emee oo
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" Ridge Institute of Nuclear Studies (contractor), Oak Ridge, Tenn.
ok

soring universities of the Institute are:

) spon . .

e -ultural and Mechanical College  Virginia Polytechnic Institute
gr;c'rexas University of Alabama
0

pams Polytechnic Institute
Alaholic University of America
Ca:mson Agricultural College
gluke U niversit.y :

ory Univermty .
Florida State University
Georgia Institute of Tec'hnology
Louisiana State University
Mississippi State College
xorth Carolina State College
i{ice Institute . .
Southern Methodist University
glane University of Louisiana
Tuskegee Institute

% yvanderbilt University
£

University of Arkansas
University of Florida
University of Georgia
University of Kentucky
University of Louisville
University of Maryland
University of Mississippi
University of North Carolina
University of Oklahoma
University of Puerto Rico
University of South Carolina
University of Tennessee
University of Texas
University of Virginia

crairman of Couneil .. _._ Dr. Georce H. Boyp
vie Chairman of Couneil . ________________ Dr. T. W. BoNNER

mesident of Tnstitute. . oo ___. Dr. PauL M. Gross
;?ce President of Institute________________________ Dr. C. K. Beck

wentific and Educational Consultant______________ Dr. GeorGE B. PEGRAM
srecutive Director of Institute..__________________ Dr. WiLLiam G. POLLARD

gak Ridge National Laboratory (Carbide & Carbon Chemicals Co.,

Division of Union Carbide & Carbon Corp., contractor), Oak
Ridge, Tenn.

B 1) R Dr. C. E. LarsoN
3 tmearch Director

!

3

g ___________________________________ Dr. A. M. WEINBERG
3 Deputy Research Director____________________________ Dr. J. A. SwarToUT
3 wistant Research Director.__________________________ Dr. G. E. Borp

% a=istant Research Director.____ _ ______ ___________.___ Dr. R. A. CHARPIE

% ssistant Research Director__ _.____ . ______ ___________ Dr. E. D. SareLEY

§
%
z

S isiiant Research Director______. e e Dr. C. E. WINTERS

4 Wdution Laboratory (University of California, contractor), Berkeley,
Calif. ‘

IO . Dr. ErNEsT O. LAWRENCE
£ sadiate Director_ . __ . _________________.______ Dr. Luis W. ALVAREZ
‘éiéate Director. _ ___ . Dr. DonaLp CooOEsEY
‘-ﬂfﬂte Director__ . __ ___ oo ____ Dr. Epwin M. McMiLLaN
*=ciate Director. . _________________________._ Dr. GLexn T. SEaBORG
=xuste Director. . ___________________________ Dr. Epwarp TELLER
=3t Director

4t Director- .. WirLiam M. BRoOBECk
3 .7tor, Crocker Laboratory Medical Physies.___ Dr. Josepr G. HamIiLToN

“etor, D_onner Laboratory of Medical Physics._ Dr. J. H. LAWRENCE
- Wi Livermore Laboratory_________________ Dr. HErBeRT F. YoRK
s Manager and Managing Engineer_ .. ____ Warrace B. ReynoLps
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Raw Materials Development Laboratory (National Lead (
tractor), Winchester, Mass.

Technical Director and Manager. . _____ e Jomn Brergy
xSTEg

Rochester Atomic Energy Project (University of Rochester, cont
tor), Rochester, N. Y. Tac.

Director- oo em e e e e mmmmmmm—mmmmm—mo = Dr. Henry A, Bra,
Assistant Director for Education_ - -~ _--. Dr. J. Newey, ST_\:.
Business Manager_ _ - - cccocmmmmmocmmmmmm o~ C. M. Jarvis NNapy

Sandia Laboratory (Sandia Corp., contractor), Sandia Bage Al
querque, N. Mex. » Alby.

President _ . - _ - e JAMES W. Mp

University of California, Los Angeles, Atomic Energy Project (Uni.
versity of California, contractor), Los Angeles, Calif,

Director o - e e oo Dr. Starrorp W ARREy
Project Manager_ .. - oo ROBERT J. Bukrrygy

University of California, Medical Center, Radiological Laboratory
(University of California, contractor), San Francisco, Calif,

Direetor e Dr. RoBERT 8. Sroxy

National Reactor Testing Station, Idaho Falls, Idaho
Nevada Test Site, Las Vegas, Nev.

Pacific Proving Ground, Marshall Islands

Bom e e g e e L
SHIEGH

T R o S EG—— - -

IsoT(

e

oactive:
%ma T3 "

hosphorus
gybon 14

Others.cocc-emvoava-

Oxygen'18_________.
Argon 38 . oo

ghipments to AEC ins'

! Domestic shipments



)

CO n"‘

:ITENBTEXN

Contrac.

Braig
STANNARp

Ses Albu.

W. McRag

ject (Uni.
f.

tD WARREN
BuETTNER

Laboratory
Calif.

7 S. Stoxe

A %
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3 IsotoPE DisTRIBUTION DaATA!
§ ‘
,§ //—
; AvUaG. 2, 1046 JaAN, 1, 1955 TOTAL TO
DEc. 31, 1954 May 31, 1955 Mavy 31, 1955
IsororPE
Activit Ship- | Activity | Ship- | Activity | Ship-
(Curies ments | (Curies) | ments | (Curies) | ments
2, 583 23,736 275 2,169 2,858 25, 905
760 14, 464 101 1,176 861 15, 640
34 1,018 2 106 36 2,024
a2 2,376 2 167 34 2, 543
1,320 2,192 325 325 1,645 2, 517
514 243 130 35 644 278
257 776 61 64 318 840
45,857 845 13,777 73 59, 634 1,018
379 515 1,817 49 2,196 564
1,236 131 1,131 35 2,367 166
1,131 113 | oo 1,131 113
625 16, 793 109 1, 457 734 18, 250
............................... 54,728 64, 202 17,730 5, 656 72,458 69, 858
................... 8,248 | .. 402 (... 8, 650
................................ 798 |ceeas ¢ BN P, 869
..................................... 838 | ... (N 878
.................................... 267 [oeoceeee. 36 |ocaeeeo. 303
....................................... 41 [, L 3 R 44
..................................... 344§ . 22 | 366
............... 986 |- ceoeo . 126 |ooceooono 1,112
........................................ [: 2 (ORI NI SR 4
...................................... 3,278 | 208 [ 3,576
.................. 1,843 |oooaioo. 136 | oo 1,979

i Domestic shipments from Oak Ridge National Laboratory.
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APPENDIX 4

SHIPMENTS OF RADIOACTIVE AND STABLE ISOTOPES TO FORE]

1 Authorized ‘to receive isotopes; no shipments made.

COUNTRIES
JAN. 1,1955-MAY 31, TOTAL Tare
1955 M Agg 194
COUXTRY 19&'
Radio Stable Radio -
Staty,
ATEEDHINA oo ooomeooocmcmmmmmsmmmmemmenomemmmmaoTno o 0 0 124 D |
AUSLFANA oo mmmccmmm o mmmmmmooasoommmmoseosss 2 1 109
AUSHB . - - ocemecomcccmmmmmememmmmmoememmosososomoooos 0 0 1
Belgian CoNGO - - oo coommmmmemommmmmemo oo emmmo oot 1 0 3 .
BelgitM - oo ovoocmmmmmmmememmmmmemmmmmomsoomsmmmoes 7 0 152 .
Bermud . .o ocmecmcmmmemmmmmmmmmmesmmossooomomss 0 0 16 O
Bollvia 1. 120 oo 0 0 0 :
................................................ 52 0 31 .
Brltlsh West AFFHCa . - oo cocccmmmmmmmemme oo 0 0 1 :
08NAA8 . oo mmmmmemmmemmmemmmmemmmooooessmosomes 96 2 0
Chue ................................................... 15 0 114 3 2
[0 1111 - % DU PE PR S TEEL EEE L Sk 0 0 0 £ £
COlOMDIR . - oo cemmmmccmmmmmmmmmememmmmmemoemmsmmsmns 1 0 9 ¢
Costa RICA 1o oscoococcmmmemo oo memmomeo s 0 0 0 .
[0]41,]: DRSSP PTEE EEEEL LAt 54 0 289 3
Denmark . - .o-ceoocecmeccc—mmmmmmeammmmm——sameosoos—o- 4 0 297 5
Dominlca.n Republe. oo ooomemeeoc oo mmmmo oo 8 8 1 i G
------------------------------------------------- 2 £
El Salvador | SRR LR LRSS St S 0 0 0 3
EN@IANA - - ceemcoemcommmmmcmmmmmmmoosommmssooossmmssos 7 2 152 &
FAMANA . oo oocececocmcmmmemmmmemmmmeomeoomemmsoooos 0 0 14 H
FranCe. - e ocmaccceemmmmmmm—mmmmms——-—so—ooso-osmoss 7 1 118 [ -
Germany .  —cecoceeocmmommmmmmomemme==se—onesommmss=os 7 8 31 §
Gold Coast oo omcoccmmmmmememmmmamm—memmeos 0 0 1 .
GEBOE . momoeeoommomeccmmmmmmmmo—es—m—memeom=meoos 0 0 1 s
GUALEMAlA . oo emecmmmmmm oo cmemmes—m—mmsmoos 4 0 16 £
HODAUIAS - - o e e eommccmmmmmmememmmmmmmmo-emm—moomsoo 1 0 1 ¢
Teeland. .o oo ocemcmmmcmmmmmmmmmemmmemommmommmmmooooeo 0 0 5 I
fea L TR PP PR PR RS L 4 0 2% ¥
INAONesi8. - oo oo cemmcmmmm—memmammemm oo 0 0 3 £
Treland ! - o oo oemmmmaieme—mmmmemmmem—mmwmeoos 0 0 0 £
Israel . o oo ccmmmmmmme——mmmmmmme—memmessamoee 1 0 7
1T s ARSI RS PEEEESSS LR ES 3 0 37 £
FAPAN .- - o oeocmcccccmmmmemomsmmmenesommessmosooooes 31 0 361 ;:
ROreA oo oooooooemmmcmmmmm—amemmammoem oo 0 0 0
LebANON - - - e oo cemememccmmmemm—emmmmemme— o ee=—moes 0 0 6
MEXICO oo oo emccmmmmmm o mmmmame oo oo 25 0 121 :
Netherlands . oo cceecmoccmcemmmcacammmmmmmemmmmmmm 4 1 61 .
New Zealand .o - cccmmeecmccommommmm e oo 0 0 12 .
NICArAgUA Lo o oo ccommcmoocmmmesommmoo—mmsmmsoss 0 0 0
NOTWAY - ecmmee oo mmmmmmmmmmmm-mmmemmsmo-osmoessoo- 0 2 43 .
PAKISEAN o oo omammecmmcmme—mmmeemmmmmmoo—=eeoes 0 0 7 .
PATAZUAY oo oo e occammmmmmmcmmmmmomemesomsoosoess 0 0 0 .
PO - oo oo mmmmmmeemmmmmmmm e mmmmmesmmem oo 9 0 29 .
Philippines. . o .o oceecemmnmocmmommommmm o memmm s 1 0 3 ;
Portugal . o ecioaooommesmmmmeooomm oo moos 3 0 8 :
ey S s 1 0 10
SWEAeI. - e oot cmmamcmcmmmmesmmemmmmssmmeeomm=—oons 7 0 199
Switzerland - - - - ceccccmcemmme e e e o omemes 6 0 69 :
3 o - R TSP PEEE LSS LR L 0 0 0
Thailand 1o - o oo oo cmcmccccmcmeom e cmmommemo—ommme 0 0 0
e TSP LR PR RS R 0 0 3
010 'C) SRR PP L TEEETSEEES G 0 0 5 i
Union of SOUth AfTiC . cmeece o cccmmmemmecm o mmmeme 0 3 29 :
UTUBUBY < e oo cm e mmmmmmmmmmmmmmemmmm=mm oo s oosmsens 0 0 10
N ENBZUCIA - o oo emmemmc oo mmemammamm—eso—memsomeoe 7 0 15 :
YUugoslavia - e cacecoomoommmemmmmasensmeenmmees 0 0 1
TOTAL. « oo cce e oecmmmmcmmmmmmmmmeam=o=meo—mm=s 361 18 3,533 ¥

SOORT 10

Total Forelgn Isot
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COUNTRIES—Continued

ISOTOPE DISTRIBUTION DATA 127

F RADIOACTIVE AND STABLE ISOTOPES TO FOREIGN

p—

TOTAL JAN.
. JAN. 1, 1955~

KIND OF ISOTOPE May 31, 1055 194ng?9%45 AY

//’/’fRADIOACHVE ISOTOPES

45 905

148 1,112

18 326

3 123

14 125

17 198

14 92

9 107

87 5486

355 3, 533

2 2

2 2

1 2

3 13

9 16

2 2

0 3

19 40

374 3,573
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APPENDIX 5

CurreNT AEC UncrassiFiep PHYsICAL RESEARCH OONTRA%

Chemastry

Alabama, University of. J. L. Kassner and E. L. Grove, A Study f th
ciples, Theory and Practice of High Frequency Titrimetry. € by

Arizona, University of. E. B. Kurtz, Jr., Study of Uranium Accumulat
Plants. lon

Arkansas, University of. R. R. Edwards, Chemical Effects of Nucleay T
formation. fag,

Arkansas, University of. R. R. Edwards, Investigation of the Radmactmt
Thermal Waters and Its Relationship to the Geology and GeocheImSt ¥
Uranium.

Brooklyn, Polytechnic Institute of. R. B. Mesrobian and H. Morawet Btudy

Radiation Induced Solid State Polymerization.
Buffalo, University of. G. M. Harris, Applications of Isotopes in Chemjey
Kinetics. *

California Institute of Technology. Norman Davidson, Complex Iong and |
action Mechanisms in Solution. -

California Institute of Technology. Harrison Brown, Study of Fundamey,,
Geochemistry of Critical Materials and Development of Economic Pmc@*
for Their Isolation.

California, University of. J. H. Hildebrand, Studies in Intermolecular Fores
and Solubility. '

California, University of. C. 8. Garner, Isotopic Exchange Reactions.

California, University of. R. A. James, Nuclear Chemistry Research.

California, University of. R. L. Scott, Fluorocarbons Solutions.

Carnegie Institute of Technology. T. P. Kohman, Nuclear Chemistry Researr:

Catholic University of America. F. O. Rice, The Thermal Production and Idexns-
fication of Free Radicals.

Chicago, University of. H. C. Urey, Natural Abundance of Deuterium and Other
Isotopes.

Chicago, University of. Nathan Sugarman and Anthony Turkev ich, Nucies:
Chemical Research.

Chicago, University of. C. A. Hutchinson, Paramagnetic Resonance Absorptics

Clarkson College of Technology. H. L. Shulman, The Determination of Inte:
facial Area in Packed Absorption and Distillation Columns.

Colorado, University of. R. N. Keller, The Scintillation Properties of Coordins
tion Compounds.

Columbia University. J. L. Kulp, Helium in the Atmosphere and Lithosphere.

Columbia University. J. L. Kulp, U-Pb Method of Age Determination.

Columbia University.
Slimes.

Columbia University. J. M. Miller, Research in the Field of Radiochemistry-
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V. K. LaMer, Fundamental Investigation of Phospts” ;
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AEC CONTRACT RESEARCH 129

University. R. M. Noyes, Photochemical Reactions of Iodine.
bia L U sversity. W. A. Selke, Ion Exchange Chromatography.
:wemty T. 1. Taylor, Separation of Isotopes by Chemical Exchange.
Unwerszty of. Roland Ward, Tracer Element Distribution Between

[Jniversity- R. Bernsohn, ef al., Gradient of the Electric Field in Ionic
el

s.
Amtalljmversity J. L. Hoard, Structure of Fluorocarbons, Elementary Boron

and Boron Compounds.

| U iversity. F. A. Long, Kinetic and Equilibrium Salt Effects.

d . Unaversity of. R. L. Pigford, Thermal Diffusion in Liquids.
rnzvers;ty D. G Hill, A Study of Some Chemical Reactions at High

S

s

LT mrd

reord University. W. H. Jones, Mass Distribution in Proton-Induced Fission.

State University. R. E. Johnson, Exchange Between Labelled Halogens
;nd Certain Inorganic Halides.

ig ids State University. Raymond Sheline, Search for Long-Lived Radio-

-uutles: Theoretical Nuclear Studies.

, University of. G. B. Butler and A. H. Gropp, Studies in the Preparation
gxd p,opertles of Quaternary Ammonium Ion Exchange Resins.

% fpdham University. Michael Cefola, Studies on Formation of Complexes by
ﬁenovlmﬂuoroacetate and Other Chelating Agents.

% g Washinglon University. Theodore Perros, Studies of Fluorides of the
" pare Barth Elements.

% igrd University.  E. S. Barghoorn, Radioactivity in Uraniferous Plant Fossils.

L srgrd Undversity. R. M. Diamond and Geoffrey Wilkinson, Nuclear and
1sorganic Chemistry of the Transitional Elements.

% c.pard College. J. A. Southern, Cyclotron Research.
4 zuler College.  G. R. Burns, Mechanism of the Oxo Reaction Using Carbon 14,

§ s Institute of Technology. M. L. Bender, Correlation of Isotopic Effect
= Reaction Rate with Reaction Mechanism.

“soiz Institute of Technology. H. E. Gunning, Studies in the Field of Stable
isotopes.

¥ “unvis Institute of Technology. George Gibson, Fundamental Chemistry of
£ [rapium. -

5 Lot Institute of Technology. H. E. Gunning, Decomposition of Molecules by
Yetal-Photosensitization.

sy, University of. E. A. Alperovitch, Occurrence of Technetium in Nature,
2 -sais, University of. P. E. Yankwich, Studies in Radiochemistry.

1 sais, University of. H. G. Drickamer, The Mechanism of Molecular Motion
& Determined from Diffusion and Thermal Diffusion Measurements.

< wamg University. L. L. Merritt, Studies with Radioactive Tracers.

fm University. W. J. Moore, Rate Processes in Inorganic Solids at High
) ?‘:r;peratures

. o8 University,
é : Amme Solvents,

W. B. Schaap and F. C. Schmidt, Electrochemical Research

=. Slate University of. LeRoy Eyring, Preparation of Rare Earth Oxides.

LOOZYLE
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Towa, State University of. Karl Kammermeyer, Separation of Gageg by 1y
Thru Permeable Membranes. Vi,
Johns Hopkins University. W. 8. Koski, Nuclear Chemistry Studies
Kansas State College. R. E. Hein, Labeled Chemical Species Produceg b
tron Irradiation of Phosphorus Trichloride and Related Compoyy ds ¥ X
Kansas State College.  E. R. Lippincott, Raman Spectra of Colored and M
Substances.
Kansas, University of. P. W. Gilles, High Temperature Research.
Little, Inc., Arthur D. G. A. Bleyle, Study of Deuterium Separation_
Louisville, University of. R. H. Wiley, The Synthesis and Propertje .
Exchange Resins. L £
Massachusetts Institute of Technology. Manson Benedict, Transfer of Doy
from Steam to Hydrogen. ' e
Massachusetts Institute of Technology. C. D. Coryell,
Sheehan, C. G. Swain, Nuclear Chemistry Research.
Massachusetts Institute of Technology. T. K. Sherwood, Mechanisy, of \;
Transfer to Drops. R
Massachusetts Institute of Technology. P. M. Hurley, Investigations ¢y
Abundances of Strontium, Calcium and Argon in Certain Mineralg,
Massachusetts Institute of Technology. A. M. Gaudin, Techniques iy Mis
Engineering. R

APPENDIX 5

I8

#

D. N. Hume, J s

Igilé%

Michigan, University of. E. F. Westrum, Low Temperature Chemical Ty,.,.. |

dynamies.
Mickigan, University of. W. W. Meinke, Nuclear Chemical Research,
Michigan, University of. P. J. Elving, Polarographic Behavior of Orgarc Ceen
pounds.

Michigan, University of. R. B. Bernstein, Fundamental Research in Isote.
Reactions. ‘ ’
Michigan State College. M. T. Rogers, A Physico-Chemical Investigatiy: ..

Interhalogen Compounds.
Michigan State College. C. H. Brubaker, Investigations into Aperiodic Oxida::
States.

Michigan State College.
Solutions of the Alkali Metals in Liquid Ammonia.

New Hampshire, University of. H. M. Haendler, Infra-red Spectroscopr = '

Inorganic Fluorides.
New York State College for Teachers.
15 by Chemical Exchange.

North Carolina State College.
Liquid Extraction.

0. E. Lanford, Concentration of Nitrge

F. P. Pike, Performance of Contactors for Lig=

North Carolina, University of. Kerro Knox, The Preparation and Properties <

Compounds of Technetium and Rhenium.

Northwestern University. Fred Basolo and R. G. Pearson, Mechanism of St
tution Reactions of Inorganic Complexes.

Northwestern University. Malcolm Dole, The Mechanism of High
Radiation Effects on Polyethylene.

Notre Dame, University of. Milton Burton, Radiation Chemistry Studies.

HO0ET 14

James L. Dye, Thermodynamic Investigation of D= !

siregofh .
© Kinetics Using &

annsywania State
Compounds and
p{nnyslmnia State
! petI'Ography of T
pennsylvanic State
! 'srtB" t of Rocks a1

pennyslvania State
Nature of the Or;

Pen asylvania State
C,ondensed Systex

pennyslvanta State
Deposits in the B
Pennsylvania, Unive
Salts and Silicate:
Pittsburgh, Universit
Ketoesters with E
Pitsburgh, Universii
ganic Reagents fo

Panceton Universily
duced by Radiatic

Princeton University.

Procidence College.
Formed by Electr

Purdue University.
Solvents.
Purdue University.
Purdue University.
Purdue Uniyersity.
Purdue University.
Rensselaer Polytechn,
by Organic Solven
Rochester, University
Buigery University.
Ratgers University.
Phates.

Sodhern, California,
ctrolytes in Sol-

* California, 1
Catalyzed Exchang

347661555



Ty
Difr sl

5d by» Negz‘

is.

! Absoryy,,

1.

Cies of IGI}-
. Deuterimﬁ
Ume, J

sm of Man
» On Isotgpgf
3.

3 in Minera;
ical Therme.

ch.
drganic Corm.

b in Isotop::
vestigation o
xdie Oxidatias
Alon of Diluts
yeetroscopy &
on of Niiregrs
d Properties s
pism of Sutl

High E

. St,udi(“.

£
il M}

o ‘”M“‘\MWMWWWWMWWWM

=TI

HO¥ET

AEC CONTRACT RESEARCH 131

a University of. J. R. Nielsen, Spectroscopic Properties of Fluoro-
b;';s, and Fluorinated Hydrocarbons.

A & M College.
aklahf?;'é"’m quid Extraction.

Lt ma A & M College. E. M. Hodriett, The Isotope Effect in the Study of
{ h’gnicﬁl Reactions. . _
¢ State College. T. H. Norris, A Study of Generalized Acid-base Phe-
grego™ o7

rtd ens With Radioactive Tracers.
pom University of. D. F. Swinehart, Study of Gaseous Chemical Reaction
{"Kine:tics Using & Mass Spectrometer.

pania State University. W. C. Fernelius, Stabilities of Coordination
C:gpounds and Related Problems.

siwania State University. T. F. Bates, Investigation of the Mineralogy and
"iﬂeuogTaphy of Uranium-Bearing Shales and Lignites. .

wania State University. B. F. Howell, Jr., Studies of the Dielectric Con-
¥ ¢ant of Rocks and Minerals.
) sania State University. C. R. Kinney, An Investigation of the Chemical
gﬁ:’;{m of the Organic Matter of Uraniferious Shales.

wania State University. W. W. Miller, Chemical Reactions Induced in
" Condensed Systems by Beta-decay.

anyslvania State University. H. D. Wright, Mineralogy of Uranium-Bearing
i'pe;,osits in the Boulder Batholith, Montana.

pransylvania, University of. J. O’M. Bockris, A Study of the Structure of Molten
i salts and Silicates. .

asgburgh, University of. Robert Levine, Synthesis of Beta-Diketones and Beta-
; fetoesters with Heterocyclic Nuclei.

#ahurgh, University of. Henry Freiser, The Development and Testing of Or-
 pnic Reagents for Use in Inorganic Analysis.

suzelon University. John Turkevich, Temporary and Permanent Effects Pro-
suced by Radiation on Solids.

aaceton University. John Turkevich, Study of Nucleation Processes.

sxidence College. M. A. Fineman, The Nature of Gaseous Negative Ions
formed by Electron Impact.

L)

T. E. Moore, The Separation of Inorganic Salts by

i MR AN s i

sdue University. Thomas DeVries, Polarographic Studies in Non-Aqueous
Nlvents.

= Ardug University.

§ Erdue University.
=

b

W. F. Edgell, Studies in Molecular Spectroscopy.
W. H. Johnston, Gas Phase Exchange Reactions.
H. C. Brown, Chemistry of Polyvalent Metal Halides.
James W. Cobble, Chemistry of the Heavy Elements.

#uxloer Polytechnic Institute. H. M. Clark, Extraction of Inorganic Substances
= Organic Solvent,

=iater, University of. E. O. Wiig, Radiochemistry.
%m University. E. R. Allen, Polar Inorganic Molecules.
<t University. William Rieman, Analytical Chemistry of the Polyphos-

due University.

’ffiﬂ California, University of. H. L. Friedman, Solutions of Inorganic
lytes in Solvents of Low Dielectric Constant.

“em California, University of.  'W. K. Wilmarth, The Mechanism of the Base
*alyzed Exchange of Hydrogen Gas and Protonic Solvents.
FopE T0—55— 30




Iy ¢y o 4

APPENDIX 5

132

South Carolina, University of. 0. D. Bonner, Fundamenta]l Studie~
D

Exchange Equilibria. o .

Syracuse University. Henry Linschitz,
Molecules in Condensed Phase.

Syracuse University. B. P. Burtt, Mechanism of Gaseous Radiation a
Reactions and the Chemical Reactions of Electrons. e

Syracuse University. Louis Gordon, Coprecipitation Studies.

Tennessee, University of. J. F. Eastham, Chemical Fractionationg of Hm
Isotopes.

Tennessee, Universily of. G. K. Schweitzer, Study of Radiocolloidg,

Tennessee, University of. H. A. Smith, Catalyltic Reactions In\‘olving Deute,.
and Vapor Pressure Studies of H?0-D?0 Mixtures. iy

Tennessee, University of. P. B. Stockdale, Investigation of the (y, Attar,
Black Shale of Tennessee as a Source of Uranium.

Texas, University of. G. W. Watt, Unusual Oxidation States of Transy,
Elements. Ly

Texas, University of. E. F. Gloyna, Effects of Biological Slimes oy Sea Wa

Tufts College. T. R. P. Gibb, Research on Hydrides.

Utah, University of. Henry Eyring, Studies on Surface Chemistry,

Utah, University of. R. B. Parlin, Induction of Chemical Reactiong by Hp
Frequency Discharges in Gases.

Utah, University of. A. L. Wahrhaftig, Tonization and Dissociation of Moler.....
by Electron Bombardment and the Interpretation of Such Data.

Vanderbilt University. E. A. Jones, Raman Spectra of Some Inorganic Tigor.
Compounds. o

Vanderbilt Unaiversity. M.
Radiochemistry.

Virginia Polytechnic Institute.
Liquid Extraction.

Washington State College.
plex Ions in Solution.

Photochemical Reactiong of ¢
01y

D. Peterson, Radiation Stability and Iygres..
N. F. Murphy, Mass Transfer Studies in Lig-.:
H. W. Dodgen, The Formulae and Stability of (..

Washington University.
Isotope Tracers.

J. W. Kennedy, Study of Reaction Kinetics Using §:3:=
Washington University. J. W. Kennedy, Generation of High Voltages by Mes
of Nuclear Radiations.
Washington, University of. G. H. Cady, Preparation of Compounds Contsi-ix

O-F or N-F Bonds.

Wayne University. K. H. Gayer, Solubility of Uranium and Thorium Oxides =
Dilute Acid and Base.
Western Reserve University.

Absorbed on Solids.
Wisconsin, University of. J. E. Willard, Application of Radioisotopes to Cheze=
Problems.
Wisconsin, University of. E. L. King, Studies of Rates and Equilibria in In
Reactions in Solution.
Wisconsin, University of. Farrington Daniels, Studies on the Geochemist?
Uranium and the Recovery of Uranium from Low Grade Ores.
Wisconsin, University of. J. O. Hirschfelder, Quantum Mechanical and %
empirical Determination of Intermolecular Forces.

OrEssE

£

s

E. L. Pace, Thermodynamic Properties of Gae ]

fﬁ"ﬂf(ne Institule .
aries; . and Lattic

{arnfgle Instztute
yon-Aqueous M
(aﬂ.cgze Institute
\faterials.
rarnegie Institute o
Vetals.
s Institute of 1
flevated Tempe:
~hicago, University
of Graphite.
Columbia University
ralumbia Universily
Franklin Institute.
Physics.
General Electric Con
General Electric Con
Iimois Institute of
ltinois, University
stitutional Diffus;
Himois, University .
Iinois, University
~ Metals and Alloy.
itinois, University
tgation of Radiat
lewa, State Univers:
metallic Compour
Naxsachusetts Insti;
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Hoasachyserss 1 nstit
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Nassachuserss Ingtsy,
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e - orsity. H. S. Harned, Diffusion Coefficients of Electrolytes and Mole-
Studies o 1 e Univers
o '

ns of Copy,, Metallurgy and Materials

[niversity. V. D. Frechette, Graphitization of Carbon.

¢ Research Foundation. D. J. McPherson, Heat Treatment of Zirconium

*rBsse Alloys- . . L.
and Lomb Optical Co. J. J. Kreidl, Irradiation Damage to Glass.

SChUnwersiiy Rohn Truell, Radiation Damage Studies.

I, Universtty of. Stanislaw Morzowski, Basic Principles of Manufacture of

iation .
Chemlcaa‘ l{ el

ns of Hydmger:

ids.

Iving De“terium B! ﬁ

CarboDs- :

1 fornid; University of. E. R. Parker, Creep of Alloys.
&j:fgrma University of. J. A. Pask, The Mechanics of Metal-Ceramic Bonding.
{‘ i

., Institute of Technology. Roman Smoluchowski, Study of Grain Bound-
W es-' and Lattice Imperfections.
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Massachusetts Institute of Technology. M. Cohen, Solid Solutiong and ..
Boundaries. (-"“;;

Massachusetts Institute of Technology. B. Averbeck, Fundamentals ¢
Work and Recrystallization. o o

Massachusetts Institute of Technology. ¥.H. Norton and W. D, Kingey
Ceramic Interactions.

Massachuselts Institute of Technology. 8. C. Collins, Mechanical py,
Metals at Low Temperatures.

Massachusetts Institute of Technology. A. R. Kaufmann, The Physicq)
lurgy of Uncommon Metals.

New York University. J. P. Nielsen, Origin of Secondary
Nuclei.

North Carolina State College. XK. O. Beatty, Jr., Thermal Propertjeg of X
Metallic Materials at High Temperatures. . RS

Ohio State University. C. H. Shaw, Soft X-ray Absorption and Emissigy Spect

Ohio State University. Edward Mack, Jr., Investigation of Separative Pro e

Oregon, University of. Pierre Van Rysselberghe, Polarographic Studies on tg,
Corrosion of Zirconium. g

Pennsylvania State University. C. R. Kinney, Factors Affecting the Mechan:
of Graphitization and the Heterogeneous Gas Reactions of Graphiteg, '

Pittsburgh, University of. W. E. Wallace, Thermochemistry of Alloys,

Purdue University. Karl Lark-Horovitz, Radiation Damage Studies,

Rensselaer Polytechnic Institute. H. B. Huntington, Anistropic Self-Diffusin.
in Metals. : -

Rutgers University. Sigmund Weissmann, Radiation Damage of Metals 5.
Alloys. :

Tennessee, University of. E. E. Stansbury, Energy Changes from Plastic De
formation.

Utah, University of. 1. V. Cutler, Recrystallation and Sintering of Oxides.

Virginia, University of. A. T. Gwathney, Growth and Chemical Properties ¢
Nearly Perfect Crystals.
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wit stute of Technology. E. F. Shrader, Reactor Studies.

. University of. S. K. Allison, Reactions of the Light Nuclei and the
;fa geot’ra.tion of Charged Particles Through Matter.
en

University of. G. Wentzel and M. L. Goldberger, Theoretical Research
0,

Cj{iw}gjlementary Particle Physics.
;n pia University. W. W. Havens, Neutron Spectroscopy and Nuclear Physics
¢ Research

pia University. C. H. Townes, Microwave Spectroscopy.

Con necticul, University of. 8. 8. Friedland, Inelastic Scattering of Neutrons.

puke University. H. W. Newson, Shell Structure and Fast Neutron Cross
Section.
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Levels.
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Syracuse University. XKurt Sitte, Nuclear Interactions of Cosmic Rays,
Tezas, University of. BE. L. Hudspeth, Fast Neutron Interactions.

Vanderbilt University. S. K. Haynes, Precision Beta-Ray Spectroscopy.

Vanderbilt University. Cyril Curtis, Transfer of ORNL Cockroft-Waltoy 1,
Vanderbilt University and Related Research. )

Vanderbilt University. M. D. Peterson, Reactor Studies.

Virginia, University of. Frank L. Hereford, Interaction of Polarized Photoss
With Matter and Other Research with a 1 Mev Van de Graaff.

Washington, State College of. S. T. Stephenson and S. E. Haaslet, Design Stus:
and Development of Research Reactor.

Washington University. J. H. Manley, 60’ Cyclotron Program.
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APPENDIX 6

pyBLICATIONS OF THE U. S. Aromic ExeErgY CoMMISSION
pere are & number of special publications sponsored by the AEC. In
Liste on, the AEC encourages project scientists to submit nonclassified articles
)

4dith jcation in the established scientific and technical journals. Hundreds of

for p“?l not published elsewhere, may be obtained from the Office of Technical
repol™™ Department of Commerce, Washington 25, D. C. Lists of titles and

*;r\'ices)

k- of these reports are available from the Office of Technical Services. Essen-
o0

pritt complete collections of the AEC’s nonclassified reports are available in a
zisu-‘ber of libraries (see pages 144-145). Guides to the published and report liter-
im

mxe may be found in Nuclear Science Abstracts (see page 140).
siuiv

SEMIANNUAL REPORTS To CONGRESS

- AEC semiannual reports to Congress on the progress of the Commission’s
: Ber‘am are published and made available to the public by the Superintendent
?{Of)ocuments, U. 8. Government Printing Office, Washington 25, D. C. An
ﬂiemate title, indicating the principal subject of the report, has been given to
:ch of the later reports. Indexes to the semiannual reports are also available
i-om the Superintendent of Documents.

rirst Semiannual Report, January 1947,

second Semiannual Report, July 1947.

Third Semiannual Report, January 1948,

rourth Semiannual Report, Recent Scientific and Technical Developments in the
Atomic Energy Program of the United States, July 1948. 35 cents.

rifth Semiannual Report, Atomic Energy Development, 19471948, January 1949,
45 cents.

ssth Semiannual Report, Atomic Energy and the Life Sciences, July 1949. 45
cepts.

seventh Semiannual Report, Atomic Energy and the Physical Sciences, January
1950. 50 cents.

tighth Semiannual Report, Control of Radiation Hazards in the Atomic Energy
Program, July 1950. 50 cents.

Ninth Semiannual Report, AEC Contract Policy and Operations, January 1951.
40 cents.

Tenth Semiannual Report, Major Activities in the Atomic Energy Programs,
Jonuary-June 1951, July 1951. 35 cents.

Leventh Semiannual Report, Some Applications of Atomic Energy in Plant
Science, January 1952. 50 cents.

relfth Semiannual Report, Major Activities in the Atomic Energy Programs,
January-June 1952, July 1952, 35 cents.

T?sr‘;"teenth Semiannual Report, Assuring Public Safety in Continental Weapons
Tests, January 1953. 50 cents.

fourteenth Semiannual Report, Major Activities in the Atomic Energy Programs,
Jonuary-June 1958, July 1953. 30 cents.

137

e

wat

DS




138 APPENDIX 6
Fifteenth Semiannual Report, Major Activities in the Atomic Energy Prg
July~December 1953, January 1954. 45 cents. Iram,
Bixteenth Semiannual Report, Major Activities in the Atomic Energy Prq
January—June 1954, July 1954. 45 cents. ram,
Seventeenth Semiannual Report, Major Activities in the Atomic Energy Prog,
July—~December 1954, January 1955. 45 cents. Amg
Cumulative Index to the First Fifteen Semiannual Reports to Congress, Jan
1847-December 1953. 35 cents. Uary
Indez to the Sixzteenth Semiannual Report to Congress, January—Jun, 1965,
cents. T
I'ndex to the Seventeenth Semiannual Report to Congress, July—December 1954, |,
cents. ;
GENERAL PUBLICATIONS
The following is a list of nontechnical publications pertaining to atomie energy
the administration of the AEC programs, and available from the SuPefinten deg

of Documents, U. S. Government Printing Office, Washington 25, D. (,

Selected Readings on Atomic Energy, July 1954, a bibliography of officig] pubj;
tions, books, magazines, pamphlets and teaching units for educators, ang ca-
and bibliographies on atomic energy, 21 pages, 15 cents.

Isotopes—An 8-Year Summary of Distribution, March 1955, a detailed account of
isotope utilization during the first 8 years of the Commission’s distributic:.
program. It is also a supplement of the 3-year and 5-year reports of simﬂ;
title issued by the Commission in 1949 and 1951. This report is g ysefy,
reference to the uses of isotopes and a bibliography of published articles ot
isotope work, 364 pages, $2.00.

Prospecting for Uranium, revised October 1951, a nontechnical booklet prepared
by the United States Geological Survey and AEC describing the uranjyr,.
bearing minerals, where to look for them, and instruments to use in prospectipe
and in laboratory testing and analysis of ores. It contains six color plates ¢f
principal minerals. Laws, regulations, and price schedules for uranium-bearing
ores are included, 128 pages, 55 cents. :

Prospecting with a Counter, revised July 1954, a summary of information on fiel2
counters, their operation, use, abuse, and their application to prospecting.
mining and geologic problems, 68 pages, 30 cents.

indexes

Selling to AEC, revised 1955, provides certain basic information helpful to those

who want to do business with AEC or its contractors. It indicates who does the
buying, what is bought, where procurement offices are located, and other general
information, 28 pages, 25 cents.

A Guide for Contracting of Construction and Related Engineering Services, revised
January 1955, gives AEC policy on awarding contracts for construction and
architect-engineering services, procedures followed when requests for bids are
formally advertised and when contracts are negotiated. Operations offices
and officials responsible for letting such contracts are listed, 16 pages, 15 cents

TECHNICAL PUBLICATIONS

The items listed below, together with the National Nuclear Energy Series described
in the next section, are publications of scientific and technical interest.
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pook* .
oles of Nuclear Reactor Engineering, Samuel Glasstone, D. Van Nostrand
Pfi"mpN Y., 1955, is written for the student and the practicing engineer. An
0 -

-y .

1 review of the fundamental scientific principles upon which reactor
we-r:ee ring is based, 861 pages, $7.95.
et ents of Nuclear Reactor Theory, Samuel Glasstone and Milton C. Edlund,
’ﬁ"EI émn Nostrand Co., N. Y., 1952, is written for scientists, engineers, and
X :ced students interested in the field of nuclear reactors. It explains
vah sical concepts and processes involved in a nuclear chain reaction and
the ,};e{hods for calculating critical conditions for chain reacting systems, 416
W e, $4.80.
chook on Atomic Energy, Samuel Glasstone, D. Van Nostrand Co., N. Y.,
o rcO presents a comprehensive, technical description of the theory, history,
199 iopment, and uses of atomic energy. Chapters are included on the strue-
dev™ of the atom, radioactivity, isotopes, neutron research, acceleration of
cwged particles, and other phases of nuclear science, 546 pages, $3.75.

gy in the Future, Palmer Cosslett Putnam, D. Van Nostrand Co., N. Y.,
1953, presents a study of the problem of where we can find sources of low-cost
energy in a0 abundance equal to the maximum plausible demands by the
expanding and industrializing populations of the future, and what is the
maximum plausible role that nuclear fuels may be called on to play in the next
50 years, Or SO, 556 pages, $12.75.

The Effects of Atomic Weapons, 1950, prepared for the Department of Defense
and the AEC by a board of editors under the direction of the Los Alamos
gcientific Laboratory, presents a technical summary of the results to be expected
from the detonation of atomic weapons, with chapters describing an atomic
explosion, the shock from air, underwater, and underground bursts; blast,
radiation, and fire effects; methods of protecting personnel; and decontamina-
tion methods, 456 pages, $1.25.1

Introduction to the Theory of Neutron Diffusion, Volume I, 1954, is intended for
purposes of research in physics and mathematics as well as teaching on the
graduate level.  This monograph, presenting work sponsored by the Los Alamos
Scientific Laboratory, gives a detailed discussion of the general equations of
one-velocity neutron diffusion theory and of their solution for the special case
of & homogeneous infinite medium with isotropic scattering. Emphasis is
placed on fairly complete tables and graphs, 174 pages, $1.25.1

Manvals, Handbooks and Reports

Xuclear Power Reactor Technology, May 1953, reports to the U. S. Atomic Energy
Commission by four separate teams of industrial representatives appraising the
prospect for possible nuclear power development. Studies were made to de-
lermine the engineering feasibility for designing, constructing and operating
dual-purpose reactors to produce fissionable material and power, and to recom-
mend industry’s role in designing, building, and operating such reactors, 88
pages, 25 cents.!

Nuclear Power Reactors, Volume II, March 1955 (Submitted October 1953), re-
bors to the U. 8. Atomic Energy Commission of two teams of industrial rep-
Tsentatives. Appraises the practicability of building a nuclear reactor for the
¥aeration of central-station power. The study group undertook to determine

Hmflahle foem Superintendent of Documents, U. 8. Government Printing Office, Washington 25, D. C.
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whether any of the known reactor systems can be shown to be techniga),
economically feasible, and competitive for central-station power, Sty d?‘&‘
made on the projected possibilities of different reactor systems, 3 b €8 we,
cents.! Bges, 1,
Handbook on Aerosols, 1950, contains chapters from the National Defense R
Committee Summary Technical Report, Division 10, declassifieq by t};&&&: i
at the request of AEC, on the properties and behavior of aerogog pr? ﬂ\ e
and instruments used in meteorology studies, and information yge fu’l inu‘mp%%
of the disposal of gaseous radioactive wastes, the dispersal of insect Studg

ci ;
disposal of industrial gases, etc., 147 pages, 70 cents. Wdes, U,

Handbook on Air Cleaning— Particulate Removal, Sheldon, K. Friedl&nder
Silverman, Philip Drinker and Melvin W. First, Harvard UniVersity’ SEp’t L&Lﬁ
1952, a compilation of data resulting from the study of air cleaning eqmemhg
and procedures. Such studies applied principally to the removg) of Dmfg‘g%
active dust and contamination from exhaust gases, etc., 89 pages 45 ;:s:::

Liquid Metals Handbook, second edition (revised) January 1954, R. N. Lyop o, ..
compiled by the Department of the Navy and AEC, summarizes c{meg e
formation on the physical and chemical properties of liquid metals é"‘*
present industrial uses, and their use and potentialities as heat- ) theiy
269 pages, $1.25.1

Handling Radioactive Wastes in the Atomic Energy Program, revised August 195
reports on the sources and types of radioactive wastes in atomic energy op‘;;
tions, methods developed for their safe handling and disposal, and Method
specified for the safe handling of radioisotopes by private users, 3 M;
15 cents.!

Trilinear Chart of Nuclear Species, W. H. Sullivan, John Wiley & Sops, [y,
N. Y., 1949, shows physical data for all the nuclear species known as of Jur;
1949, $2.50. i

Neutron Cross Sections, May 15, 1952, revised to include supplementary editiog
to 1955, a compilation of data in tabular and graphic form prepared by the
AEC Neutron Cross Section Advisory Group. Cross section values for nuclide,
elements, and compounds are given for neutrons ranging in energy from 0.000;
electron volts to 100 Mev., 336 pages, $3.50.1

Reactor Handbook, provides a condensed and reliable source of nuclear reactor data.
Volume I.—Physics, two sections, Reactor Physics and Radiation Shielding.
804 pages, $4.25.1 )
Volume II.—Engineering, eight sections. Light- and Heavy-water-cooled
Systems, Liquid-metal-cooled Systems, Gas-cooled Systems, Aqueow
Fuel Systems, Liquid-Metal Fuel Systems, Fused Salt Systems, Handling
and Control, and Reactor Designs, 1088 pages, $5.50.1
Volume I11.—General Properties of Materials, 610 pages, $3.50.!

Isotopes in Medicine, comprises a collection of papers presented at the September
1953 training course of the Medical and Special Training Divisions of ORINS
This publication covers the entire field of clinical isotope use. Discussio=
sessions are summarized and edited.

High Voltage Problems, J. D. Trimmer and Harry Pearlman, Clinton Enginee?
Works—Tennessee Eastman Corporation, Oak Ridge, Tenn., 1951, presents
an account of work done in connection with the high voltage systems used is
the electromagnetic separation process. Sparking and insulator breakdowr
are treated in detail, 226 pages, $1.85.2

transfer Mediy

1 Available from Superintendent of Documents, U. 8. Government Printing Office, Washington 2; %
2 Available from Office of Technical Services, U, S. Department of Commerce, Washington 25, D- -
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oblems and Techniques, C. E. Normand, Frank A. Knox, G. W. Monk,
" Prsamuel, W. R. Perret, Clinton Engineer Works—Tennessee Eastman
alsn & jon, Oak Ridge, Tenn., 1950, describes and evaluates the original
quipment required in the operation of the electromagnetic sgparamon
i v80" ¢ presents significant improvements in efficiency resulting from
cess. in operating techniques, and brings together information widely spread
""hsngetslout the literature, 265 pages, $1.75.2
throv Reactors, & volume describing the nuclear research reactors developed
Efgamh tional atomic energy program. The document was prepared to present
in the nB;:ls of the U. 8. program to delegates attending the International Confer-
the dg;athe Peaceful Uses of Atomic Energy, Geneva, Switzerland, 1955, 452
ence
s $2.00.!
?b’lﬂsProcessing and Equipment, like Research Reactors described above, was
Chemi3 ed for the benefit of delegates to the International Conference. It de-
prgpar the chemical and engineering aspects of processing materials associated
ser bejuclear reactors. It includes descriptions of radio-chemical laboratories,
:ut,l:)te control handling equipment, and the like. In press, 302 pages, $2.00.!

qum €

o

o

2
|

gg{odicals and Catalogs

uclear Science Abstracts, issued twice a month by the. AEC Technical Informa-
ig‘on Service, contains abstracts of all current AEC declassified and unclassified
reports, of non-AEC reports related to atomic energy, and of articles appearing
in both of foreign and domestic periodical literature, $6 per year. ($8 per
cear foreign.)?

;g;mpes-——Catalog and Price List, Oak Ridge National Laboratory, Oak Ridge,

1 Tenn., July 1952, lists and describes radioactive and stable isotopes available

from ORNL and includes prices and instructions for ordering the isotopes,

§1 per copy.

THE NATIONAL NUCLEAR ENERGY SERIES

bt MM

These volumes were written by the scientists who performed the research and
¥velopment on the atomic energy enterprise under the Manhattan Engineer Dis-
wizt and later under the Atomic Energy Commission. The following volumes

wve been published for the AEC project by the McGraw-Hill Book Co., New
Tatk, N. Y.

oo i

wision I: The Electromagnetic Separation Process

il

“sewum Equipment and Techniques, vol. 1, edited by A. Guthrie and R. K. Waker-
ung, 1949, describes the development and study of high vacuum equipment and
tigh vacuum systems for the large-scale separation of isotopes by the electro-
Zagnetic process, 264 pages, $3.75.

" Characteristics of Electrical Discharges in Magnetic Fields, vol. 5, edited by
%GUthrie and R. K. Wakerling, 1949, cover most of the significant studies by
ite University of California Radiation Laboratory on electrical discharges with
“Wphasis on studies of electrical discharges in vapors of uranium compounds,
%6 pages, $5.
———
47alable from Su

. perintendent of Documents, U. S. Government Printing Office, Washington 25, D. C.
% indable from O
1

flice of Technijcal Services, U. 8. Department of Commerce, Washington 25, D. C,
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Division I1I: Gaseous Diffusion Project

Engineering Developments in the Gaseous Diffusion Process, vol. 16, eqjt
M. Benedict and C. Williams, 1949, describes a number of mechanijeg] fd
cal, and chemical engineering developments related to the operatioy a:ne ety
dling of materials used in the gaseous diffusion process—principally 5 &r.

. . Pecig,
instruments, vacuum engineering, development of heat-transfer o Upla

and absorption of uranium hexafluoride and fluorine, 129 pages, $2, q Py,
Division 111: Special Separations Project
The Theory of Isotope Separation, vol. 1B, by Karl Cohen, 1951, Presents i,

theory of cascades as generally applicable to the problems of isotope Se
tion. Different types of centrifuges and other methods of separatioy, ar
discussed, 165 pages, $2.50.

Spectroscopic Properties of Uranium Compounds, vol. 2, edited by G, g Dbi
and A. B. F. Duncan, 1949, presents data compiled from a comprehensjye Stl
of the absorption and fluorescence spectra of uranium compounds ang d&?cﬁ?::
the experimental techniques used in the studies, 290 pages, $4.25.

Physical Properties and Analysis of Heavy Water, vol. 4A, by I Kirschenbgy
1951, describes the physical properties of heavy water, chemical equilibrig ,,
exchange reactions and methods of isotopic analysis, 438 pages, $6. o

Bibliography of Research on Heavy Hydrogen Compounds, vol. 4C, compiled .
A. H. Kimball, edited by H. C. Urey, and I. Kirschenbaum, 1949, coumé
about 2,000 references to published literature on research with heavy h}’dmg@;
References are arranged by subject with an index of the hydrogen COMPpounds
and authors, 350 pages, $4.75. i

Production of Heavy Water, vol. 4F, edited by G. M. Murphy, is being Compiles
from works of other authors. It will present laboratory pilot-plant studies fo
various separation processes investigated and engineering surveys of actyy
production plants with descriptions of their operations. (In process.)

Division IV: Plutonium Project

Optical Instrumentation, vol. 8, edited by G. S. Monk and W. H. McCorkle, 1954,
contains useful and practical techniques and methods of optical instrumen-
tations in nuclear research. It is a summary of the optics work carried out &
part of the plutonium project, 262 pages, $3.75.

Radiochemical Studies: The Fission Products, vol. 9, edited by C. D. Coryell azd
N. Sugarman, 1951, presents 336 original research papers on the techniques and
results of radiochemical studies of uranium and plutonium fission produci
2,086 pages (in 3 parts), $27.75.

The Actinide Elements, vol. 14A, edited by G. T. Seaborg and J. J. Katz, 1954, is4
companion volume to vol. 14B, Division IV, NNES, The Transuranium Ei
ments, published in 1949, and summarizes available information on the elemest
in the actinide series. Also included is an Index for the Transuranium Elements
870 pages, $11.75.

The Transuranium Elements, Research Papers, vol. 14B, edited by G. T. Seaborx.
J. J. Katz, and W. M. Manning, 1949, includes 163 research papers ol nepi&
nium, plutonium, americium, curium, and several of the heavy elements ™
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to them, and historical summaries of transuranium element research,
16'33 pages (in 2 parts), $23.75.

b sstry and Metallurgy of Miscellaneous Materials; Thermodynamics, vol.
The ”Zited by L. L. Quill, 1949, contains 10 research papers on the thermo-

193;:;0 properties of the elements and several of their compounds, 329 pages,

asP

54'50'-111 Medicine on the Plutonium Project, vol. 20, edited by R. S. Stone, 1951,
I 'dwn'bes the medical program established for the care and protection of workers

a"z;le plutonium project, 511 pages, $7.

- 1 Effects of External X- and Gamma Radiation, part I, vol. 22B, edited by
piole g%ca zirkle, 1954, deals with radiological research and investigations per-
R e:d at the National Cancer Institute of the effects of continuous X- and

formma jrradiation on life span, weight, blood picture, and breeding behavior of

Lt iaboratory mammals, 530 pages, $7.25.

.mical Effects of Exzternal Beta Radiation, vol. 22E, edited by R. E. Zirkle,
rs & collection of original reports on the effects of beta rays applied to the

:fr;ace of the mammalian body, 242 pages, $3.50.

. nathology of Irradiation from External and Internal Sources, vol. 221, edited
W. Bloom, 1948, is an advanced treatise on the histopathological and cyto-
logical effects of total-body irradiation, 808 pages, $10.75.
Fazicology of Uranium, vol. 23, edited by A. Tannenbaum, 1950, describes the
gtudies made on the distribution, accumulation, excretion, and chemical and
physiological effects of uranium and uranium compounds in the animal body.

Sviions nonnsigipabi A A

|

Dinision V: Los Alamos Progect

Eiectronics: Experimental Technigues, vol. 1, edited by W. C. Elmore and M. L.
Sands, 1948, describes a number of complete circuits and circuit elements
gdeveloped at Los Alamos for making nuclear and other physical measurements,
417 pages, $5.50. . .

Jonization Chambers and Counters: Experimental Technigues, vol. 2, edited by
B. Rossi and H. Staub, 1949, describes the physical principles of ionization
chambers and counters, and includes previously unpublished project develop-
ments by scientists at the Los Alamos Laboratory, 243 pages, $3.25.

Miscellaneous Physical and Chemical Technigques of the Los Alamos Project, vol. 8,
edited by A. C. Graves and D. K. Froman, describes a variety of laboratory
techniques used at Los Alamos in early studies. Drawings and diagrams of the
laboratory and apparatus are given, 323 pages, $4.25.

Dwision VI: University of Rochester Project

o oo s AR b

Puarmacology and Toxicology of Uranium Compounds, vol. 1, edited by C. Voegtlin
wd H. C. Hodge. Parts I and II, published in 1949, summarize the results of

3 years research on the toxicity of various uranium compounds and the mecha-

dism of yranium poisoning, 1,084 pages (in 2 parts), $14.25.

Parts II] and IV, published in 1953, continues from Parts I and I1, with results

of long-term studies, mainly on the chronic inhalation toxicity of uranium

®mpounds. Major problems considered are bone deposition of uranium and

rbohydrate metabolism. Bibliography, index. 1,381 additional pages (in
¢ parts), $18,

SO0TY Ry
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Biological Effects of External Radiation, vol. 2, edited by Henry A, Blaj,
reports the studies made during the war period at the University of RO’hIU-};
on the biological effects of X-radiation along with a collaborative st;udvc £8ts,
chronic effects of neutron irradiation made with the Biochemica)] Fou, of tie
Newark, Del. Included in the volume are the effects of single doseg o Alioy,
body X-radiation, chronic X-radiation, and fractionated doses of fag¢ ney 10lg,
508 pages, in press, about $6.50. trop,

Biological Studies with Polonium, Radium, and Plutonium, vol. 3, editeq
Fink, 1949, describes the studies made of the biological effects of tp,
emitting elements in the animal body, air monitoring precautions, g
ment used in atomic energy laboratories where work with thege ¢
carried on, 411 pages, $5.50.

by p. M
se alph&,
nd €quip,.
et Is

Division VII: Materials Procurement Project

Preparation, Properties, and Technology of Fluorine and Organic Fluore
pounds, vol. 1, edited by C. Slesser and S. R. Schram, describes developm,
the large-scale manufacture of fluorine, and purifying and handlip
It describes the preparation and the chemical and physical propertieg
finorocarbon compounds, 868 pages, $11.50.

The Metallurgy of Zirconium, Vol. 4, edited by B. Lustman and F. Kerye 1055
comprises contributions by participants in the Navy-AEC prograny (,)n :}ti
development of zirconium for reactor applications, 780 pages.

Con.
ent iy,
g ﬁ\l()rinf_

of varigy,

Division VIII: Manhattan Project Chemistry

Analytical Chemistry of the Manhattan Project, vol. 1, edited by C. J. Roddey,
1950, describes methods of analyzing the many different materials used xz
the atomic energy project—with emphasis on analytical methods for th,
determination of uranium and thorium, 748 pages, $10.00.

Chemistry of Uranium. Part I. The Element, Its Binary and Related Compounds
vol. 5, by J. J. Katz and E. Rabinowiteh, 1951, is a detailed discussion of the
physical and chemical properties of uranium, its occurrence in nature and
extraction from ores, and preparation and physical properties of its binary
compounds, 609 pages, $8.25. ’

DEPOSITORY LIBRARIES

In order to make the nonclassified results of AEC research and development
available to the public, the following libraries serve as depositories for essentialiy
all of the Commission’s nonclassified reports. A number of other university and
public libraries also receive from the AEC copies of the reports that are sold by
the Office of Technical Services.
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FORNIA NEW MEXICO
CALI' ley, University of California  Albuquerque, University of
Beg;i e;'£;1 Library Mexico Library
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Los Buffalo, Lockwood Memorial Library
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"Lafayette, Purdue University Library Mechanical College Library
JOWA OREGON

smes, Jowa State College Library Corvallis, Oregon State College Li-
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Cambridge, Massachusetts Institute  Nashville, Joint University Libraries
of Technology Library TEXAS ’
MICHIGAN Austin, University of Texas Library
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Library Salt Lake City, University of Utah
Detroit, Detroit Public Library Library
MINNESOTA WASHINGTON
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INDUSTRIAL DEPOSITORIES

To provide industry with specialized industrial information mgterials anq |,
facilitate inspection of such materials, the 15:EC }vlas set up special deDoBitori e;
at the Atomic Industrial Forum, Inc., in New York City, at the Johp Cron. .
Library in Chicago, 'in the Stanford Researcl% Institute, Stanford, Calif,
at the Georgia Institute of Technology Library, Atlantfi, Ga. Industrial
depository collections are comprised of a complete c'ollectlon of. “nd&Ssiﬁed
“basic science’’ reports which have been found to contain technologica] deVelop_
ments of special value to American industry not directly connected' with ¢
U. S. Atomic Energy program. Abstracts of these reports were publighe
series of special bibliographies entitled, ‘“‘Selected AEC Reports of Tntereg o
" Industry,” which is also available at.the deposxtones.. A n_mdeSt.Pl‘ogram
for making unclassified engineering drawings available for inspection at Industyi,
depositories has also been initiated.
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APPENDIX 7

ogT BY THE UNITED STATES AToMic ENErcY CoMMISSION ON
A REP grrects oF HigH-YreLp NucLear Exprosions!

iderable information on the effects of the explosions of atomic weapons
nsmade public by the Government since the first nuclear detonations in
b The Handbook, ‘“The Effects of Atomic Weapons’, published in 1950, is
vised and brought up to date to include the effects of thermonuclear
jog ¢ as & result of the most recent tests at the Pacific Proving Ground.
c’eS to the effects of thermonuclear explosions have been made in several
Sg?renstatements, beginning with Chairman Strauss’ description of the phenom-
:s‘%a‘}) f “fall-out” at a White House news conference on March 31, 1954. The
& . - statement is designed to condense and correlate information, some of
ﬁ;ﬂﬂ:‘fready has been made public and other portions of which have been of a
% * _ced nature until now.
: effects of nuclear tests are evaluated for civil defense planning as well
1 (o military and technological purposes. So long as nuclear weapons are in
L ion of any unfriendly power, the Commission believes the American
: M will wish to be as fully informed as possible as to the nature and extent of
4 dangers of nuclear attack and of the protective measures that can be taken
;i,,dividuals and communities to avoid or minimize those dangers if we should
§ yaacked- : : o :
% 5 Test conditions, which must necessarily form the principal basis of evalu-
3 ag the effects of nuclear explosions, may differ markedly from those which
2 <ight be expected if nuclear weapons were used against our population in war-
; g:e. It would be difficult to predict the size or kind of bomb an enemy might
inst us in event of war, the exact means of its delivery, the height at which

< ;would be exploded, or the number of bombs which might reach a given target.
£ yertheless, the facts to follow are the fundamental ones at this time.

|
|

-

5
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e,
%
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5

L A nuclear detonation produces four major characteristics—Dblast, heat, im-
wiiste nuclear radiation, and residual radioactivity. Of these, the first three
aesentially instantaneous, while the fourth has a more protracted effect. The
fsomena of blast, heat, and nuclear radiation from the detonation of a thermo-

=bs. The nature of the phenomena is, in general terms, standardized whether
Sehomb be & 20,000-ton (TNT equivalent) atomic weapon or a thermonuclear
o many times that power. The intensity and area of the blast, heat, and

ar radiation increase in relation to the greater energy yield of the explosion.
tion on these effects has been extensively publicized; therefore, the re-
er of this report deals principally with effects other than heat and blast.
Residual radioactivity, although in no sense exclusive to high yield thermo-

detonations, does become a matter of major concern when a large
onuclear device of the type used in the 1954 tests in the Pacific is exploded.
fall-out, of radioactivity from such an explosion, may, under certain condi-

Rrinted from The Effects of High-Yield Nuclear Explosions—Statement by Lewis L. Strauss, Chairman,
Beport by the United States Atomic Energy Commission, February 1055. For sale by the Superintend-
ents, U, 8. Government Printing Office, ‘Washington 25, D. C., price 10 cents,
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tions, settle over wide areas. Therefore, the extent and severity of this pgq.
active fall-out has been a subject of continuing study since the first full-i x?\
thermonuclear tests at the Pacific Proving Ground on November 1, 1959 “Cigje.
results of these studies and of our evaluation of data obtained from thé lage

tests in the Pacific in March, 1954, are described in subsequent partg of t;
i

padiation Effe

11. The imme
released instanta
ound, does not
are of great conc:

it

report.
6. It should be noted that if we had not conducted the full-scale thermonucl
€ar

tests mentioned above, we would have been in ignorance of the extent of 11
effects of radioactive fall-out and, therefore, we would have been mygy mtb&
vulnerable to the dangers from fall-out in the event an enemy shoulq reSOnore

radiological warfare against us. g
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Blast and Heat Effects

7. The effects of blast and heat from a nuclear explosion are relatively locali,
One A-bomb of the earliest type equivalent to 20,000 tons of TNT (20 ki Ot:‘}
would produce blast sufficient to destroy or damage severely residenceg Witl;‘ié
a radius of more than one mile from the point of burst. Within a radiys of abo
a mile and a half, residences would be so damaged as to be unusable Withom
repairs. A principal hazard to human beings would come from flying anq alli:;
debris and from fires due to such causes as broken gas and electric lines or 0\’95
turned stoves. The area in which injuries to human beings would be causeq h;
blast, therefore, would be about the same as the area of damage to structures -

8. The United States, as announced previously, has developed fission bo:x;t;
many times as powerful as the first A-bombs, and hydrogen weapons in the rangé
of millions of tons (megatons) of TNT equivalent. For these larger weap(,;l%
the blast effects can be calculated approximately by means of a scaling lax
pamely, the distance at which a given blast intensity is produced varies gs -&;
cube roots of the yields of the explosions.

9. Similarly, the heat and burn effects of nuclear explosions can be estimated
from accumulated data. These effects, of course, are influenced by prevailing
atmospheric conditions. The time element also is a prime factor. Very large
weapons deliver heat over an appreciably greater period of time than smaller
weapons. A given quantity of heat from a high-yield weapon, delivered over s
longer period of time, will produce somewhat less severe burns than the same

quantity of heat from a nominal detonation.
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Protection Against Blast and Heat

10. The hazard from both burn and blast effects in the outer affected arex
would be reduced greatly by shelter. Clothing or almost any kind of shelter
would reduce the danger of direct burns, although there might be some danges
of clothing and structures becoming ignited. Also, shelter would materially reduee
the hazard of blast injury by affording protection against flying or falling debrs
The Federal Civil Defense Administration has made extensive studies of shelters
and has issued plans for several simple and inexpensive types which eas be
utilized by householders. As is generally known, the shelter afforded by Ord}ff’-‘?
city buildings would not suffice within the central area surrounding the P‘“ﬁ!é
burst of a large nuclear weapon. For this reason, the Tederal Civil Defes®
Administration recommends evacuation of the central areas of target zones
early warning of approaching attack.
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Radiﬂtioﬂ Effects

he immediate nuclear radiation, i. e., the neutrons and gamma rays
1T instantaneously with the explosion of a large weapon on or near the
,-eleaszd does not present a serious hazard beyond the area where heat and blast

o great concern.
are 0

P J-Out Radiation
However, particles with residual radioactivity produced by a detonation (as
od to the immediate nuclear radiation) may fall out over an area m.uch
2 P"’ethan that affected by blast and heat, and over a longer period of time.
el 1 ear detonations produce radioactive materials, but the nature and extent
Al e dicactive fall-out depends on the conditions under which the bomb is
‘{;he tI%he main radioactivity of a bomb’s fall-out decreases very rapidly with

ﬁ,"e_,for the most part, within the first hours after the detonation.

12

Foll-Out From In-the-Air Detonations

13. In an in-the-air explosion where the fireball does not touch the eax:th’s
arface, the radioactivity produced in the bomb condenses only on solid particles
;-i;m the bomb casing itself and the dust which happens to be in the air. In the
;*sence of material drawn up from the surface, these substances will condense
with the vapors from the bomb and air dust to form only the smallest particles.
These minute substances may settle to the surface over a very wide area—
obably spreading around the world—over a period of days, or even months,
5‘ they descend extremely slowly with the result that, by the time they have

. wsched the earth’s surface, the major part of their radioactivity has been dis-

gated harmlessly in the atmosphere, and the residual contamination is widely
g-persed.

fll-Out From Surface Detonations

14. If, however, the weapon is detonated on the surface or close enough so

=t the fireball touches the surface, then large amounts of material will be drawn

7 into the bomb cloud. Many of the particles thus formed are heavy enough
«descend rapidly while still intensely radioactive. The result is a comparatively

1 nalized area of extreme radioactive contamination and a much larger area of

=z¢ hazard. Instead of wafting down slowly over a vast area, the larger and
=siier particles fall rapidly before there has been an opportunity for them to
=y harmlessly in the atmosphere and before the winds have had an opportunity
satter them,

3. The area of hazard from radioactive fall-out from a surface or near-surface

, Tosion of & thermonuclear weapon is much larger than the areas seriously
£xted by heat and blast.

The large radioactive cloud of a thermonuclear explo-
rises with great rapidity to the highest levels of the atmosphere and spreads
# hundreds of square miles in the first hours. During this time the winds toss
“&tremely radioactive particles about and the pattern of the radioactive fall-
B determined by the size of the particles and by the direction and velocities
¢ winds, including those up to 80,000 feet and above. The nature of the
¢ of the earth on which the bomb is fired also must be taken into considera-
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tion. Because of these variables, it is impossible to apply & single fall-out Datt,

to all thermonuclear detonations, even test explosions conducted under Selectm
conditions. However, with adequate knowledge of atmospheric conditiopg ied
cluding wind directions and velocities up to high levels and meteorological rep;)r )
the fall-out region for any detonation usually can be predicted with 0°n8ider&bt?'
accuracy. In general terms, the region of severe fall-out contamination from thh
detonation of a thermonuclear weapon fired on or near the surface can be deserj}, ¢
as an elongated, cigar-shaped area extending downwind from the point of bursef
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Fall-Out Pattern of 1954 Test in the Pacific

16. The very large thermonuclear device fired at the Bikini Atoll on Margy, .
1954, was exploded on a coral island. Coral consists of calcium carbonate, ¢,
the detonation’s radioactivity was spread by particles consisting largely o u‘x:h
slaked lime which, during the hours of descent, was slaked by moisture iy th-
atmosphere. These particles ranged between 1/1000th and 1/50th of ap inch ie
diameter and were, on the average, somewhat adhesive. The prevailing Wmdz
were westerly so the bomb cloud moved generally to the east and depositeq the
radioactive particles in varying amounts over an elliptical or cigar-shaped
About 160 (statute) miles downwind from the point of burst the early fall-oy
was observed in the form of fine particles which looked like snow. Fall-oyt begay
there about eight hours after the detonation and continued for several hours,

17. The roentgen is the commonly accepted unit of measurement of radiatioy,
dosage. A dose of about 25 roentgens of radioactivity received by a persop over
a brief space of time will produce temporary changes in the blood. A dose of gop,
100 roentgens received in a short interval may produce nausea and other symp-
toms of radiation sickness. About 450 roentgens delivered over a day or so might
be fatal to approximately half of the persons so exposed. However, because of
the body’s repair processes, a total radiation dose which would be serious if i
curred in a few minutes would produce much less effect if spread over a period of
years. These statements may be helpful in understanding the data which follow,

18. The test explosion, at ground surface, contaminated a cigar-shaped ares
extending approximately 220 statule miles down-wind and varying tn width up to J¢
miles. In addition, there was a contaminated area up-wind and cross-wind
extending possibly 20 miles from the point of detonation. Data were collected
from 25 points on 5 atolls located from 10 to 330 miles down-wind (generally east)
from Bikini Atoll. Due to an unexpected shift in the direction of the prevailing
winds in the higher altitudes, the fall-out missed the observation rafts that had
been placed farther north previous to the test firing. The estimated contour &
the pattern of fall-out is, therefore, based only in part on data obtained from actus:
measurements and partly on extrapolation, i. e., calculations based on knowr
data, including factual information obtained during previous tests of smalier
devices.

19. Data from this test permit estimates of casualties which would have bees
suffered within this contaminated area if it had been populated. These estimate
assume: (1) that the people in the area would ignore even the most elementars
precautions; (2) that they would not take shelter but would remain out-of-doﬂ’{
completely exposed for about 36 hours; and (3) that in consequence they W"“}f“"
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the worst possible conditions. " Belters of simple
20. On the basis of our data from this and other tests, it is estimated that, for Defense Administz,-a

sowing the test explosion on March 1, 1954 there was sufficient, radioactivity 2%
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:nd belt about 140 miles in length and of varying width up to 20 mi}es to
dO“'”'Wl- usly threatened the lives of nearly all persons in the area who did not
ve seﬂoﬁve measures. During the actual tests, of course, there were no people
pmme Inside Bikini Atoll at a point 10 miles downwind from the explosion
in this 5Pna'ted that the radiation dosage was about 5000 roentgens for the first
it i8 esnntefiod after the fall-out. The highest radiation measurement outside of
3 O}ITAEOH indicated a dosage of 2300 roentgens for the same period. This was
pikip! orthwestern part of the Rongelap Atoll, about 100 miles from the point
in the ¥ tion. Additional measurements in Rongelap Atoll indicated dosages,
, dewlg:gt 36-hour period, of 2000 roentgens at 110 miles, 1000 roentgens at 125
for 40 d, farther south, only 150 roentgens at 115 miles from Bikini.
o g::m’e distance farther from the point of detonation, at about 160 miles
2. ind and along the axis of the ellipse, the amount of radioactivity would
Wn-w:.i(,usly threatened the lives of about one-half of the persons in the area
ve Be,'l,d to take protective measures. It is estimated that the radiation dosage
who ﬂ: point was about 500 roentgens for the first 36-hour period.
#;;sNear the outer edge of the cigar-shaped area, or approximately 190 miles
‘.wind, it is estimated that the level of radioactivity would have been suffi-
dent to have seriously threatened the lives of 5 to 10 percent of any persons who
gight have remained exposed out-of-doors for the first 36 hours. In this area
{he radiation dosage is estimated at about 300 roentgens for the first 36-hour

93. Thus, about 7,000 square miles of territory down-wind from the point of
parst was SO contaminated that survival might have depended upon prompt
evacustion of the area or upon taking shelter and other protective measures.

94 At a distance of 220 miles or more down-wind, it is unlikely that any
deaths would have occurred from radioactivity even if persons there had remained

up to 48 hours and had taken no safety measures.

95. The estimates cited above do not apply uniformly throughout the con-
uminated area inasmuch as the intensity of radioactivity within a reglon of
peavy fall-out will vary from point to point due to such factors as air currents,
nin, snow, and otber atmospheric conditions. Because of this and because most
persons, if given sufficient warning, probably would evacuate the area or take
pelter and other precautionary measures, the actual percentage of deaths could
masonably be presumed to be considerably smaller than these extreme estimates.

%

Protection Against Fall-out

%. In an area of heavy fall-out the greatest radiological hazard is that of
: apsure to external radiation. Simple precautionary measures can greatly re-
= fue the hazard to life. Exposure can be reduced by taking shelter and by

wlizing simple decontamination measures until such times as persons can leave
¢ ares. Test data indicate that the radiation level, i. e., the rate of exposure,
zdoors on the first floor of an ordinary frame house in a fall-out ares would be
tout one-half the level out-of-doors. Even greater protection would be afforded
T 2 brick or stone house. Taking shelter in the basement of an average resi-
#ace would reduce the radiation level to about one-tenth that experienced out-
?‘*’500& Shelter in an old-fashioned cyclone cellar, with a covering of earth
Zree feet thick, would reduce the radiation level to about 1/56000, or down to a
"l completely safe, in even the most heavily contaminated area. Designs of

9 13 of simple, yet effective construction, have been prepared by the Civil
*nse Administration and are available to the public.

i
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27. Radioactive material deposited during fall-out may or may not be Visip
but would be revealed by radiation detection instruments such as Geiger collnte; ‘
Any falling dust or ash that can be seen down-wind within a few houyg after:'
nuclear explosion should be regarded as radioactive until measured by a ry diatiod
0L

detection instrument and found to be harmless. .
98 Care should be taken to avoid the use of solid foods or liquids thg -
v

contain fall-out particles.

20. If fall-out particles come into contact with the skin, hair, or clothjy
prompt decontamination precautions such as have been outlined by the eder:g‘
Civil Defense Administration will greatly reduce the danger. These inclyg, su:‘!
simple measures as thorough bathing of exposed parts of the body and g change ;i

clothing. )
30. If persons in a heavy fall-out area heeded warning or notification of an

attack and evacuated the area or availed themselves of adequate Drotectiy
measures, the percentage of fatalities would be greatly reduced even ip ty,e ZOnZ

of heaviest fall-out.

Fall-out from Nevada Tests

31. Only relatively small nuclear test explosions are conducted at the Nevady
Test Site, in contrast to the tests of high-yield thermonuclear devices gt the
Pacific Proving Ground. In Nevada, as well as in the Pacific, all tests are plangeq
for times when forecast weather conditions minimize the possibility of fall—o;n
hazard. Methods of forecasting weather patterns in these areas are improvipg
steadily. High air bursts at the Nevada Test Site have produced no significap,
fall-out; heavy fall-out from near-surface explosions has extended only g fey
miles from the point of burst. The hazard has been successfully confined to the
controlled area of the Test Site. The highest actual dose of radiation at an off-sj,
community has been estimated to be less than one-third of the greatest amoun:
of radiation which atomic energy workers are permitted lo receive each year under the

Atomic Energy Commission’s conservative safety standards.

Internal Radiation Effects

32. Several basic facts should be kept in mind in evaluating the hazard from
fall-out radiation. First, radiation is not a new phenomenon created by the
explosions of fission and thermonuclear weapons. Since the beginning of life,
living things have been exposed constantly to radiation from natural sources.
Cosmic rays from space constantly pass through our bodies. We are exposed
“background”’ radiation from radium and radon in the soil, water, and air. Ouwr
bodies have always contained naturally radioactive potassium and carbon.

33. As pointed out earlier, detonations of all atomic weapons produce radi-
activity, a portion of which is carried to high altitudes and over great distances
in the form of fine particles. The percentage of this radioactivity which tm"?‘f
beyond the relatively near area of the explosion depends largely on the coniif-
tions under which the bomb is fired, the percentage being higher for in-thi‘.-fﬁ
bursts where the fireball does not touch the earth’s surface. The most wioe
spread radioactivity is produced only by the longer-lived fission products, sine
the radioactivity of the shorter-lived products decays and disappears before thx
particles come down to earth in a matter of days, weeks, months, and eves
vears. The longer-lived radioactive products may be distributed over the f?
tire earth. However, as the particles are carried farther and farther to remo®
areas, the possibility of significant amounts of fall-out decreases.
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R adi 0 stront’ium F all-O’ut ‘

2 of the most biologically important radioactive substances found in
| 3+ O.n g trontium 90. It has a long lifetime—nearly 30 years on the average.
% gl-out Stium has a chemical similarity to calcium and, therefore, when taken
i g&di";twsody it has a tendency to collect in the bones. Radiostrontium can
2 i the

pe body in two ways—by inhaling or by swallowing. N.ormally, the
ater ¥ haled would be small compared with the amount one might swallow.
qount 12 terial deposited directly on edible parts of plants may be eaten along
all-out mBiantS but washing the plants before they are eaten would remove
it tflis raéiioactive material. However, rainfall carrying the radiostron-
gost of to earth may deposit it in the soil where it can be taken up, in part,
jum 4OW2 ad incorporated into plant tissues, later to be eaten by humans or by
3] plants i’lmals which, in turn, provide food for humans.
'ng'aléi the start of nuclear tests, careful measurements have been made of
8. SlI'lbution of radiostrontium over the earth’s surface, in the soils, in plants
ggd@nal tissues, in the oceans, in rain, in the atmosphere and in all forms in
- am;n might be expected to occur. The results of this study are reassuring.
sk lount of radiostrontium now present in the soil as a result of all nuclear
The sf];ns to date would have to be increased many thousand times before any
dect 0D humans would be noticeable.

. AR

pdioiodine F all-Out

1. Among the shorter-lived fission products involved in the study of internal
distion, the most biologically important is radioiodine 131 with an average
4 of only 11.5 days. Even though this product may be widely spread after a
E,;lesr explosion, the possibility of serious hazard is limited by its relatively
;; life. Like the non-radioactive form of the element, it concentrates in the
- .mid gland and, in excessive quantity, conceivably could damage the thyroid

]

?‘E. Scientists of the Atomic Energy Commission have estimated that the
: mnage exposure of people in the United States from radioiodine in the fall-out
3 ~= the entire series of tests in the spring of 1954 was only a few percent of the
= g=usl dose that can be received year after yvear and still have no noticeable

A

i

%

8. These two isotopes—radiostrontium and radioiodine—constitute the prin-
=l internal hazards from the radioactivities produced by the detonations of
-zie weapons, both fission and thermonuclear. The Atomic Energy Comnis-
has been engaged for three years in a broad study of the radioactive forms
@ese isotopes and conducts year-round monitoring of these radioactivities in
=7 locations. Any accumulation of these materials can be detected with
21 sensitivity so that ample warning of potential hazard could be given long
<t any actual danger occurred from test detonations. The amounts of radio-
wium and radioiodine which have fallen outside the areas near the test sites

rsult of all atomic tests up to now are insignificant compared to concen-
=t that would be considered hazardous to health.

"dic Effects of Radiation

7 One f)ther effect of radiation must be considered in evaluating the long-
" bossibilities of hazard from nuclear detonations. This is the possible
effect upon the germ cells which transmit inherited characteristics from
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one generation to another. At our present stage of genetic knOWledge th
a rather wide range of admissible opinion on this subject. e g
40. In general, the total amount of radiation received Dy residenty
United States from all nuclear detonations to date, including the RHSsiQOf the
British tests and all of our own tests in the United States and the Py N ang
been about one-tenth of one roentgen. This is only about 1/100th of thec’ ha,
age radiation exposure inevitably received from natural causes by a Person dav_ .
his or her reproductive lifetime. It is about the same as the exposure py Uring
from one chest X-ray. Ceivag
41. The medical and biological advisers of the Atomic Energy Compmi.s
believe that the small amount of additional exposure of the general popl:ﬁsfoa
of the United States from our nuclear weapons testing program will not Beriotm
affect the genetic constitution of human beings. Nevertheless, we are continy;
our thorough study of the entire question and will continue to report oyp fin dlng

to the American people.

Summary

42. The Atomic Energy Commission hopes that the information og nug)
weapons effects contained in the foregoing report will never be reflected in hun::
experience as the result of war. However, until the possibility of ap atomje
attack is eliminated by a workable international plan for general disarmameuL
the study and evaluation of weapons effects and civil defense protection Measnymm,
must, be a necessary duty of our government.

43. Inevitably, a certain element of risk is involved in the testing of nugjey
weapons, just as there is some risk in manufacturing conventional explosives ¢
in transporting inflammable substances such as oil or gasoline on our streets agq
highways. The degree of risk must be balanced against the great impartance o
the test programs to the security of the nation and of the free world. Howeve
the degree of hazard can be evaluated with considerable accuracy and test coo.
ditions can be controlled to hold it to a minimum. None of the extensive day
collected from all tests shows that residual radioactivity is being concentrated
in dangerous amounts anywhere in the world outside the testing areas.

44. In the event of war involving the use of atomic weapons, the fall-out fre
large nuclear bombs exploded on or near the surface of the earth would crest
serious hazards to civilian populations in large areas outside the target sone
However, as mentioned in the foregoing report, there are many simple and highly

effective precautionary measures which can be taken by individuals to redae

casualties to a minimum outside the immediate area of complete or near-complets
destruction by blast and heat. Many of these protective measures, such as shelter
and decontamination procedures have been detailed by the Federal Civil Defease

Administration
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APPENDIX 8

graTes FIRMS AND ORGANIZATIONS TO BE REPRESENTED IN

{'STTED ExaiBiTs AT GENEVA CONFERENCE
00 United States industrial and commercial firms, along with 50 academic,
gmé © al and private educational and research organizations, will be repre-
ofession <hibits at the International “Atoms-for-Peace’’ conference at Geneva,
& 31;; Several commercial concerns will have displays in more than one
=2 g&eexﬁgﬁé firms and organizations have contributed to the official United
IR hty-hnica.l exhibit at the Palais des Nations, site of the United Nations
et rtj; conference. Another 19 have furnished parts of a United States In-
3 ¥ __tion Agency “teaching’ exhibit at Geneva’s exposition hall. At lea.st. 22
£ B strisl snd commercial firms will show independently or under private auspices
7 atomic “trade fair,”” also to be located at the downtown exposition hall.
ps n commercial publishers and approximately 30 scientific, engineering,
Fﬁ:::professional organizations will be represented in a display of more than
3 g [nited States periodicals in the nuclear energy field. o
3§ "4 10-kilowatt operating research reactor of the ‘_‘pool” type will highlight the
E ed States official exhibit. In addition, there will be 10 scale models of power
2 %g;mgearch reactors operating or planned in the United States.
: ﬁg_s;her displays in the technical exhibit will show medical, biological, agri-
3 gwsl, and industrial applications of atomic energy, including uses of radioiso-
3 ; s simulated reactor control panel; examples of reactor fuel elements and
% wr components; a demonstration of chemical separation techniques for
cmic waste products; and radiation-measuring and other instruments. The
= sqlavs are being assembled by Design and Production, Inec., Alexandria, Va.
i% 'fne exhibit will be supplemented by a technical reference library, containing
§,ﬁgﬂ thousand AEC unclassified reports, a collection of technical books being
zibuted by American publishers, and the display of American scientific and
3 gmical journals,
Lmitations on space at the Palais building at the conference site resulted in a
zed Nations requirement that all exhibits there be sponsored by participating
ssenments, be noncommercial in character, and be designed primarily for the
=gtes and technical experts attending the conference.
£ Bowever, UN authorities are encouraging national and commercial exhibits
;;%ié more spacious Exposition Palace in mid-city. Some exhibits provided by
3% Momic Energy Commission will be placed there. So will the USIA popular
“ms-for-Peace”” exhibit, covering 15,000 square feet of floor space, which was
=¥ shown in Germany and Austria.
stomic energy trade show at the downtown exposition hall is being spon-
: oy the Organizing Committee, First International Exhibition of the Peace-
5 of Atomic Energy (1 Place du Lac, Geneva, Switzerland).
-3 ®uations contributing to the technical exhibit are:
“rican Machine and Foundry Co., New York, N. Y.
=01 Electronic Laboratory, Brooklyn, N. Y.
iﬂne Memorial Cancer Research Hospital, University of Chicago, Chicago,

=

“une National Laboratory, Chicago, Il1.
155
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.:op Radiation Instruments, Los Angeles, Calif.
Prec.lsu-)on Counter Laboratories, Skokie, Ill.
“dfatfon Industries Co., Brookhaven, N, Y.
d{at{on Instrument Development Laboratory, Chicago, Il
.B:;On Research Corp., West Palm Beach, Fla.
¥a Corporation of America, Princeton, N. J.
fog,ctive Products, Inc., Detroit, Mich.
1(})mon Manufacturing Co., Waltham, Mass.
'Vtseientiﬁc Instruments Co., Inc., Playa Del Rey, Calif,
R0 in Instrument Co., New York, N. Y.
Shex‘WKettering Institute for Cancer Research, New York, N. Y.
sloa'n ia Electric Products, Inc., Bayside, Long Island, N. Y.
Syl;slrilcal Associates, Burbank, Calif,
E:icerlaba Inc., Boston, Mass. ) L
- :on Carbide and Carbon Corp., New York, N, Y.
[;nff:ed States Atomic Energy Commission, Washington, D. C.
{iz;ted States Bureau of Mines
[uited States Geological Survey )
Lénited States Radium Corp., New York, N. Y.
{oited States Weather Bureau .
" Cniversity of California, Radiation Laboratory, Berkeley, Calif.
fni\'erSitY of Michigan, Ann Arbor, Mich.
Victoreen Instrument Corp., Cleveland, Ohio
westinghouse Electric Corp., Pittsburgh, Pa.
\. Wood Counter Laboratory, Chicago, Ill.
;,,'ﬁnizations contributing to the USIA exhibit:
?‘_;uco Products, Inc., Schenectady, N. Y,
\merican Machine and Foundry Co., New York City
snton Electronic Laboratories, Inc., Brooklyn, N. Y,
3, Blickman, Inc., Weehawken, N. J.
Boston Museum of Science, Boston, Mass,
Central Research Laboratories, Redwing, Minn.
Corning Glass Works, Corning, N. Y.
ElTronics, Inc., Philadelphia, Pa. .
General Electric Co., Schenectady, N. Y.
P. M. Lennard Co., Inc., Harrison, N. J,

lovelace Foundation for Medical Education and Research, Albuquerque, N
Mex.

\ewport News (Va.) Shipbuilding and Drydock Co.
Muclear Instrument and Chemical Corp., Chicago, Ili.
Penberthy Instrument Co., Seattle, Wash.
kadistion Counter Laboratories, Skokie, Iil.
vania Electric Products, Inc., New York City
racerlab, Inc., Boston, Mass. '
Restinghouse Air Brake Co., Pittsburgh, Pa.
Westinghouse Electric Corp., Pittsburgh, Pa.
s that have so far taken space in the “‘trade fair’’ exhibit:
imerican Machine and Foundry Co., New York City
ton Electronie Laboratories, Brooklyn, N. Y.
w}i‘?mic Development Mutual Fund, Inc., Washington, D. C.

00 Manufacturing Corp. (Lycoming Division) Stratford, Conn.
ook & Wileox Co., New York City

>udis Aviation Corp., Detroit, Mich.

“strom, Inc., Archbald, Pa.
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Foster Wheeler Corp., New York City

General Dynamics Corp., New York City

General Electric Co., Schenectady, N. Y.

High Voltage Engineering Corp., Cambridge, Mass.

Walter Kidde Nuclear Laboratory, Garden City, Long Island, N, Y.
Glenn L. Martin Co., Baltimore, Md.

Micro-Metallic Corp., Glen Cove, Long Island, N. Y.

National Research Corp., Cambridge, Mass.

Nuclear Development Associates, Inc., White Plains, N. Y,
Nuclear Instrument Corp., Venice, Calif.

Tracerlab, Boston, Mass.

Union Carbide and Carbon Corp., New York City

Vitro Corporation of America, New York City

Westinghouse Electric Corp., Pittsburgh, Pa.

Weston Electrical Instrument Corp., Newark, N. J.

Periodicals which will be included in the display of technical literatygq.

PUBLICATION CoNTRIBUTOR
Cancer American Cancer Society,
American Journal of Roentgenology, Ra- The American Roentgen Ray Sotie:
dium Therapy, and Nuclear Medicine. and The American Radiypy Soc: ki
4 o
A. M. A. Archives of Ophthalmology American Medical Associatjop,
Endocrinology The Endocrine Society.
The Journal of Clinical Endacrinology and
Metabolism.
The Journal of General Physiology The Rockefeller Institute for Mediny
" The Journal of Experimental Medicine Research. )

Journal of Cellular and Comparafive Wistar Institute of Anatomy .
Physiology. Biology. -
Federation Proceedings Federation of American Societies fre
Experimental Biology.
Jownal of Applied Physiology; American The American Physiological Societs
Journal of Physiology. '
The Journal of Laboratory and Clinical
Medicine.

Rodiation Research

Journal of Bacteriology

Genetics

Archives of Biochemistry and Biophysics Academic Press, Inc.

Journal of the American Ceramic Sociely American Ceramic Society, Inc.
with Ceramic Abstracts.

Soil Science Society of America Proceed-
ings.

Agronomy Journal

The American Mineralogist

Bulletin of the Society of Economic
Geologists.

Central Society for Clinical Resegr=:

Radiation Research Society.
Rociety of American Bacteriologsts
Genetics, Inc.

Soil Science Society of Americs.

American Society of Agronomy.
Minerslogical Society of Americt

Company.

F e A - '
MU I i, o

Society of Economic Geolog'ﬁ%iﬁ%
the Economic Geology Publs=¥

R

gurnol of t

The Journdl
ndustrial ar

A aalytical C
L}Mm:[cal anc
Agricultural
The Physical
{merican Joi
The Journal .
America.
Journal of A1
,-gm’gws of M.
The Review of
Journal of the
The Journal o

physics Today,
Nucleonics (pl

Metal Progress
Zirconium and

Corroston

Mechanical En

4 Glossary of
and Technolc

Chemical Eng
geveral Chen
Symposium §

A Forum Surv
ports.

Modern Medics

Qualified Contra

Eedncal Manu
Dun's Review ar

Seventeen pybl;
Txelve publicat,

Twenty-five pub
‘esrnal of the N,



Jdure:

R

Ray Society
lium Society.

iation.

e for Medica:
Anatomy and
1 Societies {or.
y.

ygical Society

nical Researes
eiety.
acteriologists.
siety, Inc.

f America.

Agronomy:

L:“j ! wm H il “ P S

bbb

PUBLICATION

Jw :,{al of Physical Chemistry
J:Zfal and Engineering Chemistry -
I8 Jical Chemistry
A gl and Engineering News
(et ipural and Food Chemistry
) sical Review
The P:gn Journal of Physics
A Journal of the Acoustical Society of
1 od. 7
e of Applied Physics
o5 of Modern Physics
Review of Scientific Instruments
e of the Optical Society of America
" Journal of Chemical Physics
< sics TodaY

} deonics (Plus several reprints)

Progress
f::,;ium and Zirconium Alloys
F

;gouon

!

yuhonical Engineering

¢ Gossary of Terms in Nuclear Science
ggd Technology.

umical Engineering  Progress  (plus
= gveral Chemical Engineering Progress
| $rmposium Series).

2 (forum Survey, and three Forum Re-
,§ iasdern Medicine

3 .lified Contractor

- Satrical Manufacturing
w1 Review and Modern Industry

*aty-five publications
*ul of the National Cancer Institute
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CONTRIBUTOR

the American Chemical Society American Chemical Society.

American Institute of Physics.

McGraw-Hill Publishing Company,
Ine.

American Society for Metals.

National Association of Corrosion
Engineers.

American Society of Mechanical En-
gineers.

American Institute of Chemical En-
gineers.

Atomic Industrial Forum.

Modern Medicine Publications, Ine,

National Electrical Contractors Asso-
ciation.

The Gage Publishing Co.

Dun and Bradstreet Publications -
Corp.

National Academy of Sciences and
the National Research Council.

U. 8. Geological Survey.

National Bureau of Standards.

Department of Health, Education
and Welfare.
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PUBLICATION CONTRIBUTOR

Proceedings of the Society for Experimental Society for Experimental Byglg
Biology and Medicine. and Medicine.

Other publishing houses represented:

Breskin Publications, Inc.

Case-Sheppard-Mann Publishing Corp.

Diesel Publications, Inc.

¥. W. Dodge Corp. Publisher

Fairchild Publications, Inc.

Gulf Publishing Co. ‘

Keeney Publishing Co.

Miller Freeman Publications

George F, Taubeneck

Films to be shown at the conference include:

“Developing Homogeneous Reactors,” produced by Oak Ridge Nat
Laboratory, 16 mm., black and white, about 25 minutes.

“Construction of Argonne Research Reactor,” produced by Argonne Ngy;
Laboratory, 16 mm., black and white, about 18 minutes. ol

“Safety Experiments With A Boiling Reactor,” produced by Argonne Nati
Laboratory, 16 mm., black and white, about 18 minutes. fonal

“Nuclear Reactors for Research,” produced by North American Aviation, |
16 mm., color, about 18 minutes. r Ane,,

“Sodium-Graphite Reactor Progress Report No. 1, produced by North
American Aviation, Inc., 16 mm., color, about 18 minutes. .

“Radioisotopes: Their Application to Humans for Tracer Studies and Ther,.
peutic Use,” produced by the Medical Film Guild of New York, 16 mm.,
color, about 30 minutes. '

“The Radioisotope in General Science,” U. S. Government Film, 16 mm., blark
and white, about 40 minutes. ’
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