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SUh4MARY 
king large in the record of atomic e n e r a  development of the 

PJ months has been the swift advance of the Atoms-for-Peace 

p@r the past 60 days of the period under report here, 27 other 
+ Fitkin 

entered into agreements for cooperation with the United 
,&a developing the civil uses of atomic energy. To supply the 
,@?5 - would eventually be required for research reactors under 
fuel many agreements, the President authorized adding IO0 kilo- 

(220 pounds) of uranium 235 to the original 100 kilograms be@ 
* T i d e  in late 1954 for atoms-for-peace programs. This was an- *' ced bv the Chairman of the Commission in an address to the 
o@@ Press Club, New York, in late June. The President also 
@@ edarged the scope of the program in two statements. At the Asso- . 

d.td Press luncheon in New York City, April 25, the President 
droated construction of a nuclear-powered merchant ship and its 
gg in demonstration cruises about the world to portray the peaceful 
,& of atomic energy. In  May the Executive Branch placed before 
* e  Congress requests for funds for the atomic-powered ship program. 
At  Pennsylvania State University in mid-June, the President in a 

ecb proffered financial aid to other nations in the construction of v *ear& 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 
L n i t d  States to the International Conference on Peaceful Uses of 
.itomic Energy at  Geneva in August. The conference originally was 
pfoposed by this Nation, and its management mas assumed by the 
cnited Kations 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 
dassified technical material published by the Commission were 
iathorized for presentation to 23 other nations at their request. The 
word of major developments in the atoms-for-peace movement, as 
:: gathered momentum and gained wider participation is presented in 
5e first section of this report. 

The other activities of the Atomic Energy Commission con- 
m e d  at a growing rate and with increasing effectiveness. The pro- 
:% for developing civilian applications through the access of thc 
berican industrial and educational community to the accumulated 
aol\-ledge in this field took shape and moved forward on various 
ibnts. 

psS,,, t 6  the world. 

- 
'tils @Port notes certain events that have occurred subsequent to the reporting period. 
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2 MAJOR ACTIVITIES 

Domestic production of uranium ore and collcentrates d 
first 6 months of 1955 reached record levels-making the united uri% tb, 
one of the world’s leading uranium producers-while producti ‘ ta:,- 

exploration activity by private industry resulted in the &sCoPrrp eh:,, . from foreign sources continued to increase. Greatly aCc % 

potentially large deposits of uranium ore in presently Don - r ’  

areas off the Colorado Plateau. Research and process derelopu, 
studies on economic methods for recovery of uranium from 
continued. 

Increased availability of raw materials, along with th 
new plant capacity, resulted in new high levels in the production 

“f 
special nuclear materials, at  lower unit cost. 

1Il 19j.t 
except that at Portsmouth, Ohio, were completed and COntributi,: ; 
production. Construction at Portsmouth proceeded OD scheddk 
New facilities a t  the Hanford and Savannah River reactor sites b 
operation during this period. Design of additional feed matefia 
processing facilities at Fernald, Ohio, St. Louis, Mo., and paduce 
Ky., progressed satisfactorily, and construction at  the three 
began during March. 

LargeIy as a result of this progress in construction, capital inret 
ment in atomic energy plant facilities mas estimated to have react+ 
about $6.6 billion before depreciation reserves. 

A prominent event in the weapons research and development plpb 

gram was a successful test series (Operation TEAPOT) conrJ~c~g 
at  the Nevada Test Site from February 18-hgay 15. The Fe& 
Civil Defense Administration conducted its “Operation Cue” 
connection with the 13th nuclear test of this series. 
most comprehensive civil-defense exercise held in Nevada to dak 
Details of the exercise are given under “Civil Effects Experimeng 

The Commission’s program of developing reactors for industria’ 
and military power and for naval and aircraft propulsion md* 
greater strides during the first 6 months of 1955 than in any earlie- 
half-year. During this period the AEC moved toward greate 
participation by industry in advancing the development of cornpetitire 
nuclear power. Toward this end, the Commission set up an eripandd 
program for making classified information available to  indELTn 
established a classified schedule of prices and charges for rnafPbk 
furnished by the AEC, and prices for special nuclear materid Pm 
duced in power reactors. Four industrial proposals were receird 
for the power demonstration reactor program. The number. ti 
industrial participation groups was increased from 18 to 25, b & a  
thg’number of individual firms now in the program to 81. 

.-- 
% 

PrOdupi. 

its orr, 

e startup @’ 

All of the new gaseous diffusion facilities authorized - 

- 

This 

(pp. 81-83). 
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construction work is in progress a t  the Shippingport (Pa.) Jf'joihe Nation's first civilian nuclear powerplant. This 60,000- 
d e  Of Ternion of the pressurized water reactor will be operated 
ir 

st nuclear-poFered submarine, the USS Xautilus, got under 
power on January 17, while the second such sub- 

Say, the USS Seawolf, was launched on July 21, a t  the Electric 

Iutl poFl,er test of SIR Mark A, the land-based prototype of the engine 
i .(loed to propel the Seawolf, was successfully completed. Surplus 

from SIB Mark A will be channeled into a 10,000-kilowatt 
enerator installed and operated by the General Electric Co. 5 %  - t i ! !  

tubhe g st to the Government. The resulting electrical output will be 
#: no by S C  as a demonstration of the first commercial usage of 
,to+pr&ced electricity. 

Desi,o and development work on the large ship reactor continued at 
,be ~ ~ t t i s  Plant by the Westinghouse Electric Corp. under AEC con- 
' The first phase of the Army's Package Power Reactor program gact. 

completed, and the Aircraft Nuclear Propulsion program ac- ae5 
with the promise of nuclear-powered flight considerably 

j:ghtened. 
The physical research program continued to be the source of many 

A the new ideas contributing to the Nation's progress in atomic 
oergy* University participation in this program is emphasized in 
.& report. The leading role of academic institutions in the training 

scientists is cited, and some major university contributions in phys- 
*.-. .+ &emistry, and metallurgy are described. A few outstanding re- 
es& accomplishments of the past 6 months at Commission labora- 
;17& are outlined here, such as the discovery of element 101 (Mendel- 
5-ium). 
In the biology and medicine program of the Commission advanced 

zetetfiods and procedures employing radiation as a tool helped to 
z ~ w e  fundamental knowledge of the biological and chemical 
;messes that take place in living things. Current progress herein 
T r t e d  on research projects is indicative of the broad scope of this 

~ am. Data on the biological and medical phases of the 1955 
a m i c  test series in Nevada are given in this report. In April, 
=e Commission announced that i t  will make radioisotopes for all 
slaedical and agricultural research, and research in medical therapy 
zddirrgnosis available to domestic users at 20 percent of the AEC 
Fdbbhed price, effective July 1. 

13 its community operations, the Commission's revised proposed 
d a t i o n  to facilitate the establishment of lam1 self-government, 
a to provide for disposal of Federally-owned properties at Oak 

- &)ff&tt 

bTTbe fir 
DuqueSne Light CO. of Pittsburgh. 

on 
~ B f  @lpe? Ditision, General Dynamics Corp., Groton, Conn. A 100-hour 

Tt' 

UI 
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4 MAJOR ACTIVITIES 

Ridge, Tenn. and Richland, Wash. W ~ S  introduced in the cOngrk 
on April 26, by members of the Joint Committee on Atomic ~ ~ ~ r p , ’  

The Division of Civilian Applicatlion (formerly the Division of i.;- 
tensing) was established in June to administer the Commission)s 1. Qbf- 
ing function and related responsibilities pertaining to the civil’ lan use 
of atomic energy under the Atomic Energy k t  of 1954. 

On March 15 Dr. John von Keumann took office as Comrn~sioQe, 
following his confirmation by the Senate. Appointment of Brige& 

the Commission, effective May 1. General Fields, former ~b~~~~~ 
of the Division of Military Application, retired from the Army. Be 
succeeded E. D. Nichols who resigned from the AEC 011 31r to  become an engineering consdtant. 

In  the staff, David F. Shaw was appointed Assistant G~~~~ 
Manager for Manufacturing. 
Hanford Operations Office since June 1950. Harold L. Price, D~~~~~ 
General Counsel, formerly designated Special Assistant to the Gened 
Manager for Licensing, was appointed director of the new ~ i ~ ~ o n  
of Civilian Application (formerly the Division of Licensing), a 
Eenneth Davis who had been serving since January 1 as Acting ~ i&  
or, Division of Reactor Development, was appointed Director of 
Division. Col. Alfred D. Starbird, USA, was appointed DbectQr, 
Division of Military Application. William c. Wampler was appobtd 
Special Assistant to the General Manager (Congressional). 

General Kenneth E. Fields as General h/lanager mas annOunc ed iy 

Mr. Sbaw had been mantiger of 

yf.AIN DE 
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f DEVELQPMENTS I N  THE ATOMS-FOR-PEACE 
>€dN PROGRAM 

f l * .  the United States pledges . . . to devote its entire heart 
to$& the w a y  by whkh the miraculous inventiveness 

shall not be dedicated to his death but consecrated to his a d  

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

Fouodg the President's historic address before the General 
bly of the United Nations, December 8, 1953, the United States Jssem G o r e e n t  embarked on a program of international cooperation 
has become generally known as the Atoms-for-Peace program. 

ne pace of events was quickened and the scope of the Atoms-for- 
Peace program broadened in late 1954 after passage of the Atomic 
a m  Act of 1954. This revision of the basic atomic energy statute 
tuthorized various actions in the international field which had been 
impossible previously. 

Support for 
be gowing number of projects involved took an increasing share of 
be 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 
?warn in which the Al3C played a part during this period. 

Five major projects were underway including (I) drafting and 
wtiations looking toward early establishment of an International 
Atomic Energy Agency; (2) negotiation of bilateral agreements for 
moperation between the United States and other nations in the civil 

of atomic energy; (3) preparations for United States participation 
the International Conference on the Peaceful Uses of Atomic 

b ~ ,  to be held in Geneva, Switzerland, August 8-20, 1955 under 
& aegis of the United Nations; (4) organization and conduct of 
kited States programs for training and orientation of students and 
Pfmional men of other countries in the peaceful uses of atomic 
m W ' ;  (5 )  provision bf Atoms-for-Peace libraries of AEC-published 
gmnce materials on atomic energy development to other nations 

desire such a collection of technical literatme in this field. 
were several other single actions supporting the Atoms-for 

' 'aides during the 6 months and these will be noted. 

The acceleration continued into the first half of 1955. 

5 
=;( ti:, , - , - > v i  I 



6 MAJOR ACTIVITIES 

Steps Toward an International Atomic Energy Agency 

BILATERAL AGREEMENTS FOR COOPERATION IN THE CIVIL cse ~ 

ATOMIC ENERGY 

Negotiation of bilateral agreements for cooperation between ob 
nations and the United States in the civil uses of atomic enew- 
set underway early in 1955. By early July agreements ~& y 
nations mere initialed or signed. After Presidential approml, sz 
agreement was forwarded to the Joint Committee on Atomic &P-- 'L- 

in accordance with the requirements of the Atomic Enem .k: 6 
1954. By the date of this report, the statutory waitsing period & 
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, providmg for w 
ation in research in the peaceful uses of atomic energy. T h i s ~ S  
of agreements sets the arrangements for cooperation betr- 
Governments of the United States and Argentina, Brad, cG 
Chins, Colombia, Dearnark, Greece, Israel, Italy, the RePubhr 
Korea, Japan, Lebanon, the Netherlands, Pakistan, Peru, puPfm 
Portugal, Spain, Sweden, Switzerland, Thailand, Turkey, faad 
and Uruguay. 
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each agreement the United States Atomic Energy Commis- 
ovide to the cooperating government unclassified informa- 

ifin to the design, construction and operation of research reactors 
t$D '' use as research, training, development and engineering tools. 
s d  ternplated that private American citizens and organizations 
1; 15 to supply to the cooperating government or 
flu .zed private persons under its jurisdiction appropriate equip- 

@a" reposed agreements further provide that the AEC will lease 
Th:pcooperating government up to six kdograrns (13.2 pounds) of 
eBC . ed U 235 in uranium enriched up to a maximum of 20 percent 

flatan Each recipient government assumes responsibility for using 
(ruuding the fissionable material in accordance with the terms 

72 be ,g,-eement. Each agreement provides for the exchange of 
'A sified information in the research reactor field, related health 

problems and on the use of radioactive isotopes in physical 
d biological research, medical therapy, agriculture, and industry. 

bol;ing to the future, each ageement expresses the hope and expec- 
stion of the parties that this initial agreement for cooperation will 

consideration of further cooperation in the peaceful uses of Mil 
,tdlmi~ energy. 

;ra2erbnd. The agreement with Switzerland covers the sale by 
cnited States and purchase by Switzerland of the research reactor 

rrsih is to be a central feature of the official United States exhibit 
be International Conference on Peaceful Uses of Atomic Energy a t  

Gsnera in August. 
The price of the reactor, building, associated machinery and exhibits 

be $180,000. The United States will lease to Switzerland s15-  
emt uranium enriched in the isotope U 235 for initial and replacement 
:d for the reactor. The quantity of uranium under such lease shall 
zot contain more than 6 kilograms of U 235 (maximum enrichment- 
P percent), PIUS such additional quantity as the AEC may determine 
snecessary to permit the efficient and continuous operation of the 
wtor while replaced fuel elements are radioactively cooling in 
caitzerland or while fuel elements are in transit. 

The relocation of the reactor at another site and the restoration of 
a Geneva site to its original condition are to be undertaken a t  the 
qense  of Switzerland. Other provisions of the agreement cover the 

of information relating to the reactor and its operation, and 
sale Or lease of materials other than special nuclear materials re- 

Yli.4 in the operation of the reactor and not obtainable on the com- 
a i d  market. 

\qll1 Pr 
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8 MAJOR ACTIVITIES 

Sale of heuwy water. 
mission has agreed to sell heavy water for use in research reachB 
Italy, India, France and Australia. 

As part of the President's program, th 

The agreements with the Governments of Belgium, Canada, and t t ~  I 
United Kingdom are of a special and more extensive charact,l . I  

a& follows: ~I 
Principal provisions in each, as summarized to the President . 
Atomic Energy Commission's recommendation for his appropal L i 

u1 tt; i 

f 
Belgium. There exists a special relationship between the GoveQent 
of Belgium and the Government of the United States in the field of 

the 
atomic energy, and beginning with discussions initiated in 1940 

eld, two Governments have closely cooperated with each other in this 6 
Under an arrangement made in 1944, the Belgian Government 
with the Governments of the United States and the United Kingdom 
that all uranium ores wherever located should be subject to effectiye 
control for the protection of civilization, and the Government of 
Belgium undertook to insure the effective control of such ores locaw 
in all territories subject to its authority. 

The Belgian Government also agreed that all uranium o r e  
the Belgian Congo, including ore from the rich Shinkolobwe hike, 
should be made available to the United States and the 
Kingdom through commercial contracts, and that it would ue ib 
best endeavors to supply such quantities of uranium ores as might& 
required by the Governments of the United States and the unitad 
Kingdom. The Governments of the United States and of the Enit4 
Kingdom, on their part, agreed that the Belgian Government 
participate on equitable terms in the utilization of these ores a 
source of energy for commercial power at such time as the two GOV- 
ernments should decide to employ the ores for this purpose. 

Since the 1944 arrangement, the Government of Belgium, througk 
commercial contracts, has made available to the United States and to 
the United Kingdom a vitally important quantity of uranium pm 
duced in the Belgian Congo. This  has constituted a unique contribti- 
tion to the defense of the western world and to our strength RS I 

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 smq 
scientific and technical community. This interest led in 1950 to t-ht 
establishment of a Nuclear Research Center to coordinate th 
country's atomic energy programs, and current plans call for vmh 

i 

The agreement with Belgium. calls for an exchange of classsed ad i 
both the research and power fields. I 
unclassified information relating to the development of peaceful 
atomic energy, and, particularly, the development of atomic Po'@- 
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general information on the overall progress and economies of 
reactor programs and technological information required for 

p0cer of specific reactors for the Belgian program and 
reactor information. The agreement also provides for the other 

for Bowever, the parties will not exchange Restricted Data under the 

of research materials not available commercially, and 
BD the transfer of equipment and devices. 

ent relating to design or fabrication of atomic weapons or &greem i>oraation which, in the opinion of the Commission, is primarily of 
significance; and no Restricted Data concerning the produc- 

of special nuclear materials will be exchanged except that con- 
the incidental production of special nuclear materials in a tjon 

ceraing Further, the Commission will not transfer any mate- ’ or equipment and devices which in the opinion of the Commission rials 
mP It 5 provided in the agreement that the Commission will sell -to the 
mvernment 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 
235 of weapon quality in the possession of Belgium by reason of 

mnsfer 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 
I‘ 235 up to a 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, 
&e 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; 
a d  the Government of Belgium undertakes to use its best endeavors 
to see that the Combined Development Agency (a contracting agency 
nhich acts on behalf of the United States and the United Kingdom 
~ t h  respect to the purchase of uranium and thorium ores and concen- 
btes) will have a first option to purchase 90 percent of the uranium 
md thorium and concentrates produced in Belgium and the Belgian 
C O W )  during calendar years 1956 and 1957, and 75 percent of such 
am and concentrates produced during the calendar years 1958, 1959, 
md 1960. Belgium also agrees to evaluate its requirements of 
w u m  and thorium ore concentrates for the period of the agreement 
rema&E after calendar year 1960 and to consult with the united 

wfer reactor. 

d a r i l y  of military significance. 

r , i  I ,  i;’ ( 



10 MAJOR ACTIVITIES 

States for the purpose of establishing an agreed percentage of ate?i,Li which thereafter the Combined Developmentl Agency shall h . 
tl,, first option to purchase. 

Equitable consideration has led to incorporating in the a q  @me:*. 
a formula whereby the Government of Belgium may repurchase 

Qat&* rial in the event the diminution of available ore supply result 
s in decline in the rate of production of uranium ores and concentratcq 

Belgium and the Belgian Congo by as much 85 80 percent of th 
e ab of production in 1955 and if the strategic stockpiles of special nucleh: 

material in the United States and the United Zngdom have 
demilitarized, or if the civilian needs in the United States and tllf 

United Eingdom are covered without limitation by meam of pmdup- 
tion and current imports of uranium ores and concentrates. 

.-& 

;n& Canada. 
wartime undertaking that resulted in the first release of a t o ~ c  ene% 
by man, and during World War I1 the collaboration between the terri 
countries was close and invaluable. Since then, however, and unG 
the passage of the Atomic Energy Act of 1954, United States panjcjw 
tion in a cooperative effort to advance the peaceful uses of a t o ~  
energy was limited by law. Canada has closely cooperated \ r i ~  tb 
United States in certain important areas and in a way which hk 
made a valuable contribution to our common defense and securitTm 

The agreement with Canada calls for an exchange of classifid'& 
unclassified information relating to the application of atomic encm 
peaceful uses, for an exchange of research materials not ands& 
commerciallg, for the use of research and testing facilities, and for 
transfer of equipment and devices. However, of the informati.= 
which is classified, only that relevant to current or projected pro,- 
will be exchanged; and the parties to the agreement will not e s c h a y  
Restricted Data under the agreement which, in the opinion of e i k  
country, is primarily of military significance or which relates tzt i.k 
design or fabrication of atomic weapons. Further, it is pro~ded t k  
the Commission  ill not transfer materials or equipment and den- 
which in its opinion are primarily of military significance, nor % 
grant access to research and testing facilities which are prim&? 6 

Canada and the United States were active partners 

- 

milit arp significance. 
It is provided in the agreement that the Commission nil1 S P ~  

Atomic Energy of Canada Limited (a wholly-owned corporation 
Government of Canada) such quantities of uranium enriched iri CY 
isotope U 235 as may be required in the power reactor pro,- 
Canada during the period of the agreement, subject to the a d & b a y  
of this material for such distribution and to the limitation the: i5 &: 
quantity of uranium enriched in the isotope U 235 of weapon 9 
'7 the possession of Atomic Energy of Canada Limited by rewE' 
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the agreement shall not be of military signiticnnce, as 
der by the Commission. Enriched uranium to be sold under 

be limited to uranium enriched in the isotope U 235 ;eft * +Iflined 
meerne $e&R nlaximum of 20 percent U 235. 

;r to 

under 

nt 

of Canada, on its part, Kill give to the Commission 
'file fusal of any special nuclear materials which it may desire to 

s i t b e  ;I.radiation of fuel elements enriched with U 235 purchased 

fifl ration between the two countries in the field of raw materials 
flflBb0deady has resulted in the development of substantial uranium 

in Canada which has been made available to the United gbich 
qstes, under the agreement, it will also be possible for the Com- 
~ . to continue its use of Canadian reactors for special and unique 
+&lon stions of value in the Commission's weapons program. A still 

benefit to the United States under the agreement will result $der 
* the strengthening of the United States domestic economy 
9m pb the authorization granted United States industry to enter 
&OU, 

comercial arrangements in the atomic energy field with the 
cs,,,ament of Canada and its authorized nationals, 

:,;ftdKingdom. Great Britain has from the beginning been one of 
,ip _. leaders in the development of atomic energy. Her scientists 
--.jude -- great names in nuclear research, and her research and experi- 
-ental 4 centers are among the finest and most advanced in the world. 
pit& endeavor in the field of atomic energy preceded World War 11, 
*'dl in 1943 all work in this field was suspended in the British Isles, 

the leading English scientists came to the United States and to 
{aids to labor jointly with the scientists of those countries in the 
I- -mlopment of the atomic bomb. The immense contribution made 

C the United Kingdom in the great scientific achievement which 
kdted is a matter of recorded history. 

Since the war, the United Kingdom has developed and put into 
Eect an impressive , comprehensive and highly integrated atomic 

program; but collaboration and the exchange of atomic energy 
--kmation between the two Governments was, until the passage of 
5 Atomic Energy Act of 1954, severely limited by law. The 
ct.ement negotiated under the Atomic Energy Act of 1954, repre- 
i;Jits an bportant step toward achieving in the field of the peaceful 

of atomic energy the friendly tradition of cooperation which pre- 
d, the other areas of relationships with Her Majesty's Govern- 

and will result in mutual benefit. 
The agreement with the United Kingdom calls for reciprocal assis- 

in the achievement of the use of atomic energy for peaceful 
'*mse% for the exchange of information between the United States 

g sfit re outside of Canada, where such materia.ls have been produced 
sfer 

$?P Commission. The agreement also provides for continued 

pfldLICtion 

$0 

- 5 ,  .. * 

ZV 

347681-5g-2 
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Atomic Energy Commission and the United Kingdom At  
Authority of classified and unclassified information re1 
application of atomic energy for peacefd uses (including 
information on design and characteristics of various type 
as is required to permit evaluation and comparison of th 
use in a power production program), for an exchange of resea 
rials not available commercially, for the use of research 
testing facilities, and for the transfer of equipment and devices* 
ever, of the information which is classified, only that relevant 
or projective programs will be exchanged. O CWQE 

ed D&& 

not transport or export, or permit the transfer or export, under PFI, 

The parties to the agreement dl not exchange Restrict 
under the agreement which is primarily of military significance ~~ 

will they grant access to  facilities which are primarily of 

significance. Further it is specifically provided that the Parties + 

agreement of any material, equipment or device which is prhw 
Fa! 

of atomic weapons and the exchange of Restricted Data relatbg to 
design or fabrication of atomic weapons shall be outside the scoRd 
the agreement. 

Special nuclear material will be exchanged under the agreema 
only for research purposes and in such quantities and under su.i 
terms and conditions as may be agreed, subject to the general b: 
tation that no material which is primarily of a military character 6 
be transferred. 

a military character; and, further, that the disposition and 

Prowision of Additional Fissionable Material for  Agreement Pr0gmT4 

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

In  an address at Pennsylvania State University on June 11, 
President briefly outlined new programs which would en1-e 
scope of United States assistance to other nations in development 
research and power reactor projects under agreements with Ok 
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Or through an International Atomic Energy A4gency. The 
tions ,s statement of these proposals m-as as follows: -ideati llg 

t :  w e  propose to offer research reactlors to the people of free 
who can use them effectively for the acquisition of the ,,ti@ and understanding essential to peaceful atomic progress. &ills - e LTnited Statles, in the spirit of partnership that moves us, will 

t,ribute half the cost. we will also furnish the acquiring nation 0 
COnnuclesr material needed to fuel the reactor. 
'I'ieCond : Within prudent security considerations, we propose to 

ke available to the peoples of such friendly nations as are pre- 
invest their own funds in power reactors, access to and Ill8 

p , e d  to 
,slnin, in the technological processes of construction and opera- 

If the technical and material resources of a single nation should 
not 8PP ear adequate to make effective use of a research reactor, 
ae would support a voluntary grouping of the resources of several 

for peaceful purposes. 

witbin a single region to acquire and operate it together. 

r-mED STATEB PARTICIPATION IN THE INTERNATIONAL COKFERENCE 
ox THE PEACEFUL USES OF ATOMIC ENERGS 

~~l~ in December 1954 the United Nations General Assembly en- 
.ioIsei President Eisenhower's proposals both for an International 
Yeeng and for a UN conference of scientists and engineers on peace- s 
&J sppfications of atomic energy. 
' ne Secretary-General of the United Nations in January convened 

&jrisory Committee for the conference composed of representa- 
The United 

3ates member is Dr. I. I. Rabi of Columbia University, who is 
a h a n  of the General Advisory Committee to the AEC. The 
*&e selected for the conference was Geneva; the time August 8-20. 
metary-General Hammarskjold named a staff for the United 
Sations management of the conference, including as Secretary-Gen- 
d Professor Walter G. Whitman of Massachusetts Institute of 
T~hnology. On February 1, invitations were sent to 84 nations to 
a k e  part in the conference. To the time of writing of this report in 
&dJdy, 66 nations had accepted. 

The United Nations had not completed its final program at this 
+fng but United Nations Conference ofJicials indicated that about 
$3 of the more than 1,000 papers accepted will be presented or dis- 
r a d  during the 165 hours of sessions at Geneva. The remainder 
pa appear in the proceedings to be published by the United 
s s ~ n s .  Papers from a t  least 25 nations dl be included in the 

of seven nations, one being the United States. 

-dings. 
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Each nation accepting the United Kations invitation to the conf,, 
ence may send an official delegation of up to five persons, On J!$ 
1, President Eisenhower approved the designation of the 
United States Delegation. 8 The members are: 

tomlit Chairman, Mr. Lewis L. Strauss, Chairman, U. S, A 
Energy Commission. 

Vice Chairman, Dr. Willard F. Libby, Commissioner, u 
Atomic Energy Commission. 

Dr. I. I. Rabi, Professor of Physics, Columbia University an[ Chairman, General Advisory Committee to the AEC. 
Dr. Detlev W. Bronk, President, National Academy of Scien% 

President, Rockefeller Institute for Medical Research. 
Dr. Shields Warren, Scientific Director, Cancer Research 

tute, New England Deaconess Hospital, Boston, Mass. 
In  addition to the official delegates, each nation may send technic6 

advisers. These will be principally the scientists, engineers an, 
economists who will present or discuss the topics on the G ~ ~ ~ ~ ,  
agenda. The technical advisers from the United States 4 1  nurn& 
about 150 and will represent a strong cross section of all Semenb 

of the public and private nuclear research and application 
iL 

this country. 
In  February, the Commission organized the Office for Internation,: 

Conference (OIC) and named as its head Dr. George L. Wea, one o! 
the pioneers in atomic energy research and formerly Assistant Directe 
of the AEC Division of Reactor Development. 

Under his direction, invitations were sent to more than 3,000 pew3 
to submit ideas for papers for the Geneva Conference. The respop* 
was overwhelming and nearly 1,100 technical abstracts were receivt< 

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

More than 500 United States abstracts were submitted to t 3  

United Nations. Although the conference progam is not yet cc 
pleted, it appears that about 175 United States papers will be reda 
discussed during the Geneva sessions. AU of the remainder Bz 
appear in the proceedings. The United States will make contr;lk- 
tions to every section of the conference agenda which includes K G ~  

than 60 specific topics. 
In addition to processing the abstracts and then the PRPefi. 

QIC worked out and put into effect a comprehensive plan for Ogr 

a ; !  

' 1  

. 
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rib ,ltions by the United States, including a research reactor which 
@1It . actual operation at  the conference site; technical and popular 

Oand reference library at  the Palais des Nations, the confer- 
G dquarters building. ,hiblts 
,gee hea 

ill be the first United States actual operating reactor to be TbiS tf 
bibited outside tks country. It is of the pool type, one of the 

es of research reactors which d l  become available to the 
~ t h  which the United States enters into bilateral agreements 

Two research reactors of this type are under con- ns 
tion on college campuses in the United States-at Pennsylvania jtY 

University and the University of Michigan. After the Geneva state conference, this particular reactor will be sold to the Government of 
;aitzerland, as reported earlier. 

The reactor d operate in a cylinder of purified water 10 feet in 
dimeter and 21 feet deep. The core of the reactor-the fuel elements 
N B t a h  i p ~  t> 18 kilograms of uranium, enriched to 20 percent (3.6 kilo- 
g m s )  in uranium 235-d l  be near the bottom of the tank, sitting 
in 8 pedestal. 

The water acts as a shield to retanin radiation and as a basic operating 
Nmponent-the moderator. Through the water, observers will be 
sble to see the Cerenkov radiation effect, a blue glow emanating from 
:he mater in the immediate vicinity of the core. Operation will be 

about 10 kilowatts, but the power will be flashed to about 100 
Gomtts at times in order to emphasize the Cerenkov effect. 

Delegates will be invited to watch demonstrations and experiments 
ritb the reactor. At other hours, the reactor d l  be open to the 
yblic. As result of advances in instrumentation, it is possible 
for this reactor to be operated automatically from start to full power. 
hboratory engineers point out that adaptation of this design will 
tdd safety factors for reactors of this t a p e  now under construction 
kth in the United States and abroad. 

The reactor was built at the Oak Ridge National Laboratory in 
&e record time of 3 months. The Laboratory is operated under 
sntract for the AEC by Union Carbide and Carbon Chemicals Co. 
Tb reactor was thoroughly tested before being dismantled, crated, 
ad shipped in U. S. Government aircraft to Geneva over June 30- 
idY 1. There i t  is housed in a temporary building adjacent to the 

The building contains about 3,000 square feet 
e:fiOor space, which allows room not only for the reactor, but for 
&bits of components and information related to the reactor. 

p tot,Y.p 

, 

des Nations. 
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Exhibits 

The United States originated the idea of exhibits a t  the conferen(,, 
Its application for exhibits space in the Palais des Nations 
first one, and some time mas consumed thereafter by the unite; 
xations in Ivorking out space allocations. TVhile this went fonTtlr; 

man37 United States firms, universities, and agencies indicati 
interest in exhibiting. The range of subjects Covered, the tunount ~~ 

floor space required, and the decision tha,t the official exhibit at tb, 
Palais would be highly technical in nature, suited dkectly to tl,; 
character of the conference, made i t  impossible to accommodate 
one place all United States exhibits. 
the official technical exhibits will be shorn at the Palais. 
types of unofficial supplementary e-dibits, both encouraged by tte 
United Nations, will be presented in downtown Geneva at the Ex-&- 
tion Palace. There will be wide United States participatiq G ~ ~ , .  
ernmental and private, in all three exhibits. 

a i  The outcome was that 

Ofiicial technical exhibits. The official technical errhibits at tr. 1 P  

Palais will occupy some 4,000 square feet of floor space. The frame. 
work for this exhibit has been designed and built under contract ~ . ;  L.. 

the Atomic Energy Commission by the firm of Deign and Produc, 
tion, Inc. It houses components, models, and displays contriburd 
by many firms and organizations. 

The exhibit provides an integrated storx of peacetime atomic 
enerqy development on its technical side, from raw materials tho* 
fuel elements, models of reactors, reactor components, chemid 
processing, instrumentation, the uses of isotopes in biologv 
medicine and industry, and basic research. Every component 0: 

model in this exhibit has been supplied by an organization. T~E 
suppliers include 82 organizations, of which 63 are industrial and th 
remainder Government agencies or laboratories, universities d 
hospitals. 

USIA exhibit. This exhibit, titled Atoms for Peace was built for ti. 
United States Information Agency and has been showing in ITS 
Germany. It will occupy 15,000 square feet of floor space in 
Exhibition Palace in downtown Geneva. A number of the o%& 
tions which had originally offered materials for the official t e h G  
exhibit have found that these materia3s are adapted to supplemB@ 
and rounding out the USIS exhibit, and their contributions are bek -1 

added to this display. Altogether 19 United States orgadatioms * ’  
of them industrial, have contributed extra materials for this edw 
tional showing. 

f%n PTOgram 
m 
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all 100 American industrial and commercial firms, along ;@le 

academic, professional and private educational, medical and 
4'' j0 ,,ganizations d l  be represented in one or more of the exhibits @arch 

8 (pp. 155-160) lists the United States firms, universities, the '' endk 
"p and Government contractors who have contributed to the 

@acle types of exhibits and to the exhibit portion of the research 
&ee 
@ 

Geneva Conference. 

tor demonstration. 

T flh,,;cd Reference Library 

For the use of the delegations at  the conference, and as a display 
ertab atomic energy technical information resources available d c the United States for use world-wide, the Delegation is installing 

1 reference library in a room alongside the official technical 
,bibit. This library contains all the unclassified publications issued 
hT the Atomic Energy Commission itself, and a cross section of the 
;ientific _ -  and technical journals and the commercial books published 
tF i.i the United States and carrying atomic energy subject matter. 

The AEC library is a replica of the ones being presented by the 
rqac ./* to other nations which wish them, as described in a separate 
&tion of this chapter (pp. 20-21). I t  includes 6,500 research and 
iedoprnent reports, 1,500 printed and 5,000 reproduced in microcard; 
3 case-bound books and 22 miscellaneous pamphlets; 11 volumes of 

Commission's journal, Abstracts of NucZear Science, and 55,000 
d o g  cards. The portion of the reference library a t  the Geneva 
Conference contributed by the scientific and technical societies and 
Ae commercial publishers includes more than 300 books, displays of 
45 United States journals dealing with atomic energy subjects, and 

publications by agencies of the United States Government other 
t a n  AEC. The contributions to this portion of the library are listed 
z Appendix 6. 

After the conference, the technical reference library will be presented 
'.r the United States Delegation to the library of the United Nations 
mter at the Palais des Xations, to become a permanent part of its 
d lec  tion. 

.%i Program 

To portray atomic science and technology in film, the United States 
d%ation is providing to the UN management of the conference a 
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collection of 7 technical films voiced in each of the four O&c,ial 

languages. be scheduled by the r< 
management for the conference. 

&. 
of United States films on various technical reactor subjects ; and 
how on the applications of radioisotopes in genera1 science, chemistr: 
metallurgy, and biolom and medicine. The contributors tu tt;, 
portion of the United States program for the conference are liqt I t'$. 

in Appendix 8. 
The delegation staff includes as Executive Officer, hlr. Brtrq ~ 

Trapor ,  Assistant General Manager; as 'I'~hnica1 Director l)t 

George L. Weil; as Director of Public Information, hlr. J&, $ 
M c e g h t ,  Deputy Public Affairs Officer, United States Ernbe!; 

Fermi, mill Serve as Historian of the delegation. 
The conference will be, it is now apparent, the outstanding sciena 

and technical event up to this t h e  in the Yeam following ~~~i 
War 11. It will gather together the largest and most representatiFe 
group of the world's specialists in nuclear science and the arts ck 
applying atomic enerm to human Gelfare that has ever been 
sembled. Old lines of scientsc communication will be renewed 
new ones formed. The collective knowledge of mankind 011 hair tG 

pllt the atom to work for material progress in all lines d l  be shm< 
among the technical representatives of the great majority of 
people of the world. 

The showing of the films 

a kif! There m i l l  be an how and 

Rome, Italy. Also Mrs. Laura Fermi, widow of the late 
%* 

TRAINING PROG,RAMS 

School of Nuclear Science and Eagineering , Argonne National L u b ~ m b  

Without the training of technical personnel in the theories and & 
skills involved in the operation of nuclear reactors, both for r&em 
and power, and in the handling of the radioisotopes used in p e a a t i  
applications, no nation will be able to make rapid progress V;ib ik 

Atoms-for-Peace program. Therefore, along with the other acwa 
detailed above, the Atomic Energy Commission has developed E 
extensive and growing program of training In various lines of speciei, 
zation open to qualified students sent by nations cooperntk 
Atoms-for-Peace programs. 

To start the work of training in reactor engineering the C o d a  
opened on March 14 a new School of Nuclear Science and En*@* 
at  the Argonne National Laboratory with Dr. Norman H i b F  
Associate Director of the Laboratory, as Director for the school. Ts 
school has a full time faculty and is provided with its o m  labofttp Gus facilities. 
tlcademy, is serving as Associate Director at the school. The '$ 

Dr. J. Barton Hoag, on loan from the U. S. Coast 
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run 7 months. It includes unclassified courses in design, &on uction and operation of reactors for nuclear research; principles 
@@''.pn of nuclear power reactors; handling of irradiated materials 

Bnd lied for the first session are 30 scientists and engineers from 19 FnrO 
tiODs representing a cross section of applicants from Europe, Cen- 

p8 South America and the Near, Middle and Far East. There 
@lir:g United States students in the class of 39. 
"';he nations represented in the first class are: Argentina, Australia, 
gelgium, Brazil, Egypt, France, Greece, Guatemala, Indonesia, Israel, 

n, bjexico, Pakistan, the Philippines, Portugal, Spain, Sweden, 
+j-i tz etland, and Thailand. 

second session is scheduled to begin in Xovember and a third next 

I\f arch. n* ant plans for expanding the training facilities--subject to Con- 
ional approval-4 bring the capacity of the school for each P @ion to 120 students. When these men return to their own nations 

after completing the courses of the future, they will form a nucleus 
arom d which may develop their own country's group of specialists 
in reactor technology. 

of des15 other related peacetime applications of nuclear energy. 

courses in Radioisotepe Techniques, Oak Ridge Institute of Nuclear 
Studies 

For the past 6 years the Oak Ridge Institute of Nuclear Studies has 
conducted each year six 4-week courses in the safe and efficient han- 
&g of radioisotopes. Whenever possible, without excluding any 
r&d States candidates for enrollment, students from other countries 
3Bre been admitted to these courses. However, so 'great has been the 
&nand from the United States that rery few students from other 
:ations could be accommodated. To provide for training for stu- 
$nts of other nations, the Commission held a special course for them 
wting &fay 2. Enrolled were 30 scientists and technicians from the 
3 J o ~ g  21 nations: Australia, Canada, Chile, Colombia, Cuba, 

L g p t ,  Finland, Germany, Greece, Guatemala, India, Italy, Japan, 
:ieSico, Xetherlands, Pakistan, Peru, Philippines, Spain, Thailand, I 

i ed Yenezuela. ' ! The training given to these students was identical with that given to 
i jaerican students at earlier sessions. In  the future to make certain 

5 t  training is readily available to people from all lands, up to 15 
[ Waxt  of the total enrollment in the radioisotopes handling courses at 
"&Ridge W;ll be reserved for students from other countries. In 
4 ;fiition a second special course will be offered in October 1955. 

I 

7 
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Train,ing in Biological and Medical Applications 

An extensive program for conveying nevi- Iaowledge ajvailrtble in th 
United States to special groups of doctors, surgeons and biologics 
leading doctors and surgeons from 11 nations started a 37-day toU, 0 
hospitals, research centers, universities, and AEC installations in th, 
United States. This tour was sponsored by the Department of Stat, 
and the American Council on Education as well as by the Atorqi 

centered on the use of isotopes, reactors, and other atomic dences 
techniques in medicine, m-ith emphasis on their application to researc! 
and treatment in the field of cancer. The general medical applicatio,, 
of atomic energy also mere covered. 

The tour group included physicians and surgeons from Austral;B 
Brazil, Denmark, Egypt, France, Italy, Japan, Philippines, Port%a 
Spain, Turkey, and the United Kingdom. 

Over and above such tours are the many training comes offer, 
year in and year out in the United States dealing with the ut&atiw 
of atomic energy in the fields of bioloa,  medicine, and agricdt& 
Such courses are open to students from all over the mrorld. yb, 
AEC is preparing a brochure listing these courses for world-~d, 
distribution so that their availability may be known wherever t r a G  
in these lines is desired. As some examples, pre- and post-doctorr 
training d be provided henceforth a t  Brookhaven Kational hb- 
atory, Argonne National Laboratory, Argonne Cancer Resee+ 
Hospital, and the U. S. Atomic Energy Projects at the UniversitrE 
California, the University of California at Los Angeles, and'& 
University of Rochester. Courses in the medical applications 2 
atomic energy are available at the Harvard University 3fedi.r 
Physics Laboratory, the New England Deaconess Hospital Cave  
Research Laboratory, and the Western Reserve University Srh-4 
of Medicine. 

scientists from abroad was inaugurated June 20 when a group of 2: 

Energy Commission: The medical program prepared for th e ml] 

Technical Libraries 

Since late in 1954, the Atomic Energy Commission has beeo 
pared to make available to  each foreign country upon requs: t 

library carrying all of the unclassified atomic energy publica* 

Lodge of the United States Mission to the"United Nations on Sor* 
ber 5, 1954. 

''AlwaJTs mindful of the day when it  might be beneficial to PN 
this material in package form despite the fact that it has al f f *Fw 
available in individual items, we have accumulated 10 

of the AEC. This offer was announced bv Ambassador Hem cc* 
Ambassador Lodge stated: 

& 



ns 

7 training courses offered 
?ding with the ut&atioa 
nedicine, and agriculture. 
111 over the world. The 
e courses for world-p;i& 
: known wherever t rasw 
35, pre- and postrdoctod 
&haven National Labor- 
rgonne Cancer Research 
,jects a t  the University of 
L t  Los Angeles, and the 

medical applications of 
vard University Medied 
eaconess Hospital Csnra 
teserve University Schod 

Commission has been p w  
country upon request, rs 

tomic energy public.atiOm 
- Ambassador Henry C~b0: 
United Nations on x@cem* 

ght be beneficial to pr*@’ 
‘act that it has a1n-W bHten 
accumulated 10 comPle“ 

Jk\TARY--;n;NE 1 9 5 5 21 
om owrl mat erial, which we are prepared to give to the 

And we ~ l l  

In  November 1954 a library 
resented to Japan. Since then, the AEC has ampproved requests 
the following nations: Argentina, Australia, Austria, Burma, 

Egypt, Finland, France, Greece, India, Israel, Italy, 
iftberl&nds, Zealand, r\’orwaj-, Peru, Philippines, Portugal, 

th Africa, Spain, Sweden, and Turkey. In addition, the library 
isplay at the Geneva conference will be presented to the United d 

librag at  Geneva and a partial libraq? will be given to CERN. In 

The of these libraries was described in connection 

1 technical libraries of cooperating nations. 
ore t,han 10 if there is a demand for more.” 
onse has been n5despread. 

i d l  

typical Atoms-for-Peace library which will be set up at  the 
;dercnce in Geneva and later presented to the library of the United 
iations Center a t  Geneva. As new material is published by the 

eriodical additions are made to these libraries-and to the 
identical libraries maintained in the United States by the AEC i d  institutions. The United States asks only that the 

#tiom receiving AEC libraries reciprocate by providing their couec- 
ions of similar official unclassified papers. 

LEG, P 

OTHER PROJECTS 

~lom~- fkueTed  Ship. On April 25, speaking at the annual luncheon 
if h e  Associated Press, President Eisenhower proposed adding to 
be Atoms-for-Peace program a demonstration atomic-powered ship. 
 his new ship,” the President said, “powered with an atomic reactor, 
+J not require refueling for scores of thousands of miles of operation. 
T&ng the ports of the world, it will demonstrate to people every- 
hue this peacetime use of atomic energy, harnessed for the improve- 
mt of human living. In part, this ship will be an atomic exhibit, 
a+g to all people practical knowledge of the usefulness of this 

On May 9, the Commission transmitted to the Joint Committee 
request for authorization of $21,000,000 to proceed with the building 
+he reactor and power system for the proposed ship. On May 26, 
: a request for supplemental appropriations for the Commerce 
I+p@tment, the White House included $12,650,000 for the Maritime 
mission for “design and construction of the hull, crew training, 
ddministration of its part of the program.” 
& o f  June 30, Congressional action had not been completed. 

*g-For-Peace Stamp. The Post Office Department was scheduled 
‘Won sale on July 28 a special three-cent commemorative “Atoms- 

science in medicine, agriculture and power production.” 
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Raw Materials 
concentrate production continued to increase during the 

bnlf of 1955. The production inciease in the United States was 
tantial. Further sharp increases over the next 18 months are $s 

subs &s a result of construction programs now under way or about ,fled 
P- Domestic prospecting, eLxploration, and processing trends 

tbued on the upswing. Foreign sources continued to supply a 
tmtial quantity of concentrates, with South Africa assuming a 

re ,ignificant role. Research and process development studies on 
e C  methods for the recovery of uranium from its ores continued. 

@ start. 

$b 
go 
enom 

D o MESTI c PROD u CTI ON 

Domestic production of uranium ore and concentrates during the 
months of 1955 reached record levels-making the United 

@t 
GtateS one of the world's leading uranium producers. The expansion 
* t  3; ,,.,.ting processing facilities and construction of new mills due for 
9 m P  letion before the end of the year will add substantially to the 

Private prospecting and exploration activ- 
;continued * *  at a high level. 

production rate. 

June 1955, the number of producing mines in the United States 
mestimated at 850 as compared with some 795 in June 1954. 

The potential uranium production area continued to expand with 
:?F discoveries in eastern Washington, North Dakota, and south- 
mral Texas. 

tkt Processing 

Ore production continued to exceed present processing capacity 
i t h  a resultant buildup of ore stockpile inventories at certain loca- 
km. However, stockpiles in excess of normal plant requirements 
R a t  mills just completed or at locations where new mills are being 
zstructed or are planned. 
1 contract was completed between the Uranium Reduction Co. 

4 the AEC for the construction of a large mill at  Moab, Utah and 
'fplant is now under construction. Negotiations are in progress 
*construction of a plant in the Cameron area of the Navajo Indian 
b a t i o n  in Arbona. The Commission also completed a con- 

23 
c - j I  1' 1 
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centrate procurement contract with Mines Development, lnc, far 
the construction and operation of a processing Plant at Ed 
S. Dak. The plant is presently under construction. The TJ * b  _ .  
Vanadium Co. and the Commission hare reached an ageem - 

0:. a major expansion of the present c ra ran ,  c o b .  m a ,  which is non 
under construction. 

The Shiprock, N. hlex., mill of Ken-hlcGee 0 3  Industries f I tlr..) 
now operating at  rated capacity, is serT-ing the mining areas of 
eastern Arizona and also treating S O ~ M  of the high-grade Ores of 
Big Indian Wash area of Utah. Eqansion of the Natuita, 
mill of the Vanadium Corp. of America was colnpleted in hfarch 
full capacity operation in April. Expansion of Climax Uranium 0. ." 
Grand Junction, Colo. plant is completed. The plant of the B~~~ 
water, N. Mex. mill of Anaconda Copper hfhing (20. began fG- 
capacity operation in April. Construction of another plant is pfib 

ceeding rapidly with completion expected later in 1955. traD8diu 
Corp. of America's Durango, and Naturita, CO~O. plants are operat& 
above their rated capacities. 

gernoril 

New Ore-Buying Stations 
The new uranium ore-buying and sampling stations at lied 

Utah and Riverton, Wyo. were officially opened on February 1 sol; 
March 1, 1955, respectively. The Globe, Arb. plant opened rff 
receipt of ores in June, while plants at Greenriver, Utah and in 
Tuba City, Ark. area are expected to be in operation this year. & 
addition of Greenriver, Utah and Tuba City, Arb. will bring to I: 
the number of locations where producers may sell uranium ores. 

Uranium From Phosphates 

Three uranium recovery facilities are now producing and ship* 
small tonnages of uranium concentrates as a byproduct of t h e r m  
ery of phosphate chemicals and fertilizers from Florida phospb 
rock. 
national Minerals and Chemical Corp., Bartow, Fla.; and 
Carolina Chemical Corp., Nichols, Fla. A fourth facility, the t'. 5 
Phosphoric Products, Division Tennessee Corp. plant at East T a q  
Fla. is presently under construction. 

These facilities are Blockson Chemical Co., doli&, Ill.; 

FOREIGN ACTIVITIES 

Belgian Congo 
be@ The Shinkolobwe mine in the Belgian Congo continued t.0 - -  

= , I  ,i I . k : t - l s  important producer of u .rani- concentrates. 

Radiu~ 
.1 
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ongo continued to be 8: 

s. 

&on from South Africa egain increased over the previous 
aths period, with a total of 11 uranium processing plants now 

a podu 
f g t;-Ino 

ia operation- 

0 4 la 
!la 

the Beaverlodge area of northern Saskatchewan the ner ,  en- 
ed Eldorado RIining and Refining co., Ltd. mill is now operating 

In addition to treating ore from the Ace Mine of 
Con- 

tion of the large mill of Gunnar Mines, Ltd. in the Lake Atha- 
area in northern Saskatchewan proceeded on schedule with 

derground development program is being carried OD by 
aorado Uranium Mines, Ltd. in the Beaverlodge area of northern 
&tatchewan, where surface drilling, completed in 1954, indicated 
iteDsive mineralization. National Exploration is also carrying out 
,xtensi~e underground development near the Beaverlodge plant. A t  
~e Terns property, which includes ground under lease to Eldorado, 
-jrdemound work continued on four lerels with encouraging results. 
The entire Blind River area was the center of intensive prospecting 

Construction of the 
Uranium Mines, Ltd. mill is scheduled for completion in Sep- 

;mber, 1955. The Quirke Lake and Nordic properties (Algom 
:mium Mines) each has a large milling plant under construction. 
3&g on Consolidated Denison property indicated substantial ore 
:gmages, and an underground development program is underway. 
Considerable drilling and exploration activity continues in the 

Smroft area of eastern Ontario, where large low-grade ore bodies 
w e  found. 

Sormal production was maintained at the Port Radium operation 
gEldorado on Great Bear Lake. 

capacity. 
the mill is accepting ores from several nearb1 minzs. gdorado, 

I %!full 

@ expected in October 1955. 

An un 

.- 

exploration activity by many companies. 

Shipments from the Port Hope refinery were suspended during 
qd, May and June in preparation for production of metal-grade 
miurn  oxide. 

The Radium Hill mine and treatment plant was officially opened on 
~‘fember 10, 1954, and low-grade mechanical concentrate is being 
Kcbaed there until the Port Pirie chemical plant opens in July. 
f@t shipments from the Rum Jungle ore processing plant, officially 

#*Ted UP on December 19, 1954, arrived in the United States. 
1 “7 , i  ‘, ‘i-’ 1 I I 
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northern Australia, With tpc-o 

new areas-the Alligator River district in the Northern Territory a4d 
the Mt. Isa district in Queensland-appearing as potential Prod 

Widespread exploration continued 

ucer-,* 

Portugal 

~g ttf. Portuguese operations continued at  the normal rate d 
past 6 months. 

Corn bined Development Agency 

The Combined Development Agency is a job t  United 
United S tates-Canadian organization established in Wasl+ton 
1944 to develop the production and to undertake the procurement,! 
uranium and thorium supplies in certain areas. The present memtg,, 
ship is as follows: United States, Lewis L. Strauss, Dr. C .  E, hi& 
and Jesse C. Johnson; United Kingdom, Sir Edwin Plowden, 4 
J. G.  Bower; Canada, G. C. Bateman. Mr. Strauss is the C h a h m  
of the CDA and Sir Edwin Plowden is the Deputy Chairman. 

The agency at the present time has production contracts Qs 

Belgian Congo, the Union of South Africa, Australia and Portk< 

DOMESTIC ErrPLORATiON 

Greatly accelerated exploration activity by private i n d u b  Ep 
sulted in the discovery of potentially large deposits of mani& 
in presently non-producing areas off the Colorado Plateau. The fi.;: 
large deposit of ore in a contact-metamorphic geologic enriroma: 
was discovered in Stevens County, eastern Washington. Pro&: 
deposits were found in Gunnison and Fremont Counties, C o l o d  
and private ground and airborne exploration located an ares d 
signscant uranium minerahation in Earnes County in south-cen~ 
Texas. 

The continually increasing number of prospectors and rn* #E- 
panies engaged in exploration and airborne surveying, coupled rik 
a noticeable expansion of private geological consultant servim be 
permitted the Commission to emphasize the development of 
information and criteria for finding new minerabed ares a d  
favorable stratigraphic horizons. 
public to assist private interests in the exploration and derdoPm 
of favorable ground. (Technical reports on exploration, geo1oEi a s. M mineralogy are on sale at the Office of Technical Services, u* 
of Commerce, Washington 25, D. C.) 

3 

Results of this work are 
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p@n,g 
1 hilling by the Government was approsimately 350,000 feet 

'I1p the first half of 1955, as compared to a rate of over a million 
4Gfl r year in the past 2 years. The Commission's drilling was 

ducted on withdrawn lands which, upon completion of ;per 

leased to private companies or restored to the public do- 
The rate of private drilling was accelerated and is now es- 

@&* at more than six times that of the Government. Continued $ated 
of ore reserves was due largely to the discovery of new deposits &@ease 

Gd 

;&e 1v " con 
:$liilg, are 

development of known deposits by private drilling. 

PROCESS DEVELOPMENT 

u, s, Bureau of Mines Experimental Station at Salt Lake City, 
I'd, the National Lead co., Inc. operating the Raw Materials 
Derelopment Laboratory at Winchester, Mass., Battelle Memorial 
!3jtitute, the DOW Chemical CO., and Arthur D. Little, Inc. are 

u;ng to work on the development of both new and improved 

Chattanooga uraniferous shale process studies continued on a 
;3boratory and bench scale at Columbia University. 

Sew ore testing facilities for both acid and alkaline processes for 
Bejtan ores are now in operation a t  the pilot plant a t  Grand Junction, 
I"J]O. This pilot plant, operated by National Lead Co., Inc., now has 
;2u separate processing circuits. 

Studies on the recovery of uranium as a single product from Florida 
-3osphatic r' leached-zone materials were completed. Although it was 
t;smonstrated that uranium can be recovered from the leached-zone 
=&terial, this process is not considered economical by present 

processes for Colorado Plateau uranium ores. 

cadmds. 

Production 
%duction of special nuclear materials exceeded that during the 
;~rious 6 months, and attained new high levels. 

,%.i.ities for Production 

ill of the new gaseous dif€usion facilities authorized in 1952, except 
at at Portsmouth, Ohio, were completed and contributing to 
.Muction. Construction at Portsmouth proceeded as scheduled. 
-lea facihties at the Hanford and Savannah River reactor sites 
W operation during this period. 

f' 
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Design of additional feed materials processing facilities, auth 
last year at Fernald, Ohio, St. Louis, Mo., and Paducah, 
gressed satisfactorily and construction at the three sites be* 
March. 

’ Ffb 
d b i q  

AEC-MVGC Contract 

On July 16, 1955, the Director of the Bureau of the Budget P - O t ,  
firming an earlier oral discussion, mote the Chairman of the co%% 
sion that “The President has requested me to convey his dkectioa tr 
the Atomic Energy Commission to take immediately the neceQrt.: 
steps to bring to an end the relationship between the J~issi~iIl; 
Valley Generating Co. and the Commission.” 
taking action in accordance with this direction. 

The Commission 

Accountability 
Since the Atomic Energy Act of 1954 provided that the Governma: 
retain ownership and control of special nuclear materials, at 
same time encouraging the use of these materials in industrid Bp 
plications of atomic energy, the necessary accountability m n a  
were formalized. These controls developed by the DiTkion 4 
Source and Special Nuclear Materials Accountability are e q e c g  
t o  follow standard practices of private industry. They reqg? 
periodic reports of holdings of special nuclear materials and perid- 
review by the Commission to find out if the control measure mi 
are adequate. 
ways to those of internal auditing staffs in industry. 

In keeping with the Commission’s policy of accounting for SOWS 

and special nuclear materials on the basis of their dollar d u e ,  L 

review of AEC’s current material accounting practices is plannie 
This review would determine if accounting practices have W 
pace with the increasing volume and scope of Commission actirik 

A criterion was developed to permit operations offices to  mainte= 
a routine evaluation of contractors’ activities on the basis Of chk 
value of materials handled. This criterion advanced to 8 p””’ 
where it could be applied to routine operations on a trid bask- is 

employs simple techniques of mathematical statistics and elemens- 
formulas. If successful, its use will provide the AEC with 8 Taluh 

guide in determining an appropriate balance between the dmr 
material assets and the cost of material accounting control. 

In this respect AEC’s function corresponds in 

I 
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is are being studied of the best means of preparing and 
p$!& standard materials, improving and developing measure- 

i@ tho&, and providing facilities for verification of inventories 
;ifpt ,,rDment-owned source and special nuclear materials, in helping 
& ‘>ommission to carry out its responsibilities in retaining the 
:@ 

cflFer$th annual meeting of AEC’s accountability representatives 
Tbe Such annual discussions 

@ tual problems contribute significantly to improvements in 
IDU ials accounting and provide a better understanding of overall 

In con1 ‘unction with the June meeting an AEC and contractor 
was held to discuss problems associated with the application 

Papers were pre- 
ID’ d by AEC and contractor personnel describing techniques of 

roe 

title to and control of such materials. 

in Washington on June 22-24. 

@fer ission problems . 

, # t i  

2d.h * 

thematical statistics to accountability goals. 

‘’‘Bematical statistics applied to the accountability program. 

Construction and Supply 
zfitl.iog the period January 1 through June 30, 1955, costs incurred 
ior new plant and equipment were estimated to b2 $375 million, 
+g the total capital investment in atomic energy facilities to 
b u t  $6.6 billion before depreciation reserves. Except for the Feed 
gsterial Expansion program now under way construction of most of 

U C  major production plant facilities has been completed or 
w e d  its peak, and construction activity is gradually tapering off. 

Costs incurred for new plant and equipment amounted to approx- 
mtdy $870 million during fiscal year 1 9 5 5 - U C  costs accounting 
:s 2.2 percent of the Nation’s total construction dollars. 

For the first hdf of 1955 monthly incurred costs averaged about 
$63 million, a decrease of h o s t  25 percent from the $83 million per 
s n t h  for the previous 6-month period. A further moderate decline 
tmonthly construction costs is expected during the second half of 
;te calenda year. 

him of Red Property 

9n estimated 3,900 acres of land were or will be declared excess as 
:*result of a program for review of AEC real property holdings. 
~ h r i a  for such action in this review and in future reviews are that 
dproperty not essential for minimum operating and program needs, 
&mum physical requirements, and health and safety standards be 
%sed of as excess. 
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Emergency Relocation Center 

Consistent with the Administration’s policy of planning f 
continuity of essential Government operations during an emerg 
period resulting from enemy action affecting the Kation’s capital tt; i 

during any such emergency period. 
native headquarters was established at a location outside the Dhtri,., 
of Columbia where key membars of the Commission’s staff ca:, 
assemble and conduct the most urgent operations. This 81ternativ, 
headquarters (emergency relocation center) is fdly operationa], 
the necessary office supplies, equipment and communications facditiFl 
available for immediate use. Test operations were held at tb 
center during the Nation-wide Operation ALERT, June 15-17, 

program v- 

sreapo*s P 
AEC prepared a plan to provide for carrying out its essential actiritif-, 1 $+-as based ( 

doded tYP( 
As part of this plan, 

Qperation I 
$ 

Auction Sales 

The AEC continued to disposs of sllrplus property by the auctior, 
sale method whenever the amount, value, type, and location of ttfi 
property warranted. Returns from 6 auctions at Paducah, SaTame 
River, Oak Ridge, Portsmouth and Hanford, during the past 6 month 
grossed from 17 to 29 percent of the original cost of the propcrtysold‘ 

Small Business 

The AEC small business program, established in conjunction ~e 
the procurement activities of the AEC operations offices and CNL 

tvpe contractors, was explained at a hearing before Subcornmitt& 
Go. 2 of the House Select Committee on Small Business on hie 
2, 1955, and the Procurement Subcommittee of the Senate S&C 
Committee on Small Business on May 5 ,  1955. The testimonydf- 
scribed the action taken by the Commission to assure that a fak 
proportion of total supplies and services are procured from EJB& 

business concerns. 
A substantial portion of AEC procurement dollars continued to p 

to small business. From July 1, 1951, to March 31, 1955, AB: 
cost-type contractors awarded $2.44 billion in subcontracts. S d  
business concerns received $941 million 01 38.6 percent of the 
amount. Direct contract awards to small business during the sw 
period amounted to $172.8 million or 3 percent of the $5.6 billiofi5 
contracts awarded during the same period. 
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Military Application 
following Operation CASTLE, the test series held at 

‘T 1EC’S Pacific Proving Ground in the spring of 195.1, the weapons 
:I1c * was directed toward development, of weapons whose design dam 
-T& d on results of those tests. During the first 6 months of 1955, base 

roduced in accordance with the President’s directive in- & 
ons P $-:.@ types incorporating such designs. 

i’ Juded 

tber prominent event in the weapons program during tbe period 
$lo this report was Operation TEAPOT, at the Nevada Test Site. This 

series of 14 nuclear tests conducted between February 18 and 
It took only 7 more days than the 11-shot, 80-day series re  

@5dU cted at the Nevada site in the spring of 1953 despite the heavier 

$ 

\Id? 15* 

3 +edde* 
fineration TEAPOT introduced a concept of “dual capability’’ 
vr - 

wmitting two nuclear devices to be ready for firing on several 
ic,sions-one “sensitive” and the other “nonsensitive” in terms of 

test criteria including public safety. Undsr this concept it was 
,nlethes possible to delay the most “sensitive” tests until conditions 
FPrA more favorable-using the less ideal periods before or after these 
;tlr II less sensitive test. On March 29 this dual readiness for testing 
doired 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 
Tune), the first t h e  that 2 nuclear tests were carried out in one day. 

The firing of 2 more nuclear devices than originally planned for 
:fe series again demonstrated the unique advantages of a continental 
:&ng facility. Data developed in the weapons laboratories and from 
:.e tests themselves, indicated the need for two additional tests and 
-: 88s possible to plan and fire them during Operation TEAPOT. This 
momplishment would have been impossible without the special 
ahmtages offered by the Nevada site. 

In conducting Operation TEAPOT the Commission again worked 
,-u~tly with the Department of Defense, the Federal Civil Defense 
Administration, and other Government agencies. Private enterprises 
Lsticipated under Government contracts. The Commission, througb 
k: contractors, was responsible for the test devices and diagnostic 
z*aSuements, while the associated military and civil tests were 
--domed by the Department of Defense, FCDA, and other inter- 
5tc.d agencies. The Department of Defense also used several of the 
>ieduled detonations for indoctrination of military personnel. 

The Federa1 Civil Defense Administration conducted its “Oper- 
r:lOQ Cue’’ in connection with the thirteenth nuclear test of the 
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series on May 5.  This mas the most comprehensive FCDA exertit, 
held in Eevada to date, and consisted of emergency feeding 
logical safety monitoring, and other disaster-related training exerCiSF 
before and after the detonation. 

ically designed to determine effects of high altitude atomic detonatiol, 
required in connection with development of nuclear Rarheads to t,, 
used against attacking enemy aircraft. 

' Qdl,,. 

One nuclear shot in the series and one non-nuclear test %-ere 

Operation WIGWAM 
In  addition to Operation TEAPOT, a joh t  AEC-Department 

Gf Defense test (Operation WIGTAM) -.as conducted in the E~~~~~ 
Pacific ocean in mid-May. 

tr, 
study effects of a deep underwater detonation. The Commissior, 
participated in the test by furnishing the device, assisting in its 
assembly and placement, and conducting diagnostic measmementE 
As forecast, indications are that the test involved no health hazard tct 
mainland or island inhabitants or consumers of fish. 

The principal purpose of the test 

Contract with ACF 
A definiti-ce contract with ACF Industries, Inc., replaced the lette: 

contract under which certain engineering, design, fabrication, kstk, 
and operating work have been carried on by ACF at  Buffalo, K. p., 
for more than a year. The new contract extends from Februarj 193 
to June 1959. 

Community Operations 
Community Disposal 

Revised proposed legislation to facilitate the establishment of ]of; 
self-government, and to provide for disposal of Federally O ~ K  

properties at Oak Ridge, Tenn. and Richland, Wash. was in&- 
duced on April 36, 1955, by members of the Joint Cornmittma 
Atomic Energy. In the House of Representatives, Representathe 
Carl T. Durham introduced H. R. 5845 and an identical bill, S. lS2- 
was introduced in the Senate by Senator Clinton P. Anderson. He&- 
ings were held on these bills a t  Oak Ridge on June 10, 1955. h F g  

Subcommittee of the Joint Committee on Atomic Energy. 
The principal change in the present bill as compared a-ith the 5 

submitted last year, concerns the basis for Federal contributions to Cs 
municipalities, schools and hospitals at the communities. rnif 
last year's proposal, such contributions would bave been paid on E+ 
basis of a formula under which any entity to which municipd fed$ 
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sferred would receive the difference between the Commission’s 
rating such facilities for fiscal Fear 1955, and the re-i-enue 
t entity actually receiyed. These p a p e n t s  would have 
ct to review after 5 years and would have terminated after 

titude atomic d ere Sped: 
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omic Energy. 
compared n-ith the hiff 
3ral contributions to 
I communities. r n d ~ r  
have been paid ofl 

hich municipal f a d t i e  

;!@‘,ised legislation proposes the payment of fixed dollar amounts 
ghoO1s at Oak Ridge, and for the municipality, schools and 

&zz at Richland-\\-hich payments after transfer of facilities, ;tal +*p decline annually on a straight line basis and terminate a t  the 
d dd ars a t  Richland, and at the end of 15 years at Oak Ridge. dof 5 ye 
@ revisions in the bill were made in the light of the Richland 

The . last June, of numerous helpful comments and suggestions 
@d from various interested groups a t  both Oak Ridge and 
?ITe d, snd of further study by the Commission. 
p’B” hearings were held by the Subcommittee of the Joint Corn- Lsw tee on Atomic Energy at Hanford on July 5. 

HOUSING AND COMMUNITY FACILITIES 

Construction of the new commercial center, to  be knbwn as the 
+domtom” area, was started January 19, 1955, when Oak Ridge 
bperties, Inc. held a groundbreaking ceremony. It is anticipated 
;jst the first segment of 287,500 square feet of commercial space 
nu be wailable for occupancy by October 1, 1955. 
In preparation for general disposal, a boundary survey of the 

==&mum geographic area for the municipality of Oak Ridge was 
$nipieted. 
& of June 30 the program of leasing lots for private residential con- 

gnction progressed to the point where 126 individual lots were leased, 
5 houses were completed, and 10 houses were under construction. 

In addition, all lot lines were surveyed. 

5d.h Richland 

Xorth Richland, used principally as a construction camp, was 
ansferred from custody of the AEC to the Department of the 
h q o n  July I ,  1955. Prior to transfer the AEC had curtailed its 
mtruction activities to the extent that remaining construction 
aployees could be housed satisfactorily in privately owned housing 

the surrounding area. 

h8 Alamos 

’ h e  program to replace substandard housing at Los Alamos, 
9* &x. continued. The first phase of this program, 120 replacement 
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units, was completed iil February, while the second phase, CaUinft 

for completion of 96 units bv March 9, 1956, began on hlarch 31. 
Several times in th? past consideration was giren to making ch 

in the  system of community access controls st LOS Alamos. 
cently this plan was fully consider2d in terms of security of technical 
facilities and information, economy of operations, and communitT 
relationships, and it was decided that existing controls should not r: 

- "t' 

changed at  t,his time. 

Other Areas 

Occupancy control by the AEC of all privately owned permanent_ 

u9 type Title IX dwelling units a t  Portsmouth area was released d 
January and the units were made available for sale or rental to tlf. 
general public. However, in no event was an eligible defense 
occupying a rental unit required to vacate in order that such unit 
could be sold. As of June 30 there were 221 vacancies in the 4M 
temporary housing units and 496 vacancies in the 900 trailers fur: 

nished by PHA under Title I11 of the National Housing Act. 
hundred of these trailers were released by AEC. The Public Houshr 
Administration will discontinue operation of the 250 temporan 
housing units a t  the Waverly project by September 30, 195;. 

A t  Paducah 58 Title IX housing units were sold, and others 8rF 

being rtdrertised for sale. As of June 30 there were 137 vacan&sh 
the remaining 390 Title IX units, and 243 vacancies in the 500 Ti[[@ 
VI11 units. 

0. de 

Reactor Development 
The Commission's program of developing reactors for industrial 
military power and for naval and aircraft propulsion made p a r e  
strides during the first 6 months of 1955 than in any earlier half-Fw 

Expenditures of nearly $151 million mere made for reactor deyelop 
ment during the fiscal year ending June 30. 

During the period of this report emphasis was placed on the deredq- 
ment of advanced reactor technology through projects inrolring tk 
building of experimental reactors. 
February 1954 under a 5-year program to represent five i d e s  d 
power reactor designs that seemed potentially capable of produe  
economic nuclear power and at the same time could be built and T& trii 
out because the technology had recently advanced sficientk. t L -  

program was covered in detail in the Sixteenth Semiannual aspe 

Each of these five concepts selected continued to ShoJV PmRlbs fU'S 
ultimate production of civilian power at competitive costs in 
nuclear powerplants. Some changes were made in the P* 

These reactors were chosen 

January-June 1954, pp. 20-26.) J 
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others are under active consideration. Meanwhile studies of 
de Tomising reactor concepts have reached a point where experi- 
bb;: reactor projects are being considered. 
rtlep ~ ~ v - y  gave preliminary acceptance to the nuclear-propelled 

A 100-hour full power test of the Submarine 
gbDD,diate Reactor (SIR) Mark A-the land-based prototSpe of 
:a‘@’ o h e  designed to propel the second nuclear submarine, the 
$e en=was successfully completed (p. 44). Development work con- 

on 8 reactor for a high performance submarine and on a reactor 
@ ble for large ship propulsion. The hrst phase of the Army’s 
saits e power Reactor program was completed and the Aircraft 

propulsion program accelerated, with the promise of nuclear- 
flight considerably brightened. 

The G C  moved toward greater participation by industry in ad- 
the development of competitive nuclear power. Toward @lag 

end, the Commission set up an expanded program for making & d e d  information available to industry, established a classified 
e of charges for materials furnished by the AEC, and prices Shedd Four in- !Lz8] proposals were received for the power demonstration reactor warn. The number of industrial study groups was increased 

bm 18 to 25, bringing the number of individual organizations now 
be program to 81. 
Implementing the President’s “Atoms-for-Peace” plan, a training 

was established a t  Argonne National Laboratory primarily for 
~e training of foreign students in nuclear technology, as noted 
&u in this report (pp. 18-19). 

The @ine jvautilus. 

+@df 
lied 

fsekg 

Agered 

ecial nuclear material produced in power reactors. 

CIVILIAN POWER REACTOR PROGRAM 

, M r i z e d  Water Reactor 

The Pressurized Water Reactor (PWR) will be the Nation’s first 
d a n  nuclear powerplant. This nuclear powerplant is to produce 
eleast 60,000 kilowatts of electricity net and is the only large-scale 
.=tor in the original civilian power development program. Major 
mtruction work is in progress a t  the PWR site at Shippingport, 
k Excavation for the entire plant was well advanced in recent 
du. Contracts were awarded for concrete and for furnishing and 
%thg the steel structures to house the reactor portion of the plant. 
Procurement of major components for the nuclear portion of the 

%%at was put under way and h a 1  design of auxiliary equipment was 
W~Y complete. 
hpebruary, the Duquesne Light Co. entered into a contract with 

& Roe Inc. (J. Rich Steers, Inc., and Hatzel & Buehler, Inc. as 
r:,,-lr-,,T:3 ,, 
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associates) to act as Duquesne's agent-constructor for the turbine, 

those portions of the nuclear plant which may be assigned for col,- 
struction to Duquesne. 

advanced. 
ment to be installed in this part of the plant. 

to prorid# 
tc 

be utilize 
,yeate a In 
, p e n t *  

generator portion of the plant and as supen-isor of co1lstiruction of 

Design of the turbine-generator portion of the plant rf-as ivt.li i ~ 

Duquesne placed purchase orders for all major equip- p r e d  b -  
- 

On May 7, 1955, the Commission held the third of a series of p~~ L 

classified technical seminars a t  Bettis Plant, Pittsburgh, €'a. 
seminar was planned to acquaint representatives Of private and publip 
utilities, indust.ria1 study groups, major AEC contractors, and appro- 
priate Government agencies with the details of PKR progress. 1; 
was attended by about 300 individuals. 

Boiling Water Reactors 

Investigation of the concept of boiling water reactors continued 
under the direction of the Argonne National Laboratory.  hi^ 
concept-basically a variation of the pressurized water reactor con- 
cept-differs in that pressure in the boiling design's coolant system fi 
lowered and steam generation allo1~7ed to take place in the core. 

There are three experimental reactors in the overall project. ~t~ 
first boiling reactor experiment (Boras I) was operated at  the P\'ation&l 
Reactor Testing Station in 1953 and described in the Sixteenth Semi- 
annual Report (January-June 1954, pp. 22-23). A second bodin,. 
reactor experiment (Borax 11) was constructed last summer on a site 
close to Borax I. The reactor became critical on October 19, 1954. 
and since then has operated successfully. During the past 6 rnontIi$ 
experiments were conducted to study both the steady state and 
transient behavior of the reactor and to define the limits of stably 
operation as a function of variables such as pressure and specific 
power. 

The ultimate goal of the boiling reactor project is the constructios 
and operation of the Experimental Boiling Water Reactor porer- 
plant (EBTVR) designed to produce 20 megawatts of heat and 5,0@ 
kilowatts of electricity. This plant was conceived as a minimun: 
capacity, enabling sound extrapolation to large size central StatioE 
powerplants. Bids for the construction of the reactor building m i e  
invited and a lump-sum contract mas awarded to the Sumner Soflirt 
Co. of Chicago, Ill. Construction a t  Argonne began in June 1955. 
This reactor plant should be generating power during the latter Par; 
of 1956. 

trical) turbogenerator a t  Borax 11 to be driven by the steam froE 
this temporary boiling e-xperiment. One object of this esperbent ' 

In the meantime plans were made to install a 3,700-kilowatt 
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tide data on the carryover of radioactivity from the boiling 
2s pro to the turbine, condenser and feed water pumps which can 
,sffor ""ot;lized in the design of the EBTR. Another objective is to 

got plant of package power type for possible further devel- F R P  
-- -df at<. Specifications for the turbogenerator addition were pre- 

Sargent & Lundy Co. architect-engineers for the EBWR. -..$e 
*:Fed by * 

Graphite Reactors 
CIJigfl 
+- 

.iuclear powerplants with sodium-cooled, graphite-moderated re- 
continued to look promising for production of competitive 

6% *'OB North American Aviation, Tnc., is pursuing this concept 
,aer* 
: contract with the AEC. Fabrication of the small experi- 

reactor designated SRE (Sodium Reactor Experiment) ,der 
&lt*al 
@-Ice 
. Dur;ng the past 6 months detailed design work on the Sodium 

actor Experiment and site preparation were essentially completed D nd engineering test building erected. In  addition to being used 
53: e% pineering experimental work, the final fabrication and assembly 
., .i [he fuel elements for the first core of the SRE is being carried out 
w engineering test building. 

Original plans did not include the generation of steam or the con- 
r?zion of heat energy from this experiment. The reactor heat was 
x? be dissipated to the atmosphere. However, the Southern Cali- 
.L* ; q i a  Edison CO. proposed to the Commission to purchase the SRE 
_ -  +*$t and install, at its own expense, all equipment necessary to con- 
7gt the heat to electricity. Proposals from other utility organiza- 
m s  "* rere solicited but no others have been received. It is ex- 
s t e d  the decision to utilize the SRE heat will be made in the near 
:-:ut?. 

Consistent with its policy of making technical information devel- 
rxd under its civilian nuclear power program available to author- 
24 POUPS and individuals, the Commission sponsored a classifled 
sinar on the Sodium Reactor Experiment at Los Angeles, Calif., 
2: February 3 and 4. This seminar was attended by some 200 repre- 

tatires of private and public utilities, industrial study groups and 
h m m e n t  agencies. 

eded on schedule. 

& 

bFki Breeder Reactors 

The project for the construction and operation of the Experimental 
::@der Reactor powerplant (EBR No. 2) continued under the direc- 
an of Argonne Kationd Laboratory. The EBR No. 2 is to be 
&4 ; 

SOWts tr of electricity (Sixteenth Semiannual Report, J ~ ; ~ u w J + J u ~  
."% Pp- 25-26). 

cooled, generate 62.5 megawatts of heat, and produce 15,000 

a ( 1 ,  -?-, . -  
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@Q&v during the period of this report. c 

Q. acteristic of such fast reactors, were solved on the UNYAC electrorii,. 
computer at  New York University. Reactor physics measur ementi 
required for the program were made a t  ANL with a subcritical ,,or; 
assembly using the neutron source reactor. Such eWonential es- f 

electronic computer a t  Argonne. The construction of a zero poR,, 
fast critical assembly was essentially completed at  the National 
Reactor Testing Station. It d provide accurate data for the de- 
tailed design of the core of EBR No. 2. 

Construction of EBR No. 2 is scheduled to start in 1956, while the 
reactor is scheduled to be in operation early in calendar year 19s8 

A facility for the development, manufacture, and reprocessing o; 
fuel elements containing plutonium is essential to the developmeot 
and operation of fast breeder reactor powerplants. The arc&kct- 
engineering for such a facility, to be located at kgonne, was c0mplebd 
and the building will be erected this year. 

The development program for the EBR NO. 2 was well und 
Complex problems in physics ’ 

periments neared completion and data mere analyzed by the AJTID A c  

Homogeneous Reactors 

Reactors may be defined as heterogeneous, meaning the core 
composed of different materials separated one from the other, or 
homogeneous, signifying a uniform core material of fuel and moderator 
in solution. The Commission’s homogeneous reactor project is 
directed toward solving problems whose solution will permit con- 
struction of reactors of an engineering type different from others 
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 
si&cantly as the design progressed, so that a much more useful 
reactor will be provided than was originally planned. The reactor 
wil l  be more powerful than the HRE No. 1. It is believed that p o ~ @  
levels of 10 megawatts may be attained, at least intermittend!, 
compared with the 3 megawatts originally planned. It also wil l be 
more versatile and, by fiscal year 1957, will include a blanket system 
with chemical processing equipment as part of the reactor. T h e  
modifications made i t  appear unnecessary to construct an intermediate 
scale homogeneous power reactor, as reported in the Seventeenb 
Semiannual Report (July-December, 1954), since it is expected that 
the modified HRE No. 2 will provide most of the technology oi@dJ 
intended to be obtained from the intermediate-size reactor. 

@,g Reactor 
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struction of the HRE No. 2, housed in the original HRE No. 1 
was started in July 1954, after HRE No. 1 was shut down 

leted in Nfay 1955. Contracts mere awarded and fabrica- 

fink, P resswe vessel, and circulating pumps. In view of the 
@r; that the scope of the HRE No. 2 project was enlarged since Jan- 
[@ the startup date was changed from 1955 to early 1956. 

Erection of the underground steel-lined reactor cell 

all major equipment, including the heat exchangers, 

research and development work is essential to the power 
Most of the promising new reactor 

e to a state of technology which permits the planning of reactor &mc Nnstruction. Among promising concepts are a liquid metal-fueled 
tor, an organic-moderated reactor experiment and a small homo- 

During the past 6 months work on these r@- 
fleom 
;oncepts has progressed to the point where experimental reactor 

pro] 
Liquid metul-jwled reactor. A reactor in which the fuel is carried in a 
liquid metal system has the potential advantages of simplified fuel 
recessing, as in the homogeneous reactors, plus the advantage of P 

k h  temperatures at low pressue. During the past 6 months one 
reactor concept, using graphite as moderator and a uranium 

alution in bismuth as fuel, was carried to a reasonably advanced 
$:ate of component development primarily by Brookhaven National 
bbora t ory . 

Babcock & Wilcox entered into a contract to study the BNL data 
a d  calculations with a team of highly trained technical personnel on 

They are: Air Reduction 
Co., American Smelting & Refining Co., Atomic Power Development 
hciates, the Bailey Meter Co., Carbide & Carbon Chemicals Co., 
DOF Chemical Co., Electro Metallurgical Co., Ethyl Corp., the 
International Nickel Co., Inc., Merck & Co., Inc., National Carbon 
ha, Nuclear Power Group, Oak Ridge National Laboratory, Rens- 

Polytechnic Institute, Tennessee Valley Authority, and 
rmadium Corp. of America. The objective is to determine technical 
Iwibaity and identify important areas for additional investigation. 
Afinal  report on this study is expected in July or August 1955. 

Future plans for development of this type of reactor technology 
adepend upon the results of this study and upon investigations of 
'her fuel systems offering comparable advantages. 

tor development program. 
r€@ eocepts ftre the results of such work, and from these beginnings 

type reactor. 

e e c t s  which would test these concepts are being considered. 

from several other organizations. 

-)() ..yj .-~; .t 
I ,  .. .. .... ... .I... *./ 
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Organic-moderated reactor experiment. Seyeral advantages of sorciI,, 
organic compounds as possible reactor nloderator-coolants ivppc 

evident from investigations of these materials. LOW induced radi, 
‘h!h’ 

activity, low corrosion of fuel elements, and high boiling Point 
among these advantages. Thus, they would afford the PossitG,t, 
of reactors of the small size of water-moderated units operatir,w 

J- ocl 
higher temperature with lower vessel pressure a11 d practical] 
problems of corrosion. 

The major unknown in systems under investigation is the Q ~ ~ ~ -  

nism of deposition on heat transfer surfaces under reactor conditions. 
Experiments in progress are expected to develop the facts about tb 
mechanism. It is believed that the next step in determining th- 
value of this technology, if radiation-loop test results are Satisfactory 
should be a simple, inexpensive reactor experiment somewhat sb;l,; 
to the boiling water reactor experiments at the National Reactor 
Testing Station. This experiment with the organic-moderatd 
reactor principle would simulate conditions of heat flux, temperb 
ture, and coolant velocities practical for a power reactor of this tJTe 

In May the North American Aviation Inc., began an engineering 
design for such an organic-moderated reactor experiment. The de- 
sign will be completed by the end of 1955. 

Los Alamos Scientifi Laboratory reactor. J7S’lde not included a 
part of the original civilian power reactor program, nomilitan 
application work involving reactors a t  LASL was integrated with 
civilian reactor power program. 
power reactor experiment of the homogeneous type using an enriched 
uranium compound as fuel. The fuel composition, operating tem- 
peratures and pressures as well as other engineering aspects d a m  
somewhat from the ORNLHRE No. 2 approach. LASL also Eade 
plans for another homogeneous reactor to be used in ‘(hot” loop 
e-xperimen ts. 

Small-sized civilian reactors. The Army Reactor Program (p. 45461 
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 fd- 
fill needs in outlying, high power cost areas. Indications are that 8 

large foreign market lies in the range below 30 megawatts of electricd 
capacity. Applications to mining operations and outlying industrid 
plants also appear likely for package power reactors. 

; 
8: P 

C 

. *  

LASL continued development of 

INDUSTRIAL PARTI CIPATIOPI; 

The Commission under the provisions of the Atomic Enern  Act Of 
‘ I ( - K I ~  8- 5 1954, took steps to accelerate the domestic industrial development 
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AEC procedures for providing access to classified 
d making such data available to a larger segment 

Schedules of charges for available materials and services 
atomic energ>- developers and users in the United 
and fair prices were est-ablished for certain products 

Proposals were received 
emonst8ratvion reactor program. 
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ricately operated atomic reactors. 
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n (p. 45-46) 
mall reactor 
designed to 

7 other noli- 
tts m a -  ful- 
.s are that 8 
of electrical 

ig industrial 

-- 
of this year the Commission announced a simplifkd pro- t 

t 10 ,4pr3 
which organizations or individuals may be given access 

5 0  ’ t Lain confidential and secret restricted data relating to civilian 
117 cer 

~ bpplicvtions of atomic energy technology, and not primarily of 
,ilitarS7 significance, for their own private purposes. (This program 

discussed in detail under “Civilian Application,” pp. 102-103.) 

2 a poEer Demonstration Reactor Progra.m 
- 
i lD January, the Commission established a program planned to 

1 ,,pe,hental nuclear power renctors. The aim of the program is 
bring private resources into the development of engineering in- 

iamation on the performance of nuclear power reactors and thus 
*ifrance the time when nuclear power will become economically 
mnlpe t i t ive . 

c n d x  the program the Commission stated that it would consider 
proriding the following kinds of cooperation and assistance in effect- 

! Gating proposals for power reactors submitted by April 1, 1955 by 
qplicnnts who were willing to assume the risk of construction, 
ilrmership, and operation of such facilities: 
i. Kairing 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; 

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

3. JIaking payment, to be fixed in advance, for technical and eco- 
nomic information resulting from the project. This information 
would then be made arailable by the Commission to the technical 
public working on reactor development. 

3 wcourage industry to develop, fabricate, construct, and operate 
I 
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Proposals for large central station reactors. BY April 1, 19: Competence and respori 
and proposals were received for large-sized reactors a t  sites sui 
Assurarice given by the Conmission approval. 1. Boiling water reactor plant in Illinois of 180,000 kilowatts el donment of the project,. 

The proposals are : 

capacity, to be completed in 1960. This plant is proposed 
Nuclear Power Group, composed of: American Gas -J Groups 
Service Corp., Kew York; Bechtel Corp., San Fransimo, 
Commonwealth Edison Co., Chicago, Ill.; Pacific Gas & ission approved St 

co., Sari Francisco, Calif.; Union Electric CO., St. Lo cement of the new 
2. Light water-moderated and -cooled reactor plant in nqnumber of participatin 

Massachusetts of 100,000 kilowatt capacity, to be compf organizations under th 
late 1957, proposed by the Yankee Atomic Electric Co. 0 be converted to 
members of which are: New England Power Co., Bos tracts or sooner if th 
Connecticut Light & Power CO., Hartford, Conn.; Bost as published in t 
CO., Boston, Mass.; Central Maine Power GO., Augus 19547 PP. 26-27.) 
Hartford Electric Light Co., Hartford, Conn. ; Connect industrial stud> 
Co., Hartford, Conn. ; Western Massachusetts Elect,3Zma Hamilton ar Greenfield, Mass.; Public Service CO. Of New Hampsh~~o . ,  which study t,he Chester, N. H. ; Montaup Electric Co., Fall River, reciprocating atomic- 
Bedford Gas & Edison Light Co., New Bedford, Mass,; ca3 
Electric Light Co., Cambridge, Mass.; Central Vermo Engineering, rnc * 9 wh i 
Service Corp., Rutland, Vt. central station and spc 

fabrication processes * 
watts capacity, to be completed in late 1958, proposed byjp study Hudson Gas & Electric Corp., Poughkeepsie, N. Y.; Ciqsigns. 
Gas 8: Electric Corp., Cincinnati, Ohio; Consumers Pow. 
West Jackson, Mich.; Delaware Power &. Light Co., Wildynamics Corp., which 
Dd. ;  Detroit Edison Co., Detroit, Mich.; Long Island Dnd components of rea 
Co., hlineola, N. Y. ; Philadelphia Electric Co., Philadelphiareas as decontamina; 
Rochester Gas & Electric Corp., Rochester, N. Y. ; Toledoltation, waste disposal 
Co., Toledo, Ohio. 
panies had joined this group: Alabama Power Co.; Allis 
Manufacturing Co.; the Babcock & Wilcox Co.; Burr 
Georgia Power Co.; Gulf Power Co.; Holley Carbur 
h4ississippi Power Co. ; Potomac Electric Power Co. ; the 
Co. ; Wisconsin Electric Power Co.) 

4. Sodium graphite reactor plant of 75,000 kilowatts cap8 
completed in 1959; proposed by the Consumers P 
District of Columbus, Nebr. 
In  evaluating the proposals, the Commission will COIB 

3. Fast breeder reactor plant at Monroe, Mich., with 10 

which 

(By mid-June the following additioa and equipment. 

electric systems' speci 

for the most practi 
future constructi 
n ~ m b e r  utilities 

ctric Cooperative Ass  
eving economic nude 
suitability of a ~ O , O O  

a. Probable contribution of the proposed project 

b. Cost to AEC in funds and material; 
c. Risk to be assumed by the maker of the proposal; 

achieving economic nuclear power ; 

:: (1) {_I r: F' -2 7 
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Competrence and responsibility of the maker of the proposal ; 

ance given by the maker of tlhe proposal neaiiist8 c ttban- 
donment of the project. 

L 
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Cinchatj 

Power CO., 
Vilmington, 
Id Lightkg 
elphia, Pa.; 
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commission approved seven new study group agreements 
- f - The of the new access program in April. This brings 

of participating study teams to 25 and the total 
Study agreements 

ill be converted to the new access permits on expiration 
acts or sooner if the groups desire. (A list of industrial 
as published in the Seventeenth Semiannual Report, 

izations under the program to 81. 

,pfcember 1954, pp. 26-27.) 
seven new industrial study groups are: 

I dn&ma Hamilton Corp. and the Denver & Rio Grande Western 
d co., which will study the engineering, technical, and economic zi?$ 

P 
@ 

ts of a reciprocating atomic-powered engine. 
d t -*btlsthn Engineering, Inc., which will conduct 8 study of reactors of 
f -:kH for central station and special uses, and also study fuel element g L- 

h will study fuel element fabrication for present 

Dynamics Corp., which will make a study of small power 
and components of reactor systems and also study such 

dq areas as decontamination services, byproduct radiation, 
Smentation, waste disposal and related developments required 
r: materials and equipment. 

&m? Rural Electric Cooperative Association, which will  study the 
eering and economic practicability of nuclear power reactors for 

stems' specialized wholesale power needs and 

d Sound Utilities Council, which will make a survey of nuclear 
=cr systems for the most practical and technically and economically 

type for future construction and operation in the areas served 
( h n c i l ' s  member utilities. 

d e  Electric Cooperative Association, which d l  study the possi- 
g economic nuclear power in the Florida area and also 

e the suitability of a 10,000-kilowatt electrical capacity reactor 

inn and fabrication processes. 1 -- 

f 
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lant in which General Electric, Legislative Branch and Exec- 
. il ton Brsncb P spokesman took part. The arrangement with Niagara- 
atire 15.k is t,ernporary, pending determination by the three public 

nanizations or cooperatives within a 100-mile radius of West ics-er art, which have expressed a desire to purchase the power on ir;l ton 
smnc the Atomic Energy Act of 1954, the Commission is directed CPde 

itdive preference and priority to public bodies and cooperatives 
9, in contracting for the disposal of electrical energy. The pub- 

organizations or cooperatives which desire it will be sold the 
pKer when they can make arrangements to transmit it to their 

,\-3ten1s* 
=production of SIR Mark B continues at EAPL, 

esign and development work on the nuclear powerplant, Submarine D 4dLaneed Reactor (SAR) continued a t  the Knolls Atomic Power Lab- 
* ors’ by tbe General Electric Go. under AEC contract. Authoriz- &.at 

e l&&tion was enacted permitting the construction of a land pro- 
This plant mill consist of a section of a submarine k 

r&-P gd containing one reactor with primary coolant system including 
3 dyted control and auxiliary systems and steam-produchg equipment, s 

nemeI1ts for transmission to their systems. 

P 

e of the SAR. 

Ship Reactor 
Des@ and development work on the nuclear powerplant, Large 

Reactor (LSR), continued a t  the Bettis Plant by the Westing- 
xwe Electric Gorp. under AEC contract. The ship design studies 
:r be Nerport News Shipbuilding and Dry Dock Co., and Bethlehem 

Co., Shipbuilding Division, under contract to the Navy Depart- 
=at, continued. Under the AEC prime contract Westinghouse has 
&contractled with Newport News Shipbuilding and Dry Dock Co.  

assistance in arrangement, shielding and systems studies at the 
3R prototype plant. 
Authorization was obtained to construct a prototype Large Ship 
ctor at the National Reactor Testing Station, Idaho, at an esti- 
ed cost of $25 million, $6 million to be spent for test facilities, and 
million for engineering, design and construction of the reactor 
the propulsion equipment. The Rust Engineering CO. of Pitts- 

Pa., m s  selected to perform the architect-engbeerkg work 

c. 

irlg t1ectriG: 
of ntuIlliL-’ 

.ne Army Reactors program has as its objective the development 
d based systems suitable for meeting heat and power require- 
s of the three military services. 

Reactor (APPR-1) . 
ad to establishment of additional projects. 

3 

\l-l< p , w r  C@- first project under the Army program is t,he Army Package 
at  +t,r. Xx-pGL Preliminary efforts are in progress which 

Y 

i 
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,;lrmy l-’aC/i[L!JC i’owcI* Il‘eucto)* (ill’l’ii-I) 

,4LCO Products, Iiic. (foimerly the American Locomotive Co.1 
coiitinued work undcr lump-sum contract to design, construct aid Ir 
test operate at Fort Belvoir, Va., a prototype of a plant for furnishing 
lieat and electricity a t  remot8e bases. Opelation of the APPR-I. 
cmployiig a pressurized water reactor system wj th enriched uraniw 
fuel and producing 1,525 kilowatts of electricity, is scheduled for 
l>eccinbcr 1057. 

Developiiiwts supporting military pressurized water reactor systrni? 
include heat transfer tests under contract with Columbia Universit! 
and experhciits at the Oak Ridge National Laboratory and tlir 
National Reactor Testing Station in Idaho. 

L4duanced A fikitary Paclcage Power Reactors 

Study projctcts IVCL*O irii t iu  ted to prepare conceptual designs v: 
advaiiccd reactor systcins to meet additional requirements in th 
ovc1rd1 rnil ihry rungc of interest. The most promising types mill b! 
selcctcd for further cleveloprnent. Organizations engaged in t h  
stutly projects :LIT: Gcncrnl Electric Co., Schenectady, N. Y.; Babe 
cock & Wilcos Co., New York City; Westinghouse Air Brake Co 
Pittsbui.gh, Pa.; 17luor Gorp., Los Angeles, Calif.; Walter Ki(h1, 
Kuclcnr Laboratories, Glzrdcn City, N. Y.; Glenn L. Martin Co 
Baltiriioi*c, l l d .  ; Sandcrson & Porter, New York City; Argonot 
National Laboratory, Lemon t, Ill. ; Oak Ridge National Laborator! 
Oak Ridge, Tcnn.; and the Army Engineer Research and Developrnci!: 
Laboratories, Fort Belvoir, Va. 

AIRCRAFT REACTORS PROGRAM 

The Commission continued to push forward the frontiers of reactc: 
tccliuology in thc cffort to  develop a successful nuclear-powered HL. 

a u f l  rcuclor. U J ~  its very nature tlic aircraft rcactor requires, anio:. 
other characteristics, the optimum in shielding, high temperatu. 
materials, high temperature fuel media, and high power-weight ra[: 

Construction of tlie aircraft nuclear propulsion test area for testi.  
uircraf t reactors i ~ i i c l  associated components a t  the National Reacll 
Testing Station is nearing completion. These facilities include 5 

adminis trntivc slid service area, an assembly and maintenance R ~ G  

and an initial engine test area. 
111 addition to its r c u t o r  research facilities the Carbide and Carbt. 

Chciiiiculs (30. at tlic Ouli Ridge National Laboratory has a tm. 
facility for shielding research. The company employs many of 1: 
other test facilities, such as the Bulk Shielding Facility, in researi. 
for nu cl car-po \vert d tLi rcruf t . 
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facilities a t  the General Electric Co. a t  Evendale, Ohio, while 
.ded by the Air Force, are used jollitl_v by the ,4EC and the Air 

t,o carry on their respective parts of the Aircraft8 Kuclear Pro- 

The 

, 
c,,rf C r L" - 

* jion proPam* 
Pilkork is presently undermay to construct facilities at Middletown, 

to implement further the Pratt & 'SThitney effort in the program. corm, 
These1 to Air Force also has research facilities for nuclear propulsion a t  

lant of the Consolidrtt,ed Viilteo Aircraft Corp. a t  Fort Worth, 

0, are Air Force facilities to be used jointly. 

b e  P 
T&T* 

GENERAL ENGINEERING AND DEVELOPMENT 

gflifaw Engineering 

Though the cooperation of 20 public water supply systems in 
&ou parts of the Nation, water samples from their source to and 
through treatment plants were collected following certain detonations 
of nuclear devices during the spring test series at the Nevada Test 
$it$, The water samples were examined for radioactivity by the 
knitaw Engineering Laboratories a t  the Massachusetts Institute 

The 
is to evaluate the effect, if any, of fall-out of bomb debris 
water systems and the extent to which standard water puri- 

$cation methods remove radioactive contaminants. 
The economic and public health aspects of disposal of high level 

doactive wastes were given special consideration. Because of 
2,creased interest in the construction of nuclear power reactors near 
?opulated areas, safe disposal of these wastes is a significant factor 
zdevelopment of the industry. The Oak Ridge Kational Labora- 
>in- emphasized research to determine the feasibility of disposal in 

Technology which is under contract to the Commission. 

., - 
;pial  underground pits instead of costly storage in underground 
:&. The Geological Survey cooperated in this program. 

Under AEC contract, the Department of Sanitary Engineering and 
rater Resources of the Johns Hopkins University continued evaluation 
-2 environmental problems in transporting and disposing of radio- 
ELire wastes. The cooperation of a special committee of the Earth 

X "iences Division, National Research Council, was enlisted to investi- 
W! the potentialities of ground disposal of high level radioactive 
Wbs. 

h c e  controlled dilution in surface waterways offers economical 
>%ibilities in the disposal of large volumes of low level radioactive 

5 Q ~ S  from atomic energy operations, a contract was made with 
E* Engineering Science Department, Harvard University, to study 
3 Potentialities and limitations of this disposal method. Under 

3 a Program a controlled pilot stream in Massachusetts will be used 
:vdop and evaluate significant data useful to industry and public 

,, I ,  I ' - : - E , ' '  

__ 



Reactor Sa. et y 

The Reactor Einetics program continued to study the behario, 
q reactor systems under adverse operating conditions- The purpwL 

of this study is to demonstrate expe rhen tab  safe top Operat&- 
limits, to discover points of design weakness, and to learn lvllUt L; 
herent safety mechanisms contribute most to self-safety so as ~~~ 

capitalize on them. A center was established at the National R ~ ~ ~ ~ ~ .  
Testing Station for such tests, and the first reactor core consistinrr 
al-inum-clad hlTR-type fuel elements became critical on J& :' 
1955. 

A parallel program studying the kinetics of homogeneous reactob 
underway at North American Aviation's field laboratory at saatZ 
Susana, Calif. The Sodium Reactor Experiment there is sche(jdej 
to reach criticality either at the end of 1955 or the beginning of iQG5 

The reaction between the water coolant and molten fuel elemE,-: 
material in the event of high temperatures during a runa\s.ay 
studied to determine the extent of pressure surges during 
incidents. 

for the AEC to study the relation between power excursions 
damage to reactor containers. 

L L  

Explosive studies were made by the Naval Ordnance Laborator; 

Engineering Test Reactor 

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

During the period of this report the Commission received t= 
proposals from industry to construct the ETR. These proposals IW- 

made by the Babcock and Wilcox Co., of New York, jointly mitt 
Ilockheed Aircraft Gorp., of Burbank, Calif. ; and the J .  A. Jones ci.2- 

struction Co., of Charlotte, N. C. They are being evaluated b? 12 .I 

Commission. The AEC estimates that it would cost about $ * -  

million to build the ETR at  the Bational Reactor Testing Station- 
To assure meeting the date when irradiation services are requiT' 

the Commission awarded a contract in June for architect eniyg 
work for an Engineering Test Reactor to the Henry J. KaiserLG- 
Oakland, Calif. 
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~ - - 
= = - ee separate studies of pressure vessel design and technology 

de under the direction of the Engineering Development Branch I z:i~~’s Reactor Development Division demonstrated the feasibility 
! of con strut tins poi~7er reactor shells from conventional pressure vessel 

The studies included 
vessels, vessels fabricated from heavy plate material, and 4 i n s  

Comparative costs were prepared for 

= - Tb 

gterial with approved fabricating methods. 

,esels fabricated in layers. 

he 

=e aged 
different methods of construction. 

t&* and Fuel Elements 

Electronically controlled remote manipulators were developed at 
be bgonne National Laboratory handling as much as 10-pound 

These manipulators transmit “feel” back to the hands of the os&* 
ator, which was possible previously only with mechanical models. IF are an important contribution in the remote handling and 

of alpha-active materials. 
&ro&n testing and theoretical work led to development of 

~ ~ h m  alloys which may be used for cladding fuel elements used 
y e q  pure high temperature water, contrary to former experience. 

rb 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- 

islj of greater strength and corrosion resistance, AEC facilities con- - -ued study of the zirconium-base alloy systems. As a result of this 
g d ~  one new alloy composition will be adopted in the near future, 
Ed several others are very promising. 

The objective 
s ho secure greater radiation stability and corrosion resistance, with 
%urn use of “poison” elements. Radiation stability is par- 
L-hrIy important for reducing the cost of nuclear power. 
k x  production methods for recovering uranium, thorium, zirconium, 

beq-Uium are being developed as means of reducing costs. Those 
2fhoriu.m and beryllium appear to be especially promising. Ar- 
=%e Kational Laboratory is installing equipment for plutonium 

rimtion development, which will also be used as a guide on other 
%Qfe fabrication problems. 

l*runium-base alloys are the subject of much work. 

5Mkhaven National Laboratory made further progress in fuel and 
--airier material problems. 

for the contemplated “Liquid hlle tal Fuel Reactor.” The 
~ sth solution of uranium mas stabilized so that there will be little, 

interaction with the steel piping or the graphite moderating 

The solution of these problems s t,a ti on + 

re requirri’ 
enginsr 

Kaiser C0.e 

t 
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An extrusion method of cladding rods and tubes of uraniu 
thorium was developed by Nuclear XIetals, Inc. b, - 

Reactivity Measurement Facility 

During the report period, a ReactiT-ity RIeasurement E’ hc&, (RMF) was placed in opera.tion at the Materials Testing 
Qtk: operated at the National Reactor Testing Station in idsho 

Phillips Petroleum CO.  
Basically, the RhIF consists of a ]OW power (1-100 watt S> reap. 

llsing h4TR-type fuel assemblies, constructed in the MTR c u  ‘q 
with ordinary water serving as moderator, coolant, and shield, r*+ RRIF is a sensitive device for measuring neutron-absorption qudili, 
of various materials, both before and after irradiation. bo, ~~ 

other-uses, it provides a quicker and less expensive meallS of dF- 

termining in advance the effects an experiment will hatre on 
neutron flux of the MTR. 

I 

tsr 

REACTOR TRAIKING SCHOOLS 

Oak Ridge School of Reactor Technology 

In  August 85 students w.ll be graduated from the 1954-55 sessio: 
of the Commission’s Oak Ridge School of Reactor Technolo,?-, 
1-year graduate-level course run at the Oak Ridge NationalLaboratorr. 
Of those graduating 52 will return to their sponsoring hdusu;i 
organizations, 20 to AEC and military contractors, and 13 tima 
military and other Government agencies. Of the 80 new student 
enrolled in the 1955-56 class, 60 are experienced men from G o ~ ~ r t . .  
ment and industry and the remainder are recent college grrrduatee. 
On completion of the present course, the school will have graduated 
300 men. 

Beginning with the 1956 session more scientists and en+m 
from industry will be accommodated at the school. By 1958 8:- 

tendance of the nonexperienced recent college graduates is e.xpectK 
to be eliminated. This year, for the first time, the GorernnleB: 
will charge a tuition fee for students sponsored from private induW 
The fee of $2,500 is intended to reduce the Go-F-ernment’s operatio: 
cost and is consistent with its general policy of charging for ser\.ic* 
rendered. 

Argonne School of Nuclear Science and Engineering 

On hlIarch 14, 1955, a training school in reactor technoloa 
5LjlJ:~)-;:t:; Dficially be,-. The first class consisted of 31 students from l9 

Thorium Producl 

Thorium meta 
kionable isotoj 
mniurn 235 cai 
Fbch absorbs th 
&Utrons become 
Processes requirj: 
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3 and 9 students from the United States. The 7-  
1 course of instruction cover only unclassified fields of % - flonth A second course v-ith a similar Il,clc~r reactor technology. * 

~ ent is planned to start in the late fall. d 

)54-55 session 
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Physical Research 
basis in this report is given to university participation in the 

EmP bmical research program of the Commission. The leading role of 
institutions in the training of scientists is cited, a.nd 

d t - e  mity contributions in physics, chemistry, and metallurgy are 
dScribed. A t  this point, holvever, there are outlined a fern out- 
S$wk D research accomplishments of the past 6 months a t  Commis- 
sion laboratories. 

'D;scoue y of Element 101 

since the beginning of the atomic energy project eight elements 
hesder than uranium have been created artificially. Preparation 

identification of the last of these-elements numbered 99 and 
qwmere described in the Sixteenth Semiannual Report (January- 
Jane 1954, P- 41)- 

Recently scientists working under Dr. Glean T. Seaborg a t  the 
r~rersity of California Radiation Laboratory identified element 101. 
The nerdy discovered element contains 101 protons and 155 neutrons 

ic number of 101 and mass number of 256). 
atomic species, element 99 of mass number 253 

QS bombarded with 41 Mev helium ions from a cyclotron. A neu- 
XI released in the ensuing nuclear reaction yiefded the observed 

rope of element 101. Seventeen atoms of the isotope were iden- 
d. They are radioactive, with a half-life of one-half hour. It 
proposed by the discoverers to name the element Mendelevium 
1 in honor of a pioneer in chemistry-the Russian scientist 

The identified is0 tope would be represented zitri Mendeleev. 

eta1 is the starting material from which uranium 233, a 
able isotope of uranium, is made. Reactor cores containing 
um 235 can be surrounded with a blanket of thorium metal, 

sorbs the stray neutrons leaving the core and with the added 
becomes uranium 233. Thorium is now produced by batch 

At Oak Ridge National @ reauiring expensive reagents. 

f 
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Laboratory, a promising new, semicontinuous process for thoi 
production was worked out. 
the process, which uses inexpensire reagents. 

Appreciable savings are expect 

f Low-Temperature Nuclear Alinement 

Nucleons (protons and neutrons) like the earth rotate about tt,* ! 
- In a tea;; 

axes and have magnetic poles at the two ends of the axes 
of nucleons, the axes of the particles are usually randomly orient* 
However, methods have been developed whereby nucleons in bparE 

can be oriented with their axes all parallel and their spins 
€Jik direction. 

. 1 L  studying the funadmental properties of neutrons and their interactioo, 
with atomic nuclei, additional information can be gained \vheq exper;- 
ments are carried out with polarized beams of neutrons. H ~ ~ ~ ~ ~ ,  
such experiments must deal with nuclei whose orientations have t e 
alined by a magnetic field and a low temperature. 

A t  this ternm. 
ature (absolute zero) all substances or particles reach a state of fPOZctk -r 

immobility. 

between the poles of a magnet and kept at  a temperature betFw 
-459 and -460’ F. Under these conditions the nuclei beam* 
preferentially oriented in the direction of the applied magnetic fie10 
and the effect could be observed by passing polarized neutrons thou& 
the sample. 

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

-i. 

Such a beam of nucleons is said to  be ‘‘polafized,) 

The lowest tempeiature attainable is -460’ F. 

At Oak Ridge National Laboratory indium metal was 

Hydrogen Bubble Chamber 

Cloud chambers and photographic emulsions have provided WE- 
ventional methods for studying the mass, energy, and reactions B! 

high energy nuclear particles. More recently, a technique -ms dt- 
reloped by Donald A. Glaser of the University of Michigan th: 
offers significant advantages over cloud chambers and emulsions 
nuclear research. Glaser succeeded ia photographing bubbb 
vapor formed along the tracks of cosmic ray particles passing t h o u 6  
super heated ether. His success encouraged scientists worh3  s: 
other laboratories to explore the advantages of bubble ~ b ~ t ~ ~ ~  
especially for studying reactions of mesons and protons. 
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the use of a special liquid hydrogen bubble chamber, 
tracks were observed during operstion of the bevatron at the 

of Cftlifornia Radiation Laboratory. The density of the 
rogen in the chamber is equivalent to that which would be 
if an ordinary cloud chamber were operated at about 700 

BtFospheres. Consequently, the large amount of material in the path 
ceding mesons permits observation of rare particle interactions. 

the target nucleus can be positively identified, since the liquid 
~ &hesP 
1 gs01 
I 

d r o p  nucleus consists solely of protons. 
~ br 

RESEARCH IN UNIVERSITY LABORATORIES 

e physical research program is the source of many of the new 
;8eas contributing to the Nation’s progress in atomic energy. Here 

is where the atomic scientists of the future first become interested 
e Commission’s problems and begin their work in the program. NJ 

t;,tua~, the universities play an essential role because of their 
Ational responsibilities for advancing fundamental knowledge and 
Kachkg students. 

Fortunately, the areas of science where advancement most benefits 
beatomic energy program are also of great interest t o  the academic 

Q ~entkts. For this reason it is possible to enlist the assistance of 
mfessors and their students in university departments of physics, 
&gistry, and metallurgy for research which advances atomic tech- 
z410g and, a t  the same time, strengthens the universities in their 
B0rt.s to keep pace with the rapidly increasing demand for qualified 

- Gmtists. The record shows that the great majority of those who 
ROK entering careers in the laboratories where atomic weapons a satomic powerplants are being developed began as assistants on 

s r c h  projects conducted for AEC by the universities. Moreover, 
:is clear that the rate at which these projects are able to introduce 
s manpower is a limiting factor as America advances toward full- 
=&utilization of atomic power and in her effort,s to keep the peace 

n 

mh 

s 

liugh superiority in atomic armaments. 
The Atomic Energy Act of 1954, like that of 1946, directs the 

sion to conduct research and development in support of the 
ic energy program, both in its own facilities and through contracts 

other arrangements with independent institutions. In response 
*&is directive, and in recognition of the unique service the educational 

utions can render the program, the Commission is currently 
acting with 90 different universities, colleges, and research in- 
ions for fundamental research in the physical sciences. The 
P-Psity contractors and the type of work they perform are listed 

:4Pendix 5, pp. 128-136. These consist of 135 studies in chemistry, 
*BDhvqio~, and 46 in metallurgy. 



54 

7 
MAJOR ACTIVITIES 

Od t t c  
atonti, 

Universities have traditionally supported research to expa 
frontiers of human knowledge, and in tbose areas bearing on 
energy they have a common interest With the Commission. NoQ8]!\ 
contracts between the Commission and a university for basic 
research are based upon proposals made by the university Scicntk,. 
and the results of the research are generally made avail&] 
scientific community through publication in the open literature 
Commission believes that giving free latitude to individual hitiatir, 
is the surest way to insure that signscaat new ideas are conceive 
and rapidly developed. 

A type of arrangement which the Commission has adopted 
assisting research in universities and colleges is the lump-sm Joint - 
participation cont,ract. These contracts may be used \Then the amw 
cost to the AEC is less than $100,000, when the cost can be estimated 
with reasonable accuracy in advance, and when the contractor and 
the AEC both contribute to the costs. In  consideration for the ROrj; 

undertaken and the submission of a satisfactory report, the ac 
pays a lump-sum based upon a part of the estimated total mL 
These contracts involve a minimum of supervision and auditk, 
Projects requiring the AEC to pay substantially all of the costs, 
those for which the costs cannot be estimated with reasonable Br- 

curacy, are financed under cost-type contracts under which the at 
controls espenditures and audits the accounts. 

Irrespective of contract type, the payments assist the institution 
meet the expenses of the project, which usually include summer& 
aries of the investigators, supplies and equipment, and part-tbe 
employment of graduate students who partake in the work and 
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 @ 
the advancement of the atomic energy program. Investigatiw 
in which they have had a leading role are those designed to derelop 
a better fundamental understanding of the nuclear processes inv0lce-i 
in the release and use of atomic energy. They have also ma& 
substantial contributions to knowledge in chemistry and m e t d m  
basic to the development of new processes for the manufacture ad 
use of nuclear and other special materials. 

In carrying out investigations for the Commission the educatiod 
institutions are also substantially strengthened for their primp 
task of training the manpower which flows in an increasing, but Sg 
insufEcient stream, from university classrooms and laboratones in@ 
the plants and other establishments where the end products of E' 
program are being developed or manufactured. 

e to tl,, 
- T l k  
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e story o1 the university’s role in atomic researc is an important 
Iresting chapter in the history of our time. Tb 

,*d intc result of a century and a half of research, mostly in university As 
ratories, the atomic theory of matter was developed. This theory 

,bo in 1939 to the discovery of a method of releasing atomic energy. 
ed rbe theory was tested and proved beyond all doubts. Extensive 
Bboratory experiments invariably check its predictions, but all of 

nsequences will not be realized before another generation or two. pco 
ording to this theory all substances are made up of minute and 
+&le units called atoms of which 101 different varieties are w 

Each variety corresponds to one of the chemical elements- d 
@OW* 

en, iron, silver, uranium, or any of 97 others found in nature, 
1- 
fhctually only 88 elements occur in nature, 13 have been produced 
hc idy . )  

The atom is a very small unit of matter. For example, the number 
of saver atoms in a dime is expressed by the digit 1 followed by 22 
ceros* Small as i t  is each atom is-in itself a complex structure, con- 
@g at its center a minute but relatively massive nucleus surrounded 

cloud of light weight particles called electrons. The nucleus im a positive charge of electricity which attracts and holds the 
Ep&vely charged electrons. According to the atomic theory, all 

he reactions of chemistry-like the burning of coal or the fer- 
Dentation of sugar-are to be explained by the forces between electric 
&es on the electrons and nuclei of interacting atoms. Atomic 
wg, on the other hand, arises from forces deep within the nucleus 
&ween the still tinier particles of which it is composed, for the nu- 
&IS is also a surprisingly complex structure, and one occurring in 
FKI greater variety than the atoms. 

h i c  Nuclei 

Suclei are now known to be made up of two still smaller units of 
=itter--protons and neutrons-bound together by strange newly 
*ea forces which are neither electrical nor gravitational in 

g *  =-&e. 
‘Aei, neutrons and protons are often referred to by the general 
a 4 i e  of nucleons.) Nuclei are characterized by the numbers of 

These numbers range from 
101 protons, and from zero to 157 neutrons. More than 

- YI different nuclear species have been identified. 

(Because they are the essential constituents of atomic 
B 

e h ~  and protons contained in them. 
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A fundamental problem of nuclear science-toward th  e Solut,jo 
of which the universities are assuming major responsibility,;, r! 

k, devise a theory of the forces between neutrons and protons \vhipi 

species. + 

possibilities of releasing atomic energS- be conceived. 

mental and the theoretical. Experimentalists must b s t  discover 
as many of the facts as will yield to their observations and measure- 
ment. 
the picture of structure of neutrons and protrons interacting accord. 

QR to a hypothetical law of force. The idea, is to learn the nature of tt; 
force and understand how it operates. In  this phase of the Kork the 
possible practical use of the information is undetermined, 
experience shows that uses cannot be f d y  determined until 
facts of nature are understood. 

Facts about the nucleus are obtained by observing the radiations 
which it emits as it changes from one energy state to mother, or koQ 
the scattering or absorption of high energy particles used in eqeri- 
ments to bombard materials containing the nuclei under 
tion. The modern experimentalist is equipped with instlmentR 
which count both radiations and particles and measure their energ;, 
Both types of experiments usually involve the use of either an 8E- 

celerator which supplies a beam of charged particles mith hi& 
energy-such as protons or electrons-or a reactor, which is the 
source of neutrons. 
from a reactor, neutrons are able to enter a nucleus and make change 
in it. Protons or other charged particles cannot enter a nude= 
unless they have a sufliciently high velocity to overcome the de- 
trical repulsion which extends beyond the range of the attract& 
nuclear force. 

-a. will explaih all of the obs2rved properties of the 1,000 or mor e QWlea. Not until such a theory is devised and tested can 
of til, 

The attack on this problem is going on from two sides, the 

hto Then the theorists try to interpret the facts as they fit 

Even a t  the low energy with which they 

Particle Accelerators 

Most of the university laboratories engaged in nuclear research fa;. 
the Commission use a particle accelerator of one sort or other tc 

supply high velocity particles. Reactors are less common on the 
university cmpus,  although several universities are now scquir% 
them and one is already in operation at the North Carolina 
College. The accompanying table lists the educational institutio2 
where particle accelerators are being used for Commission r e s e d  
This table also includes institutions where projects in nucleas ph.+ 
are jointly supported by the AEC and the Navy. As shorn i~ tb 
table, several kinds of accelerators are in use-cyclotrons, ebw 
static generators, synchrotrons for both electrons and protonsl 

Suclear cha 
bombarded b; 
electron volts 
million and 25 
may do one ol 
protons out of 
to form a hear 
Bombsrded nu 
of higher intei 
happens to thc 
mmagnetic (0 
s t a t e .  
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e radiations 
)her, or from 
:d in experi- 
3r invest iga- 
insti w e n t  

ieir energis. 
:ither an ac- 
s with high 
:h is the best 
they emerge 

nake chcmp 
er a nucleus, 
)me the elet- 
he attracting 

linear accelerators. These give rarious energies to a 
f particles. 

y115  

fgi~?T O haracteristics and principles of operation of the different The 
of accelerators are described in books on nuclear physics. It 

@"' cipnt here to realize that the nuclear physicist has the means 
rit . s& 

~~~ 

beams of several kinds of nuclear particles possessing 

dnde t The prticles accelerated for nuclear research include electrons, 
4 The energies to which 
4 pton Q tie? &re accelerated are commonly expressed in units of the electron 

One such unit is the energy acquired by a particle carrying the f colt. 
e of one electron (or of one proton, since it is of the same magni- 
but opposite in si@) moving through a potential difference of 

Modern accelerators are able to produce all energies up to 
A new machine being constructed 

e Bmokhaven National Laboratory is expected to accelerate 

33 

c 

range of carefully controlled energies. 

or any of the simpler atomic nuclei.' 

*billion electron volts (Bev.) 

to  an energy of 25 Bev. ' 

i 
xuclear changes can be observed in target materials when they are 

~ $23bwded by particles with an energy of a few hundred thousand 
kXuon colts or higher. In  the range of energy between a third of a 

s L -aon and 250 million electron volts (MeV) the bombarding particle 
SF do one of three things. It may knock one or more neutrons or 
:Ttons out of the nucleus; the bombarding particle may be captured 

3 zfom a heavier nucleus; or it may agitate the particles of which the 
32xbarded nucleus is made up so that the nucleus goes into a state 
: higher internal energy, called an e z c i t d  state. The last usually 
-,ii;ipens to the residual nucleus in any event, causing it to emit elec- 

q e t i c  (or gamma) radiation as it returns to its normal, or stable 

B 

I a r  Structure and Forces 

m l e m  reactions axe complex problems for the typical university 
ch project. For example, even in the relatirely simple nucleus of 

Carbon, containing 6 protons and 6 neutrons, 32 different 
internal energy were identified. 

he nucleus of uranium containing 92 protons and 143 neu- 
= - i t  might seem hopeless to try to understand the complex modes $ ---, 

8 . that use the heavier nuclei, such as lithium, beryllium, boron, etc., as projectiles are called 

of uranium that contains 235 nucleons. uranium of mass number 235. Lke other ele- 
exists in several forms that have different mass numbers. These varieties of the =me 

E L  €3 rtulrrutors. 

-m horn a iwtopea. 

i?' the 

I 

f 
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of internal motion and countless energy levels. However, it is &Ireadd, 
becoming clear that protons and neutrons are not thrown into I 
nucleus at random like apples into a basket. Evidently nuelrQ: 
particles fall into subgroups, or shells, in which their motions a1 f. 

Uder. tories, there appears to be definite hope that we may be able to 

abiv., be able to calculate their interactions and modes of motion and 
at energy levels which agree with the observations. 
may lead to generalizations of deep significance and practical v7aluti. 
Our knowledge of nuclear reactions and nuclear structure is b e&$ . 
advanced by the work of 22 universities in this field (see table: 

The problem is formidable but definite progess is being mN;: 
m e t h e r  the riddle of the nucleus is solved or not, it is of the 
signxcance that scientists are concerning themselves with the& 
problems. In  attacking them they are gainkg an mderstmdin,a arid 
a facility which prepares them to deal with technical problems h- % 
throughout the Commission’s progrm. 

To study forces between protons and neutrons by obserrkg thl- 
energy states of the nucleus is like matching two football teams; 
action in order to study human nature. 
observing an individual player. It has long been realized that & 
study of collisions between proton and proton, or proton and neutror, 
would be expected to give the most readily interpretable idomatio;. 
on the elementary nuclear force. 

Experiments of this nature are possible with accelerators used tt 
the university contractors of the Commission, and they have 10; 

engaged the attention of ssveral such investigating groups. In o& 
instance a beam of protons is scattered by a target containing hydro;a 
atoms, the nuclei of which are protons, and the angles through whid 
particles of the beam are scattered are recorded by suitable detectq 
instruments. The observed distributions in angle of scattered partida 
are found to depend upon the energy of the incident beam. It k 
possible to interpret the results obtained with beam energies up to ?@I 
million electron volts (Mev) by assuming that the force between tm 
protons varies in a regular way with the distance between the coni@ 
particles, when account is also taken of the directions in space of tb 
axes about which the protons spin. Similar experiments were tdiz 
done with heavy hydrogen targets, the nuclei of whose atoms conlw 
one proton and one neutron and are called deuterons. From the 1fitfc- 
it is possible to infer the nature of the forces between neutron& 

simple regularity. From the vi-ork already done in university 1 abo€&. 

stand the lmv of force between neutrons and protons x-ell en O w l  

These 

One would learn more 

proton. 
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gtboug- the results for collisions at energies up to 200 R4ev are - easy to interpret, protons behave in a very confusing manner ptidY they collide at higher energy. In  addition to neutrons and pro- 
@* strange new particles emerge from the impact and appear 

rested by the force of the blow. These particles, called ~ ~ S O T L S , ~  I*$ 

I b e  :e their mass is intermediate between that of the electron and the 
gill1 e not fragments of the original protons, since those particles 

the impact undamaged. On the contrary they are entirely flive 
src pieces of matter created out of the energy of the bombarding 

ptQ& 

I -  beam. 
gton nh in some respects similar to ordinary matter, mesonic $thou, 

Soon after their creation 
More- iw 

:@ P kinds of mesons have been observed, differing from on0 
3% $tlW in mass, in electric charge, and in the time that they exist 

These particles are apparently embodiments of atomic 
Their fundamental significance has m 

Several 
f be Commission’s institutional contractors, as indicated in the 
*+le, sb have facilities for producing mesons and for studying their 
&old properties. Ten machines have been put to use by nine 
,iyaities investigating these phenomena. Investigations of this 
?P are aimed at the heart of the problem of understanding the 
rdp nature of atomic energy. 

of extremely short duration. 
uticles disappear and their mass reverts to energy. 

in its purest essence. 
the interests of the pure scientists on a broad scale. 

TFdron Spectroscopy 

Processes of immediate practical interest in the reactor and weapons 
ws are those in which neutrons are scattered (p. 60), slowed 

~ or captured by atomic nuclei of the various materials used in 
w devices. The design engineer must know how far, on the aver- 
E .  8 neutron goes through the material in question before it is affected 
:each of these ways. Moreover, the distance depends upon the 
d o f  the neutron as well as upon the kind of material. At certain 
5 d  speeds the neutrons interact strongly with the nucleus, 

at others they are only weakly scattered or absorbed. Because 
e similarity to the absorption of light in certain regions of the 

@‘w, these studies are called neutron spectroscopy. Each material 
‘4aacterized by a neutron absorption spectrum. In fact, since 

absorption is a nuclear property, each different nuclear 
--a, of which there are more than 1,000, has its own characteristic 
e%!* 
b’ - 
*is from the Qreek medoa, meaning intermediate. 

~7661-58,,5 
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At five universities (hsted in the table) ' special emphasis is 
t 

research on neutron spectroscopy. Under these Projects great % -  

41: . 
eteQi,i. vances have been made in the techniques for accurately d 

the energies of the highly absorbed neutrons. The almost lhii:; 
task of studying the various nuclei is also underway '11 sei-p, .L i campuses as well as in AEC laboratories. The results ape of ~ f c _  

value for nuclear engineering, and of interest to the student 
Of w,* - 

structure. 
Nuclear spectroscopy is a general term covering the study of 

8PeQ\ resulting from internal changes in a nucleus brought about 
taneously or stimulated by a bombarding nuclear particle. N' w5- 

met,, accelerators are being operated by 14 university contractors -- 
enga;t, in these studies apart from those working on problems of neut;,: 

spectroscopy (see table). These studies are also closely related I- 
those on nuclear reactions and nuclear structure. 

@ 

L- 

Scattering 

Particles such as protons raised to high velocities, and hence 
energies, in accelerators undergo collisions with nuclei when & . i  

strike a target. A common type of interaction that the prohi 
experience is simple scattering. (Proton scattering reactions we 
mentioned in connection with studies of nuclear forces.) Scatt, 
protons may rebound, be deflected, or simply be slowed down. 
any event they are removed from the proton beam of which they&& 
initially a part. In the scattering process energy may be tramfm; 
from the energetic protons to the target atoms. 

scattering. In an inelastic scattering process part of the enewd 
motion (kinetic energy) of the proton serves to excite the sw 
nucleus, and kinetic energy is transformed to internal or potmtii 
energy of the nucleus. On the other hand, in elastic scattering tk 
proton imparts only kinetic energy to the struck nucleus, but a m  
of the proton's kinetic energy is converted into other energy form 
Thus, the kinetic energy of the system comprising both parti& 
remains unchanged as in billiard ball collisions. For a target nudm 
having a given mass, the amount of energy transferred will de@ 
on the angle through which the proton is scattered. Much c f l ~  
learned about nuclear forces from the energies and angles of scat& 
particles . 

Although protons mere used as the example in discussbgs@tm 
ing, all the other particles such as neutrons, electrons, alpha parti* 
etc., can also be scattered on collision with nuclei. The fouoas 
table lists 22 universities performing a wide variety of satd 
experiments and 26 accelerators employed in these s f u ~ ~ .  

Two kinds of scattering occur, inelastic scattering and Instituti 

BXcAaOTBONS: 
C.liIornia Institu 

nologg. 
Fniversity of Cali1 
tlon Laboratory. 

Canell Universitl 
Ioaa state CoUegi 
Bfsrrrachusetts I 

Sfkhigan, Univerf 

Pmdue Universib 
h-0-c Y CLOTRO 

stor diameter sh 
mtheses) : 

hiversity of Califc 
tion Laboratory I 

Technology. 
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deuterons or heavy hydrogen nuclei are accelerated and used 
bard nuclei, the reaction frequently results in the neutron 

the deuteron being captured by the nucleus and the proton being 
ed 8s a free particle. In such reactions i t  mas found that a higher nitt ta&e of target nuclei undergo change as the energy of the 

TCen teron projectile is increased. In this connection, the dependence 
*eld of a nuclear reaction on the energy of the incident particle €he Yl Excitation call tions are being worked out in several university laboratories, 

DC gticdarly at  the University of Washington where research is 
dorm ed with a 6O-inch cyclotron (see table). 

m 
b o a  

ed the exci ta t ion f u n c t i o n  of the particular process. 

grnmaw 

In there are 33 universities a t  work on 62 accelerators. 
sd group contributes new data or improvements of older data 
ld at the same time provides training for the nuclear physicists of 
,efuture. The new facts being brought to light continue to fill in 

When all the pieces are put 
g&er in the right order man mill have attained a more complete 
&ntanding of the source of atomic energy and, possibly, a greater 

spaces of a giant jigsaw puzzle. 

;fits in its use. 

JRTICLE ACCELERATORS USED FOR 

Institution 

?T~!OT~ONS: 
-&&mia Institute of Tech- *. 
:-mity of California Radia- 
rn Laboratory. 

-hll University _ _ _ _ _ _ _ _ _ _ _ _  
zm Stab College- _ _ _ _ _ _ _ _ _ _ _  
F u s e t t s  Institute of 
Wan, University of _______. 
*rchnology. 

k i w  University _ _ _ _ _ _ _ _ _ _ _ _ _  
"%CYCLOTRONS (acceler- 

=diameter shown in par- 
3 &ll?s?s): 

VERSITIES 

Energy 
(MeV) 

AEC RESEARCH BY U N I -  

Year 01 
com- 
ple- 
tion 

Type of research 

Meson production, 

Nuclear structure. 
Meson production and scatter- 

ing, neutron and proton inter- 
actions. 

Meson physics. 
Nuclear structure. 

Do. 

Electron scattering and nuclear 
structure. 

Nuclear forces. 

Meson production and scatter- 
ing, high energy nuclear rt+ 
actions. 

Do. 

Do. 
Meson production and scatter- 
ing, high energy nuclear re- 
actions, high resolution slow 
neutron spectroscopy. 

Do. 

Nuclear reactions, proton group 
studies. 

t 

i 

i 

! 
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PARTICLE ACCELERATORS USED FOR AEC RESEARCH BY h). VERS I TI ES-Continued 

Institution Particle 

University of California Radia- I{ AlDha _____-- 
CYCtOTRONS-COIlti~Ued 

tion Laboratory, (60'). 
Protons - - _ - - 
Deuteron---- Columbia University (36') - ---- [ 

Harvard University (92') _ _  - _ _ _  Proton -__-- -  
Illinois, University of (41') _ _ _ _ _ _  Deuteron __-- 
Indiana University (45') _____-__ --___do _-__- -- Deuteron---- 

Proton------ Michigan, University of (42')--- { 
Proton. _ _ _ _ _  

Ohio &ate University (42') _.___ 

Pittsburgh University of (47')--- 
Princeton bnlverslty (35') _ _ _ _ _ _  Proton - _ _ _ _ -  

Deuteron---- 
Alpha _ _ _ _ _ _ _  Purdue University (37') _ _ _ _ _ _ _ _  ( 

Rochester, University of (!273-- Proton _ _ _ _ _ _  
Washington, University of 

Yale University (28') ________-__ (60'). 

1 BETATRONS: 
Case Institute of Technology-,- Electron-_-- 
Chicago, University of _ _ _ _ _ _ _ _ _  _ _ _ _ _  do _ _ _ _ _ _ _  
Illinois, University of- _ _ _ _ _ _ _ _ _  
Pennsylvania, University of--- 
INEAR ACCELERATORS: 
University of California Radia- 

tion Laboratory. 

Electron-.- _ _  
Proton- _ _  _ _  - 
Heavy ion--. 

I 

Massachusetts Instftute of 1 Electron---. 
Technology. 

Minnesota, University of _ _ _ _ _ _ _  Proton _____. 
Purdue University-- _ _  _ _  - _ _ _  _ _ _  Electron- - -. 

Electron--_-. 

____do ______. 

Heavy ion-. I Electron, - -. Yale University _______-________ 
Bartol Research Foundation--- Proton _____.  

California Institute of Tech- ----_do ___---. 
Columbia University- - _ _ _ _ _ _ _  _-___do _____-.  

Duke University _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____do ______.  
Proton---,-. 
Deuteron--, Iowa, state university of------ { 

J o b s  Hopkins University _ _ _ _ _  Proton _ _ _ _ _  

Stanford University __--__-__-_- 

ELECTROSTATIC a ENERATORS: 

nology. 

Massachusetts Institute of 

Minnesota, University of _ _ _ _ _ _ _  
Notre Dame, University of----. 
Ohio State University _____-___. 
Pennsylvania, University of---. 

Rice lnstitute _________________. 

Technology. 

Texas, University of __________. 

Vi97hi3, University of ________. 
Wisconsin, University of ______.  

Energy 
(MeV) 

Precision nuclear rmctioag ~* 

Vuclear reactions and 
Vuclear structure, nuclear ~ 

Excitation functions a d  

Nuclear structure. 

scattering. 

tering. 

particle scattering. 

- 
Nuclear reactions, ~ 

Nuclear reactions. 

Meson production, electron scr. 
Nuclear reactions. 

Nuclear spectroscopp, n- 
Under construction (nuk 
Nuclear reactions. 

Scattering, nuclear r a t i o =  
Nuclear reactions, low 

electron scattering. 
Under construction (- 

development). 
Under canstytion-now fp p 

tial operation (meson m= 
tion, electron scatterinp). 

Under construction ( n u d a  &. 
sics). 

Slow neutron spectroscopy. 

Fast neutron scattering. 
Nuclear spectroscopy. 

Fast neutron and nucleat, sv 

tering. 

Do. 
Do. 

tering. 

scattering. 

chemistry). 

Do. 
Do. 

troscopy. 
Do. 

Nuclear spectroscoPS. 
Nuclear spectroscopy, fat e- 

Nuclear spectroscopy. 
tron reactions. 

Do. 
Do. 
Do. 

Electron scatterin$. 
Nuclear spectroscoPS. 

Nuclear spectrOsCWyp @+ 

Nuclear SpeCtrOS~PY~ tF= 

Nuclear spectros~p~t 'st * - 
Do. 

Do. 

Do. 

tron scattering. 

tron interactions. 

tron scattering- 

fiaw Materiai 

Atomic enel 
is  SO potenti 
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CHEMICAL RESEARCH BY UNIVERSITIES 

elmse of atomic energy for military or for peacetime applica- 
d e s  preparation and processing of many new materials, some 

tiaas eIIOrmOUS scale. The subsequent use of these materials is often 
,laan conditions far more dif€icult than those encountered in normal 
dustrial operations. At every stage of this complex undertaking 

st be concerned with how materials react to or resist the effects 
One er substances in contact with them, or what are the effects of 

eratllre and pressure, and of the radiation which is frequently 
ten'p ent. In the preparation of special materials to be put into a 
ptor for irradiation or where products of reactor irradiation are to 
r@' ,overed, many of the processes are entirely chemical in nature. 9 re The manifold impact Of chemical problems on utilization of nuclear 

requires that the chemists working on atomic energy projects 

ha be conthuously involved on many fronts in the struggle for better 
The long-term assurance of supplies of raw 

*& is based on progress in understanding the processes by which @W 
SF deposits are formed, and in the improvement of processes for 
,verhg uranium and thorium from these sources. Conversion of 
aR concentrates to fuel for reactors and recovery of the valuable 
+2,1nstituents from used fuel are expensive operations which must be 
;sther improved. Materials must be developed that can resist the 

conditions of use in a reactor. Chemical methods have pro- 
ZJed powerful tools in the interpretation of the nuclear processes 
-.mired Y in the release of atomic energy and project chemists are 
mntinuallg using such methods and developing better techniques to 
gaend knowledge of nuclear reactions. 

rnderlying the specific chemical problems is the need for better and 
m e  extensive knowledge of the fundamental properties of chemical 
Gxtances and of basic chemical principles. Advances here will 
w l t  in a more effective attack upon the dif6cult practical problems 
:at dl arise as the Nation moves into a nuclear power economy. 
* 3 e  fundamental problems are emphasized in all parts of the chemistry 

ram. It is here that the universities are clearly suited, by their 
w h n i c  background and unconcern with immediate technical prob- 
=. to make their most important contributions. In discussing the 
;atributions to the Commission's program of university research in 
s ~ t ~ ,  examples are given of work bearing on some of the current 
*bm,l developments. 

re4 

,,der 

of 0th 
mu 

cmes at lower cost. 

- 

i 
% Atomic energy is based on the chemical element uranium. Thorium i 
E Potentially useful in power systems. These elements combine L 
I I" , {  ) ,  ~ ~ c - ~ ~ ! :  



64 MAJOR ACTIVITIES 

in nature with other elements as minerals. 
b o r n  the content of the useful elements vary m7idely. 

Among the many 
Variqik 

In the search for uranium to  support a continukg 
atomic industry, research is required to develop methods for 10catj WE 

isolation of the metals, their purification, and a host of other problebx ttf 

useful minerals, to learn how ores were deposited, and to d' 
Qory their origin. The results may assist in locating new deposits - Tg, concentration of the valuable mineral components of the ores, 

arise in connection with the processing. The method of attack Itt 
these problems varies with the particular ore. 
treatment that is entirely satisfactory for high-grade ore, such ~ 

pitchblende, is not suitable for relatively low-grade carnotite 
universities are making valuable contributions to the solution of aC 
these problems through 15 separate research projects Carried out 
the AEC in their own laboratories. 

For example, at California Institute of Technology the probleb 
of ore formation and occurrence are under investigation tb ouei measurements indicating the temperature of the rock in the geol* 
era when the uranium ore was formed. The ratio of abundance o! 
the light and heavy isotopes of oxygen in the "ore minerals" is ~ 

indication of that temperature. The measurements indicate tbi 
minerals containing uranium and thorium were formed at a cornidam 
ably lower temperature than the quartz and feldspars in which tl-,@ 
minerals are imbedded. This is regarded as an important clue &, 
the method of formation, but its full signifkance is not yet horn 
The geochemistry of radioactive elements in granites is being inya& 
gated with the hope of more definitive conclusions, since these m b  
are related in origin t,o the uranium minerals. Evidence strog;. 
indicates that uranium was deposited between the grains of feldspat 
and quartz where i t  is more accessible than previously supposed. 

Some of the uranium atoms originally present in minerals, such I 
pitchblende, have already undergone fission either spontaneoudF 
by absorption of neutrons. The number of neutron-induced fksiorz 
were estimated by scientists at the University of Chicago and at thp 
University of Arkansas. Both studies indicate that about 25 ta 24 
percent of the fission in pitchblende is neutron-induced. The A r k  
group has also undertaken analysis for radioactive chlorine 36 8s @ 

indicator of total neutron flux in minerals, with the objectire a! 
evaluating the overall importance of neutron reactions geOl@ 
history. 

At the University of Chicago measurements are being mad@ e2 
temperatures that existed in the oceans during past geologic 
It was found that the bottom temperature of the Pacific Ocean h' 
fallen by about 9' C. during the last 35 million years, and the tap 
ture is apparently still decreasing. Measurements depend on '' 

% 

A method of 

' Tt. 

E -  



JANUARY-JUNE 1955 65 

in the amounts of heavy oxygen (0ls) in the calcareous shells 
e animals. Temperature determinations are being correlated aria d carbon dating methods t o  broaden our understanding 

~ ge and method of deposition of ocean sediments. 
e of the history of ground xater yields a better under- # &e & 

4 Koosledg 
of processes that deposit mineral substances, and may be 

C m D  fPful in finding useful ore bodies. Although the possibility that some 
P1P issuing from hot springs has originated from the earth’s 
.t ltbe mot  be entirely excluded, it was found by scientists of the @‘porG of Chicago that hot springs are fed mostly by surface water 

traveled deep into the earth and become heated and returned 

of these studies new knowledge of the nucleus has increased 

@&ions 

sat 
&e sdace .  Lr’ 

t g  

ademtanding of the geological history of the earth’s crust. 

men a nucleus fissions or is struck by an accelerated particle, so 
it breaks up into smaller pieces, one asks what new nuclei are 

and what properties they possess. Such products of nuclear ut 
ategation are of ten best identified through their chemical proper- 
>** fact chemical methods were used for identifying the a r t s -  
dT produced heavy elements and their isotopes, including plutonium 
,if the important Sources of nuclear energy. It is also necessary 
.*E;~OV )i both chemical and nuclear properties of the elements in order 
31 s &erstand and improve the design of nuclear machines and 

$fwd 

4 r*pm. 
f !$hen medium high-energy protons, deuterons, helium ions, etc., 

rTmed to bombard the nuclei of the common stable elements, a wide 
z 3 ;%,+tT of different nuclei is produced. A study of the nature and the 
-& of the nuclei contributes to our understanding of the nucleus 

i &&at happens to it when struck by a high energy particle. 
3 The elements, cobalt, vanadium, cesium, and yttrium, among others, 
3 m subjected to  proton bombardment a t  energies up to 240 Mev 

-=%on electron volts) in the University of Rochester synchrocyclo- 
3:. in order to study the nature and yields of the various kinds of 
=dear fragments produced and thereby add to OLE understanding of 

ne total yields decrease with increasing proton energy, amounting 
g W  Mev to about 25 percent of the amount obtained a t  60 MeV, 
zzhdkathg a change in the nature of the process occurring. At 
=energies, the proton projectile amalgamates with the target nucleus 
‘ im 8 neutron-deficient nucleus that subsequently disintegrates 
‘PSbble form of lovi-er atomic number. At high energies, the 

wded nucleus becomes somewhat transparent, and a large per- 

3 

I 

! 
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centage of the protons pass through without striking neut 
protons. As a byproduct of these studies, preT.iously unkn 
are formed. At the University of Rochester alone more than 
new nuclei were found and studied. 

A new isotope of manganese (Mn53) was recently Produced 
Florida State University. In this instance chromium 53 ( c ~ ~ ~ )  w: 
bombarded with 9.5 Mev protons to produce which has a half-B 
of about 140 years. 

te 
- Om QIl& 

~ c l z + f  -5 

Radiochemistry 

A minute amount of a radioactive isotope of an &bent ’ ”ha placed in a sample of the element, makes possible observation of the 
sample’s course during a chemical, biological, or physical pro,,,  
Movement of the element can then readily be followed by radioactirit, 
measurements without disturbing the process in any way. ~~~~k 
that are so used are called isotopic tracers. Radiochemistry include 
the preparation and isolation of the radioisotopes as well Bs &pi: 
adaption to these studies. Isotopic tracers are generally Produced br 
means of reactor or accelerator irradiation of suitable targets. i- 
though the uses of isotopic tracers are already numerous, they ftp, 

constantly increasing. 
A year ago the technique of isotopic tracing was possible n i th  4 

of the 100 chemical elements then known except aluminum. TL 
naturally occurring form of this element contains o d y  the 
isotope A12’. 
a half-life of only seven minutes, too short for tracer work. Seven‘ 
lines of theoretical and experimental work suggested that the k n o c  
6-second A126 might be only one of a pair of nuclear isomers (nu& 
of the same element having the same mass number, but existiugk 
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 66 
deuterons in the University of Pittsburgh cyclotron. The hd-lib 
of the new aluminum isotope, designated A126g to indicate that it 
the ground or stable state, is about 1 million yearn. It emits bk 
beta and gamma radiations-easily measurable with standard e q e  
ment, making A l Z 6 g  suitable for tracer work. 

At Florida State University, a search was made for new radiowtie 
isotopes that might be particularly applicable as tracers. The 

It is particularly useful, since its half-life of 21.3 hours is more tb 
100 times longer than that of the longest-lived previouslY b*= 
magnesium activity. For this reason, it should prove PmtiGdarir 
useful in the study of photosynthesis, the metallurgy of mWesis 

The longest lived radioisotope then known (Ala) 

I 

I 
! 

interesting isotope uncovered appears to bezmagnesim 28 (- IfC- i 
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$d and P lant metabolism involving magnesium, and perhaps the 
of the Grignard reaction in organic chemistry. Eot  only 

28 useful as a magnesium tracer, but because i t  has an bani- 
$’ ,D,sim 
ID& actit’j ty in equilibrium with it, a second isotope of aluminum 

@ n l i ~ ~ v a ~ ~ b l e  for tracer experiments. 
- al“) 
The P the means for further investigations that are 

#f tid in solving important and difiicult problems. Isotopic 
@* u e p  owerfd research tools for learning how processes occur. 
#@tion t o  the universities named, a half dozen others are making 

,,paration and use of tracers is another example in which 

scb 

contributions to this program. io addi 
e+ dC5Rt 

& energy radiations are destructive to most solids, liquids, and 
and living matter. On the other hand, they are potentially 
io medical treatment, in chemical synthesis, and in modifying 
cd properties. For example, the materials in a reactor are 

osed to high energy radiations as a result of the fission eQ 
gkCCSS. These include neutrons, beta particles, and gamma rays. 
T93en the detrjmental effects of radiations on engineering materials 
E be tter understood, i t  will be possible to select materials that will 

A beneficial effect is also observed in the 
$tic polyethylene whereby hardness, tensile strength, and density 

This points to the possibilities that 
d. be realized from research in this field. 
Fork in radiation chemistry once required an expensive source of 

Gation. However, the radiation project at the University of Notre 
:mel in collaboration with Oak Ridge National Laboratory, devel- 

a rersatile cobalt 60 radiation source that is not too expensive 
4 n small college laboratory or research institution. 

EL 

diJ a 

UP under exposure. 

increased by irradmtion. 

Tie term hot atom chemistry refers to the properties of atoms which 
e in a high state of excitation (p. 57) or possess high kinetic energy 
i- a result of nuclear processes. Also, processes in which a radio- 
a e  atom emits a particle and “kicks back” or recoils from its 

~ ~ k n s ,  new compounds can be formed in a reactor and also in 
being processed to recover material after Pile irradiation. 

i&* G o n  are “hot” processes. It is apparent that, through such 

* 
k h d g e  of these reactions d help improve atomic energy 
%3tiOnS. 

!study was carried out at the University of Arkansas on the 
b t i o ~  in chemical f o m  of certain fission products, as affected by 
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i;r 
e a SOk 

the environment of the fission process. 
of fundamental information on the chemical effects of energetic 
clear processes, and be valuable in planning chemical proceSE h: 
reactor technology. 

To date, the work was largely concentrated on one of th 
e bi,, products-iodbe. Iodine was fractionated into oidizecl and 
Tedu, forms (varieties representing a difference in the number of h Y h T ,  - 

of uranium in various chemical environments. The distribution Et 

iodine activity among its oxidation states was determined as a fQt- 
tion of solution composition, length and intensity of kradiatio 
the separation method. The following results were Obtained: fl- 
increasing the irradiation time led to a decrease in the fraction P 

reduced iodine, (2) when the irradiation period was held constan; 
the more alkaline solutions yielded a smaller fraction of reduw 
products, and (3) greater radiation intensities increased the productioe 
of oxidized forms. 

At the University of Illinois cryst&e ammonhm compounds 
being irradiated with pile neutrons in a study of the chemical p r o m  
taking place when an energetic recoil atom is projected into a CrFta]. 
line material. The chemical compounds containing ra&oactip, 
carbon that are produced, following the N14 (n, p) C14 reaction, 
determined for the case of irradmted ammonium sulfate cryst& 
solved in water. 

This study could b 

Les 

atoms with which each form d combine) following the -b 

J, 

nt allt 

High Temperature C'hemistry 

The most efficient power reactors operate at high temperatus 
Accordingly, i t  is important to develop materials that will be Stable 
and resist corrosion a t  such temperatures. In the processing of spa; 
reactor fuels there is need for more economical methods; high tern- 
perature metallurgical or chemical methods may prove advantageou 
for this purpose. Both could be explored more effectively if t h y  

properties of chemical substances at high temperatures were better 
known. Studies to broaden knowledge in this area are underray at 
six different universities. 

At high temperatures atoms in the solid state can move throqhoui 
the solid structure at appreciable rates. When a metal is exposed to 
a corrosive gas, such as oxygen or chlorine, i t  becomes covered 
a layer of metallic oxide or chloride. Further reaction takes p k  
only if the metal atoms or the atoms of the attacking gas can diBw 
through the layer of corrosion product. At Indiana University, the 
rates a t  which atoms move through such solid layers are being studid 
These rates determine the resistance of the metal to attack by g@ 
at high temperatures. 

The rates 
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case of an oxide film on copper-by using oxygen 18 as a 

An understanding of these rate process- 
d aid the development of alloys suitable for exposure at high 

of gases and solids at high temperature is dso  under 
Titanium, a metal useful for high temperature application, 

Onomen in many stars. At the University of Kansas this 
&s received particular attention, and the stability of gaseous 

It was found that solid Ti0 evaporates as molec- 

/it la the was found that the copper,migrates about 30 times faster 
wen at  l ,OOOo C. the ~KYzJ 

. dlod 
P -  twes to reactive gases. 
gape ere. 

Tb 
&df. i; oxides, one of which, TiO, was identified in gaseous form 
P- 
& 
de 
& 

Bsw 

measwed. T i 0  Ires $0 predominantly, rather than decomposing into atoms. 

Kinetics and the Isotope Esect” w 
rates of reactions that are desired in a chemical process or the 

sion that one would like to avoid in a reactor structure are 
the nature, the mechanism, apd the energy changes of the @ 

9ction taking place. Study of such effects is of fundamental im- 
The difference in reaction rates 

ktseen isotopes of the same element-that is between atoms that 
ae ron lyk  weight and not in chemical identity-provides a s i d c a n t  

For some time after 
be discovery that many elements have different isotopes, it was 
Soght that isotopes of the same element should have identical chem- 

However, careful work showed the existence of 
auences both in rates of reaction and in degree of reaction to 
$&brium-the latter providing the basis for isotope separation 
3ethods that are discussed under “Isotope Separation” (pp. 70-71). 
Amolecule containing a heavier isotope is more stable than one 

adning a lighter one. Such molecules react at slightly different 
sa, Studies of this “isotope effect” carried out at Illinois Institute 
::Technology and at the University of Michigan have shed light on 
ration mechanisms, and have served to corroborate the theory of the 
miope effect. 

The greatest dserences in reaction rates are found between the 
atopes of hydrogen. The speed of reactions involving rupture of 
$t hydrogen bonds is often 5 times or more faster than the speed 
h-actions involving heavy hydrogen (deuterium). A recent study 
&Fed that at 400° C. light water (HZO) reacted with zinc 60 per- 
a t  faster than did water containing deuterium (HDO). Thus, in 
&reduction of water vapor by zinc, the portion of the hydrogen 
501~ed &st was depleted in deuterium by a factor of 1.6, whereas 

portion of hydrogen produced was substantidy enriched in 
&&urn- 

*&ted to 

p9* 
rice in all chemical systems. 

for the understanding of kinetic processes. 

properties. 

f 
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b o t h e r  investigation was concerned with the rates of the% 
decomposition of chloroform containing hYdrogen and c~orofori, 
containing deuterium at elevated temperatures. The differen,, , 
rates was small, showing that the initial step in the pyroly * k 
the direct scission of a C-H (or C-D) bond, but rather hvplV6; 
G C 1  bond rupture, a fact which was demonstrated by a Q~~~,, 
method. t 

In another study the e'' isotope effect was measured in the the 

ethylene produced has a slightly lower C'' abundance, The sG 
magnitude of the isotope effect suggested that the first step in 

which a larger carbon isotope effect would be expected on theorel;,,: 
grounds, but that the reaction proceeds by the direct intrmolec&* 
elimination of HBr. 

The hydrogen isotope effect on different organic reactions ~ 

studied a t  the Massachusetts Institute of Technology, and the r e a b  
obtained have contributed to an understanding of reaction rnech&~& 
Investigations in which tritium was used as a tracer have 
understanding of the exchange of hydrogen between oxygen abonts 
a process of the most widespread occurrence. 

is rq, 

decomposition of gaseous ethyl bromide. The initial Portion Q4 ~ 

reaction does not involve the simple rupture of the C-B bond, & 

hotope Separation 

Although different isotopes of an element have very similar ch&d 
properties, their nuclear properties may differ greatly. Accor&dFx 
when materials are for nuclear use, one isotope is frequently prefew 
to the others found with i t  and there is a need to separate it from 
others. Thus, uranium 235 is useful in power reactors when sepmtd 
from the preponderant uranium 238, and deuterium or heavy hy-: 
in the form of heavy water is useful for slowing down neutrons& 
thermal reactors. 

One of the more interesting methods of isotope separation is h- 
ical exchange. When two suitable compounds containing a mixtin 
of isotopes are brought together under proper conditions, a chemid 
exchange, or transfer, occurs, and the isotope of interest became 
concentrated in one of the compounds. Although the single con&@- 
or single stage, separation is normally rather small, the procedure c s  

of heavy water usually depends upon this principle. 

i 

i 
i 

I 
1 

i be repeated many times to give significant concentrations. P r o d u d s  

for separating the isotopes of many of the lighter elements. The 
isotopes find many uses in the sciences and in engineering, esPefitb 

Chemical exchange methods provide efficient and versatile mem 
I 

2 

as tracers. At Columbia University, investigations of the sePmw 
of nitrogen 15 from nitrogen 14 showed that the exchange of a;*@- 

c 
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nitric oxide gas to a solution of nitric acid appears favorable 
15 ve-sc& separation plant. Similar studies initiated at New 
Tork f$ state College for Teachers indicate that the exchange between 

g as and liquid oxides of nitrogen mag also be useful. 
@"' nomical method for the production of nitrogen 15 is of in- 

since it would make possible the use of thorium nitrate in 
US breeder reactors where thorium should be converted to 

@a D 233 by absorption of neutrons at a high efficiency. Ordinary 
@ i o  which consists of 99.72 percent nitrogen 14 is not suitable 

8 If& 

. 
@ eco 

O#st, 

,pplication because it absorbs too many neutrons, whereas 
15 absorbs relatively few neutrons. 

$rogo- 
this kr 

&oge* 

METALLURGICAL RESEARCH BY UNIVERSITIES 

liore than 70 of the 101 recorded elements are metals, but ody  a 
itireis few of these are now developed as materials of industry. 

of additional useful materials was speeded up by the 
requirements of the atomic energy program, which makes it @e UD 

ary to examine carefully all of the elements in the periodic table s@ deternine their nuclear, chemical, and physical properties. Some 
p' commercially prove satisfactory for use in reactors, 
-_et 
,elerators, and weapons, but this is the exception. More commonly, 
3dLaent, processing, and mixing of metals as alloys are required to 
+Tride -1 8 suitable material. Ceramics prove useful for some high 
:,pature 'h applications where conventional metals and alloys fail. 

f i e  metallurgist is concerned with the extraction of metals from 
% - ,  and their subsequent purification, the heat treatment of metals 
;3 obtain suitable properties, the correlation of the properties of 
2 3 ~  nith their compositions, the reduction or elimination of corro- 
s;. the effects of radiation on materials and many other problems. 

The AEC has about 50 university contracts for research of long- 
.GP interest in metallurgy. These deal with (1) production, treat- 
zat,  and properties of materials of AEC interest-such as uranium, 
>2im, zirconium, etc., (2) the structural nature of solids, including 
G??, and (3) the effects of various kinds of radiation on materials. 
;mples of fundamental metallurgical research-programs on crystal 
zictllre, diffusion (movement of atoms in metals), and sintering 
*:ding of metal powders)-in which several laboratories are cooper- 
&:* follow. 

@t& 

stmccture of Metals 

Of the characteristics of solid metals is the arrangement of their 
periodic array of crystal lattice. In the very simplest case, 

lattice is made up of cubical cells stacked face to face. Atoms are 

1 

t 
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located at each of the eight corners of every cube- Some metal- 
built as variations of this simple structme, \\-hereby an additional ' ':' 

8 t r,, 

atoms occupy the cube faces (face-centered cubic). 
have still more complicated structures. 

but is on the order of one-hundred-millionth of an inch. 
crystals in which the lattice structure is continuous throughout 
be produced in pencil size, or larger, but the usual metal is an 

b8ri. of many small crystals or grabs, randomly oriented. In these, kc 
adhesive forces between grains are of special interest in detemh: I&$ 

for research purposes, since these consist of two single crystal 
rated by a single grain boundary. Crystal dislocations are reBonsg 
misfit in which one section of the crystal contains an extra plane c4 
atoms relative to the adjacent section. Regions of misfit thus 
rise to an alignment of lattice defects known as disZocation pipea ~ 

channels. For example, these defects can occw when one Portion ofr  
crystal is caused to slide or slip over the remaking portion, 

Studies of crystal structure and its influence on the propertiad 
solids me under way at the University of Virginia, New York r$ 
versity, Massachusetts Institute of Technology, and the stet, 
University of Iowa. 

is located at  the center of the cube (body-centered cubic) 0 fUrtL,, 

The distance between atoms in a unit cell varies a-ith th e blew 

Other 

.. ~ bQ$& 

the strength of the metal. Bicrystal spechens are frequent] s us: 
s NPC 

Metals, as they are known in most aspects of everyday usage, BR 

rather stable and dormant materials. The position of the atoms in 
metal, however, is far from rigid, since atoms are constantly c h s ~ k  
their positions from one lattice site to another. Furthermore,-& 
rate of change is increased by increasing the temperature. Ptp 
example, in a piece of solid lead at a temperature of a few h u n k  
degrees, each atom changes its location about a billion times a secok 
If two blocks of lead are placed together with good contact b e t m e  
the smoothed sides of each, and the assembly is heated to high tm 
perature (but below the melting point), the two pieces mill be bond& 
together. The effect results from the movement of lead atoms h IK~: 
directions across the boundary between the two pieces. Such m@r* 
ment of atoms in a single metal is known as seZf-&$wion. Vheo 1- 
different metals, such as lead and tin, are involved, the p h e n o n l a  

The diffusion phenomenon is of extensive scientific and tecboloey  
importance, since atom movements are involved in practicd? s- 
metallurgical reactions and processes. For  example, diffusion @F 

?x@i an important role in the homogenization of alloys, the heatka 

is known as interdiffusion. . t  
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er;ng of metals and alloys, the sintering or heatrbondhg 
owdeB, the coa.ting and cladding of metals to improve or 

The use and 
of the diffusion process is essential in the fabrication 

eactor fuel elements, in the processing of the irradi- 
or fuel recovery, and in other problems of vital interest 
University laboratories that have assumed an active 
ogram, under AEC contracts, are the University of 
e Institute of Technology, and Rensselaer Polytechnic 

surface, and in a host of other operations. 

EG. 

perimental and theoretical studies on the basic 
diffusion in metallic systems are being made at the 

of Illinois, where a special tspe of alloy system is under 
lloys are mixtures of two metals (binary aZZoys) in 

the  minor constituent is dissolved in the major component, 
The resulting solution of one metal 

Only the crystals of the 
a1 are observable in the alloy. The dissolved metal 

e and the dissolving metal, or major component, is 
binary alloys under study are further distinguished 
pecial kind of solid solution known as a substitutional 
ause the solute atoms replace, or substitute for, 

icuiar attention is being devoted to precise radioactive tracer 
mements of the migration of solvent and solute atoms in these 

solid solutions of metals in silver, the new work showed 
t the solute atoms diffuse faster than the silver atoms in those 

where the former are heavier than silver, i. e., lie to the right 
r in the periodic table of the elements (e. g., cadmium, indium, 
d antimony). On the other hand the metals M u s e  slower 

ey are lighter than silver.. The effect depends upon the 
in atomic number (number of protons in the nucleus) 

he solvent and the solute. 

dissolves in water. 
%nother is h o r n  as a solid solution. 

atoms in the crystal lattice. 

~y usage, are 
atoms in &P 

,tly changing 
hermore, the 
rature. For 
few hundre! 
nes a s e c o d  
tact bet\t-Pa 
to  high tern- 
-ill be b o d &  
%toms in bd= 

Such more arY diffusion. At the Carnegie Institute of Technology, 
&. When 
p h e n o ~ ~ ~ f . e o  this work, the diffusion of silver along grain boundaries 

bicqstals of copper was investigated by the radioactive 
te&nolo~caf e and shown to be much greater than atom movements 

JracticW In an extension of this work, it 
i iff usion FJ~'?' at diffusion along grain boundaries depends to a, great 
-ea&&eotulf"t 

Dois investigators developed a theory of the dependence of 
on mechanism upon atomic number, giving a good explana- 

of many of the experimental facts. 

of grain boundary diffusion in solid solutions is being 

the body of the crystals. 

!E,, ,< , , ' $"tP  
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extent on the direction of the movement. In a parallel Studt 
se]f-musion along grain boundaries in bicrystals of the body-cen; f -  

cubic lattice (i. e., iron containing about 3 percent silicon), it '3~ 
shown that there is a good correlation between the density 
locations in grain boundaries and the depth of diffusion pen 

This aspect of the program is continukg to clarify the role* 
atomic size in grain-boundary diffusion and also the diffusion b e b t ;  ~ < -  ~ 

along grain boundaries made out of various t ~ e s  and co4bkatirg.- 
of dislocations. 

i 
i -- 3 

etratib: i 

%% 

Anisotropy. It is well known that many metal crystals eabit til' 
ferent diffusion rates in the various lattice directions. This proF,lp_ 
of anisotropy of di'usion is being vigorously investigated at ~ 

Rensselaer Polytechnic Institute. Measurements of the diffU,; .f 

coefficients (numbers indicating the rate of diffusion) and Qepj9 
required for diffusion in different lattice directions in zinc, 
and thallium have been completed. Similar studies on antimon,. 
arsenic, and bismuth-members of a different crystal system-lu, 
progress. 

Moreover, it is intended to study the anisotropy of diffusion * 
iridium and uranium. Enowledge of the diffusion rates in uran;l.t 
in the different lattice directions is of vital importance in mders&T =€- 

ing many of its peculiar characteristics. 

Liquids. 
the liquid state is also of great interest and concern. Not only doe& 
study of diffusion in liquids contribute to an understanding of 
liquid state, but such data are useful in dealing with problem ml 
ciated with heat-transfer liquids, mass transfer, and corrosion 
nuclear reactors. 

A study has been completed at the Carnegie Institute of Technolq 
on the diffusion of atoms in liquid lead-bismu th alloys. The progmt? 
for investigating various diffusion phenomena in liquid metals is LG 
being expanded to include other academic institutions. 

Besides atom movements in solids, the diffusion of atom 

Sintering of Metals and O d e s  

the melting temperature to form a strong cohesive body is dk 
sintering. In  this process the powders are usually first pressed i~ 
the desired shape when cold. Metal-cutting tools, bearings, m* 
parts,'insulators, and many other items can be fabricated 
the sintering process. The technique is often employedIi m a  
special materials required in the atomic energy program= 

The process of bonding metal or other powders by heating 
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as that atoms move within metals-especiauy at higher 
ersturcs-and that bonding of metals can result from this 

tPDp Thus, diffusion is generally acknowledged to take place 
LI the sintering process. Sintering in certain cases is believed 

d'ifiartly due to  the flow of the powdered material under the proces- 
W * (*con diti0ns-a phenomenon known as plastic $ow. New cohesive 
"""ds are thus formed both by dif€usion and by plastic flow. Other 
Mn banisms are also thought to contribute to the bonding of powders. "7n the hot pressing of powder formed into a compact, or briquette 

ression in a die, elevated temperature and pressure are used bv CODP 
rease the surface contacts through deformation of the powder to inc particles. Diffusion can then proceed at a more rapid pace. The 

ting metal is pol_vcrystalline and resembles that obtained by 
Fentiond fabrication methods-melting, casting, and forming. 

plastic flow during sintering is related to the surface forces of the 
pruticles. Just as two drops of water will join together to form a 

hoplet  with a resulting decrease in surface area, solid particles isrgu with a decrease in the area of exposed metal surface. 
The decrease in surface is accompanied by a decrease in surface 

The fact that energy, 
kmperature increases the reaction is directly related to the increase 
in suface energy attending the rise in temperature. When bonding 
is gccomplished, 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 pom- 

dm, AEC-financed experimental and theoretical studies are under 
at various laboratories, including work at the Massachusetts 

Gtitute of Technology and the University of Utah. 
At MIT, sinterjng studies were made for sodium chloride, glass, 

copper, aluminum oxide, zirconium dioxide, sodium fluoride, and 
calcium 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 sufEcientIy 
high temperature, which varies with the conditions, and then slowly 
cooled, the grains are rendered free of stress. This process is known 

revstallization. In  a similar fashion, recrystallization is observed 
as a part of the sintering process. 

At  the University of Utah, research is being performed on the 
characteristics of alumina (A&), with special attention 

Since the sintering process is often accompanied by an increase in 
size of the material (grain growth), relationships wi l l  be 

It Q 

pfly* 

0 

resd 

and a more stable condition is thus reached. 

to recTstabation and the influence of impurities. 

a7661-5- 
I-,( I ,  1 ,  8 ",-,!-I 
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sought that link recrystallization, grain growth, and imp*t. 
1% The Utah investigators have already found that impurities can 6. 

crease or decrease the temperature at which recrystallization WI 
impurity present. Measurements of plastic deformation under load 
are also being made in order to determine the effect of crystal Structue 
on this property of materials. 

occur and that the observed effect depends upon the part icula, 

RESULTS OF UNIVERSITY RESEARCH 

The ingenuity of university researchers led to the design and Con- 

e%& struction of a variety of particle accelerators that impart en 
up to billions of electron volts in nuclear particles. In  additioQ, 
North Carolina State University now owns and operates a nuclea, 
reactor and many others are being planned by educational hstitu- 
tions. All of these are tools useful for basic studies of the shcturp 
of matter and forces at work in the nucleus. They are aJS0 wur 
in finding practical answers relating to the nature and properties of 
materials produced in production and power reactors, to the effRk 
of irradiation in changing the character of materials, and to methob of 
separating the mixtures of radioactive materials that are the products 
of nuclear bombardment. 

University research in sintering of metal powders and in the d&ion 
of atoms in metals proved useful in the fabrication and cladding of 

reactor elements and in fuel recovery studies. Such studies hare 
shed light on the peculiar characteristics of uranium-the most b- 
portant source of nuclear energy. 

University studies of the age of minerals and of mineral deposib 
are making easier the location of thorium and uranium ores andtheir 
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 hdp 
in the selection of satisfactory materials for reactors and chemid- 
processing equipment. 

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

Only a few of the university accomplishments in the C ~ d i O n ' ~  
research program could be outlined here. Contributions from Our 

educational institutions have accounted for major breakthou& in 
science and technology, resulting in the investment of substanti$ 
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f money in successful processes used in reactor and weapons 
,IDS O z- 

p*OP@. 
Biology and Medicine 

biologY and medicine program of the Commission includes 
& relating to the establishment of control measures against 

ful errposme to radiation for the protection of atomic energy 

st 6 months to be projected toward studies of the effects of the Pa 
d 8 t i o n  on living things, understanding the mechanisms by which 

e effects are produced, and developing controls for and methods 
tbe ,,tection against damaging effects. Current progress is reported 

on research projects indicative of the broad scope of this program. of P 
bm Funds allocated for the 1955 fiscal year for the biology and medicine 
resesrch program totaled $27 mi,Uon and hanced  investigations in 

fields as cancer, medicine, biology, and biophysics. The budget ad for b e  work done at the national laboratories and major research 
installations represented $19,570,000 of this total. Approximately 
41z separate “off -site” studies at colleges, universities, hospitals and 

research centers throughout the Nation received support in the 
The results of these studies are published and 

&embated widely to research groups under the unclassified technical 
domation program of the AEC. Illustrative of the many ways in 
d ich  experimental data can be put to use are the techniques used 

the Commission in the application of radioactive isotopes in 
&arch, some of which are described in the following. 

Areport on the biological and medical phases of the 1955 atomic 
Bt series held a t  the Nevada Test Site is given in this report. 

*efl 
b@ fForkers and the public. Laboratory and field investigations continued 

of $7,430,000. 

WEAPONS TEST ACTIVITIES 

Tarious safeguards were in effect during Operation TEAPOT to 
mld to a minimum the exposure of the public to fall-out radio- 
&ity. The Commission also maintained an extensive monitoring 
~ t e m  to detect and measure levels of radioactivity near the test 
slie and also at  points throughout the Nation. In general, the 
.gdioIogical safeguards and the monitoring system were similar to 
h s e  for previous Nevada test series, but past experience made it 
:&He to improve controls and procedures in several respects. As 
%result, fall-out outside the controlled area mas less than that resulting 

the preceding Nevada test series in the spring of 1953. Off-site 
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Pair ttt: levels of radioactivity were well below those which would im 
health of human beings or animals or cause damage to  crops. 

Improved Controls and Procedures 

Improved weather prediction techniques and methods of fore- casting fall-out intensity and location were utilized. For the kt 
time, towers as high as 500 feet were b d t ,  and their use aided io keeping fall-out to a minimum. AS in the past, all factors relating ~ 

anel health and safety were carefully considered by an AdPisory p 
before the detonation of each device. 

The system of radiological monitoring around the test site wQ 
strengthened by reorganization of procedures and the addition 
two additional monitoring programs. The area within 150 miles of 
the test site was divided into 12 zones, each of which was staff 
joint AEC-Public Health Service team. These personnel lived in 
communities Within their zones during the test series, and acted both 
as monitors and as liaison between the residents and the test Organi 
zation. There were also six mobile teams which moved to meas whm 
additional monitoring was desired. 

In addition to the monitoring teams, about 30 automatic recorbg 
instruments and the same number of telemetering units were in opera- 
tion in localities w i t h  about 350 miles of the test site. The te]+ 
metering units were part of a unique system which made it Possibfe 
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 into 
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. 

ed bs B 

National Monitoring System 

The monitoring systems described above were used to obtak 
information on radiation levels within a few hudred  miles of 
test site, where more fall-out would be expected. To provide a COD- 

thuous record of the lower level fall-out in more distant ares 
samples were collected at 89 U. S. Weather Bureau Stations a m  
the Nation as part of the Commission’s National Monitoring System- 
This system has operated during previous Nevada series, and & 
maintained on a partial basis between testing periods. 

Weather Bureau personnel at the stations cooperate with tix 
Commission by serving as fall-out collection agents. A one-fm: 
square gummed &, spread on a three-foot high stand, prorid@’ 
simple but excellent device for catching and retaining f a h u t  Pub 
des. The h s  are changed each day. After being exposed, the 

1. Elgin, Nev-. 
2. Alamo, Nev. 
3. mapa,  Nev 
4. Glendale, NE 
5. Beryl Junctic 
6. Lockes, Nev. 
7. Warm Sprini 
8. Lund, Nev-- 
9. Caliente, Ne. 

10. Logandale, I+ 
11. Warm S rinF 
12. Beaver, Eta1 
13. Currant, Ne1 
14 Adaven, Nev 
15. Overton, Ne\ 
16. North Las V I  
17. Ely, Nev-,-- 
18. Enterprise, c 
1% New Castle, a. Santa Clara, 
21. Minersville, I 

Crystal Sprin 
8. Ran arravi He, 

Pmaca, Nev- 
% Ash Springs, 
1. Et. George, u 
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mailed to the Health and Safety Laboratory at the Com- 
@.” jS New York Operations Office, where i t  is ashed in a vacuum 
@@lOD 

Through  io^ line techniques, it is possible for the laboratory to count 
P to 600 such samples per day. 
4@ 

and the radioactivity in the ashes is measured. 

4d Measurements in Test Site Area 
fd 

In the area surrounding the test site, monitors made measurements 
of extern gamma radiation, of airborne radioactivity, and of 
doactivity in water. The results were as follows: 
vd  gamma radiation. The highest measurements of external 

a radiation errperienced in populated areas off the test site 
d@mg Operation TEAPOT are given in the table below. The 

osure is expressed in units of “Effective Biological Dose,” which 
Lsp the best estimate of radiation dosage in terms of its bio- PP ~d effects. In calculating the effective biological dose, account 

of reduction in exposure as a result of weathering and shielding 
bf r& and buildings. 
-The operational guide established by the test organization in terms 

the effective biological dosage for exposure of the public to radia- 
lion vas 3.9 roentgens in any one year. This limit was not exceeded 
st any co-unit~ nor at any place where people were living. 

EFFECTIVE BIOLOGICAL DOSES 
Effed!ve 

Biological 
Location PopuZatim (rodgem) Apprmtmate Dose 

40 
1,000 
150 
17 
10 
5 
50 
300 
970 
300 
12 

1,700 
75 
25 
600 

4,000 
7,000 
620 
100 
320 
600 
4 

260 
500 
12 

5,000 

2. 90 
1. 35 
.84 
.68 
.61 
.51 
.51 
.41 
.39 
.35 
.32 
.27 
.25 
.21 
.20 
.19 . 18 . 18 . 18 
.18 
.17 . 16 
.15 
.13 . 13 
.10 
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I 

at thr, 
Airborne radioactizdy. Although past experience indicated th 
concentration of radioactive fall-out materials in the air is of secondrtb. 
importance to the external gamma radiation, the air monitori 2 

ng Prr gram was continued. The highest concentration of radioactipitl 
the air following any one detonation was at Ely, I’u’ev. This amout I, 

kc to about S/lOO of a microcurie per cubic meter averaged Over the ?i 
hours that the material was present in signscant quantities. * 

46 highest concentrations in air, averaged for the entire series, occur,a 
at Ely, Nev. and Alamo, Nev., where the total additional r&dietioF4 
doses to the lungs from inhaling fall-out material were estimated t.l 
be about equivalent to that expected from breathing air Containiq 
normal amounts of naturally radioactive materials, for a Peri 
several days. 

od 0: 

Radioactivity in water. The highest concentrations of radioact‘~tF 
in water measured during the spring of 1955 are shown below, 

Locality 
Upper Pahranagat Lake, Nev _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - - - - - _ _ _  
Waterhole near State (Nevada) Highway 25 _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ _ _ _  
Meadow Valley (Nevada) Wash _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

The highest concentration noted in the table is about X s  of the 
operational guide-an amount that is still considered safe even 2 the 
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 sb t iom 
which collect and measure fall-out over the entire United State 
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 oe 
immediate dose rates, as do the monitoring units operating in &e 
test site area. However, the information collected has varied sei- 
tific uses. It is needed by the AEC to compute and record the ore& 
accumulation of radioactivity in the Nation as a result of tests. It 
needed by the photographic industry and by scientists conduct% 
experiments with low-level radiation, since these activities can be 
affected by even a very slight increase over the normal backPW8 
radiation. The data also are used by meteorologists to  trace ai. 
masses and check predicted trajectories. 

i 
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G U F n U u ~ ~ ~ E  FALLOUT IN U.S. FROM BEGINNING OF WEAPONS TESTS TD 

5/20/55 
wMTED TO 1/1/56 

BETA ACTIVITY, MILLICURIES PER SQUARE MILE EX - 

5d EJects Experiments 

Dur;ng the current test series, the Civil Effects Test Group under - - 
test organization conducted extensive field experiments to obtain 

This was the largest civil 
The pro- 

comprised 10 scientific and technical experiments broken down 
Agencies participating 

qh the BEC included the Federal Civil Defense Admintration; 

N e d  information for civil defense. 
program ever undertaken during test operations. 

47 projects involving 160 separate tests. 

I 

Ifore than 17,000 samples were processed by the Health and Safety 
bbratory from mid-February to the end of May 1955 and analyzed 
rodetennine the overall distribution of fall-out resulting from the 1955 
ifit series. 

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

It d be noted that the figures vary from 22 millicuries per square 
mile in California to 260 millicuries per square mile in Colorado. In 
s natural composition, the upper foot of soil in the United States 
mawins about 1,000 millicuries of radium per square mile.  
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the Department of Health, Education and Welfare; the DepartuQbt 
@%e-, of Agriculture; the Department of Commerce and the General 

engage< Administration. Scientlfic and technical personnel actively 
included a total of some 200 medical doctors, physicists, biologist, 
geneticists, veterinarians, chemists, architects, engineers and -. 

Other specialists. 
The experiments in the Civil Effects Test Group are describrtl 

under the following categories: 
1. The evaluation and documentation of radiological fall-out data. 

This included use of the radiation telemeterkg system as described. * 
ui the Sixteenth Semiannual Report of the Commission (Januq-jUe 

1954). Airborne radioactivity and meteorologctll data were recor& 
through the use of land lines and radio links from points UP to 330 
miles distant to a central point at the test site headquarters, kr 
addition, a number of automatic radiation measuring and recordy, 
devices was placed in populated areas out to 350 miles in potent& 
fall-out locations. Data were collected of radioactivity deposit& 
over other off-site and on-site areas by employing aerial smc 
techniques . 

Utilizing the data from earlier tests, a study was set up to determine 
the function of distance as related to fall-out exposure. Piye 
were extended from the Nevada Test Site out to a distance of lGfr 
miles. Rabbits were placed at several distances and ra&atioe 
inhaled by the rabbits was measured. 

A field exercise was held to train and orient on-site and offsite 
radiological personnel in monitoring procedures during atomic a. 
plosions. The groups participating in this training were dram 
generally from State radiological organizations. The programs k- 
cluded monitoring techniques of radioactive fall-out with s m ~ ~  
instruments, mobile laboratory equipment, light aircraft, eraluntio; 
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-ou! 
areas. 

2. Biological and medical experiments: In  this category, i n ~ h  
gations were made to evaluate the effects of nuclear explosions 01; 
foods and foodstuffs. Bulk staples, canned foods, meat and ma! 
products, semi-perishable foods and frozen food packages m e  a- 
posed to develop information on immediate and long-range radidoe 
effects. This study w i l l  be supplemented by a 2-year feeding P"1* 
gram, in which the exposed food will be fed to experimental a n h h  
The results will be used to develop permissible limits of nuefex 
radiations in food used under emergency conditions, and for the Coy 
mercial market in peacetime. Resistance of glass, metal, PlaswT 
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and other packaging materials to radiation, thermal 

uraber of biomedical experiments were designed to evaluate 
e&cd data on blast phenomena, and to verify lrrborat,ory 

In a related project, a pilot test was dereloped in which 
These animals 

tested after exposure to determine the effect of noise ab on the efficiency of the animals to:perform their:learned routines 

'giomedicd and engineering experiments were combined to deter- 
the design of physically resistant and biologically acceptable 

Another phase of this work involved the 
and density of missiles from explosion effects. Missile 

made of cork and plastic materials were placed both inside and mP the shelters and residences to determine the size, number and 
rdw,ty of fragments per unit area produced from explosions. 

3. bfsterials, utilities, structural and functional design projects: 
THb were planned to study nuclear effects on residential, commercial 
ad kdustrial structures and materials, shelters, utilities, services 
md associated equipment, mobile housing and emergency vehicles. 
constmction entailed completion of 4 two-story and 6 one-story 
kdences, 7 commercial and industrial structures, and a number of 
-i mid projects hvolvhg certain structural components. There kere 15 to 20 indoor-type and 9 to 12 outdoor-type home shelters 
d&ned to test protection from blast loadings. Other tests included 
e!&id installations, communications equipment, such as a standsrd 
mmercial 250-watt AM radio broadcasting station, underground 
a d  surface installations of natural liquified petroleun gas and 
?presentative types of large machine tools, as well as a wide variety 
O! =fees and other record storage equipment. 

Analysis of the results of these experiments is in preparation, and 
contribute significantly to the knowledge necessary to work 

dafd? with nuclear energy in peacetime, and to improve techniques 
aPloSed for self-protection against enemy action in the event of 

$nod, blast Paper' effects was also tested. 
fl 
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RESEARCH INVESTIGATIONS 

Eesults of current experimental work offer a certain measure of 
?him, not possible a few years ago, on the possibility of protection 
k%t and recoverg from radiation. However, vital problems of 
%eeffects of radiation on living things are still unsolved, and extensive 
%ch continues at the Commission's major laboratories and at 
4 Wticipating universities, hospitals, and other institutions. 
Advanced methods and procedures employing radiation as a tool 

*e helped to increase fundamental knowledge of the biological 

.L 
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and chemical processes that take place in living things, A 
of some of the important advances follows. w e a  

Protection Against Rdiation 

Experiments conduct4ed for several years h laboratories thrOumb 
0 OB; the world as well as in Commission and private laboratories, Rhowe 

that reducing the supply of oxygen reduced the sensitivity of licio: 
cells to  damage by x- and g a m a  rays. Produr -* 
by using reducing compounds; that is, chemicals which use 
during the process of their metabolism. 
chemical compounds in this field was cysteamine (Bacq, unirersit, 
of Liege). More recently a derivative of cysteamine ( s , ~ , ~  
ethylisothiuronium.Br.mr.) was found to have a wider ranse 
protective ability, and also to be less toxic than the origin4 corn- 
pound (Doherty et al., Oak Ridge National Laboratory). H ~ ~ ~ ~ ~ ,  
these protective effects resulted o d y  from treatment given before ~ 

during radiation exposure. NO protection was afforded by treabQir 
given after exposure. 

by transplanting spleens from nonirradiated mice to hadiated 
(Jacobson, Argonne National Laboratory). A considerable numb 
of mice supplied with spleen transplants recovered from raastjs 
damage. The basic action of the treatment is the prevention ai 
radiation injury, hemorrhage, and anemia by causing damaged tkup, 
to recover. 

plantations (Lorem, National Cancer Institute). Rat bone m m r  
was shown to prevent death of the irradiated mice. Some of 
marrow tissues not only caused recovery from radiation damage, ba: 
also prevented leukemia induction by radiation (Eaplan, Stanfotd 
University). Rat bone marrow also was found to  prevent s p s  
taneous leukemia in mice (Lorenz, National Cancer Instituta’. 

Attempts to isolate specific chemical substances which mill prod’de 
the same effects in mammals as spleen or bone marrow have not bes 
successful as yet. Experiments at Oak Ridge National LabomW 
have shown that it is possible to  produce recovery of bacteria fro= 
damaging effects of radiation by means of yeast or spleen extract. 

For one strain of bacteria (Escherichia coli) it was found that tb 
chemical substances glutamic acid, uracil and guanine are hatr 
effective as the yeast or spleen extracts. By combking c h e ~ &  
protection before irradiation and these recovery chemicals a f t d  
it was possible to make a very high percentage of bacteria resist % 
quantities of radiation. Experiments With this strain of bacm 

similar effects were 

One of the 

% 

An approach relating to treatment after exposure was 

Similar results were obtained with mouse bone marrow 
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der proper conditions of nutrition and temperature showed a 
tP of 50 percent or more of the potentially lethal damage duction 
9 d by radiation. 
pPduce vas indicated that the recovered bacterial cells had a lower It also tion rate than might be expected from the amount of radiation 

This suggests that there may be EL relation between the @lJ t.8 

compounds, and that both effects are produced through the 
,,tective mechanism. The low mutation rate is an interesting 

since previous experiments had indicated that mutation 
uction depends solely on the amount of radiation to which the 

duction fSps f le*  in mutation rate and the increase in survival produced by 

Prod is mosed. Further studies are now under way to see if these 

&&e 
@e P 
*odin,O, 

fill& 
cd os FFith bacteria can be applied to  mammals. 

Bv tiJ.eatkg mice with some of these newly-found chemical com- 
f u;lds before exposwe, giving bone marrow after irradiation, and 
a smptoznyc in to reduce bacterial infection, investigators found that it 

s6 to more than double the amount of radiation which a 
~ mawe 

3 p o  
f- 

survive. 

oorledge of the effects of fission products on plant growth and 
Rproduction is important in evaluating health and safety aspects of 
rtodc tests and production operations of nuclear reactors. For 
pment and future operations, i t  is necessary to understand their 
&uibution in the soil, their uptake and concentration by plants, 
ad their effect upon animals which might eat the plants. This 
domation also is valuable for civil defense planning. (See appen- 

;, “The Effects of High-Yield Nuclear Explosions,” pp. 147-154.) 
fnrestigators at the AEC-University of California project (Los 

b l e s ) ,  in collaboration with the U. S. Department of Agriculture 
&arch Service, have acquired data on the distribution in the soil 
-irarious elements found in fission products that may enter the food- 
zii  year after year. 

men materials are transported or placed in the soil, many dynamic 
m i o n s  follow. These reactions are very complex and the solution 

gle specific case effects is difficult. A solid particle that may come 
5% radioactive fall-out, or result from the discharge of a nuclear 
W O ~  plant stack, may contain a number of different elements, each 

= * h g  in its own characteristic pattern. Among these are strontium, 
YAe~urn, cerium, cesium and iodine. Current research indicates 
a most of these elements have distribution and uptake patterns 

b h g  those of common soil elements m-ith similar chemical 

i 

of backris -.- -?3erti& For example, the behavior of strontium is quite similar 
&at of calcium and We calcium and magnesium, diffuses slowly 

a - , l  I#-) , - ‘ h q - T f - ,  
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and has little solubility in water. Cesium, in the same chelni 
as sodium and potassium, moves quite readily under the 
water. 

material away from the source, making more of the material avQaat:, 
to  the plants. Each element has its own diffusion rate. The rate ~ 

uptake of any material differs according to the presence of othpt 

chemical substances during the diffusion process. Field and laborahk 
studies, such as the work being done a t  North Carolina State coue; 
have supplied data on these diffusion processes permittin 6 

predictions of the fate of the various elements and oth& 
However, complete analysis of fission products dispersal through ttf, 
numerous Drocesses is not yet clearly defined. 

Diffusion processes in the soil and in the plant disperse 

g c e a i  

Studies &at the University of California (LOS Angeles) and tLF 

University of Arizona indicate other important factors, such ttE presence of actively growing microorganisms which tie up appreciat,lc 
amounts of such elements and slow down their uptake by 
This is indicated by the fact that reduced uptake was observed Kba 
readily decomposable organic materials were added to soh, nl,, 
reduction was found to be directly related to the ease of decoq-,ositj,,F 
and the quantity of material added. 

The rate a t  which fission products spread through soils depend, 
somewhat on the quantity of rainfan (leaching process) ; somewhet ItL 

solubility of the compound formed by the elements; and somen-bt DL 
materials in the soil which may speed or hamper diffusion. 

Another phase of these studies included comparison of the hk: 
chemical reactions among various species of plants and betwm 
varieties within the species. In addition to the chemical transform 
tions or ion distribution processes, the root distribution pattern 
each plant must be considered. For example, the nutrient uptake of E 
deep-rooted plant will differ from that of a shallow-rooted p h t -  
Fission product distribution is not uniform throughout the soil; thm 
fore, the uptake of each species would vary depending on root c b ~  
rtcteristics. This fact was pointed out by recent studies at  5x5 
Carolina State College. It was found that corn obtained about 7 
percent of its total nutrient from the upper 10 inches of SO& v&* 
peanuts obtained about 87 percent from the same layer of soil. 

Experiments undertaken by the U. S. Department of Agricd;Lv 
Research Service used soybeans and blue grass to test the refion 4 
maximum uptake. 
strontium from the surface regions and less from those deeper in &e 
soil. Soybeans, on the other hand, obtained relatively more sbOntiG 
from 6 inches or more below the soil surface. 

The root distribution pattern of a plant also involves the deasitfd 
number of root tips per unit soil volume. The nutrients in mStp1@ 

-4 

Blue grass showed relatively more uptake 
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the soil though the root tip. Knowing the density of root 
eater how thoroughly the plant forages the soil. This foraging 

idered to range from values of a few percent to about 10 percent. 
data on strontium uptake show that these values may be high 

hdi t1 group 
*ence of fjp 

# 
3 $gent as tenfold. 

and the 

preciablg; 
v plants. 
-ed w h ~  
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npositior, 

h 8s the 

depend€ 
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ewhst 08 

Ridge Institute of Nuclear Studies directs a research pro- ne Oak 
employing radioactive isotopes in the study, treatment and 

..development of therapeutic devices and equipment employing 
be *c energy byproducts and the advancement of techniques and 
it@ edura to measure radiation energies. A study was designed to 
@ methods of measuring and calibrating results of tests of iodine- & ta1;e by the thyroid. For a number of years, it was realized that 

irer the country, are highly variable. It is important, especially with 
ie hcreasing use of radioisotopes, to correct unnecessary errors in 
Hbiques, and to establish standardized and accurate calibration 

Pa ijLmosh of cancer and allied diseases. This work also encompasses 

$ heupt&e measurements, as performed by different techniques 
c 

setbods. 
4 Thyroid Uptake Calibration Committee was formed of medical 
- I  

ntatives throughout the country, including members from zpm ac the Oak Ridge Institute of Nuclear Studies. The committee 
krbted a study to survey methods and procedures presently being 
4 measure thyroid uptake. The plan calls for shipping accurate 
&& of human patients to physicans first in one area under the spon- 
&P of members of the committee, and then shipping them in turn 
;3 djscmt areas. 

The models mere designed with head, torso, and thigh sections, 
& are suitable for making all essential physical measurements. 
3sgkes the physician or clinic a full scale standard of measurement 

It is useful for 
ration studies as well as for teaching. Simulated radioiodine, 

6ch mas developed from a mixture of radiobariwn (Ba-133) and 
-&&urn (Cs-137), d l  be used. This mixture matches the 

tnun of radioiodine remarkably well and has a useful life of 5 
19 Fears, 
~ f d e l s  sent out will be supplied with a series of standard dose 

Ekfrom small to large doses which are in common use for uptake 
'&?sa The physicians will conduct calibration practice studies -on 

models, applying their own routine methods of measurement at 
F@h~ dose levels. Studies may be made to simulate patients 

It is expected 
60 sets of independent measurements may be obtained from 

o u t s  of uptake of radioiodine in the thyroid. 

-4nomal, hyperthyroid or hypothyroid conditions. 
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each model, and these measurements will be sent to  the C&bratio 
Committee for evaluation. 

. 

Pituitary Radiation Therapy t 

,-) i"i y, F' -3 ... I. 
-. !... ... .I_.. -.> i ..::, 

A group at the University of California Radiation LaboratoQ. 
actively engaged in research on the hormonal aspects of the Pituiia: 
gland as related to the treatment of cancer. The hormones ProdUc -. 
by the pituitary regulate growth of all body tissues and Conth,: 
development and functions of the thyvroid. 

In experimental work at the University of calif ornia Radintio,, 
Laboratory and at the University's Institute of Experimental Bioloq, 
it was found that the pituitary gland of sheep contains veq 
amounts of a specific material which increases red cell formation 7 ailc 
hence iron uptake, by the bone marrow. 

This development will be an important factor in the care of patient 
in which the pituitary was therapeutically destroyed by radiation, 
In  such patients anemia may be a serious complication. 

-% 

c. 

Radioactive Dye-So Eution Tests for Liver Diseases 

Various dyes have been used for many years in clinical medicbp 
evaluate liver functions. In  classical tests designed to measme liTci 
function, dyes injected into the circulation were removed from ttE 
blood by the liver cells and then excreted into the intestine ria tkt 
bile. Their rate of removal from the blood is known to be sloae: 
in patients with liver disease. It is not always safe to emplor &; 
classical dye solutions in patients with jaundice resulting from ob 
struction of the bile passages. However, by using Rose Bengal 
tagged with radioactive iodine 131 only very small amounts are ne&d 
the tests are easy to perform, and early diagnosis is possible, Wi 
technique was developed at the AEC project at the UniT-ersityb 
California (Los Angeles). 

The new test was demonstrated to be at least 100 times mm 
sensitive than standard dye-excretion tests in detecting liver d a m e  
in rabbits. To perform the tests in man a small dose of tagged dp-. 
is given to the patient intravenously. The rates of liver uptde ss 
excretion are measured externally by placing a sensitive g a m s  W 
counting device over the liver area. The results are read OD 80 au* 
matic recorder. 

Since liver diseases are fairly common, this new method of me& 
liver function is important. It is rapid, taking only about m h o E E  
complete including evaluation of the results, and is an &Prov@ 
over some of the lengthy laboratory procedures and diagnostic 
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libration 

Radiation 
~1 Biolog,, 

3f patients 
radiation, 

nedicint to 
:asurc lircr 
i from the 
ine yia the 
) be slower 
emplox the 
g from ob- 
Bengal dye 
are nccdi.d. 
;ible. This 
‘nirersi t of 

used. Also, tests can be repeated at frequent intervals with 
of discomfort to the patients. Bo‘ 

& @iJl& 

of Fatty Acids  in Radiation Injury Eoob 
arlier experiments reported by the University of Southern Cali- 
* &owed that low fat diets decrease resistance to X-irradiation E 

bd in rats subjected to repeated sublethal doses of X-rays. The 
* p j a .  rral responsibIe for this action was found to be largely in the 

tis1 fatty acids. 118fR 
!en pacer studies on the metabolic pathways of these essential acids 

bo in progress a t  the AEC project at the University of California 
!@ 
pg bgeles). Emphasis was placed on the role of arachidonic acid 

uced in animals, and linoleic acid derived from plant food, Ani- 
deficient in the essential fatty acids are more susceptible to the mrJs 

decb of ionizing radiation. This probably is associated with the 
[mctions of these substances in growth promotion and wound healing. 

Feeding experbents with a high fat diet showed that these fatty 
rc;b appear to be required for certain metabolic reactions. The 
aeehanismS of these reactions are being investigated using pure vita- 
&, fatty acids, and crude body lipids-neutral fats, waxes, etc. 

brad 

bMing Ant i  bodies 

The use of radioactive isotopes in treating human disease d be 
pBfly broadened when further methods are developed for localizing 
5ae isotopes in the body tissues to be treated with radiation therapy. 
1: the  University of Rochester Atomic Energy Project, research is 
&yway to develop methods of attaching radioactive elements to 
gtibodies that will localize specifically in certain tissues and body 
‘zpns. (Antibodies are substances in the blood, etc., that destroy 
s amken bacteria.) 

In experiments with rabbits, it was found that the animals could be 
Awed to manufacture antibodies against certain tissues when 
zjected with tissue fractions and organ extracts from other animals. 
5~ labeling with radioisotopes, antibodies were shown to localize 
?specifically in certain tissues or organs. For example, labeled 
E:i-kdney antibodies were produced that localized in the kidney 
L g  kher concentration than in any other organ. 

It is hoped that continued research along this line will eventually 
=d to the production of antibodies against different human tumors, 
* d c  enough to carry therapeutically useful doses of radioactive 
waPes h e c t  to them. This technology has important applications 

brain tumor studies, such as are carried on at Brookhaven 
- -;lad Laboratory and several of the off-site installations. 

; t r  
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Columbia River Survey 

River areas lying within the vicinity of the Hanford Works Project 
of AEC are continually monitored for radioactivity to determine if 
any radiation effects from plant operations produce changes in l;r e 
forms or the environment. 

Crustacea (crayfish) and other s m d  arthropods in the Columbia 
River are easily accessible for such studies, and a 14-month surpes 

was made of their life activities to determine if radioactivity prod uQd 
any changes in growth or productivity. 

None of the levels of radioactivity reported in the areas downstream 
nges from the Hanford reactors indicated any injurious effects or cha 

on growth or productivity of these aquatic life forms. It was feud 
that in the crayfish, as well as in the smaller arthropods, the leve& 
of radioactivity measured in the young, rapidly growing forms wwe 
higher than those found in the adult specimens. 

Ecological Surveys of Cord Reef Communities 

Surveys are being made at the Eniwetok Marine Biological Lab- 
oratory of the effects of nuclear explosions on whole plant-ahd 
populations and ecological systems in the CentrdPacZc island areas 
used in atomic test operations.‘( The laboratory, recently establish4 
by the Commission, is located%ithin the Eniwetok Atoll of the 
Marshall Islands. The atoll lie$ 2,500 miles southwest of Hawaii 
and is made up of a circle of coral islands approximately 20 mileS 
in diameter. Many of these islands are covered with tropical pege 
tation and possess coral reefs making an excellent experimental 
ground for biological field studies. Work completed in 1954 for the 
AEC under arrangements with Duke University and the UniversitI 
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 betweert 
organisms and environment. Effects of radiation on these reds 
cannot be evaluated unless the structure and function under normed 
conditions are known. Thus, the initial work included experimend 
assaying methods in order to measure the “basal metabolism” and 
the overall trophic or “food-chain” structure of a coral reef corn- 
munity as a whole not affected by nuclear explosions. This 
similar to assaying the metabolism of animals or humans 
normal conditions. For example, it was found that a healthy 
wetok reef had a production rate of about 74,000 pounds of glum 
(a sugar) per acre per year. This exceeds man’s best agicdtunf 
efforts in most parts of the world. The critical assay methods 
devised can be completed in a few weeks. The si&cant cham 
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.- m,,s~able “basal community production rate” can readily be 

the coral colony live together to their mutual advantage 
Although observations of skeletal algae were made .,*Dlbiosis) - 

1’ ’ .@lJ-, this is the first study to determine quantitatively the 
! A very definite 
4 @@‘npcttveen algal (plant) and coral (animal) tissue was found. The 
3 pri@ :i of plant tissue was greater than the amount of animal tissue 

&IOU 

# This marked development of sjmbiosis 
]ant and animal components achieves excellent “conserva- 

Lggeen P 
z =- ,, This enables the 
1 ,In reef to achieve a high rate of productivity in waters which in *d le 

.kglse 
i -;These results are significant in physiological applications to other 

They provide a 

$ tbD if important effects are produced. cd ‘ *wF -% 

z a t  .*]pton O 

revealed that corals and the algae groiring in the 

of algae present in different species of corals. 
f 

unjt of surface area. 
= ?*i 

use and reuse of critical nutrients. 

J~~~ have a very low fertility. 

ts and animals which man requires for food. t, field for scientific study of nuclear radiation effects on the 
3et8b0fisa” of highly integrated systems. 

The biological assays will be extended for related research investiga- 
! 3 -&I@ c%rrkd on-by the AEC. College or university biologists, and 
f I’i Commission I contractors interested in radiological data of this 

are invited to participate, using the facilities of the Marine 
ofi~ai Laboratory. 
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PASEL DISCUSSION ON RADIATION HEALTH PROBLEMS 

The Commission organized a panel discussion on “The Impact of 
Lx Atomic Energy Industry on Community Health”. Held under - sponsorship of the American Medical Association CounciI on 

hd Health on January 25-26, in Washington, D. C., the 
‘ng ms  attended by about 250 representatives from industry. 

:ne purpose of the discussion was to explore the health problems 
ESisted with the placement of a nuclear power reactor in a com- 

J-. Papers were presented on the organization and function 
ZF radiological protection and medical groups in reactor facilities 
d as the control of hazards in normd operations. Part of the 

was devoted to the types of possible reactor accidents and 
The conference 

3 

-: potential effect on the plant and community. 
d the first public presentation of much of this material. 

NEW RADIOISOTOPES PRICIXG POLICY 
April the Commission announced that it will make radioisotopes 
biomedical and agricultural research, and research in medical 

~ ?and diagnosis available to domestic users at 20 Percent of the 

f 

i 
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Since 1948, the AEC has supported the distribution of raa . 
used in cancer research and therapy. 
against cancer were made available without charge for 
costs. Since 1952, a charge of 20 percent of the AEC 
price has been made. 

and agricultural research. The discount will not 
radioisotopes used for routine clinical treatment nor 
in fixed sources. 
mission under the Division of Biology and Medicine, wash 
D. C. Domestic users who are interested and fulfill th 
may submit application for authorization to make discount 
chases. 
the applicant to purchase radioisotopes at 20 percent of a c  
lished price. 
must agree to publish the results of the research, or r 
to the Commission. 

Initially, radioisatop 

Under the new policy, reduced prices are extended f 

The program is being administered b 

Upon approval of the application, the Division wiu 

The investigator or institution receiving th 

NATIONAL ACADEMY OF SCIENCES RADIATION P R ~ ~ ~ ~  

The Commission will cooperate in a broad study on radiation efim, 
recently undertaken by the National Academy of Sciences by provj+ 
information and consultation services. The Rockefeller &-,mdaGg 
made an initial grant for financial support of the project in its p l a n q  
stages. 

The project will consist of an appraisal of present howledge 00 

effects of atomic radiations on living organisms. Extensive re%= 
work completed by the AEC will be available for the new studr 
The Academy will appoint a committee of eminent scientists &: 
staff to deal with the project. From this study should come k- 
necessary facts to clarify opinions in this important field of efiglr 

of radiation on human beings and their environments. Further,i 
the work in this general area may be reviewed to identify those e 
needing increased effort. The study may evaluate the state d 
medical knowledge regarding therapy and protection; and the ark- 
ability of information to scientists, physicians, and the general p u b  

AEC SCIENTIFIC EXPEDITION TO PACIFIC 

Scientists from the AEC, the Scripps Institute of Oceanopp? 
and the Institute of Applied Fisheries, University of Washgt@E+ 
April completed a 6-week survey of the Pacific to measure the ~ m o 1 i = ~  

of radioactivity, natural or introduced, present in sea water andmws 
fife. The expedition is an extension of the marine biologcd stub 
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by the AEC and cooperating agencies for some years in the 
Islands area, and included major ocean currents of the 
acific not previously studied. 
edition left the West Coast aboard the U. S. Coa.st Guard 

on February 26, 1955. It reached Tokyo on April 12, 
wide reaches of the Equatorial and North Equatorial 

f the Euroshio current east of Japan. 
s of temperatures, current characteristics, salinity, 

- oectivitY were taken a t  various ocean depths. Specimens of 
e and plankton were collected and measured for radioactivity d 

d e  lif - 
@u@* 

~~ ;D,stigators found that minute traces of radioactivity existed 
rtiom initially predicted by the oceanographers. The analyses 

sPflr4despread - low-level activity of sea water throughout the 
STAI '.- 

&h the level dropping to zero o d y  in approaching the West 
A-t ,,f the United States. The activity level in edible portions of 

@c, 
&&k'@ -- g&m &out one percent of the recognized health standards. 
-,+ iP mected that data collected during the expedition will clear up 

r P R O J E ~  

idiation effwb 
?S by proridiq 
er Foundatior; 
in its p l a m k  

i b * -  
& F,zm ber of presently obscure points in oceanography. For example, 
~ of traces of radioactivity from a.tomic tests is being 
-3d in mapping the course and rate of flow of the north equatorial 
-,rent. The AEC plans to survey these waters as long 8s it is 
,Able to detect identifying activity. Valuable information concern- 

_- - 
* 

---- 
I 

a* the depth of mixing of surface waters and the rate of turnover of 
e r  waters should also result from these studies. 

* I  ~ m e s  of the preliminary data collected by the expedition are 
- +&tent - with such findings as were made available to United States 
-&ts by members of the Japanese cruise of the Shunkotsu Maru 
d e  in June 1954. 
y5e Japanese scientists found that residual radioactivity from the 

w conducted in the Marshall Islands in the spring of 1954 were still 
eatable in June of that year. Since that time, this residual radio- 
&rity hlb~ greatly diminished in intensity as a result of mixing with 

folurnes of ocean water, and the known laws of radioactive decay. 
h ion  product activity was found by the Taney expedition to be 

i~ about one-tenth of that due to naturally radioactive potassium 

=-? 

f .  
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Organization and Personnel 
Personn.eE and Organizational Changes 

The following personnel and organizational changes took Plat(. ;- 
Washington Headquarters during the first 6 months of 1955: 

Dr. John von Neumann took office as Commissioner on arch f: 
following his confirmation by the Senate. 

Appointment of Brigadier General Kenneth E. Field as Gcoei: 
Manager was announced by the Commission, effective aJ I General Fields, former Director of the Division of hlilitag A PplicL 
tion, succeeds K. D. Nichols who resigned from the AEC on 

~ to become an engineering consultant. General Fields retired from ttp 
Army to accept the General Manager assignment. 

David F. Shaw was appointed Assistant General Manager fe 
Manufacturing on June 6 .  R. W. Cook had been serving in an &trr, 
capacity in this position since his appointment as Deputy G ~ ~ ~ G  
Manager. Mr. Shaw had been manager of the Hanford Operatio&I 
Office since June 1950. 

The Division of Licensing was established in March to admini,c;,. - 
the Commission’s licensing function and related responsibilities FI < *  

taining to the civilian use of atomic energy under the At,on-& 
Act of 1954. Harold L. Price, Deputy General Counsel, formeri; 
designated Special Assistant to the General Manager for Licewin; 
was appointed director of the division, effective March 22 i 
“Civilian Application,’, pp. 101-104). On June 29, the division R ~ ~ *  

named the Division of Civilian Application, with Rlr. Price as directa: 
The new division takes the place and assumes the responsibilitie G! 

the former Division of Licensing and carries out AEC responsibilitia 
relating to civilian uses of atomic energy under the Act of 19%. 1: 
establishing it, the Commission transferred to it the following s e  
functions previously assigned t!o other divisions : the activities of tb 
Licensing Controls Branch, Division of Construction and Sup&. 
and certain functions of the now abolished Industrial Liaison Brrrrtci 
Division of Reactor Development. 

W. Kenneth Davis who has been serving since January 1 BS Act.- 
Director, Division of Reactor Development, was appointed DirwW 
efTective February 24. 

Col. Alfred D. Starbird, USA, mas appointed Director, Dirhioed 
Military Application, effective July 1. 

William C. TTampler was appoint,ed Special Assistant to 
General llanager (Congressional), effective January 3 1. 

The Commission was assigned primary responsibaity for techgi* - f  ~ 

planning and preparation for United States participation in the 
Nations International Conference on Peaceful Uses of ~ t o m i c  Ent*= 
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eld at Geneva, Switzerland, August 8-20. Dr. George L. 
Technical Director for United States participation in tt be ’ 

&-;I nRS 

enactment of the Atomic Energy Act of 1954 did not 
changes in AEC’s organizational structure, i t  did have 

6 atial impact upon the operations of nearly all parts of the 
i d s t l o n .  In some cases existing organizations absorbed new 
,c ~ t h o u t  material increases in personnel; in others, new 

have been established or some increases in personnel will be E+,ionS to provide for the regulation of and services to civilian in- 
These needs arising out of this Act 

@tf- e it necessary for the Division of Organization and Personnel to 

of the functions to be included in the Inspection Division 
ab bhhed by Section 25 c of the Act, including definition of its 
dotis, provision for staffing, and clarification of its functions 
ditfi reference to those of other organization units. 

= ks t& of the organization necessary to administer the licensing 
ad related provisions of the Act, which has resulted in establish- 
ment of the Division of Licensing (subsequently changed to the Divi- 
i o n  of Cidian Application) and in definition of its relationships 
10 other parts of the organization. 

basic administrative document which states AEC organization 
a, defines the roles of staff and line organizations, traces the 

if authority from the Commission down through sub-offices in 
field, and provides uniform nomenclature for organization units, 

=completed as part of the AEC Manual. 
Cmtinuing progress was made in codifying in the AEC Manual 

z directive material issued to subordinate units in the form of 
ktrril llanager bulletins and a variety of correspondence. 

ytbougb 
dt in 
*ubs@, 

$jlctio@ 

required by the Act. 

tal;e the following organization and management projects : 

c *  

k ddition to tile continuing staff work required in personnel 
x:kr~, the following principal studies mere completed : 

hmplete revision and incorporation in the AEC Manual of the 
E ?;icie~ and procedures on job evaluation and salary administra- 
a k;Jn, including substantial expansion and refinement of job evalua- 

knshndards in the form of benchmark job descriptions. 
’- he incentive swards program, authorized by the Government 

4Dloyees’ Incentive Awards Act, was formally established 
€ 
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March 1, 1955. Complete instructions under this pro 
issued, awards committees established, and a number 
for constructive suggestions and for superior perform 

separations, suspensions, demotions and other discipb 
and others, were revised and improved. 

Officials began reviews of important trainkg needs 
ployees which can be met under authority granted under 
of the Atomic Energy Act of 1954. Such reviews are co 
employees are beginning to be sent to technical training 
this authority. 

3. The procedures for resolving employee grievances, 

Job Evaluation System 

Benchmark jobs used as standards in evaluating AEC pos,tbd 
for salary purposes were revised, and a substantial number of 
ditional ones developed. This’ will provide broader coverage 
benchmarks in various occupationd areas found in ARC. It 
also contribute to a more effective application of the job evdutR 
system, and make possible a more consistent and equitable 
istration or salaries within statutory limitations. 

Work Stoppages 

Work continuity in atomic energy construction and design actirib 
continued at a high level during the first 4 months of 1955. b s t b  
for the period was 0.5 percent of the scheduled working tim+-anotagl 
decrease from the loss of 1.5 percent for the corresponding perid g 
1954. 
percent of the scheduled working time-a decrease of 28.2 perc=: 
over 1953. 

Organized employees of Sandia Corp., Albuquerque, N. him, urn 
on strike from April 26 through May 4 in a dispute over termti 
renewal of labor agreements which expired on April 20. S t r k q  
workers were represented by an AFL Metal Trades Council and OEi- 
Employees International Union, AFL. Organized guards, K - ~ W  

agreement expired on April 21, did not stop work. Althougb &9 
had at first refused to utilize its services, the employees return4 
work with the understanding that the Atomic Energy Labor !hn* 
ment Relations Panel would hear the dispute. 

As a result of the Sandia strike the percentage of scheduled they 
through work stoppages in the operations program was 0.11 for 
first four months of 1955. 
parable period in 1954 and 0.08 percent for the entire year 19j4* 

Construction work stoppages for the year 1954 amout& 

There were no stoppages during the 

..IEC and Con 
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e earnings of production and related workers of AEC’s 
s tended to level off during 1954, following a 
stry. The year-end average of $2.27 per hour 

increase of 8% cents during 1954, as compared with 

& earnings of workers of AEC’s operating contractors 
belast 6 months of 1954 were 13 cents higher than the earnings 

organic chemicals industry and 2 cents lower 
those of the petrolem and coal products industry (industries 

in process and equipment). 

EC Positiotg 
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gf and Contractor Employment Trends 

AEC empIoymenk was relatively constant during the past 6 months- 
from a high of 6,894 in June 1953 when total contractor em- 
ent also reached its peak. 

tion and design employment was about half the number 

and Savannah River projects where major construction was 
S completed, and at Portsmouth and Oak Ridge which were 
ably under the peak levels reached in July and October, 

lded b i  months ago. Large declines occurred a t  the Hanford, 

iring the @lB” 
-em 1951* 

s 0.11 for *&@ 

rz .-’. - - ..... , , i , . ,: ,.. , ::-., ’_. 
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respectively. 
1951. 

1,000 per month during the past 6 mont'hs. 
than doubled the number employed before the 5-9ear 
program. During this 5-year period, production emploment 
while employment in research and development doubled 

Current employment was the lowest since peh 

Operating contractor emplopent  increased at the rate of 
The total in 

AEC & CONTRACTOR .EMPLOYMENT 
TI(OU5ANDI OF EMPI.OYEES 
loo 

Labor Turnover 

Turnover of employees of AEC operating contractors c o m p h  
favorably with those of comparable industries-industrial i n o w  
chemicals and petroleum and coal products. AEC contractor 9;- 
aration rates fell between those of the two industries, all three e 
lower than the combined rate for all manufacturing i n d m h .  
During 1954, employees of AEC contractors mere separated at i.b 
rate of 1.3 per 100 employees per month. This was 35 pr rce  
lower than the two previous years and approached the 1.1 rate recard$ 
for the petroleum and coal products industry-one of the fev lw 
industries experiencing a lower rate than AEC. 

Unlike industries where accession rates nearly equal s e p m k  
rates, accession rates of AEC operating contractors exceeded s e ~ *  
tion rates by 60 percent in 1954 nnd 35 percent in the predoe: 
years, due to the placement of new and expanded faditis ~g 

operations. The effect of this difference is reflected in the UPa& 
trend in employment. 
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(ONTRA~TOR EMPLOYEE TURNOVER - MONTHLY AVERAGES 
SEPARATIOHS - PER 1W W P U  
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BFebrum 1 Curtis A. Nelson became the director of the Division 
f. st bpection established in September 1954 (Seventeenth Semiannual 
pprt, July--December 1954, pp. x%i, 58). A small staff was organ- 
4 to c&rry out the functions assigned to the division in accordance 
kh the provisions of Section 25 c of the Atomic Energy Act of 1954. 
~ij section provides in part that the division “shall be responsible 
~ & e r i i n g  information to show whether or not the contractors, 
L-es, and officers and employees of the Commission are complying 
&h the provisions of this Act (except those provisions for which the 
sff is responsible) and the appropriate rules and regulations of the 
~hnmission. ’ ’ 

The director has three assistant directors: an Assistant Director 
k Management Appraisal to ascertain that management appraisals 
1 the Commission’s programs are developed and carried out by the 
~2 and program divisions and that these appraisals are adequate in 
2 ~ m . a ~  they cover and do not involve any unnecessary duplication 
2 &tidy;  an Assistant Director for Compliance to inspect directly 
-%rim for compliance With all license requirements; and an Assistant 
- s m r  for Investigations to investigate directly all questions of 
:?bees’ conduct, fraud, etc., in AEC and contractor organizations. 

addition, when directed by the General Manager, the division 
y3mquire into and report upon any other matters that are under the 

~ - - Manager’s authority. 
~ - I 

J 

I=,,-, , lL-l}-:&; 
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Inspect ion Activities 

During the first 6 months of 1955 studies were undertaken of 
ing inspection type activities by program and staff divisions 
preliminary inspection of some components of the Raleigh R * -'; 

inspections of reactors at Oak Ridge-including the graphite 1 t ibr& 

the Low Intensity Test Reactor, the Tower Shielding Facdlty 
the Bulk Shielding Facility-and inspections of the General El' 

the Pennsylvania State Reactor at Pennsylvania State u~veQi;t '0) eofi 
were also scheduled. 

Reactor a t  North Carolina State College was conducted. Add' @ear% 

Aircraft Nuclear Propulsion critical facility a t  Evendale, oh. w!-e 

The authorization and inspection program of the Isotopes Di~&ior .  
Oak Ridge Operations Office, was studied and a plan of inspectio; 
developed under the new licensing program-subject to furtb 
review as additional licensing experience is gained. eF 

Patents 
c 

The Commission has approximately 775 patents available for lice&+ 
ing on a nonexclusive, royalty-free basis. It has issued approhatefv 
481 such licenses under these patents. 

The first patent issued to the Commission on a complete nudw 
chain reactor was issued (after declassification) as patent No. 2,708,6, 
on May 17, 1955, by the U. S. Patent Office. 
inventions of Drs. Enrico Fermi and Leo Szilard on thermal neuwc 
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 ~a 
issued on the electromagnetic method of separating isotopes. b 
cluded in this group is a patent on the overall electromagnetic method 
(the Calutron) developed by Dr. E. 0. Lawrence-issued as patmi 
No. 2,709,222 on May 24, 1955, and owned by the AEC. 

After notice published in the Federal Register, the C o d o c  
amended its regulations establishing general rules of procedure iz 
considering applications for reasonable royalty fees, just compeasb. 
tion and awards under the patent provisions of the Atomic Energ 
Act of 1954. The principal changes include a delegation of authorit! 
to the Patent Compensation Board to determine applications 
just compensation under Section 173 of the Atomic Enera  Act! 
1954. There is also provision for the submission of interrogate* 
to any party to a proceeding before the board for the pUTp0~' 

The patent coven 
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f procedure k 
just cornpens- 
Atomic Enem- 
on of authorit! 
Lpplications fg: 

Energy Act 0: 
bterroga tori- 
the p~rp0SC of 

f record facts which the board deems relevant to its 
QIR~? der% :yon of a patent application. 

C ommission settled for $400,000 the application for an award 
The Drs. Glenn T. Seaborg, Joseph W. Kennedy, Arthur C. Wahl, 
de by 

@> 
Segre. Their application was based upon patent applica- 

9 ,overing basic chemical separation processes developed prior to  
,,,mment contract. The settlement provided for the acquisi- tj,tPS 

@f & the Government of all rights, both domestic and foreign, in the 

jaflect of the inventions and any patent applications and 
ts issuing therefrom and a release of all claims against the 

p?ferament arising out of the inventions. The assignments were ‘’ ded in the U. S. Patent Office. 
2 

JauarY 11, 1955, the United States Court of Claims dismissed 
3 Be Bction of Consolidated Engineering Corp. vs. United States, 104 

s. P. Q . 111, who sued the Government in connection with certain I ific b e  recorders associated with the diffusion processing plant 
The plaintiff’s petition to the United States Supreme f :oud for a review of the case was denied on May 23, 1955. 

- ,ccordance with the provisions of Section 156 of the Atomic 
= . r  coerg Act of 1954, standard specifications upon which the Com- 
t ~ s i o n  may grant patent licenses for the use of Commission-owned 

%rents and patents declared to be affected with the public interest 
& being promulgated. 

’’ 
Ridge. 

t 

P Civilian Application 
j - - 
3 3 5 order to discharge its regula tory responsibilities under the Atomic 

5~ Act of 1954, the Commission established a Division of Licens- 

1 d e r  which private enterprise may assume the major responsibility in 

Proposed regulations covering licensing of production and utilization 
ities, distribution of special nuclear materials, and safeguarding of 

f xricted data Fere published in the Federal Register (under Notice of 
3 :dekking), so that the public might have an opportunity to com- 

a t  on them prior to the time when they would become effective. 
Wations on access to restricted data rela.ting to civllian uses of 
Gmic energy were similarly published. 
Additional regulations ,covering operators’ licenses, radiation pro- 

ation, and rules of practice are currently being drafted by the Com- 

hddition to the new regulations published, or soon to be published, 
already in effect regulations covering the distribution and 

These regulations, 

i 4 in March 1955 and took initial steps in setting up procedures 

ifidoping atomic energy for civilian uses. 

‘ 

for future publication in the Federal Register. 

?ion of source and byproduct materials. 
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promulgated under the authority of the Atomic Energy Act 
are being revised to meet the requirements of the Act of 1954, and t& 
proposed revisions d l  be published in the Federal Register. 

f 

Access Permits 

In  meeting the general objective of encouraging American ind Ustrr to take an active and leading part in the development of future k -  
of atomic energy for nonmilitary purposes, it was necessary for AEr 
to institute a program under which information in this field codd 
made available to those outside of the Commission program TL 
was done previously on a limited scale by means of “study agreemenk,, 
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 studi6’ 
Some 25 study groups, comprising a total of 81 companim, & 
granted access to restricted data under this program. 

The study agreement program was replaced in April by 8 mnte 
simplified procedure under which restricted data relating to the ciyibsr, 
use of atomic energy, and classified as confidential, may be mdc 

available to any applicant who can evidence a potential use or applich- 
tion of the information in his business, profession, or trade. The otbez 
conditions to this access are that applicants obtain simplified securitr 
(“L”) clearances and agree in writing to conform to all AEC secu& 
regulations. The Government will waive under Section 152 of ti, 
Atomic Energy Act of 1954 aU rights to inventions and discorefie 
arising out of access to such information. Where an invention c: 

discovery is made or conceived in the course of, in connection vi th ,  0: 

under the terms of an access permit the applicant tcill be required to 
waive potential claims against the Government arising from th 
imposition of secrecy orders on patent applications and all claims f~ 
just compensation under Section 173 of the Atomic Energy Act of 
1954. 

Under similar conditions, limited access may also be granted 
certain specific information classified as secret, if the applicant 
demonstrate that such information has an immediate or s ipif is :  
effect on his business, profession, or trade. In  such cases, appficmY 
must obtain full security (“Q”) clearances and the Government fFr 
retain royalty-free, nonexclusive rights for governmental PUrpOSs  iz 
inventions and discoveries which result from such access. 

Applicants for access must also agree to pay all established c b w  
for security clearances, publication, reproduction, and other Sed 

furnished by SEC in connection with access permits. 

‘% 

* k  
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the time the new access program was announced on April 20, 
e 30, 214 applications for access permits were received. 

30, 148 of these were approved and the balance were in the 
being reviewed. The industries represented by these ap- 

s p’L include aircraft, electric power, chemical, petroleum, ship- 
steel, and equipment manufacturers, as well as research and 

e ,&tutions, insurance underwriters, and engineering con- 

a porn 
f $ 5 ,  
g p f J  
E ,cess of 

to Jm 

,IjcJxtio*s 

fin@ 
&jdin,,. 

r&mts. 

the period covered by this report, the following applications 

‘@Moiga&d Edison Co. of New York. The company has applied 

for license to construct and operate, for a period of 40 years, a 
power reactor of the pressurized water type, using fully 

e ~ c h e d  uranium 235 as a fuel and thorium as a blanket. 
r Research Foundation of the Illinois Institute of Technology. 

This application contemplates a research reactor of the homoge- 
neous solution type to be used for industrial research purposes. A 

This proposed research facility is a 
mod&d %whnmhg-poo1” reactor. 

This is an application for B license to 
construct and operate a modified “swimming-pool” type research 
reactor. A construction permit was issued. 

This is to be a low-power 
Lmter-boiler” type reactor for research in medical therapy. 

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

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 
a d  training purposes. 
Commonwealth Edison Co. of Chicago. The company proposes to 
mnstruct and operate a 180,000-kilowatt boiling water reactor for 
Pmduction of electric power to be integrated with the existing 
Commonwealth Edison transmission system. 
since 1953 North Carolina State College has operated a research 

This project was started prior to the 1954 

Durin, 
for licenses to construct facilities.’ 

I. 0 

f.  Am)u 

permit was issued. 
e ~d&? Memokl  Institute. 

1, ,i~a& Research Laboratory. 

2. 

I, Cniversity of California at Los Angeles. 

i, Lhiversity of Michigan. 

: Metals and Controls Corp. 

A license was issued on July 8, 1955. 

*tor at North Carolina. - 
b2-sh submitted under the Power Demonstration Reactor Program not listed. 

i 

I 
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Act and arrangements are being made to place the operation 
reactor under license. 

In  addition to applications involvhg construction of facat' 
following applications for possession of nuclear material mere received. 
1. Battelle Memorial Institute. 

development work with industry, the Institute has applied ''6 
Or B license to possess 3,000 grams of contained m m h . n  235 for 

ic preparing prototype fuel elements and subassemblies for - 
lQ-Pile testing and post irradiation inspection. 

2. Nuclear Science and Engineering Corp. The corporation 

09idp 
applied for a license to possess IO grams of enriched wanim 

Or use containing an uranium 235 concentration of UP to 90 Percent f 
in fabricating flu monitors for the corporation's clients in conQec_ 
tion with irradiation experiments. 

In  April the company was grantd 
a license to possess, fabricate and transfer 50 grams of maoib 
containing 10 percent uranium 235 for use in irradiation testingoI 
material specimens. 
license was amended to double the quantity of material so that &e 
company could fabricate an additional group of samples for dl 
tion testing . 

Of ttf 

les, tt, 
For use in its anticipated research 

3. Sylvania Electric Products, Inc.  

In  June, at the company's request, 

Industrial Information 
Passage of the Atomic Energy Act of 1954 stimulated bdmt+s 
already considerable interest in the possibilities of the stom iW 
peaceful purposes. Before enactment of the 1954 amendments, tho 
Commission ' s inf o m  a t ion-f or-indus try programs were necessdv 
limited to unclassified areas. While these information pro$& 
contributed to scientific and industrial progress in many fields, &pi: 

did not provide, because of classification problems, the technic4 
information essential to the sustained growth of a normal, cornpetitire 
atomic energy industry. T o  start this new industry, the Commkio~ 
under the authority granted by the new Act, will operate two infor- 
m ation-for-industry programs-one unclassified and another classified- 

,4s in the past, the AEC will continue, wherever possible to d k  
seminate program-developed unclassified information through 
channels of communication. To assist in this function, the cop 
mission has enlisted the advice and support of outstanding memh3 
of the industrial press and professional engineering societies. "fie 
men serve without compensation on the Advisory Co-itte 
Industrial Information. 

To assure availability of unpublished reports covering techid 
' T i l s  data of particular usefulness to persons participating in the C1 
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about 950 AEC reports were selected from the 

ation Services master file, printed in full-size copy, 
at the Office of Technical Services, U. S. Department 

These reports wil l  bring the 
New 

rts on sale, full cohctions of unclassified ,4EC 
tahed at AEC Industrial Information depositories. 

The Atomic Industrial Forum in Kew York; Stanford 
bstitute in Stanford, Calif. ; John Crerar Library in Chicago; 

ea Institute of Technology in Atlanta. Each of these 
f l  Gem? r* .wries is making available to industry, at charges normally 

or such services, reference and photocopy service of all AEC 
ed research and development reports as well as unclassified 

bahgs of AEC-developed equipment. 
erican business firm or industry will want eventually to 

&evaluation in terms of all available information to deter- 
& in the development of the new atomic energy industry. 
these firms the AEC has [inaugurated a program for dis- 

tion of classified information under the civilian applications 

vasbington 25, D. C. 
or& on sale a t  OTS up to approximately 2,000. 

d ~ i l l  increase this number. 

F*-. 

tq&~lF under this program. 

d b i e  &S micro-cards or photostats. 

16,000 existing AEC classified reports will eventually be made 
About 3,000 of the most useful of 

will be printed in full-size copy; the remainder will be 

s f  f- sddition to the report literature, special manuals evaluating and 
;z@ broad technical subject areas will be prepared and made 

d be made for the use of the classified information 
. To effect necessary accounting and security controls and 
that persons holding access permits or licenses have equal 

mmnit_r to learn about, to obtain and to evaluate Commission 
-&ped classified technical information, all distribution of classi- 

rts) drawings, or other documents will be made by or through 
~ ;ptfinical Information Service. 

e- 

a 

k ddition to the classified reports, handbooks, bibliographies, 
~ ~ ~ o ~ i c ~ s  to be made available under the classified program, the 
&on will conduct periodic classified information briefings for 

pennit holders. 

i 
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to the Chairman _ _ _ _ - _ _ _ _ _ _ _  JOHN MACKENZIE, Jr. 
to the Chairman _ _ _ _ - _ _ _ _ _ _ _  MCKAY DONKIN. 
to the Chairman _ _ _ _ _ _ _ _ _ _ _ _  EVERETT HOLLES. 

tom Chairman. 

THOMAS E. MURRAY. 

@dM&nager  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  E. E. FIELDS. 
kputy General Manager, - _ _ _ _ _ _ _ _ _  _ _  - R. W. COOK. 
Special Assistant to General Manager 

Special Assistant to General Manager, _ CHARLES VANDEN BULCK. 
Special Assistant to General Manager 

PAUL F. FOSTER. 
paison). 

(Congressional). 
WILLIAM C. WAMPLER. 

Is;smt General Manager _ _ _ _ _ _ _ _ _ _ _ _ _  H. S. TRAYNOR 
&tmt General Manager for Adminis- J. L. KELEHAN. 

~ m t  General Manager for Manu- DAVID F. SHAW. 

atant General Manager for Research A. TAMMARO. 

-=antroller _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  DON S. BURROWS. 
herd Counsel--- - - - - - - - - - - - - - - - - - - - - WILLIAM MITCHELL. 
:mtarytoCommlssion _ _ _ - _ _ _ _ _ _ - _ _ _ _  W. B. MCCOOL. 
FAf, OfEce of Operations Analysis _ _ _ _ _ _  C. D. W. THORNTON. 
Imtor, Office of International Affairs_- JOHN A. HALL. 
-%tor, Division of Biology and Medi- Dr. JOHN C. BUGHER. 

:%tor, Division of Civilian Application, HAROLD L. PRICE. 

mtion 

factwing. 

md Industrial Development. 

. .  

_. 

cine. 

tor, Division of Classification- - _ _ - - CHARLES D. LUKE. 
tor, Division of Construction and JOHN A. DERRY. 

tar, Division of Information Services- hIoRsE SALISBURY. 
tor, Division of Inspection _ _ _ _ _ _ _ _ _  CURTIS A. NELSON. 
tor, Division of Intelligence _ _ _ _ _ _ _ _  C. H. REICHARDT. 
tor, Division of Military Applica- Col. ALFRED D. STARBIRD, 

USA. 

i 

: 

t 

i 
i 

i 

I 

i 

i i 
i 

i I 

f 
i 

r 

I 
t 
f 

107 



108 APPENDIX 1 

Director, Division of Organization and 

Director, Division of Production- - - - - - - - E. J. BLOCR. 
Director, Division of Raw Materials-- - - - JESSE C. J O H N S ~ ~ .  
Director, Division of Reactor Develop- w. KENNETH DAVIS. 

OSCAR s. S M I T ~  
Personnel. 

ment. 
Director, Division of Research, - - - - - - - - - T. H. JOHNSON. 
Director, Division of Security,- - - - - - - - - - JOHN A. WATERS, jr 
Director, Division of Source and Special 

Managers of Operations Offices and Areas : 

D. F. MUSSER 
Nuclear Materials Accountability. 

Chicago (Ill.) Operations Office _ _ - - - -  - J. J. FLAEERT~. 
Lockland (Ohio) Area,,- - - - - - - - - - - - E. M. VELTEN, 
Pittsburgh (Pa.) Area __-_-- -_- - - - -  - LAWTON D. GEIQ~.  

Grand Junction (Colo.) Operations SHELDON P. W I M ~ ~ ~ ~ .  
Office. 

Hanford (Wash.) Operations Office- - - - JAMES E. TRAVIS, uq* 
Idaho (Idaho Falls) Operations Office- - ALLAN C. JOENSO~, 
New York (N. Y.) Operations Office--- MERRIL EISENBUD. 

Brookhaven (Long Island, N. Y.) E. L. VAN HORN. 
Area. 

Oak Ridge (Tenn.) Operations Office-, S. R. SAPIRIE. 
Dayton (Miamisburg, Ohio) Area- - - JOHN H. ROBERSON, 
Fernald (Cincinnati, Ohio), Area- - - _ CLARENCE L. KARL. 
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San Francisco (Calif.) Operations Office- HAROLD A. FIDLER. 
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Operations Office. 

Field Office. 
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Kansas City (Mo.) Field Office, - - - _ JAMES C. STOWERS. 
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PAUL W. SPAIN. 
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MEMBERSHIP OF COMMITTEE6 

STATUTORY COMMITTEES 

Joint Committee on Atomic Energy-Eighty-fourt-h Congress 

d t t e e  was established by the Atomic Energy Act of 1946, and continued 
e Atomic Energy Act of 1954, to make “continuing studies of the activities 

Wd: :tomic Energy Commission and of problems relating to  the development, 
ef’ control of atomic energy.” The committee is kept fully and currently 

with respect to the Commission’s activities. Legislation relating 
$0 the Commission or to  atomic energy matters is referred to the 

;pmmittee. The committee’s membership is composed of nine members of the 

p corn 

&t end 

will 

and nine members of the House of Representatives. 

r CLINTON P. ANDERSON (New Mexico), Chainan. 
wte 

wMr RICHARD B. RUSSELL (Georgia). 
&tar JOHN 0. PASTORE (Rhode Island). 
-tor ALBERT GORE (Tennessee). 
btor HENRY M. JACKSON (Washington). 
-0’ BOURKE B. HICKENLOOPER (Iowa). 
+tor EUGENE D. MILLIKIN (Colorado). 
*ator  WILLIAM F. KNOWLAND (California). 

&mentative CARL T. DURHAM (North Carolina). 
mmentative CHET HOLIFIELD (California). 
wmentative MELVIN PRICE (Illinois). 
wmntative PAUL J. KILDAY (Texas). 
*wmentative JOHN J. DEMPSEY (New Mexico). 
bresentative W. STERLING COLE (New York). 
Gmentative CARL HINSHAW (California), 
Lqmentative JAMES E. VAN ZANDT (Pennsylvania). 
gqmentative JAMES T. PATTERSON (Connecticut). 

JOHN W. BRICKER (Ohio). 

C ~ L B I K  ALLARDICE, Executiue Director. 

Militmy Liaison Committee 
- ‘ST Sec. 27 of the Atomic Energy Act of 1954, “there is hereby established a 
6w-y Liaison Committee consisting of -a. A Chairman, who shall be the head 
mf and who shall be appointed by the President, by and with the advice and 
?sent of the Senate, who shall serve at the pleasure of the President, and who 
d receive compensation at the rate prescribed for an  Assistant Secretary of 

%e; and b. a representative or representatives from each of the Departments 
%Army, Navy, and Air Force, in equal numbers, as determined by the Secre- 

q o f  Defense, to be assigned from each Department by the Secretary thereof, 
%rho Rill serve without additional compensation. The Chairman of the Com- 
e* my designate one of the members of the Committee as Acting Chairman 

The Commission shall advise and consult with the 
of Defense, through the Committee, on all atomic energy matters 

‘+the Department of Defense deems to relate to military applications of atomic 
*m or atomic energy including the development, manufacture, use, and 

during his absence. 

- 
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storage of atomic weapons, the allocation of special nuclear material for 
research, and the control of information relatillg to the manufacture or utilizal?l!. 

P,: of atomic weapons; and shall keep the Department of Defense, through the c'-,r,- 
mittee, fully and currently informed of all such matters before the Cornmiti, 
The Department of Defense, through the Committee, shall keep the ~ ~ ~ ~ ; , ~ ~ t  
fully and currently informed on all matters within the Department of Def::I:: 
Rhich the Commission deems to  relate to the development O r  application r,r 
atomic energy. The Department of Defense, through the Committee, si: . 

h have the authority to make written recommendations to the Commissioo frr 
time to time on matters relating to military applications of atomic energy 'E* 

tljs Department of Defense may deem appropriate. If the Department of Defense 8' 
any time concludes that any request, action, proposed action, O r  failure to act r,: 
the part of the Commission is adverse to the responsibilities of the Departmenr oi 
Defense, the Secretary of Defense shall refer the matter to the President hhr 4% 

decision shall be final." 

Hon. HERBERT B. LOPEK, Chairman. 
Brig, Gen. JOHN P. Daley, United States Army. 
Maj. Gen. HARRY McK. ROPER, United States Army. 
Rear Adm. GEORGE C. WRIGHT, United States Navy. 
Rear Adm. PAUL H. RAMSEY, United States Navy. 
Maj. Gen. HERBERT B. THATCHER, United States Air Force. 
Brig. Gen. RICHARD T. COINER, Jr., United States Air Force. 

General Advisory Committee 
This committee was established by the Atomic Energy Act of 1946 (sec. 2 (b)), 
is continued by Sec. 26 of the Atomic Energy Act of 1954. The nine civgik 
members are appointed by the President to  advise the Commission on scient&, 
and technical matters relating to materials, production, and research and develop 
ment. Under the Atomic Energy Act, the committee shall meet at least foe: 
times in every calendar year. 

Dr. I. I. RABI, chairman; professor of physics, Columbia University, h'eK york 

Dr. JESSE W. BEAMS, professor of physics, University of Virginia, Charlottesvi& 

Dr. J. B. FISK, executive vice president, Bell Telephone Laboratories, 3lurm 

Dr. WARREN C. JOHNSON, chairman, department of chemistry, Univenit! d 

Dr. EDWIN M. MCMILLAN, professor of physics, UCRL, Berkeley, Calif. 
BGER v. hIuRPHREE, president, ESSO Research and Engineering co., New TO& 

Dr. J. C .  WARNER, president, Carnegie Institute of Technology, Pittsburgh, Pk 

m7ALTER G. WHITMAN, head, department of chemical engineering, Massachu3--:'- 

Dr. EUGENE I?. WIGNER, professor of physics, Princeton University, Princeti: 

N. Y. 

Va. 

Hill, N. Y. 

Chicago, Chicago, Ill. 

N. Y. 

Institute of Technology, Cambridge, Mass. 

N. J. 

haven National Laboratory, Upton, Long Island, N. Y. 
Dr. RICHARD W. DODSON, secretary; chairman, department of chemistry, B m r *  

PATENT COMPENSATION BOARD 

This board was established in April 1949 pursuant to  section 11 of the 
Energy Act of 1946, and is the Board designated under Section 157a of the Atom I- .... .- -. .... 

'...!'...~'..~',::~~:~'-~~ 

The Committee of 
4to& Energy Cor 

*D * d declassification 
f& !I dguides for the cc 
om si.ts I of six mem 

KARREN C. Jo 
sit>* of Chicago, ( 

1?t. TEOMAS B. D 
cniversity, New 

pr, ALVIN C. GRAV 
AlsmOS, N. Mex. 

pr. JOHN P. HOWE 
Inc., Downey, Ca 

~ r .  J. R. RICHARDSC 
Dr. KINSTON M. M 

Calif. 
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Adui. 

The Advisory Corn1 
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The committee revi 
a d  health and reco 

nr. GIOACCHINO FAI 
College of Physici 

Dr. CHARLES H. Bu 
Chapel Hill, IS. C. 
h. SIMEON T. CANT 

Kssh. 
Dr. EDWARD A. DOIS 

School of Medicine 
Dr. CCRT STERN, prc 
Dr. SHIELDS J ~ ~ A R R ~  

Hospital, Boston, 1 
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~ Act of 1954. 
:Berg. or do* 
dings 
eASPE* y,c H ~ R T E R ,  of Babcock 8c Wilcox Tube Co., Beaver Falls, Pa. 

[@ 
f;. E'. 

Section 157 provides that upon application for just compen- 
,wards or for the determination of a reasonable royalty fee certain pro- 
&all be held before such a board. 

~ 7 .  OOYS, chairman; firm of Casper IT. Ooms, Chicago, Ill. 

v. L. BOGAN, consulting engineer, Hogan Laboratories, Inc., New York, 

COMMITTEE OF SENIOR REVIEWERS 

ittee of Senior Reviewers studies the major technical activities of the 
fhe o z z r g y  Commission program and advises the Commission on classification 

declrrssific&tion matters, making recommendations with respect to the rules 
@' i d s  for the control of scientific and technical information. The committee 
&@' z&isss of six members appointed for a term of 5 years on a rotating basis. 

f C A ~ ~ E N  C. JOHNSON, chairman; associate dean of physical sciences, Univer- 
[fr. 

b- T a o ~ ~ s  B. Drew, head, department of chemical engineering, Columbia 

bnr; c. GRAVES, J division leader, Los Alamos Scientific Laboratory, Los 
Dr. A 

3. Jo EN P. HOWE, section chief, reactor materials, North American Aviation, 

rE, KINSTON M. MANNING, director, chemistry division, ANL, Lemont, 111. 

$ d C  

dtc of Chicago, Chicago, 111. 

gpivemity, ru'ew York, N. Y. 

Bmos, N. Mex. 

lnG., Downey, Calif. 

J, R. RICHARDSON, professor of physics, University of California, Los Angeles, 
e* 

tali. 

ADVISORY BODIES TO TBE ATOMIC ENERGY COMMISSION 

Adwisory Committee on Biology and Medicine 

Advisory Committee on Biology and Medicine was created in September 
ZGJ! on the recommendation of the Commission's Medical Board of Review. 

mmmittee reviews the AEC programs in medical and biological research 
d health and recommends to the Commission general policies in these fields. 

k CIOACCHINO FAILLA, chairman; director, Radiological Research Laboratory, 
College of Physicians and Surgeons, Columbia University, New York, N. Y. 
IF CHARLES H. BURKETT, professor of medicine, University of North Carolina, 
PupelHiIl, N. C. 

I. Smox T. CANTRIL, director, Tumor Institute of Swedish Hospital, Seattle, 
wl. 

s EDWARD A. DOISY, director, department of biochemistry, St. Louis University 
"mlof Medicine, St. Louis, Mo. 

-* CCRT STERN, professor of zoology, University of California, Berkeley, Calif. 
f SKIELDS TARREN, vice chairman; pathologist, Kew England Deaconess 
:qital, Boston, Mass. 

Advisory Board of Contract Appeals 
f 

,"bard was established in February 1950. One or more of it members 
contract appeals arising under the "disputes articles'' of AEC contracts 

Rhontracts and makes recommendations to the General Manager concern- 

BRANDIS, Jr., dean of the law school, University of North Carolina, 

f ** . 
the ~ w &  ~ P a l r  disposition. 

Tgr 
=:$, ),-, ,~RU:=\ 'awl Ea,  N. C. the 



Adviso y Committee on Brazing 
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This committee was formed at AEC request by the Welding Research co Ubf$ 
of the Engineering Foundation to aerve in an advisory capacity on probIeb 
involving fabrication by brazing. 

CHARLES D. COXE, assistant manager, metallurdcal department, HandS ~ 

A. E. FOCKE, manager, materials development, Aircraft Nuclear pmp&c 

FRANK G. HARKINS, chief welding engineer, Solar Aircraft Co., Sari &%, 

Lt. T. HIKIDO, Wright Air Development Center, Wright Patterson kr F~~ 

G. 0. HOGLUND, welding engineer, process and development laboratories, 

T. E. KIHLGREN, welding section, research laboratory, International Nickel cn, 

W. D. MANLY, head metallurgist, ANP division, ORNL, Oak Ridge, Term. 
ROBERT L. PEASLEE, development engineer, Wall Colmonoy corp., Detroit, hiik 
H. R. SPENDELOW, Jr., assistant director of research, Metals Research 

W. SPRARAGEN, secretary; director, Welding Research Council, New York, X T. 
LYALL ZICKRICK, supervisor, materials application unit, Knolls Atomic pow 

F. W. DAVIS, chairman; U. S. Atomic Energy Commission, Washington, D, c 
Harman, Bridgeport, Conn. 

Project, General Electric, Cincinnati, Ohio. 

Calif. 

Base, Dayton, Ohio. 

num Company of America, New Kensington, Pa. 

Bayonne, N. J. 

tories, Electric Metallurgical Co., New York, N. Y. 

Laboratory, Schenectady, N. Y. 

Advisory Committee on Industria? Information 
The committee, formed in 1949, appraises technological developments within & 
national atomic energy program and makes recommendations which m P 

guides in the formulation of AEC information-for-industry policy. 

SIDNEY D. KIRKPATRICK, chairman; vice president and director of editod 
development, McGraw-Hill Book Co., Inc., New York, N. Y. 

Dr. ALLAN G. GRAY, editor, Steel, Penton Publishing Co., Cleveland, Ohio. 
EUGENE HARDY, National Association of Manufacturers, Washington, D. c. 
KEITH HENNEY, editor, Nucleonics and Electronics, McGraw-Hill Publishing GL 

Dr. ELMER HUTCHISSON, editor, Journal of Applied Physics, American I n d E s  
Inc., American Institute of Radio Engineers, New York, N. Y. 

~ 

d of Physics, New York, N. Y. 
NORMAN H. JACOBSON, editor, market issue, Electric Light and Power, Ha. 

Publishing Co., New York, N. Y. 
WALTER E. JESSUP, editor, Civil Engineering, The American Society Of 

- 

- 
Engineers, New York, N. Y. cs. 

ANDBEW W. KRAMER, editor, Power Engineering, The Technical Pub- 
f'h:nnnn T11 
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s. LEE, American Institute of Electrical Engineers, New York, N. Y. 
psflfl WALTER J. MURPHY, editor, Chemical and Engineering Kews, American 
Obedcd Society, Washington, D. C. 
wDEaCK A. PAWLEY, research secretary, American Institute of Architects, 

ROBIE, secretary, American Institute of Mining and Metallurgical 

T. SCnwARTzwAmER, The American Ceramic Society, Inc., Columbus, 

F. SULLIVAN, managing editor, The Iron Age, Chilton Publication, Inc., 
York, N. y. 

DUM, editor, Metal Progress, American Society for Metals, Cleveland, 

wB E. TOWNSEND, secretary, Atomic Industrial Forum, Inc., New York, N. Y. 
T ~ ~ K E E ,  publications manager, American Society of Mechanical Engineers, 

ITAN ANTWERPEN, editor, Chemical Engineering Progress, American Institute 

DEBTO F. THOMPSON, secretary; chief, technical information service, division 

geshington, D. C* 
DWASD 

En@neers, New York, N. 

PBL. 
GSORGE 
Hew 

g. E. 
Ohio. 

&A. sew York, N- Y. 
f. J. 

Dt. A 

,,,f aemical Engineers, New York, N. Y. 

dinformation services, AEC, Washington, D. C. 

Advisory Committee on Isotope Distribution 
committee was originally appointed by the Manhattan District to advise on 

rbe aff-project distribution of isotopes. The Commission approved its continua- 
in December 1947 to aid in establishing new policies on distributing radio- 

&re materials and to review existing policies. The committee reviews all 
isid applications for use of radioisotopes in human beings, and all other requests 

&eh use in research, education, and industry which are referred to it by the 
Commission. 
b. SAWEL E. EATON, chairman; A. D. Little, Inc., Cambridge, Mass. 
%. RICHARD CHAMBERLAIN, University of Pennsylvania Medical School, Phila- 

3. JOHN E. CHRISTIAN, associate professor, department of pharmaceutical 

t It. LEON 0. JACOBSON, associate dean, division of biological sciences, University 
I OfChicago, Chicago, Ill. 
3. EJIITH H. QUIMBY, associate professor of radiology, College of Phvsiciam and 

delphia, pa. 

chemistry, Purdue University, Lafayette, Ind. 

- 
ents w . i t b  
&-hi& sene 

3 Surgeons, Columbia University, New York, N. Y.-- . - 
t 

B HOWARD E. SKIPPER, associate director, Southern Research Institute, Bir- 

LARD, professor of chemistry, University of Wiscomin, Madison, 

PAUL C. AEBERSOLD, secretary; chief, isotopes division, AEC, Oak Ridge, 

Advisory Committee on Reactor Safeguards 
Wmmittee. formed in 1953 from the former Reactor Safeguard Committee 

Industrial Committee on Reactor Location Problems, serves in an ad- 
the AEC with regard to the hazards associated with the opera- 

The committee reviews safety studies prepared by 
ning to build or operate reactor facilities and appraises pro- 

ROGERS MCCULLOUGH, chairman; general development department, Mon- 

% of reactor facilities. 

ns in terms of accepted industrial safety standards. 

o., St. Louis, hlo. 

. 



APPENDIX 2 114 

Dr. MANSON BENEDICT, professor of chemical engineering, hlassachusett 

Dr. HARVEY BROOKS, professor of physics, Harvard University, Cambridge, hy 
Dr. WILLARD P. CONNER, manager, physics division, research departrn 

Dr. R. L. DOAN, manager, atomic energy division, Phillips Petroleum c0,, Idair 

Dr. HYMER FBIEDELL, director, department Of radiology, Lakeside B~~~~~ 

Dr. I. B. JOENS, Monsanto Chemical Co., Everett, Mass. 
Dr. MARK hl. MILLS, radiation laboratory, UniVenitY of California, &errnos, 

Calif. 
K. R. OSBORN, manager of industrial development, general chemical diviaiat, 

Allied Chemical and Dye Corp., New York, N. Y. 
D. A. ROGERS, manager, central engineering, Allied Chemical and D ~ ,  

Morristown, N. J. ? 

REUEL C. STBATTON, supervising chemical engineer, engineering and loss conbs 
division, the Travelers Insurance Co., Hartford, Conn. 

Dr. EDWA~D TELLER, professor of physics, University of California, Berkele, 
Calif. 

-, 
Dr. ABEL WOLYAN, head, department of sadtary engineering and water reso 

Johns Hopkins University, Baltimore, Md. 

Instit,,, v of Technology, Cambridge, Mass. 

cules Powder Co., Wilmington, Del. 

Falls, Idaho. 

Western Reserve University, Cleveland, Ohio. 

. t  

G Adwisoty Committee on Stainleas &eel 
This committee, formed in 1950, by the Welding Research Council of the E.,& 
neering Foundation, in July 1951 at AEC request became advisory to  the 
mission in regard to research and development to improve the welding of t.- 
347 stainless steel. All data resulting from these investigations are being 
public. I n  October 1953 the scope of the committee's services was enlarged 
include the manufacture, fabrication, and use of all atainless steels. 

Dr. V. N. KRIVOBOK, chairman; development and research division, Internatiod 

W. 0. BINDER, research laboratory, Union Carbide and Carbon Co., Niq&.m 

F. W, DAVIS, U. S. Atomic Energy Commission, Washington, D. C. 
W. B. DELONG, E. I. du Pont de Nemours & Co., Inc., Wilmington, Del. 
R. B. GUNIA, Carnegie Illinois Steel Corp., Pittsburgh, Pa. 
LORIN IC. POOLE, project engineer, Arcos Corp., Philadelphia, Pa. 
Dr. M. A. SCHEIL, director metallurgical research, A. 0. Smith Corp., Milwaukee, 

R. DAVID THOMAS, Jr., vice president & director, research & endneering, A m  

Nickel Co., Inc., New York, N. Y. 

Falls, N. Y. 

Wis. 

Corp., Philadelphia, Pa. 

AEC Computer Council 

This group is appointed on a yearly basis to make a continuing review of 
AEC computing requirements and facilities and to recommend the most rd- 
vantageous apportionment of computer time on the AEC Computer at New I'd 
University. The following members were appointed to  serve from July 19s ke 
July 1955. 

Dr. EDWARD TELLER, chairman; professor of physics, University of calif()& 
Berkeley, Calif. 

This committee 
Commission's r; 
development, ar 
mirmanship (V 

TEOROLD F. FIE 
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Company of P 
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Livermow, 

:a1 divisionl 

Dye G,.* 

loss control 
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being made 

3 enlarged to 

International 

Co., h’iagsrr 

, Del. 

. , Milwauke* 

leering, Arcct, 

AtsT 0~ S. HoUBEHOLDEB, mathematics panel, Oak Ridge National Labors- 
v, oak Ridge, Tenn. 

tor. BIJRWZTZ, Jr., supervisor theoretical physics division, Knolls Atomic 

Po$ G ~ O R G E  A. KOLSTAD, vice chairman; physics branch, division of research, 
Rrashington, D. C. 
c. METROPOLIS, group leader, theoretical division, LASL, LOS Alamos, 

* R ~ B E R T  D. RICHTMYER, secretary; theoretical division, Los Alamos Scientific 

B~RNARD SPINRAD, physics division, Argonne National Laboratory, Chicago, 

IBA F. ZARTMAN, U. 8. Atomic Energy Commission, Washington, D. C. 

gr* er Laboratory, Schenectady, N. Y. 

Dr* 

’ ~ ~ r ~ t o r y ,  Los Alamos, N. Mex. 

D* 

P. 

y. Illex- 

Ill* 

Committee on Raw Materials 
oommittee was appointed in October 1947 t o  review the Atomic Energy 

Z d s i o n ’ s  raw materials program and to  advise on questions of exploration, 
& d o p e n t ,  and procurement. 

T80aoL~ F. FIELD, consulting mining engineer, Duluth, Minn. 

w+ 
J. E GUSTAFSON, consulting geologist, M. A. Hanna Co., Cleveland, Ohio. 
D ~ ~ ~ T  H. ROSE, staff metallurgist, materials advisory board, National Research 

g b L m ~  0. SNELLING, director of research and consulting chemist, Trojan Powder 

pbjr~mlrip (vacant) 

vas c. FRARY, technical advisor, aluminum research laboratory, Aluminum 
Company of America, New Kensington, Pa. 

Council, Washington, D. C. 

a., Alientown, Pa. 
R. WHITAKER, consulting mining engineer, Denver, Colo. 

~ V E  E. WILLIAMS, director, Battelle Memorial Institute, Columbus, Ohio. 

Ahdear Cross Sectwns Advisory #roup 
pk group is appointed on a yearly basis to  make a continuing review of the 
~Cprogram of nuclear cross section measurements, and to  evaluate the needs 
kceross section information in the various activities of the AEC. The following 
mbers were appointed to serve from July 1954 to  July 1955. 

2. RICHARD F. TASCHEK, chairman; department of physics, Los Alamos Scien- 

k. LOWELL M. BOLLINGER, department of physics, ANL, Lemont, Ill. 
3. TOM W. BONNER, department of physics, Rice Institute, Houston, Tex. 
!E. JOSEPH L. FOWLER, physics division, Oak Ridge National Laboratory, Oak 

Zi. BERBERT GOLDSTEIN, Nuclear Development Associates, Inc., White Plains, 

i k. RILLIAM W. HAVENS, Jr., department of physics, Columbia University, New 
F Tork, N. y. 
9 i =*.DOXALD J. HUGHES, department of physics, Brookhaven National Laboratory, a ,rPbn,’ Long Island, N. Y. 

tiftc Laboratory, Los Alamos, N. Mex. 

Ridge, Tenn. 

5. P. 

E *  revies of * 
the most sd- 

~ July 1953 * 
at Nev 

3 a & U N D E R  s. LANGSDORF, physics division, h g o n n e  National Laboratory, 

3 g.’AcK M. PETERSON, cyclotron group, University of California Radiation Lab- 
1 ‘;Rtorg, Livermore, Calif. 

2 ~ *@w, ni. 

of carno+ - gs e* W. NEWSON, professor of physics, Duke University, Durham, N. C. 
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Dr. HERBERT S. PONERANCE, physics division, Oak Ridge National Laboratorv 

Dr. THOMA M. SNYDER, manager, nuclear physics section, Knolls Atomic e 
Dr. GEORGE A. KOLSTAD, vice chairman; physics branch, division of 

Dr. IRA F. ZARTMAN, U. S. Atomic Energy Commission, M-ashington, D. 

Oak Ridge, Tenn. 

Laboratory, Schenectady, N. Y. 

AEC, Washington, D. C .  
' 7 " .  

Dr. CARROLL W. ZABEL, secretary; department of PhPics, Los 4arnos &ientiBc 
Laboratory, Los Alamos, N. M a .  

Patent Adwisory Panel 

This panel was appointed in January 1947. It makes informal report and 
recommendations to  the Commission and its staff on various questions of Policy 
and procedure relating to  patents and inventions. 

H. THOMAS AUSTERN; of Covington & Burling, Washington, D. C. 
WILLIAM H. DAVIS; of Davis, Hoxie & Faithfull, New York, N. Y. 
JOHN A. DIENNER; of Brown, Jackson, Boettcher & Dienner, Chicago, IU. 
CASPER W. OOMS; firm of Casper UT. Ooms, Chicago, Ill. 

Personnel Security Review Board 

This board was appointed in March 1949 primarily to review specific pemonQd 
security cases which arise under the Commission's administrative review pro. 
cedure and t o  make recommendations concerning them to  the General Man-. 
The board, in its monthly meetings, also advises the Commission on the broade 
considerations regarding personnel security, such as criteria for determini% 
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, 

WILLIAM E. LEAHY, president, Columbus University, Washington, D. C. 
ington, D. C. 

Stuck Gas Problem Working Group 

The appointment of this group was authorized in May 1948 t o  advise the Atomit 
Energy Commission and its contractors on problems in the treatment and control 
of gaseous effluents. The group meets formally at irregular intervals but rendw 
continuing assistance in the field of air cleaning through specific research ad 
development work directed by individual members and by individual consul- 
advice. 

Dr. ABEL WOLMAN, chairman; head, department of sanitary engineering 

Dr. PHILIP DRINKER, professor of industrial hygiene, Harvard University Schcd 

Dr. LYLE I. GILBERTSON, director, research and engineering department, * 
Dr. H. FRASER JOHNSTONE, professor of chemical engineering, UnivesitF 

Dr. CHARLES E. LAPPLE, Stanford Research Institute. Palo Alto, 

water resources, Johns Hopkins University, Baltimore, Md. 

of Public Health, Boston, Mass. 

duction Co., Inc., Murray Hill, N. J. 

Illinois, Urbana, Ill. 

Dr. htoYER D. TaoMas, 'Stanford Research Institute, 'Palo Alto, Calif- 
c:,t;l# I ,-'Vi '( 1 

Ames Lab( 

Argonm 

n e  participating 

Battelle Memo 
Carnegie Instit 
Case Institute t 

Illinois Institut 
Indiana Univer 
Iowa State CoU 
h'ansas State C 
Loyola Univers: 
Marquette Uni~  
Mayo Foundati 
Michigan Colleg 

Michigan State 
h'orthwestern C 
Ohio State Uni\ 
Ouahoma Agric 

cal College 
Purdue Universj 

nology 

Director,-- - - - - - - 
b p u t y  Director- - 
Business Manager. 
b c i a t e  Director 
his tant  Director, 

@,z, : 



Ill. 

but  rendem 
esearch and 
t.l consulting 

neering ans! 

?Eity S c h d  

lent, Air 

TnivepitY d 

ilif . 
lif . 
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Argonne Cancer Research Hospital (University of Chicago, 
contractor), Chicago, Ill. 

kpnne National Laborato?.y (University of Chicago, contractor), 
Chicago, Ill. 

be participating institutions are: 
Btklle Memorial Institute 
Wnegie Institute of Technology 
Case Institute of Technology 
mois Institute of Technology 
Indiana University 
foFa State College 
~iansas State College 
byola University (Chicago, Ill.) 
hrquette University 
Uayo Foundation 
Echigan College of Mining and Tech- 

Uichigan State College 
Sort hwes tern University 
Ohio State University 
Qkhoma Agricultural and Mechani- 

b d u e  University 

_"or----- - - - - - - - - -  - _ _ _ _ _ _ _ _ _ _ _ _ _  

nology 

cal College 

* 
-a. 

St. Louis University 
State University of Iowa 
Washington University (St. Louis, 

Wayne University 
Western Reserve University 
University of Chicago 
University of Cincinnati 
University of Illinois 
University of Kansas 
University of Michigan 
University of Minnesota 
University of Missouri 
University of Nebraska 
University of Notre Dame 
University of Pittsburgh 
University of Wisconsin 

Mo.) 

_ _ _ _ _ _ _ _ _ _ _  Dr. WALTER H. ZINN 
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Ridge Natios 
Division of u. 
Ridge, Tenn. 

BiRc tor - - - - - - - - - - - 
Research Director- - 
Deputy Research Di 
histant Research I 
Assistant Research I: 
Asistant Research 13 
.histant Research E 
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cleaT Studies (contractor), Oak Ridge, Tenn. 

Sponsoring universities of the Institute are: 

icultural and Mechanical College Virginia Polytechnic Instit Ute 
University of Alabama 

&technic Institute 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 

versity of America 

Institute of Technology 
Muisinn& State University' 
Haissippi State College 
sofib Carolina State College 
;lice Imtitute 
Southern Methodist University 
T,bne University of Louisiana 
+&egee Institute 
fmderbilt University 

University of Virginia 

~ Ridge National Laboratory (Carbide &. Carbon Chemicals Co., 
Division of Union Carbide & Carbon Cop., contractor), Oak 
Ridge, Tenn. 

idtation Laborato y (University of California, contractor), Berkeley, 

- m o r  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Dr. ERNEST 0. LAWRENCE 
:*xiate Director _ _ _ _  - - - _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ - _ _ _ _ _ _  Dr. LUIS W. ALVAREZ 
*bte Director _ _ _ _ _ _ _ _ _  - _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  Dr. DONALD COOKSEY 
-&e Director _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  Dr. EDWIN M. MCMILLAN 
SzbteDirector _ _ _ _ _ _ _ _ _ _ _ L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Dr. GLENN T. SEABORG 

Director- _ _ _  - _ _ - - - - - - _ - _ - - - _ _ - - - _ _  - - - Dr. EDWARD TELLER 
?ant Director_- _ _ _ _  _ _ _ _  _ _ _  - _ _ _ _ _  _ _  _ _ _ _  _ _  - WILLIAM M. BROBECK 
:*r, Crocker Laboratory Medical Physics- _ _ _  Dr. JOSEPH G. HAMILTON 
*oror, Dormer Laboratory of hledical Physics- - Dr. J. H. LAWRENCE 
-*or! Livermore Laboratory- - - - - - - - - _ _ - - - - - _ Dr. HERBERT F. YORE 

Manager and Managing Engineer- - - - _ - - WALLACE B. REYNOLDS 

Calif. 

-h 
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National Reactor Testing Station, Idaho Falls, Idaho 

Nevada Test Site, Las Vegas, Nev. 

Pacijic Proving Ground, Marshall Islands 

/------ 

B O T (  

f Domestic shipment: 



W. h l c R ~ g  Activity 
(Curies) 

2,858 
861 
36 
34 

1,645 
644 
318 

59,634 
2,196 
2,367 
1,131 
734 

72,458 

_ _ _ _ _ _ _ _ _  
- - -______ 
- - -______ 
- - -______ - - - -_____ - - - -_____ 
--- ------ 
- - - - - -___ 
----_____ 
----_____ 

f. 

Ship- 
ments -- 
25,905 
15,640 
2, ow 
2,543 
2,517 
278 
840 

1,018 
564 
166 
113 

18,250 

69,858 

8,650 

869 
678 
303 
44 
366 

1,112 
4 

3,576 

1,979 

Laborator, 
3alif. 

-0 

APPENDIX 4 

ISOTOPE DISTRIBUTION  DATA^ 

Aoc.  2,1946 
DX. 31,1951 

ISOTOPE 
Activit 
(Curies7 

8- 

34 
32 

1,320 
514 
257 

45,857 
379 

1,236 
1,131 

625 

I 

Ship- 
ments 

1,918 
2,376 
2,192 

243 
776 
945 
515 
131 
113 

16,793 

64,202 

8,248 

798 
838 
267 
41 
344 
986 
4 

3,278 

1,843 

JAN. 1,1955 
MAY 31, 1955 

Activity 
(Curies) 

275 
101 
2 
2 

325 
130 
61 

13,777 
1,817 
1,131 

109 

Ship- 
ments -- 
2,169 
1,176 
106 
167 
325 
35 
64 
73 
49 
35 

1,457 
- - - - - - - - 

5,656 

298 

136 

TOTAL TO 
MAY 31, 1955 

i 1 !kmestic shipments from Oak Ridge National Laboratory. 
I- 

121 
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SHIPMENTS OF RADIOACTITE AED STABLE ISOTOPES TO pOR COUKTRIES h,,. 

JAX. 1, 1955-MAY 31, 
1955 

0 
2 
0 
1 
7 
0 
0 

52 
0 
96 
15 
0 
1 
0 

54 
4 
0 
0 
0 
7 
0 
7 
7 
0 
0 
4 
1 
0 
4 
0 
0 
1 
3 

31 
0 
0 

25 
4 
0 
0 
0 
0 
0 
9 
1 
3 
1 
c 

t!i 
0 
0 
0 
0 
0 
0 
1 

6 

0 
1 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 
8 
C 
C 
t 
( 
( 
( 
( 
( 

( 
I 
I 
I 

Radio 1 

:I 0 

124 
109 

1 
3 

152 
16 
0 

311 
1 

770 
114 

0 
9 
0 a9 m 
1 
2 
0 

152 
14 

118 
31 
1 
1 

16 
1 
5 

26 
3 
C 
1 
31 

361 
( 

121 
6' 
l! 

( 
4 

2 

' 

1 
10 

E 

, 

i 

c__ s 
18 ]_ 3,533 I CI 

1 Authorized 'to receive isotopes; no shipments made. 
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b f E ~ ~ ~  OF RADIOACTIVE AND STABLE ISOTOPES TO FOREIGK 

COUNTRIES-Continued 

- 
lo - 
124 
109 
1 
3 

152 
16 
0 

311 
1 

770 
114 
0 
9 
0 

289 
227 

1 

c 
15: 
14 
111 
3 

1 

2 

1 

3 
3f 

1: 

1 

0 
3 
5 

29 
10 
15 
1 

- 
KIND OF DOTOPE JAN. 1, 1955- 

MAY 31,1955 
TOTAL JLT. 
1947 TO MAY 
31,1955 

905 
1,112 
326 
123 
125 
198 
92 

107 
645 

3,533 

2 
2 
2 
13 
16 
2 
3 

40 

3,573 
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CURRENT AEC 

APPENDIX 5 

UNCLASSIFIED PHYSICAL 

Chemistry 

RESEARCH 

Alabama, University of. 
pr 

At.izona, University of. E. B. Kurtz, Jr., Study of Uranium Accurnuhtio4~ 

Arkansas,  University of. 

Arkansas,  University of. 

J. L. Kassner and E. L. Grove, A Study of 
ciples, Theory and Practice of High Frequency Titrimetry. .b 

I;. Plants. 
R. R. Edwards, Chemical Effects of ~ ~ ~ l ~ ~ ,  

formation. 
R. R. Edwards, Investigation of the &dioactivito 

Thermal Waters and Its Relationship to  the Geology and Geochemist; 
Uranium. 

Brooklyn, Polytechnic Insti tute of. R. B. Mesrobian and H. Morawetz, G ~ ~ ~ ~ ,  
Radiation Induced Solid State Polymerization. 

Buflalo,  University of. G. M .  Harris, Applications Of Isotopes in 
Kinetics. 

California Insti tute of Technology . 
action Mechanisms in Solution. 

California Insti tute of Technology. 
Geochemistry of Critical Materials and Development of Economic prWm 
for Their Isolation. 

J. H. Hildebrand, Studies in Intermolecular F~~ 
and Solubility. 

C. S. Garner, Isotopic Exchange Reactions. 
R. A. James, Nuclear Chemistry Research. 
R. L. Scott, Fluorocarbons Solutions. 

b 

- -  

Norman Davidson, Complex Ion8 and 

Harrison Bronrn, Study of 

California, University of .  

California, University of. 
California, University of. 
California, University of. 
Curnegie Insti tute of Technology. 
Catholic University of America. F .  0. Rice, The Thermal Production and I d p z -  

fication o f  Free Radicals. 
Chicago, University of. H .  C. Urey, Katural Abundance of Deuterium and Or* 

Isotopes. 
Chicago, University of. Nathan Sugarman and Anthony Turkerich, S u c k  

Chemical Research. 
Chicago, University of. C. A. Hutchinson, Paramagnetic Resonance Abaorpw 
Clarkson College of Technology. H .  L. Shulman, The Determination of InW 

facial Area in Packed Absorption and Distillation Columns. 
Colorado, University of. R. IS. Keller, The Scintillation Properties of Co~rk- 

tion Compounds. 
Columbia University. 
Columbia University. 
Columbia Universi fy .  

Columbia University. 

T. P. Kohman, Nuclear Chemistry 

J. L. Kulp, Helium in the Atmosphere and Lithosphm 
J. L. Kulp, U-Pb Method of Age Determination. 
Y. I<. LaMer, Fundamental Inrestigatioll of Phospb-- 

J. h.1. Miller, Research in the Field of RadiochemistrF 
Slimes. 

12s 
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ty. 

ty. 
rsity of. 

R. M. h-oyes, Photochemical Reactions of Iodine. 

T. 1. Taylor, Separation of Isotopes by Chemical Exchange. 
Roland Ward, Tracer Element Distribution Between 

.hie university. W. A. Selke, Ion Exchange Chromatography. 

TRACT& 
1 university. R. Bernsohn, et al-, Gradient of the Electric Field in Ionic 

Chemia 

ns and EtA 

’y R e x a r c i  
and Id 

n and Otwe 

ch. s l l t . i i - S *  

Xbsorj)t:r*: 
on of 1~~:”- 

2f Coord:p*- 

*A Insfiiute of Technology. H. E. Gunning, Studies in the Field of Stable 
BtopeS. 
rwis Institute of Technology. George Gibson, Fundamental Chemistry of 
:‘miurn. 
bs+& Znstitute of Technology. H. E. Gunning, Decomposition of Molecules by 
Yttal-Photosensitization. 
-=q University of. E. A. Alperovitch, Occurrence of Technetium in Nature. 
-4. University of. P. E. Yankwich, Studies in Radiochemistry. 
-;=+ University of. H. G. Drickamer, The Mechanism of Molecular Motion 
L- Determined from Diffusion and Thermal Diffusion Measurements. 

- University. J. L. Hoard, Structure of Fluorocarbons, Elementary Boron 

Long, Kinetic and Equilibrium Salt Effects. 

~ kalpore, 4 university of. R. L. Pigford, Thermal Diffusion in Liquids. 

;& 

@v?nJ 

Sd 

lTniversity. 
Temperatures. 

D. G. Hill, A Study of Some Chemical Reactions at High 

UfiiVersity. W. H. Jones, Mass Distribution in Proton-Induced Fission. 
State University. R. E. Johnson, Exchange Between Labelled Halogens 

Slate University. Raymond Sheline, Search for Long-Lived Radio- 

G .  B. Butler and A. H. Gropp, Studies in the Preparation 

Michael Cefola, Studies on Formation of Complexes by 
~ - TSenorltrifluoroacetate and Other Chelating Agents. 
3 4 g t  Tushington University. Theodore Perros, Studies of Fluorides of the 
g ~ p’ye Earth Elements. 
= :-rd Universily. E. S. Barghoorn, Radioactivity in Uraniferous Plant Fossils. 

5;Mrd University. R. hf. Diamond and Geoffrey Wilkinson, Nuclear and 

rwd College. J. A. Southern, Cyclotron Research. 
rige College. G. R. Burns, Mechanism of the Oxo Reaction Using Carbon 14. 
,~ l d t u t e  Of Technology. M. L. Bender, Correlation of Isotopic Effect 

;& Certain Inorganic Halides. 

~ --ri4” &*Tities ; Theoretical Nuclear Studies. 

2 Fd, University of. 

r*m University. 

3 

roperties of Quaternary Ammonium Ion Exchange Resins. cad p 

- 

i30rpsnic Chemistry of the Transitional Elements. 

Raction Rate with Reaction Mechanism. 

2 ‘wow University. 
:=a University. 

L. L. Merritt, Studies with Radioactive Tracers. 
W. J. Moore, Rate Processes in Inorganic Solids at High 

tilospbw 

On. .W%tmes. I f  

-a4 University. 
2 &ne Solvents. 

W. B. Schaap and F. C. Schmidt, Electrochemical Research 

LeRoy Eyring, Preparation of Rare Earth Osides. 

f pfioi!tf;S* 

:lenlist r? Slate University of. 

i 
I :;(-)( ,:cs 1 -Ij 

t 

i 
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Iowa,  State university of. 

Johns Hopkins  University. 
Kansas  State College. 

Kansas  State College. 

Karl IhnImermeyer, Separation of Gases by 1, 
Thru Permeable Membranes. 

W. S. Koski, Kuclear Chemistry Studies. 
R. E. Hein, Labeled Chemical Species Produced 

E. R. Lippincott, Raman Spectra of Colored and A,, 
tron Irradiation of Phosphorus Trichloride and Related ConlpoundH, F !%& 

Substances. 

pflny.zlllania State 
' pptrob-phy of I 

Kansas,  University of. 
Little, Inc., Arthur D. 
Louisville, University of. R. H. Wiley, The Synthesis and Properties of ;-= 

Exchange Resins. ~ 

Massachusetts Insti tute of Technology, 
from Steam to Hydrogen. 

Massachusetts Institute of Technology. c. D. CorYell, D. If. H ~ ~ ~ , ~ ~ , ,  J. I 
Sheehan, C. G.  Swain, Nuclear Chemistry Research. 

Massachusetts Institute of Technology. T. 6. Sherwood, Mechanism of a;, 
Transfer to Drops. 

Massachusetts Insti tute of TechnoEogy. P. M. Hurley, Investigations on Imk6a- 

Abundances of Strontium, Calcium and Argon in Certain Minerals. 
Massachusetts Insti tute of Technology. 

Engineering. 
Michigan,  University of. E. F. Westrum, Low Temperature Chemical Tt, 

dynamics. 
Michigan, University of. W. W. Meinke, Nuclear Chemical Research. 
Michigan,  University of. P. J. Elving, Polarographic Behavior of Organic cxe 

pounds. 
Michigan, University of. R. B. Bernstein, Fundamental Research in ]&bA 

Reactions. 
Michigan State College. M. T .  Rogers, A Physico-Chemical InvestipiiLeL 

Interhalogen Compounds. 
Michigan State College. C. H. Brubaker, Investigations into Aperiodic &j&*-- 

States. 
Michigan S ta fe  College. James L. Dye, Thermodynamic Investigation of 

Solutions of the Alkali Metals in Liquid Ammonia. 
New Hampshire,  University of. H. ill. Haendler, Infra-red Spectroxq 1 

Inorganic Fluorides. 
NeuI York State College for Teachers. 0. E. I,anford, Concentration of XI:.- 

15 by Chemical Exchange. 
Norlh Carolina State College. 

Liquid Extraction. 
North Carolina, University of. 

Compounds of Technetium and Rhenium. 
Northwestern University. 

tution Reactions of Inorganic Complexes. 
hrorthwestern University. 

Radiation Effects on Polyethylene. 
Notre Dume,  University of. 

P. W. Gilles, High Temperature Research. 
G. A. Bleyle, Study of Deuterium Separatiou 

Manson Benedict, Trarlsfer of 

F 

A. M. Gaudin, Techniques in 

F. P. Pike, Performance of Contactors for 

Kerro Enox, The Preparation and PW;"!'" ~ 

Fred Basolo and R. G. Pearson, RIechanism of 

Malcolm Dole, The Mechanism of High 

Milton Burton, Radiation ChemistrY StrldiF* 
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ufiiversity of. J. R. Nielsen, Spectroscopic Properties of Fluoro- 

T. E. Moore, The Separation of Inorganic Salts by 

E. hl.  Hodnett, The Isotope Effect in the Study of 

T. H. Korris, A Study of Generalized Acid-base Phe- 

D. F. Swinehart, Study of Gaseous Chemical Reaction 

wnsyluania State University.  W. C. Fernelius, Stabilities of Coordination 

amp 
T. F. Bates, Investigation of the Mineralogy and 

F@' 
B. F. Howell, Jr., Studies of the Dielectric Con- 

Feu 

wysbania State University.  C. R. Kinney, An Investigation of the Chemical 

I%'. W. Miller, Chemical Reactions Induced in 

H. D. Wright, Mineralogy of Uranium-Bearing 

J. O'M. Bockris, A Study of the Structure of Molten 

Robert Levine, Synthesis of Beta-Diketones and Beta- 

Henry Freiser, The Development and Testing of Or- 

John Turkevich, Temporary and Permanent Effects Pro- 

John Turkevich, Study of Piucleation Processes. 

Ik@flu' d Fluorinated Hydrocarbons. Nbons 

bjquid- 

Che 

a A & 211 College. 

& M College. 
Liquid Extraction. 

#lroma A micB1 Reactions. 
State College. 

university of. 

MgzeDB with Radioactive Tracers. 
00 

Using a Mass Spectrometer. 

ounds and Related Problems. 
sluania State University.  

lyonia State University.  
of Uranium-Bearing Shales and Lignites. 

w gat of R O C ~ S  and Minerals. 

satute of the Organic Matter of Uraniferious Shales. 

Condensed Systems by Beta-decay. 

Rp i t s  in the Boulder Batholith, Montana. 

State University.  

wtlabania State University.  

aaMyh,ani~, University of. 
* ;;sltf and Silicates. 
s d u r g h ,  University of. 

s d r g h ,  University of. 
gttmters with Heterocyclic Piuclei. 

Reagents for Use in Inorganic Analysis. 
University. 

juced by Radiation on Solids. 
% d o n  liniversity. 
biitnce College. M. A. Fineman, The Nature of Gaseous Kegative Ions 

University. Thomas DeVries, Polarographic Studies in Non-Aqueous 

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. 

imed by Electron Impact. 

nts. 
I 

i Mu4 linioersity. 
Wst University. 

University. 
University. 

I- . 

=- ~ PoEytechnic Insti tute.  H. M. Clark, Extraction of Inorganic Substances - 

University of. E. 0. Wiig, Radiochemistry. 
niversity. E. R. Allen, Polar Inorganic hfolecules. 

University. William Rieman, Analytical Chemistry of the Polyphos- 

hlifornia, University of. H. L. Friedman, Solutions of Inorganic 

W. K. Wilmarth, The Mechanism of the Base 
in Solvents of Low Dielectric Constant. 

4PM Exchange of Hydrogen Gas and Protonic Solvents. 
iversity of. 

t 
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South Carolina, University of. 

Syracuse University. 

Syracuse Vnirersity.  

Syracuse Unicersity. 
Tennessee, Cniversity of. 

Tennessee, LTniversity of. 
Tennessee, University of. 

Tennessee, Uniuersity of- 

Taus ,  University of. 
Elements. 

T a u s ,  University of. E. F. Gloyna, Effects of Biological Slimes on sea a,, 
T u f t s  College. 
Utah, University of. 
Utah, University of. 

Frequency Discharges in Gases. 
Utah, University of. 

by Electron Bombardment and the Interpretation of Such Data. 
Vanderbilt University. 

Compounds. 
Vanderbilt University. hl. D. Peterson, Radiation Stability and I ~ , ~ ~ ~ ~ -  

Radiochemistry. 
Virg in ia  PoEytechnic Institute. 

Liquid Extraction. 
Washington Slate College. 

plex Ions in Solution. 
Washington University. 

0. D. Bonner, Fundamental Studie, 
Gf : Exchange Equilibria. - _  

Henry Linschitz, Photochemical Reactions 

B. P. Burtt, Mechanism of Gaseous Ra&atioI, ck,c 

Louis Gordorl, Coprecipitation Studies. 

Of G I t ,  Molecules in Condensed Phase. 

Reactions and the Chemical Reactions of Electrons. e.- 

3. F. Eastham, Chemical Fractionations 

G. K. Schv-eitzer, Study of Radiocolloids. 
H. A. Smith, Catalytic Reactions Involj-in 

Of &d:<*- C -  Isotopes. 

6 Drut and Vapor Pressure Studies of H20-D20 ?Mixtures. 
P. B. Stockdale, Investigation Of the Chatta,;,_, 

Black Shale of Tennessee as a Source of Uranium. a, 

G. IT. Watt ,  Cnusual Oxidation States of T~~~ 

T. R. P. Gibb, Research on Hydrides. 
Henry Eyring, Studies on Surface Chemistry, 
R. B. P a r k ,  Induction of Chemical Reactions 

A. L. Wahrhaftig, Ionization and Dissociation of )Ioi 

E. A. Jones, Raman Spectra of Some Inorganic Ti 

v fi, 

K. F. Murphy, Mass Transfer Studies in L. 

H. IT. Dodgen, The Formulae and Stabjljt! 

J. W. Kennedy, Study of Reaction Kinetics rsing 

c = 

Isotope Tracers. 
Washington Uniuersiiy. 

of Kuclear Radiations. 
Washington, Cniversity of. 

0-F or IS-F Bonds. 
W a y n e  L7niversity. 

Dilute Acid and Base. 
Western Reserve University. 

Absorbed on Solids. 
Wisconsin,  University of. 

Problems. 
Wisconsin,  University of. 

Reactions in Solution. 
Wisconsin,  University of. 

Uranium and the Recoyery of Uranium from Low. Grade Ores. 
Wisconsin,  University of. J. 0. Hirschfelder, Quantum Mechanical sod 'z- 

empirical Determination of Intermolecular Forces. 

J. IT. Kennedy, Generation of High Voltages bv 1iya 

G. H. Cady, Preparation of Compounds Cants- --- 

I<. H. Gayer, So1ubilit.y of Uranium and Thorium Chid= -- 

E. L. Pace, Thermodynamic Propertiw of b=- 

J. E. Willard, Application of Radioisotopes to Gh-i--- 

E. L. King, Studies of Rates and Equilibria in h ~ *  

Farrington Daniels, Studies on the GeochenieT 

,I: ....... , I  !i >'..,L..l '! ;:, . . . . . .  . . . . . . . . .  



; of Transition& 

2s on Sea 'Kat,. 

try. 
:actions by Hi& 

tion of Xlole~br~, 
ata. 
norganic Fluonw 

Studies in Liquirf- 

Stability of Coni- 

ietics Using Stabir 

?oltages by hIea~rr 

3ounds Containt: 

Thorium Oxid= i: 

E- = 

- 
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LTnit,ersitY. H. S.  Harned, Diffusion Coefficients of Electrolytes and Mole- 
& 

Metallurgy and Matekls 

V. D. Frechette, Graphitization of Carbon. 
p e d  

l#,Usch 

r& 

ia, University of. E. R. Parker, Creep of Alloys. &fm gcforaia, Umiversity of. J. A. Pask, The Mechanics of Metal-Ceramic Bonding. 
.e Institute of Technology. Roman Smoluchowski, Study of Grain Bound- 

"@'. and Lattice Imperfections. de=% 
.e Institute of Technology. Gerhard Derge, Electrochemical Studies of W P  ~op,AqueOUS Melts- .A+, ~ ~ t i t u t e  of Technology. Roman Smoluchowski, Radiation Effects in 
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Massachusetts Insti tute of Technology. 

N e w  York  University. 

North Carolina State CoZEege. 

Ohio State University. 
Ohio State University. 
Oregon, University of. 

Pennsylvania Stale University. 

Pittsburgh, University of. 
Purdue  University. 

M. Coherl, Solid Solutions 
Boundaries. 

Work and Recrystallization. 

Ceramic Interactions. 

Metals at Low Temperatures. 

lurgy of Uncommon Metals. 

Nuclei. 

Metallic Materials at High Temperatures. 

B. Averbeck, Fundamentals 

F. H. Norton and 'A7. D. Kinge 
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Pierre Van Rysselberghe, Polarographic St 

C. R. Kinney, Factors Affecting the 
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Northwestern University. 
Genera tor. 

Notre Dame University.  
trostatic Generator. 

Edward K. Strait, Completion of 5 
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Ohio State Uniuersity. 

Ohio State Universily. 
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t; w E. A. Yunker, 37" Cyclotron. 
i Pennsylvania,  University of, K. B. Atkins, Solid State Physics at L I 
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Penns  yEvania State University. 
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Princeton University. M. G. White, Nuclear Research Using 1 % ~ ~ ~  CvclotrR~ 
Purdue University. 
Purdue University. 
Purdue University. 
Purdue University. 

Purdue Cyclotron 
Rice Institute. 
Rochester, University of. 
Stanford University. 
Syracuse University. 
Tezas,  University of. 
Vanderbilt University. 
Vunderbilt Uniuersity. Cyril Curtis, Transfer of ORNL CockroftrW&on 

Vanderbilt  University. 
V irg in ia ,  University of. 

Washington,  State CoZZege of. 

Washington University. 
V'isconsin, University of. W. F. Fry and W. D. Walker, High Eneru Iete 

Wisconsin,  University of. R. G. Herb, Nuclear Research With Electrcstjus 

Wisconsin,  University of. 
Wiscons in ,  University of. 

Wiscons in ,  University of. 
Yale  University.  
Yu le  University.  
Ya le  University. 
YaEe Uniuersity. 
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K. Lark-Horovitz, Linear Electron Accelerator. 
Ernst Bleuler, Research With Cyclotron. 
R. M. Whaley, Research With Synchrotron. 
Karl Lark-Horovitz and R. M. Whaley, Modification of .i 

T. W. Bonner, Nuclear Physics Research. 
R. E. Marshak, High Energy Nuclear Physics. 

E. L. Gineton, Limitations of Electron Linear ~~~~l~~~~ 
Kurt Sitte, Nuclear Interactions of Cosmic Rays. 
E. L. Hudspeth, Fast Neutron Interactions. 

S. K. Haynes, Precision Beta-Ray Spectroscopy. 

Vanderbilt University and Related Research. 
M. D. Peterson, Reactor Studies. 

Frank L. Hereford, Interaction of Polarized Phota 
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and Development of Research Reactor. 
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R. G. Sachs, Theory of Light Nuclei. 
C. K. McLane and J. R. Dillinger, Low Tempmtz* 

D. A. L i d ,  Inelastic Scattering of Fast xeutm 
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W. W. Watson, Isotope Separation of Radioactive Studia 
H. L. Schulte, Electron Linac Neutron Velocity Selector. 
H. L. Kraybill and E. C. Fowler, High Energy Physics. 
Franklin Hutchinson, Stopping Power of Water. 
E. R. Beringer, Heavy Particle Linear Accelerator. 
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here are a number of special publications sponsored by the AEC. In 
the AEC encourages project scientists to  submit nonclassified articles 

Hundreds of 
not published elsem-here, may be obtained from the Office of Technical 

Lists of titles and 
Essen- 

collections of the AEC's nonclassified reports are available in a 
of libraries (see Pages 144-145). Guides to  the published and report liter- 

Sted 
j&tio% 
i+' p ublica 

Jp?' Department of Commerce, 11-ashington 25, D. C. +i.r;lces, 
+ 

1. ,d! 

tion in the established scientific and technical journals. 

of these reports are available from the Office of Technical Services. 

be found in Nuclear Science Abstracts (see page 140). ,:rye msY 

SEMIANNUAL REPORTS TO CONGRESS 

4~~ semiannual reports to  Congress on the progress of the Commission's Ti * ram are published and made available to  the public by the Superintendent 

dzpmste title, indicating the principal subject of the report, has been given to  
dsch of the later reports. Indexes t o  the semiannual reports are also available 
;-Jm the Superintendent of Documents. 
f i r  + Semiannual Report, January 1947. 
;scond Semiannual Report, July 1947. 
T'dd Semiannual Report, January 1948. 
roa,.th Semiannual Report, Recent Scientific and Technical Developments in the 
' jbmic Energy Program of the United States, July 1948. 
rith Semiannual Report, Atomic Energy Development, 1 9 4 ~ 1 9 4 8 ,  January 1949. 

SJth Semiannual Report, Atomic Energy and the L i f e  Sciences, July 1949. 45 

.;renth Semiannual Report, Atomic Energy and the Physical Sciences, January 

Enhth Semiannual Report, Control of Radiation Hazards in the Atomic Energy 

h i t h  Semiannual Report, A EC Contract Policy and Operations, January 195 1. 

Tmth Semiannual Report, Major Activities in the Atomic Energy Programs, 

L-enth Semiannual Report, Some  Applications of Atomic Energy in Plant  

awtfth Semiannual Report, Major  Activities in the Atomic Energy Programs, 

.L*nth Semiannual Report, Assuring Public Safety in Continental TT'eapons 

'""-'teenth Semiannual Report, Major  Activities in the Atomic Energy Programs, 

?-@ &Documents, U. S. Government Printing Office, Washington 25, D. C .  An 

35 cents. 

45 cents. 

cents. 

1950. 50 cents. 

Program, July 1950. 50 cents. 

40 cents. 

lanuary-June 1951, July 1951. 

Sn'ence, January 1952. 50 cents. 

lanuaw-June 1952, July 1952. 

January 1953. 50 cents. 

Januav-June 1953, July 1953. 

35 cents. 
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Fifteenth Semiannual Report, Major Activities in the Atomic Ener 

Sixteenth Semiannual Report, Major  Activities i n  the Atomic Energy 

Seventeenth Semiannual Report, Major  Activities in the Atomic .?&ergll Progza 

Cumulative Index  to the First Fifteen Semiannual  Reports to Congress 

Index Eo the Sixteenth Semiannual  Report to Congress, January-Ja,, 1854. 

Index to the Seventeenth Semiannual  Report to Congress, JuEy-Decembe, 

July-December 1953, January 1954. 45 cents. g y  Pr0srow4 

'WaR3 January -June  1954, July 1954. 45 cents. 

July-December 1954, January 1955. 45 cents. r,, 

*nuaQ 1947-December 1953. 35 cents. 

cents. :G 

1' cents. J 

GENERAL PUBLICATIONS 

The following is a list of nontechnical publications pertaining to atomic euergy ~~ 

the administration of the AEC programs, and available from the Superihteodrar 
of Documents, U. S. Government Printing Ofice, Washington 25, D. c. L 

Selected Readings on Atomic Energy, July 1954, a bibliography of official pubfia- 
tions, books, magazines, pamphlets and kaching Units for educators, and 
and bibliographies on atomic energy, 21 pages, 15 cents. 

Isotopes-An 8-Year S u m m a r y  of Distribution, March 1955, a detailed account G! 
isotope utilization during the first 8 years of the Commission's distsbuti,, 
program. It is also a supplement of the 3-year and 5-year reports of silnibr 
title issued by the Commission in 1949 and 1951. This report is a uwfel 
reference to the uses of isotopes and a bibliography of published a~ic le  C.t 

isotope work, 364 pages, $2.00. 

by the United States Geological Survey and AEC describing the uraniurr, 
bearing minerals, where to  look for them, and instruments to use in prospectiof 
and in laboratory testing and analysis of ores. 
principal minerals. Laws, regulations, and price schedules for uranium-hfioa 
ores are included, 128 pages, 55 cents. 

Prospecting with a Counter, revised July 1954, a summary of information on f,& 
counters, their operation, use, abuse, and their application to prospectin€. 
mining and geologic problems, 68 pages, 30 cents. 

SeZEing to ARC, revised 1955, provides certain basic information helpful to t h w  
who want to  do business with AEC or its contractors. It indicates who doepth 
buying, what is bought, where procurement offices are located, and other gened 
information, 28 pages, 25 cents. 

A Guide fo r  Contracting of Construction and Related Engineering Services, revhe8 
January 1955, gives AEC policy on awarding contracts for construction d 
architect-engineering services, procedures followed when requests for bids 
formally advertised and when contracts are negotiated. Operations O&S 

and officials responsible for letting such contracts are listed, 16 pages, 15 

Prospecting for Uran ium,  revised October 1951, a nontechnical booklet 

It contains six color plat& 

TECHNICAL PUBLI CAT1 ONS 

The items listed below, together with the National Nuclear Energy Series des& 
in the next section, are publications of scientific and technical interest. 
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. les of Nuclear Reactor Engineering, Samuel Glasstone, D. Van h'ostrand 
fiflPB, y., 1955, is written for the student and the practicing engineer. An 

co*J 
neering is based, 861 pages, $7.95. 

e p $ m e ~  of Nuclear Reactor Theory, Samuel Glasstone and hlilton C. Edlund, 
Vtln Nostrand Co., N. Y., 1952, is written for scientists, engineers, and 

bgsical concepts and processes involved in a nuclear chain reaction and 
Lethods for calculating critical conditions for chain reacting systems, 416 

cbook on Atomic Energy, Samuel Glasstone, D. Van Nostrand Go., N. Y.,  ?&, presents a comprehensive, technical description of the theory, &tory, 
development, and uses of atomic energy. Chapters are included on the struc- 
ture of the atom, radioactivity, isotopes , neutron research, acceleration of 
chsrged particles, and other phases of nuclear science, 546 pages, $3.75. 

in the Future, Palmer Cosslett Putnam, D. Van Nostrand Co., N. Y., yg, presents a study of the problem of where we can find sources of low-cost 
enera in an abundance equal to  the maximum plausible demands by the 
manding and industrializing populations of the future, and what is the  

plausible role that nuclear fuels may be called on to play in the next 
gyears, or SO, 556 pages, $12.75. 

Ejects 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 
bientific 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 decontaminrt, 
tjon methods, 456 pages, $1.25.1 

jfftrtd~clion to the Theory of Neutron Diflusion, Volume I, 1954, is intended for 
purposes of research in physics and mathematics &s 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 a homogeneous infinite medium with isotropic scattering. Emphasis is 
placed on fairly complete tables and graphs, 174 pages, $1.25.' 

~ review of the fundamental scientific principles upon which reactor 

dvanCed D* students interested in the field of nuclear reactors. It explains 

the 
+es, $4.80- 

Manuals, Handbooks and Reports 
$dear  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- 
termine 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.1 

k h r  Power Reactors, Volume 11, March 1955 (Submitted October 19531, re- 
Ports to the U. s. Atomic Energy Commission of two teams of industrial rep- 
mntatives. Appraises the practicability of building a nuclear reactor for the 
meration of central-station power. The study group undertook to  determine 

'Am"'h'nkm Superintendent ofDocuments, U. S. Government Printing Ofice, Washington 25, D. C .  
- 
si-\, ,;Is->? - 
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whether any of the known reactor sys tem can be shown to be 
economically feasible, and competitive for central-station power, 
made on the projected possibilities of different reactor systems, 30 
cents.' 

Handbook on Aerosols, 1950, contains chapters from the National Def 
Committee Summary Technical Report, Division lo, declassified 
at the request of AEC, on the properties and behavior of aeros 
and instruments used in meteorology studies, and information us 
of the disposal of gaseous radioactive wastes, the dispersal of in 
disposal of industrial gases, etc., 147 pages, 70 cents- 

Handbook on  A i r  Cleaning-Particulate Removal, Sheldon, K. FI.iedknder, &&% 

Silverman, Philip Drinker and Melvin W. First, Harvard University, s 
1952, a compilation of data resulting from the study of air cleaning 
and procedures. Such studies applied principally to the removal of ~~~ 

active dust and contamination from exhaust gases, etc., 89 pages, 45 c e p ~ ?  
Liquid Metals Handbook, second edition (revised) January 1954, R. N. L~~~ et ~= 

compiled by the Department of the Navy and AEC, summarizes Curnot ~ 

formation on the physical and chemical properties of liquid metah, t~ 
present industrial uses, and their use and potentialities as heat-tramf,,, ~~ 

269 pages, $1.25.' 

reports on the sources and types of radioactive wastes in ato 
tions, methods developed for their safe handling and dispos 
specified for the safe handling of radioisotopes by private users, 30 w& 
15 cents.' 

Trilinear Chart of Nuclear Species, W. H. Sullivan, John Wiley 8: sons, Inc, 
N. Y., 1949, shows physical data for all the nuclear species known as of J~~ 

1949, $2.50. 
Neutron Cross Sections, May 15, 1952, revised to include supplementary &tiorr 

to 1955, a compilation of data in tabular and graphic form prepared br 
AEC Neutron Cross Section Advisory Group. 
elements, and compounds are given for neutrons ranging in energy from 0.m: 
electron volts to 100 hlev., 336 pages, $3.50.1 

Reactor Handbook, provides a condensed and reliable source of nuclear reactor dak 

Handling Radioactive Wastes in the Atomic Energy Program, re 

Cross section values for 
TI 

nese volumes wer 
Welopment on the 
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hrve been publishe 

Volume I.-Physics, two sections, Reactor Physics and Radi 

Volume I1 .--Engineering, eight sections. 
804 pages, $4.25.1 

Light- and Heavy-water-mkd 
Systems, Liquid-metal-cooled Systems, Gas-cooled Systems, A q u w  
Fuel Systems, Liquid-Metal Fuel Systems, Fused Salt Systems, Handles 
and Control, and Reactor Designs, 1088 pages, $5.50.' &%on I: The 

f ' w u m  Equipment  
k, 1949, descrit 

Volume 111.-General Properties of Materials, 610 pages, $3.50.' 
Isotopes in Medicine,  comprises a collection of papers presented at the Septemk 
1953 training course of the Medical and Special Training Divisions of 0RI.t's 
This publication covers the entire field of clinical isotope use. D ~ C U % ~ O E  

sessions are summarized and edited. ' 

High Voltage Problems, J. D. Trimmer and Harry Pearlman, Clinton En@flPT 
Works-Tennessee Eastman Corporation, Oak Ridge, Tenn., 1951, P r w @  
an account of work done in connection with the high voltage systems ' 
the electromagnetic separation process. Sparking and insulator bre&kdoaF 
are treated in detail, 226 pages, $1.85.2 

1 Available from Superintendent of Documents, U. S. Government Printing OffiW 
2 Available from Office of Technical Services, U. S. Department of Commerce, 
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poblems and Techniques, C. E. Normand, Frank A. Knox, G. W. Monk, 
A. Samuel, W. R. Perret, Clinton Engineer TTorks-Tennessee Eastman 
ration, Oak Ridge, Tenn., 1950, describes and evaluates the original 

equipment required in the operation of the electromagnetic separation 
It presents significant improvements in efficiency resulting from 

Pro@: in operating techniques, and brings together information widely spread 
cbe~ghout, the literature, 265 pages, $1.75.2 

Beacfors, a volume describing the nuclear research reactors developed tw 

&?:Ee atomic energy program. The document was prepared to  present 
details of the U. S. program to delegates attending the International Confer- 

the Peaceful Uses of Atomic Energy, Geneva, Switzerland, 1955, 452 

-wiEal processing and Equipment ,  like Research Reactors described above, was 
Bred for the benefit of delegates to  the International Conference. It de- Fk the chemical and engineering aspects of processing materials associated scn Duclear reactors. It includes descriptions of radio-chemical laboratories, 

control handling equipment, and the like. In press, 302 pages, $2.00.1 
P?m 

ellce pg@,!$ 2.00.' 

Sons, IIIC., 
as of Junr 

ry editiorw 
red by the 
3 1  nuclide. 
rom 0,OOoi 

actor data. 
i Shielding 

Sep t em h r  
of OR1 SS. 
D is c us5 i o z 

p&d~ab and Catalogs 
i 

Science Abstracts, issued twice a month by the AEC Technical Informa- 
doa s edce, contains abstracts of all current AEC declassified and unclassified 
Epfis, 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 

;dpeCataZog and Price L is t ,  Oak Ridge National Laboratory, Oak Ridge, 
Term., July 1952, list8 and describes radioactive and stable isotopes available 
from ORNL and includes prices and instructions for ordering the isotopes, 
81 per COPY- 

foreign.)' 

THE NATIONAL NUCLEAR ENERGY SERIES 

7~ volumes were written by the scientists wko performed the research and 
gdoprnent on the atomic energy enterprise under the Manhattan Engineer Dis- 
rn and later under the Atomic Energy Commission. The following volumes 
nrebeen published for the AEC project by the McGraw-Hill Book Co., New 
w, s. Y. 

? *  * rkrzaion I: The Electromagnetic Separation Process 

'am Equipment and Techniques, vol. 1,  edited by A. Guthrie and R. K. Waker- 
kog, 1949, describes the development> and study of high vacuum equipment and 
%h vacuum systems for the large-scale separation of isotopes by the electro- 
w e t i c  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 
University of California Radiation Laboratory on electrical discharges with 

QPhasis on studies of electrical discharges in vapors of uranium compounds, 

:*bhfrom Superintendent of Documents, U. S. Government Printing Office, Washington 25. D. C. 
'*blefrom Office of Technical Services, U. S. Department of Commerce, Washington 25, D. C, 

s. 

Zbpages, $5.  
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Division II: Caseous Diffu&n Project 

f Engineering Developments in the Gaseous DiflUsion process, VOl. 16, edited 
M. Benedict and C. Williams, 1949, describes a number of mechanical t: 

and ha- = 

ecial pb:’: 

’ elect; . - t  tal, and chemical engineering developments related to the operatio 
dling of materials used in the gaseous diffusion process-principally sp 
instruments, vacuum engineering, development of heat-transfer 
and absorption of uranium hexafluoride and fluorine, 129 pages, $2, equiplDfi;: 

* 
f 

i D i G n  III: Speck1 Separations Project 

The Theory of Isotope Separation, VOl. 1% by Karl Cohen, 1951, presents ~~ 

theory of cascades as generally applicable to the problems of isotope 
tion. Different types of centrifuges and other methods of separation ::pz 
discussed, 165 pages, $2.50. 

BiG and A. B. F. Duncan, 1949, presents data compiled from a comprehensive studt 
of the absorption and fluorescence spectra of uranium compounds and dec6& 
the experimental techniques used in the studies, 290 pages, $4.25. 

Physical Properties and Analysis  of Heavy Water ,  VOl. 4 4  by I. KirSchenbaag 
1951, describes the physical properties of heavy water, chemical equilibria 

9: exchange reactions and methods of isotopic analysis, 438 pages, $6, 
Bibliography of Research on  Heavy Hydrogen Compounds,  vol. 4C, compiled bT 

A. H. Kimball, edited by H. C. Urey, and I. Kirschenbaum, 1949, conhi& 
about 2,000 references to published literature on research with heavy hydroge 
References are arranged by subject with an index of the hydrogen co&poun+ 
and authors, 350 pages, $4.75. 

Production of Heavy Water ,  vol. 4F, edited by G .  M. Murphy, is being compiie 
from works of other authors. It will present laboratory pilobplant studia frrr 
various separation processes investigated and engineering surveys of 
production plants with descriptions of their operations. 

Spectroswpic Properties of U r a n i u m  Compounds, vel- 2, edited by G. R 

(In process.) 

Division IV: Plutonium Project 

Optical Instrumentation, vol. 8, edited by G .  S. Monk and W. 18. McCorkle, 19%~ 
contains useful and practical techniques and methods of optical inatrum- 
tations in nuclear research. 
part of the plutonium project, 262 pages, $3.75. 

Radiochemical Studies: The Fission Products, vol. 9, edited by C. D. Coryellm4 
N. Sugarman, 1951, presents 336 original research papers on the techniques rr$ 
results of radiochemical studies of uranium and plutonium fission produm 
2,086 pages (in 3 parts), $27.75. 

The Actinide Elements,  vol. 14A, edited by G. T. Seaborg and J. J. Katz, 1954 ha 
companion volume to vol. 14B, Division IV, NNES, The Transuranium 
ments, published in 1949, and summarizes available information on the elemeP 
in the actinide series. Also included is an Index for the Transuranium Elem@& 
870 pages, $11.75. 

The Transuranium EZements, Research Papers,  vol. 14B, edited by G. T. sesbn 
J. J. Katz, and W. M. Manning, 1949, includes 163 research papers on n q ”  
nium, plutonium, americium, curium, and several of the heavy &mentP IP 

It is a summary of the optics work carried out 

H;shpathoEogy of It.; 
by w. Bloom, 194 
logical effects of tc 

~ ~ * & g y  of Urani: 
studies made on 1 

eff ec 
323 pages, $4.75. 

B+n V: LOSL 
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bnds,  1948, desc 
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417 pages, $5.50. 
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them, and historical aummaries of transuranium element research, 
lated in 2 parts), $23.75. 
'''flcfii3try and Metallurgy of Miscellaneous hlaterials; Thermodynamics, vol. 

edited by L. L. Quill, 1949, contains 10 research papers on the thermo- 
1'" -c properties of the elements and several of their compounds, 329 pages, 
&'n@ 

. a ~  Medicine on the Plutonium Project, vol. 20, edited by R. S. Stone, 1951, 
Id@':bes the medical program established for the care and protection of workers 

-tal E J ~ C ~ S  of External X -  and Gamma Radiation, part I ,  vol. 22B, edited by YE. Zkkle, 1954, deals with radiological research and investigations per- 
ed at the National Cancer Institute of the effects of continuous X- and 'gm& wadiation on life span, weight, blood picture, and breeding behavior of 

.tal EfectS of External Beta Radiation, vol. 22E, edited by R. E. Zirkle, 
offers collection of original reports on the effects of beta rays applied to the 
d a c e  of the mammalian body, 242 pages, $3.50. 

atbhgy of Irradiation from External and Internal Sources, vol. 221, edited 
Bidop Bloom, 1948, is an advanced treatise on the histopathological and COO- by %'. 
togid effects of total-body irradiation, 808 pages, $10.75. 

k d b g y  of Uranium, vol. 23, edited by A. Tannenbaum, 1950, describes the 
, tu~a made on the distribution, accumulation, excretion, and chemical and 
hpiohgical effects of uranium and uranium compounds in the animal body. P 
323 page, $4.75. 

-33 pages ( 

$4.50. 

plutonium project, 511 pages, $7. 
on 

laboratory mammals, 530 pages, $7.25. 

m n  V: LOS Alamos Project 

wmics: Experimental Techniques, vol. 1, edited by W. C. Elmore and M. L. 
Snb, 1948, describes a number of complete circuits and circuit elements 
&\reloped at Los Alamos for making nuclear and other physical measurements, 
417 pages, $5.50. 

l&&ofion Chambers and Counters: Ezperimental Techniques, vol. 2,  edited by 
3, 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. 

lhdlaneous Physical and Chemical Techniques of the Los Alamos Project, vol. 3, 
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 
Moratory and apparatus are given, 323 page ,  $4.25. 

W o n  VI: University of Rochester Project 

+%nnacology and Toxicology of Uranium Compounds, vol. 1, edit d by C. Voegtlin 
md H. C. Hodge. Parts I and 11, published in 1949, summarize the results of 
3 pears research on the toxicity of various uranium compounds and the mechb 
s h  of uranium poisoning, 1,084 pages (in 2 parts), $14.25. 
fe 111 and IV,  published in 1953, continues from Parts I and 11, with results 
af long-term studies, mainly on the chronic inhalation toxicity of uranium 
mmPounds. Major problems considered are bone deposition of uranium and 
mbohydrate metabolism. Bibliography, index. 1,381 additional pages (in 
2W), $18. 
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Biological E f l d s  of External Radiation, ~ 0 1 .  2, edited b?. Henry A. 
~~~i 

OChb, : ,  , 
of ti,, 

O'ndatibL 

reports the studies made during the war period at the University of 
on the biological effects of X-radiation along with a collaborative 
chronic effects of neutron irradiation made n-ith the Biochemical F 
Newark, Del. Included in the volume are the effects of single d 

508 pages, in press, about $6.50. 
Biological Studies with Polonium,  Rad ium,  and Plu tonium,  VOl. 3, edited by 

~~ Fink, 1949, describes the studies made of the biological effects of these 
emitting elements in the animal body, air monitoring precautions 
ment used in atomic energy laboratories where work with these elernent , 

body X-radiation, chronic X-radiation, and fractionated doses of OSeS fast neutrorL- of "tf,lt, 

3 and equib 

carried on, 411 pages, $5.50. c 

Division TTII: Materials Procurement Project 

Preparation, Properties, and Technology of Fluorine and Organic Fluoro cme 
pounds,  vol. 1, edited by C. Slesser and S. R. Schram, describes developmenlk 
the large-scale manufacture of fluorine, and purifying and handling fluoriM 
It describes the preparation and the chemical and physical properties of vatioua 
fluorocarbon compounds, 868 pages, $1 1.50. 

The Metallurgy of Zirconium,  Vol. 4, edited by B. Lustman and F. Kerze, lgjj. 
comprises contributions by participants in the Navy-AEC program on tb 
development of zirconium for reactor applications, 780 pages. 

Division VIII:  Manhattan Project Chemistry 

Analytical Chemistry of the Manhat tan  Project, vol. 1, edited by C. J. 
1950, describes methods of analyzing the many different materials 
the atomic energy project-with emphasis on analytical methods for tb 
determination of uranium and thorium, 748 pages, $10.00. 

Part  I .  The  Element,  I t s  B inary  and Related Compoundr 
vol. 5, by J. J. Katz and E. Rabinowitch, 1951, is a detailed discussion of 1~ 

physical and chemical properties of uranium, its occurrence in nature ar;d 
extraction from ores, and preparation and physical properties of its bin- 
compounds, 609 pages, $8.25. 

Chemistry of Uran ium.  

DEPOSITORY LIBRARIES 

In  order to make the nonclassified results of AEC research and developmw: 
available to  the public, the following libraries serve as depositories for essentidr 
all of the Commission's nonclassified reports. A number of other university ad 
public libraries also receive from the AEC copies of the reports that are sold bp 
the Office of Technical Services. 
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NEW hlEXICO 
ity of California Albuquerque, Universit,y of New 

Mexico Library 
hngeles, University of California NEW I'ORK 

Buffalo, Lockwood Memorial Library 
Ithaca, Cornel1 University Library 
Kew York, Colunibia University Li- 

New Tork, Kea- York Public Library 
Troy, Rensselaer Polytechnic Insti- 

Denver Public Library 

?;e%' Haven, Yale University Library 
~ R I C T  O F  COLUhIBIA 
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DI;B,hington, Library of Congress 
fbORIDA NORTH CAROLINA 

GEORGI* lege Library 

tute Library 

GsinesviUe, University of Florida Durham, Duke University Library 
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Jtlssta, Georgia Institute of Tech- OHIO 
noloaY Library Cincinnati, University of Cincinnati -- -- 
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Cleveland, Cleveland Public Library 
Oolumbus, Ohio State University Li- 
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CGcago, University of Chicago Li- 

Crbana, University of Illinois Library OKLAHOMA 
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imes, Iowa State College Library 
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brwY brary 

Stillwater, Oklahoma Agricultural and 
Mechanical College Library 
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TOKf4 OREGON 

I;EKT'I;CK'ST brary 
Corvallis, Oregon State College Li- 

Library Philadelphia, University of Pennsyl- 

Baton Rouge, Louisiana State Univer- Pittsburgh, Carnegie Library of 
LO~ISIANA vania Library 

sity Library Pittsburgh 
~~ISS~~CHUSETTS TENNESSEE 

brary Library 

of Technology Library TEXAS 

Cambridge, Harvard University Li- Knoxville, University of Tennessee 

Cambridge, Massachusetts Institute Nashville, Joint University Libraries 

Austin, University of Texas Library 

Salt Lake City, University of Utah 

YICHIGAN 
,Ann Arbor, University of Michigan UTAH 

Detroit , Detroit Public Library 

Minneapolis, University of Minnesota Seattle, University of Washington 

Library 
Library 

flISNESOTA WASHINGTON 

Library Library 
YISSOCRI ~TISCONSIN 

hnsas City, Linda Hall Library Madison, University of Wisconsin 
St. Louis, Washington University Library 

Library 
!X'K JERSEY 

Princeton, Princetoh University E- 
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INDUSTRIAL DEPOSITORIES 

To provide industry with specialized industrial information materials 
facilitate inspection of such materials, the AEC has set up special d 
at the Atomic Industrial Forum, Inc., in h’ew TOrk City, at the John Crcrh 

Calif., anrl 
at the Georgia Institute of Technology Library, Atlanta, Ga. 
depository collections are comprised of a complete collection of unclassi6. 
“basic science” reports which have been found to  contain technological develop 

with the ments of special value to American industry not directly Connected 
U. S. Atomic Energy program. 
series of special bibliographies entitled, “Selected AEC Reports of Interest k, 
Industry,’’ which is also available at the depositories. A modest Progrtlln 
for making unclassified engineering drawings available for inspection at industm 
depositories has also been initiated. 

Library in Chicago, .in the Stanford Research Institute, Stanford, r 

Abstracts of these reports were published in 
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THE UNITED STATES ATOMJC ENERGY COMMIEMION ON 

4 f i P o R & F s ~ ~ s  OF HIGH-YIELD KUCLEAR EXPLOSIONS 
effects of the explosions of atomic weapons 

nment since the first nuclear detonations in 
cts of Atomic Weapons”, published in 1950, is 

flvised and brought up to date to  include the effects of thermonuclear 
a result of the most recent tests at the Pacific Proving Ground. 

to the effects of thermonuclear explosions have been made in several 
Chairman Strauss’ description of the phenom- 

C,fd-out” at a White House news conference on March 31, 1954. The 
statement is designed to  condense and correlate information, some of 
edy has been made public and other portions of which have been of a 

be &cts of nuclear tests are evaluated for civil defense planning as well 
So long as nuclear weapons are in 

dly power, the Commission believes the American 
y informed as possible as to the nature and extent of 
k and of the protective measures that can be taken 
ties to  avoid or minimize those dangers if we should 

conditions, which must necessarily form the principal basis of evalu- 
explosions, may differ markedly from those which 
weapons were used against our population in war- 

would be dificult to  predict the size or kind of bomb an enemy might 
, the exact means of its delivery, the height at which 

gm&l be exploded, or the number of bombs which might reach a given target. 
@heless, the facts to  follow are the fundamental ones at this time. 

wry and technological purposes. 

4rp Efects of Detonations 

nuclear detonation produces four major characteristics-blast, heat, im- 
nuclear radiation, and residual radioactivity. Of these, the first three 

The 
nuclear radiation from the detonation of a thermo- 

bomb are of the same nature as those of earlier and smaller atomic 
ena is, in general terms, standardized whether 

T equivalent) atomic weapon or a thermonuclear 
The intensity and area of the blast, heat, and 

tion increase in relation to  the greater energy yield of the explosion. 
extensively publicized; therefore, the re- 

ally with effects other than heat and blast. 
in no sense exclusive to  high yield therm+ 

me a matter of major concern when a large 
used in the 1954 tests in the Pacific is exploded. 

such an explosion, may, under certain condi- 

Tbc Efed8 OSHiqh-Yidd Nuclear Erpbniam--SLatcmcnt bg Lewis L. Stratus, Chairman, 
United State8 Atomic E w m  Commirrim, February 1966. For sale by the Superintend - 

u. 8. Qove-ent Printing Office, Washington 25, D. c., price io cents. 

while the fourth has a more protracted effect. 

y times that power. 
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tions, settle over wide areas. 
active fall-out has been a subject of continuing study since the first 
thermonuclear tests at the Pacific Proving Ground on Kovember 1, 19 
results of these studies and of our evaluation Of data obtained from th  
tests in the Pacific in hlarch, 1954, are described in subsequent par 
report. 

6.  It should be noted that if we had not conducted the full-scale th 
tests mentioned above, we would have been in ignorance of the extent of 
effects of radioactive fall-out and, therefore, we would have been much 
vulnerable to the dangers from fall-out in the event an enemy should reSon ,- 

The.refore, the extent and severity of th 

ermonuclea. 

$9 - I  

radiological warfare against us. 

Blast and Heat EJects 

7. The effects of blast and heat from a nuclear explosion are relatively ]ocaza 
One A-bomb of the earliest type equivalent to  20,000 tons of TKT (20 kilotoe 
would produce blast sufficient to destroy or damage severely residences 
a radius of more than one mile from the point of burst. Within a radius of aboul 
a mile and a half, residences would be so damaged as to be Unusable without 

c repairs. A principal hazard to human beings would come from flying and faliin 
debris and from fires due to  such causes as broken gas and electric lines or oyer- 
turned stoves. The area in which injuries to  human beings would be causd tr 
blast, therefore, would be about the same as the area of damage to structurs. * 

8. The United States, as announced previously, has developed fission bomb 
many times as powerful as the first A-bombs, and hydrogen weapons in the r w  
of millions of tons (megatons) of TNT equivalent. For these larger weawR 
the blast effects can be calculated approximately by means of a scaling 
namely, the distance a t  which a given blast intensity is produced varies 
cube roots of the yields of the explosions. 

9. Similarly, the heat and burn effects of nuclear explosions can be estims& 
from accumulated data. These effects, of course, are influenced by preva&q 
atmospheric conditions. The time element also is a prime factor. Very lap 
weapons deliver heat over an appreciably greater period of time than sm& 
weapons. A given quantity of heat from a high-yield weapon, delivered o ~ e r ~  
longer period of time, will produce somewhat less severe burns than the tarn 
quantity of heat from a nominal detonation. 

Protection Against  Blast and Heat 

lo. The hazard from both burn and blast effects in the outer affected mzs 
would be reduced greatly by shelter. Clothing or almost any kind of s h c k  
would reduce the danger of direct burns, although there might be some dsnp% 
of clothing and structures becoming ignited. Also, shelter would materially redm 
the hazard of blast injury by affording protection against flying or falling d&m 
The Federal Civil Defense Administration has made extensive studies of s k b  
and has issued plans for several simple and inexpensive types which 
utilized by householders. As is generally known, the shelter afforded by OrdW'!  
city buildings would not suffice within the central area surrounding the Pis'- ' 
burst of a large nuclear weapon. For this reason, the Federal civil Defm 
Administration recommends evacuation of the central areas of target zona 
early warning of approaching attack. 
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The immediate nuclear radiation, i. e., the neut,rons and gamma rays 
11* d iDstantaneously with the explosion of a large weapon on or near the 

Pie*: does not present a serious hazard beyond the area where heat and blast 
- of great concern- ** 

' 

12. goffever, particles with residual radioactivity produced by a detonation (as 
ied to the immediate nuclear radiation) may fall out over an area much @'? t,han that affected by blast and heat, and over a longer period of time. 

y u c l e a r  detonations produce radioactive materials, but the nature and extent 
.IL he fall-out depends on the conditions under which the bomb is * *  The main radioactivity of a bomb's fall-out decreases very rapidly with 

for the most pah ,  within the first hours after the detonation. bd. 

~0u-w From In-the-Air Detonations 

13, In an in-the-air explosion where the fireball does not touch the earth's 
arftice, the radioactivity produced in the bomb condenses only on solid particles 
Ga the  bomb casing itself and the dust which happens to be in the air. I n  the 
** rice of material drawn up from the surface, these substances will condense 
dF!F 
& the vapors from the bomb and air dust t o  form only the smallest particles. 

minute substances may settle to the surface over a very wide area- 3w 
:%Mbly spreading around the world-over a period of days, or even months. 
?L.: they descend extremely slowly with the result that, by the time they have 
.&pd the earth's surface, the major part of their radioactivity has been dis- 
-ted harmlessly in the atmosphere, and the residual contamination is widely 

i !&out From Surface Detonations 

14. If, however, the weapon is detonated on the surface or close enough so 
3 t  the fireball touches the surface, then large amounts of material will be drawn 
-,at0 the bomb cloud. Many of the particles thus formed are heavy enough 

~ 2 descend rapidly while still intensely radioactive. The result is a comparatively 
' &ed area of extreme radioactive contamination and a much larger area of 

=hazard. Instead of wafting down slowly over a vast area, the larger and 
-..;ier particles fall rapidly before there has been an opportunity for them to 

harmlessly in the atmosphere and before the winds have had an opportunity 

!j The area of hazard from radioactive fall-out from a surface or near-surface 
=mion of a thermonuclear weapon is much larger than the areas seriously 
&%Led by heat and blast. The large radioactive cloud of a thermonuclear explo- 
%Zrises 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 
bz fltremely radioactive particles about and the pattern of the radioactive fall- 

.& determined by the size of the particles and by the direction and velocities 
aewinds, 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- 
- 

,.... ... ,_., ,~ ...,. ...( --:, , , , .. v...: 
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tion. Because of these variables, it is impossible to apply a single fall-out Patteri, 
to all thermonuclear detonations, even test explosions conducted under 

Wed conditions. However, with adequate knowledge of atmospheric condition 8, io, 
cluding wind directions and velocities up to  high levels and meteorological reporb 
the fall-out region for any detonation usually can be predicted w-ith CoI&iderablE 

tt accuracy. In general terms, the region of severe fall-out contamination frorn 
detonation of a thermonuclear weapon fired on or near the surface can be daacdbei 
BB an elongated, cigar-shaped area extending downwind from the point of b 

Fall-Out Pattern .of l M 4  Test in the Paci$c 

1954, was exploded on a coral island. Coral consists of calcium carbonate, th; 

slaked lime which, during the hours of descent, was slaked by moisture in the atmosphere. These particles ranged between lllO0Oth and 1150th of an inch ir 
diameter and were, on the average, somewhat adhesive. The prevailing ~ d ,  
were westerly so the bomb cloud moved generay  t o  the east and deposited 
radioactive particles in varying amounts over an elliptical or CigfU-shaped area 
About 160 (statute) miles downwind from the point of burst the early fa-opt 
was observed in the form of fine particles which looked like snow. FaLout beg, 
there about eight hours after the detonation and continued for several hours, 

17. The roentgen is the commonly accepted unit of measurement of raaatioc 
dosage. A dose of about 25 roentgens of radioactivity received by a Penon 
a brief space of time will produce temporary changes in the blood. A dose of 
100 roentgens received in B short interval may produce nausea and other swF 
toms of radiation sickness. About 450 roentgens delivered over a day or 60 &t 
be fatal to approximately half of the persons so exposed. However, becam d 
the body's repair processes, a total radiation dose which would be serious if ip 
curred in a few minutes would produce much less effect if spread over a perid d 
years. These statements may be helpful in understanding the data which folia+. 

18. The test explosion, at ground surface, contaminated a cigar-shaped 
extending approximately ,980 statute miles down-wind and varying in width UP to g 
miles. In addition, there waa a contaminated area up-wind and c r o s s - ~ d  
extending possibly 20 miles from the point of detonation. Data were collect& 
from 25 points on 5 atolls located from 10 to  330 miles down-wind (generally eat: 
from Bikini Atoll. Due t o  an unexpected shift in the direction of the prevdiq 
winds in the higher altitudes, the fall-out missed the observation rafts that b*d 
been placed farther north previous to  the test firing. The estimated contourd 
the pattern of fall-out is, therefore, based only in part on data obtained from a c d  
measurements and partly on extrapolation, i. e., calculations based on knom 
data, including factual information obtained during previous tests of smk 
devices. 

19. Data from this test permit estimates of casualties which would haw bce 
suffered within this contaminated area if it had been populated. These estim* 
assume: (1) that  the people in the area would ignore even the most elernenw 
precautions; (2) that  they would not take shelter but would remain OUt-Of-dm 
completely exposed for about 36 hours; and (3) that  in consequence they 
receive the maximum exposure. Therefore, it will be recognized that the- 
mates which follow are what might be termed ezlteme estirnutes since thGy mm 
the worst possible conditions. 

rowing the test explosion on March 1, 1954 there was sufficient radioactiritFEi 

16. The very large thermonuclear device fired at the Bikini Atoll on M~~~ 

the detonation's radioactivity was spread by particles consisting largely of 

20. On the basis of our data from this and other tests, it is estimated 
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d belt about 140 miles in length and of varying width up to  20 miles to 
duflnseriously threatened the lives of nearly all persons in the area who did not 
We rolective ~euttures. During the actual tests, of course, there were no people 
& P  Inside Bikini Atoll at a point 10 miles downwind from the explosion 

that the radiation dosage was about 5000 roentgens for the first 
it is The highest radiation measurement outside of 
y$riOo* p Atoll indicated a dosage of 2300 roentgens for tfie same period. This was 

narthwestern part of the Rongelap Atoll, about 100 miles from the point 

first 36hour period, of 2000 roentgens at 110 miles, 1000 roentgens at 125 
f@ snd, farther south, only 150 roentgens at 115 miles from Bikini. 
&@'some distance farther from the point of detonation, at about 160 miles 

"* wind and along the axis of the ellipse, the amount of radioactivity would 
d@'- riously threatened the lives of about one-half of the persons in the area pve It is estimated that the radiation dosage 

22 Near the outer edge of the cigar-shaped area, or approximately 190 miles 
'-&nd, it is estimated that the level of radioactivity would have been suffi- 

have seriously threatened the lives of 5 t o  10 percent of any persons who 
have remained exposed out-of-doors for the first 36 hours. In  this area 
&ation dosage is estimated at about 300 roentgens for the first 36-hour 

z. Thus, about 7,000 square miles of territory down-wind from the point of 
was so contaminated that survival might have depended upon prompt 

*ustion of the area or upon taking shelter and other protective measures. 
24. At a distance of 220 miles or more down-wind, i t  is unlikely that any 

btb would have occurred from radioactivity even if persons there had remained 
rrposed up to 48 hours and had taken no safety measures. 

E, The estimates cited above do not apply uniformly throughout the con- 
&Dated area inasmuch as the intensity of radioactivity within a region of 
bwavr fall-out will vary from point to  point due t o  such factors as air currents, 
sn, snow, and other atmospheric conditions. Because of this and because most 
PDS, if given sufficient warning, probably would evacuate the area or take 
&Iter and othor precautionary measures, the actual percentage of deaths could 
rswnably be presumed to  be considerably smaller than these extreme estimates. 

-&n 

this zone* 
eriod after the fall-out. 

@ af the detonation, Additional measurements in Rongelap Atoll indicated dosages, 

a&d to take protective measures. do I point was about 500 roentgens for the first 36-hour period. 

w 
cicPt 
4 

$d 

htection Against Fdl-out 

2-6. In an area of heavy fall-out the greatest radiological hazard is that  of 
q m r e  to esternal radiation. Simple precautionary measures can greatly re- 
b e .  the hazard to life. Exposure can be reduced by taking shelter and by 
#diking simple decontamination measures until such times as persons can leave 
Zearea. Test data indicate that  the radiation level, i. e., the rate of exposure, 
Soom on the first floor of an ordinary frame house in a fall-out area would be 
mut one-half the level out-of-doors. Even greater protection would be afforded 
? 8 brick or stone house. Tsking shelter in the basement of an average resi- 
km would reduce the radiation level to about one-tenth that experienced outc 
& h 8 .  Shelter in an old-fashioned cyclone cellar, with a covering of earth 
Lw feet thick, would reduce the radiation level t o  about 1/5000, or down to a 
dcompletely safe, in even the most heavily contaminated area. Designs of 
%m of simple, yet effective construction, have been prepared by the Civil 
*%se Administration and are available to the public. 
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27. Radioactive material deposited during fall-out may or may not be visittie 
but would be revealed by radiation detection instruments such a8 Geiger cou nter., 

nuclear explosion should be regarded as radioactive until measured bF a radiatiol, 
detection instrument and found to  be harmless. 

contain fall-out particles. 
29. If fall-out particles come into contact with the skin, hair, or c]othioa, 

prompt decontamination precautions such as have been outlined by the F~~~~ a1 
Civil Defense Administration will greatly reduce the danger. These include ~ u c i i  
simple measures as thorough bathing of exposed parts of the body and a of 
clothing. 
30. If persons in a heavy fall-out area heeded warning or notification of Bli 

attack and evacuated the area or availed themselves of adequate protective 
measures, the percentage of fatalities would be greatly reduced even in the zOne 
of heaviest fall-out. 

Any falling dust or ash that can be seen down-wind within a fen- hours after ~ 

28. Care should be taken to  avoid the use of solid foods or liquids th at “a. 

Fall-out from Nevada Tests 

31. Only relatively small nuclear test explosions are conducted at the K~~~ 
Test Site, in contrast t o  the tests of high-yield thermonuclear devices at the 
Pacific Proving Ground. In Nevada, as well as in the Pacific, all tests are plaut,Ed 
for times when forecast weather conditions minimize the possibility of fall-oul 
hazard. Methods of forecasting weather patterns in these areas are improviQ 
steadily. High air bursts at the Nevada Test Site have produced no Significant 
fall-out ; heavy fall-out from near-surface explosions has extended only fer 
miles from the point of burst. The hazard has been successfully Confined to th 
controlled area of the Test Site. The highest actual dose of radiation at an offsire 
community has been estimated to  be less than one-third of the greatest amurr: 
of radiation which atomic energy workers are permitted to receive each year under & 
Atomic Energy Commission’s conservative safety standards. 

Internal Radiation E$ecects 

32. Several basic facts should be kept in mind in evaluating the hazard froe 
fall-out radiation. First, radiation is not a new phenomenon created by tk 
explosions of fission and thermonuclear weapons. Since the beginning of life. 
living things have been exposed constantly to  radiation from natural s o u m  
Cosmic rays from space constantly pass through our bodies. We are exposed t 
“background” radiation from radium and radon in the soil, water, and air. I&: 
bodies have always contained naturally radioactive potassium and carbon. 

33. As pointed out earlier, detonations of all atomic weapons produce IT&&- 

activity, a portion of which is carried to  high altitudes and over great distanm 
in the form of fine particles. The percentage of this radioactivity which t r t d  
beyond the relatively near area of the explosion depends largely on the Cord. 
tions under which the b3mb is fired, the percentage being higher for i n - t h w  
bursts where the fireball does not touch the earth’s surface. The most si$e- 
spread radioactivity is produced only by the longer-lived fission products, ~ D *  

the radioactivity of the shorter-lived products decays and disappearrj before * 
particles come down to earth in a matter of days, weeks, months, and e’s 
years. The longer-lived radioactive products may be distributed over the ‘* 
tire earth. However, as the particles are carried farther and farther to rem-a 

c;( ,/_, ,>t-,y,i3 areas, the possibility of significant amounts of fall-out decreases. 
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of the most biologically important radioactive substances found in 
It has a long fifetime-nearly 30 years on the average. 

ical similarity to calcium and, therefore, R-hen taken 
Radiostrontium can 

body in two nws-by inhaling or by sn-allowing. Normally, the 
%led n-ould be small compared with the amount one might swallom.. 
terial deposited directly on edible parts of plants may be eaten along 
ants, but nvashiw the plants before they are eaten would remove 

Horn-ever, rainfall carrying the radiostron- 

is strontium 90. 

it  has a tendency to collect in the bones. 

radioactive material. 

uids that 

ir, or clothiQg, 
by the Fedew 
se include such 
vnd a change 

tification of 
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Jen in the z0he 

at the Net.& 
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ch year undfr rht 

ms. 

#@ dorm v' --- to earth may deposit it in the soil where it can be taken up, in pad, 

!5 pls ftoim&j which, in turn, provide food for humans. 
gum nts and incorporated into plant tissues, later to be eaten by humans or by 

the start of nuclear tests, careful measurements have been made of 
tribution of radiostrontium over the earth's surface, in the soils, in plants 

d d m s l  tissues, in the oceans, in rain, in the atmosphere and in all forms in 
it might be expected to  occur. The results of this study are reassuring. 
aunt of radiostrontium now present in the soil as a result of all nuclear ym to date would have to  be increased many thousand times before any 

@dk 

4 dgt on humans would be noticeable. 

s- Among the shorter-lived fission products involved in the study of internal 
the most biologically important is radioiodine 131 with an  average 

*ofonly 11.5 days. Even though this product niay be widely spread after a 
sbr explosion, the possibility of serious hazard is limited by its relatively 
&life. Like the non-radioactive form of the element, it concentrates in the 
m i d  gland and, in excessive quantity, conceivably could damage the thyroid 
-3- 
3;. Scientists of the Atomic Energy Commission have estimated that the 

-e exposure of people in the United States from radioiodine in the fall-out - -  the entire series of tests in the spring of 1954 mas only a few percent of the 
cJ dose that can be received year after year and still have no noticeable 
&<A 
r These two isotopes-radiostrontium and radioiodine-cons titute the prin- 
-2 internal hazards from the radioactivities produced by the detonations of 
d e  aeapons, both fission and thermonuclear. The Atomic Energy Commis- 

been engaged for three years in a broad study of the radioactive forms 
isotopes and conducts year-round monitoring of these radioactivities in 
cations. Any accumulation of these materials can be detected with 

sensitivity so that ample warning of potential hazard could be given long 
v actual danger occurred from test detonations. The amounts of radio- 
m and radioiodine which have fallen outside the areas near the test sites 

a ~ d t  of all atomic tests up to now are insignificant compared to concen- 
that would be considered hazardous to health. 

*, 4 

' 

cts of Radiation 

h other effect of radiation must be considered in evaluating the long- 
PJssibilities 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. 
a rather range of admissible Opinion O n  this subject. 

40. In general, the total amount of radiation received by residen& 
United Stat- from all nuclear detonations to  date, including the Russian 
~ r i t i s h  tests and all of our own tests in the United States and the Pacsc, ‘ki 
been about one-tenth of one roentgen. This is only about l/lOOth of the 8vg, 

Ondu% ; age radiation exposum inevitably received from natural Causes by a Pem 
z 

from one chest X-ray. 

believe that the small amount of additional exposure of the general populab, 

affect the genetic constitution of human beings. the exhj bits. 
our thorough study of the entire question and d l  continue to report our Eighty-three fi 
to  the American people. sGee~ technical 

sponsored confer4 
'Agent: 

Summary jodwtrial and COI 

st gn atomic “ t r E  
42. The Atomic Energy Commission hopes that  the information on nuclar Fourteen comn 

weapons effects contained in the foregoing report will never be reflected it, h umre other professj 
experience as the result of war. United States 
attack is eliminated by a workable international plan for general disarmameat A 10-kilowatt c 
the study and evaluation of weapons effects and civil defense protection meanve g ~ t e d  States ofic 
must be a necessary duty of our government. research read 

43. Inevitably, a certain element of risk is involved in the testing of nutla- Other displays 
weapons, just as there is some risk in manufacturing conventional explosive Dr CulturaI, and indu 
in transporting inflammable substances such as oil or gasoline on our streets a ropes; a sirnulatec 
highways. The degree of risk must be balanced against the great importanad m t o r  componea 
the test programs to  the security of the nation and of the free world. €Iowevs, m i c  waste pro, 
the degree of hazard can be evaluated with considerable accuracy and tegt &plays are being 
ditions can be controlled to hold it to  a minimum. None of the extensive The exhibit will 
collected from all tests shows that residual radioactivity is being c o n c e n w  Irtreral thousand i 
in dangerous amounts anywhere in the world outside the testing areas. wntributed by An 

44. In  the event of war involving the use of atomic weapons, the fall-out fm tffhnicsl journab. 
large nuclear bombs exploded on or near the surface of the earth would crest Limitations on 
serious hazards to  civilian populations in large areas outside the target LQDII Cnited Nations rec 
However, as mentioned in the foregoing report, there are many simple and hi& m e m e n  ts, be nt 
effective precautionary measures which can be taken by individuals to red= Bdegsta and tech1 
casualties to  a minimum outside the immediate area of complete or near-complar However, UN a 
destruction by blast and heat. Manv of these protective measures, such EB &&e a fie more spacioi 
and decontamination procedures have been detailed by the Federal Civil Ikfeas &e Atomic Energy 
Administration eabm*for-Peace 9 ’ 
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STATES FIRMS AND ORGANIZATIONS TO BE REPRESENTED IN 
EXHIBITS AT GEXEVA CONFERENCE z’@ 

United States industrial and commercial firms, along with 50 academic, * 100 and private educational and research organizations, will be repre- *.ond - 1D at the International “ Atoms-for-Peace” conference at Geneva, 
g ~ . ” , ~ ~ .  Several commercial concerns will have displays in more than one 

d* ty-thme firms and organizations have contributed to  the official United 
@htecbnical exhibit at the Palais des Nations, site of the United Nations 

3@ d conference. Another 19 have furnished parts of a United States In- 
At least 22 

+ ~ a l  commercial firms will show independently or under private auspices 
“trade fair,” also to  be located at the downtown exposition hall. 

’ F e n  commercial publishers and approximately 30 scientific, engineering, 
other pfessional organizations will be represented in a display of more than ’ faikd States periodicah in the nuclear energy field. 

yd Sbtes official exhibit. In  addition, there will be 10 scale models of power 

displays in the technical exhibit will show medical, biological, agri- 
gd and industrial applications of atomic energy, including uses of radioiso- 
*: a simulated reactor control panel; examples of reactor fuel elements and 
a?or components; a demonstration of chemical separation techniques for 
dc Kste products; and radiation-measuring and other instruments. The 
d n  are being assembled by Design and Production, Inc., Alexandria, Va. 
rpk exhibit will be supplemented by a technical reference library, containing 
4 thousand AEC unclassified reports, a collection of technical books being 
-&ributed by American publishers, and the display of American scientific and 
d e a l  journals. 
kuiutions on space at the Palais building at the conference site resulted in a 

Sations requirement that  all exhibits there be sponsored by participating 
merits, be noncommercial in character, and be designed primarily for the 
smes and technical experts attending the conference. 
h v e r ,  UN authorities are encouraging national and commercial exhibits 

Some exhibits provided by 
sz&tnic Energy Commission will be placed there. So will the USIA popular 

for-Peace” exhibit, covering 15,000 square feet of fioor space, which -78s 

-#atomic energy trade show at the downtown exposition hall is being spon- 
7 b!- the Organizing Committee, First International Exhibition of the Peace- 
= -* of Atomic Energy (1 Place du Lac, Geneva, Switzerland). 

&bits. 

ion Agency “teaching” exhibit at Geneva’s exposition hall. 

g c  ,O-kilowatt operating research reactor of the “pool” type will highlight the 

*arch reactors operating or planned in the United States. 
€a 

more SPaCiOUS Exposition Palace in mid-city. 

! shorn in Germany and Austria. 

h s  contributing to  the technical exhibit are: 
-can Machine and Foundry Co., New York, K. Y. 
cdn Electronic Laboratory, Brooklyn, N. Y. 
-Brine 11emorial Cancer Research Hospital, University of Chicago, Chicago, 

~ -%e Rational Laboratory, Chicago, 111. 
- = 
~ 

~ = 
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Atomic Instrument Co., Cambridge, Nass. 
Atomic Research Corp, Colorado Springs, Golo. 
The Babcock and Kilcox Co., Ken- I’ork, K. I’. 
A. 0. Beckman, Inc., S., Pasadena, Calif. 
Beckman Instruments, Inc., Fullerton, Calif. 
Bendix Aviation Corp., Cincinnati, Ohio. 
Brookhaven Xational Laboratory, Upton, T. S. 
The Brush Beryllium Co., Cleveland, Ohio 
Cambridge Instrument Co., Inc., Ken- Tork, ?;. I-. 
Chapman Valve Manufacturing Co., Indian Orchard, hlass. 
Commonwealth Edison Co., Chicago, Ill. 
Consolidated Edison Co., New York, N. 5’. 
Consolidated Engineering Corp., Pasadena, Calif. 
Consumers Public Power District of Kebraska, Columbus, Kebr. 
Crane Co., Chicago, Ill. 
The Detectron Corp., North Hollywood, Calif. 
Detroit Edison Company, Detroit, Rlich. 
Allen B. DuMont Laboratories, Inc., Clifton, K. J. 
El-tronics Inc., Philadelphia, Pa. 
Engineers Syndicate Ltd., Hollywood, Calif. 
General Dynamics Corp., Groton, Conn. 
General Electric Co., Schenectady, N. 1’. 
The Harshan- Chemical Co., Cleveland, Ohio 
Iowa State College, Ames Laboratory, Ames, Iowa 
Johns Hopkins University, Baltimore, &Id. 
Keteket S-Ray Corp., Covington, Ky. 
Landsverk Electrometer Co., Glendale, Calif. 
LaRoe Instruments, Inc., Bethesda, hld. 
H. W. Leighton Laboratories, Hatboro, Pa. 
Lindsay Chemical Co., West Chicago, Ill. 
Litton Industries, Beverly Hills, Calif. 
Los Alamos Scientific Laboratory, Los AIamos, K. hlex. 
hlassachusetts Institute of Technology, Cambridge, hlass. 
Michigan State College, East Lansing, Mich. 
hlinneapolis-Honeywell Regulator Co., Philadelphia, Pa. 
National Bureau of Standards, JYashington, D. C. 
National Radiac, Inc., Newark, N. J. 
New England Deaconess Hospital, Boston, hlass. 
New York University, Kern- York, N. Y. 
Norden-Ketaj- Corp., Ken. Tork, N. Y. 
North American Aviation, Inc., Dom-ney, Calif. 
Kuclear Instrument and Chemical Corp., Chicago, 111. 
Kuclear Metals Inc., Cambridge, Mass. 
Nuclear Research Corp., Philadelphia, Pa. 
Kuclear Research and Development, Inc., St. Louis, h4o. 
Nuclear Science and Engineering, Inc., Pittsburgh, Pa. 
h’ucleonic Company of America, Brooklyn, IT. Y. 
Oak Ridge Institute of Kuclear Studies, Oak Ridge, Tenn. 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 
Ohio State University, Department of Medicine, Columbus, Ohio 
The Ohmart Corp., Cincinnati, Ohio 
Packard Instrument Co., LaGrange, Ill. 
Phillips Petroleum Co., Idaho Falls, Idaho. 
Pratt  and Whitney, Division Niles-Bement-Bond Co., Hartford, Corm. :‘si ’ 8  l,?*:”? 1 1 

precision Rad 
Radiation C O l  
Radiation Ind 
Radiation Inst 
Radiation Res 
Radio Corpora 
Radioactive PI 
RaJTtheon hIar 
R-C Scientific 
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Sloan Ketterin; 
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union Carbide 
united States A 
gaited States E 
united States ( 
united States R 
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University of C: 
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ision Radiation Instruments, Los Angeles, Calif. 

prec padi.tjon Counter Laboratories, Skokie, Ill. 
iation Industries Co., Brookhaven, K. Y. 

Rad LItion Instrument Development Laboratorv, Chicago, Ill. 
RBdistion Redl Research Corp., West Palm Beach, Fla. 

Corporation of America, Princeton, IK. J. 

Rfanufacturing CO., Waltham, Mass. 
flioactive Products, Inc., Detroit, hiich. 

W? Scientific Instruments CO., Inc., Playa Del Rey, Calif. 
3-c Instrument Co., Ken: York, N. Y. 

g o a n  grlranis Electric Products, Inc., Bayside, Long Island, N. T. 
;smicel Associates, Burbank, Calif. 
Trece,lab, Inc., Boston, Mass. 
fnion Carbide and Carbon Corp., Kew York, X. Y.  
fIlited States Atomic Energy Commission, Washington, D. C. 

States Bureau of Mines 
fnited States Geological Survey 
fnited States Radium corp., New York, A-. Y. 
Cited States Weather Bureau 
rGvemity of California, Radiation Laboratory, Berkeley, Calif. 
fni5-emity of Michigan, Ann Arbor, hiich. 
yific@reen Instrument corp., Cleveland, Ohio 
\y&nghouse Electric Corp., Pittsburgh, Pa. 
,-. \Vood Counter Laboratory, Chicago, Ill. 

.-izations contributing to the USIA exhibit: 
gco Products, Inc., Schenectady, N. Y. 
jnlerican Machine and Foundry Co., Kew York Citv 
.laton Electronic Laboratories, Inc., Brooklyn, N. 9. 
5, Blicban, Inc., Weehawken, N. J. 
&ton Museum of Science, Boston, Mass. 
Central Research Laboratories, Redwing, Minn. 
Corning Glass Works, Corning, N. Y. 
El-Tronics, Inc., Philadelphia, Pa. 
General Electric Co., Schenectady, N. Y. 
P. 11. Lennard Co., Inc., Harrison, N. J. 
he lace  Foundation for Medical Education and Research, Albuqucrq ue, N. 

teaport h’en-s (Va.) Shipbuilding and Drydock CO.  
Suclear Instrument and Chemical Corp., Chicago, 1 ~ .  
hberthy Instrument Co., Seattle, Wash. 
Miation Counter Laboratories, Skokie, Iu. 
‘ r lwhi  Electric Products, Inc., xew York City 
TWrlab, ... Inc., Boston, Mass. 
I *es-slinghouse Air Brake Co., Pittsburgh, Pa. 

_‘&*inghouse Electric Corp., Pittsburgh, Pa. 

ICettering Institute for Cancer Research, New York, K. Y .  

*. 

lies. 

that have SO far taken space in the “trade fair” exhibit: 
‘-?tencan Machine and Foundry Co., New York City 

ttCo h‘anufacturing COrP. (Lycoming Division) Stratford, Corm. slbeocb- i% %lcox Co., New York City 
?& Aviation Corp., Detroit, Mich. 

Electronic Laboratories, Brooklyn, N. y. ‘ 
hfutual Fund, Inc., Wmhington, D. c. 

E QJEtroa, Inca, Archbald, Pa. 
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Foster Wheeler Corp., Kew 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, ss y 
Glenn L. Martin Co., Baltimore, had. 
Micro-Metallic Corp., Glen Cove, Long Island, N. Y. 
National Research Corp., Cambridge, Mass. 
Nuclear Development Associates, Inc., White Plains, K. Y. 
Nuclear Instrument Corp., Venice, Calif. 
Tracerlab, Boston, hlass. 
Union Carbide and Carbon Corp., New York City 
Vitro Corporation of America, New York City 
Mestinghouse Electric Corp., Pittsburgh, Pa. 
Weston Electrical Instrument Corp., Newark, N. J. 
Periodicals which will be included in the display of technical literstuR. 

P u R LI c ATI o N 

Cancer 
American Journal of Roentgenology, Ra- 

d i u m  Therapy, and Nuclear Medicine. 
A .  M.  A .  Archives of Ophthalmology 
Endocrinology 
The Journal of Clinical Endocrinology and 

Metabolism. 
The Journal  of General Physiology 
The Journal  o j  Experimental Medicine 
JournaE o j  Cellular and Comparative 

Fedei ation Proceedings 
Physiology . 

J ozii nal  of Applied Physiology; American 

The Journal  of Laboratory and Clinical 

Radiation Research 
Journal  of Bacteriology 
Genetics 
Archives of Biochemistry and Biophysics 
Journal of the American Ceramic Society 

Soil Science Society of America Proceed- 

Agronomv Journal  
The American Mine?  alogisl 
Bztlletin of the Society of Economic 

Journal  of Physiology. 

Medicine. 

with Ceramic Abstracts. 

ings.  

Geologists. 

CONTRIBUTOR 
American Cancer Society. 
The American Roentgen +* 

.c = 

-€? 

American Medical Association, 
The Endocrine Society. 

and The American Radium 

The Rockefeller Institute for )fedi% 

Wistar Institute of Anatomr &f 

Federation of American Societb !O 

The -4merican Physiological Sa&; 

Research. 

Biology. 

Experimental Biology. 

Central Society for Clinical k~ 

bdia t ion  Research Society. 
Society of American Bacter io l e  
Genetics, Inc. 
Academic Press, Inc. 
American Ceramic Societ.y, fRc+ 

Soil Science Society of America. 

American Society of Sgronom. 
Mineralogical Society of A m d m  
Society of Economic GdO$@ * 

the Economic Geology 
Company. 

.&&mica1 En 
j Glossary of 

and Technolc 
C"*cnrical En5 

severd Chen 
Symposium t 

-4 Forrim Surv 
Po&- 

h i i m  Medica.? 
@ W e d  Contra 

beeteen publi 



Society 
lium Societf. 
iation. 

EXHIBITS AT GEKEVA COATERENCE 

PURLI CATION CONTRIBUTOR 

* pel-ica. 
of Applied Physics i””f oj Modern Physics <hew of Scientific Instruments ?& of the Optical Society of America 

% Journal of Chemical Physics 
*& Today 
s&m i~ (plus several reprints) 

gdna Engineering 
G;ossary of Terms in Nuclear Science 
gd Technology. 
-4 Engineering Progress (plus 

Jcved Chemical Engineering Progress 
f. imposium Series). 

iforurn Survey, and three Forum Re- * 
&n Medicine 
f&i&d Contractor 

f 

L 5&cd Manufaduring e kz’t Remew and Modern Industry  

-teen publications 

-‘we publications 
:-Wy-five publications 
~ flal of the National Cancer Insti tute 

American Institute of Physics. 
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McGraw-Hill Publishing Company, 

American Society for Metals. 
Inc. 

National Association of Corrosion 

American Society of Mechanical En- 
Engineers. 

gineers. 

American Institute of Chemical En- 
gineers. 

Atomic Industrial Forum. 

Modern Medicine Publications, Inc. 
National Electrical Contractors Asso- 

The Gage Publishing Co. 
Dun and Bradstreet Publications . 

National Academy of Sciences and 

U. S. Geological Survey. 
National Bureau of Standards. 
Department of Health, Education 

ciation. 

Corp. 

the National Research Council. 

and Welfare. 
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PUBLICATION CONTRIBUTOR 

Proceedings of the Society for Ezperimental Society for ExFerimeii tal Biology anrl 

Other publishing houses represented : 

Biology and Medicine.  and Medicine. 

Breskin Publications, Inc. 
Case. Sheppard-Mann Publishing Corp. 
Diesd Publications, Inc. 
F. W. Dodge Corp. Publisher 
Fairchild Publications, Inc. 
Gulf Publishing Co. 
Keeney Publishing CO. 
Miller Freeman Publications 
George F. Taubeneck 

“Developing Homogeneous Reactors,” produced by Oak Ridge xatioQd 
Laboratory, 16 mm., black and white, about 25 minutes. 

“Construction of Argonne Research Reactor,” produced by Argonne xatioW 
Laboratory, 16 mm., black and white, about 18 minutes. 

“Safety Experiments With A Boiling Reactor,” produced by Argonne N~~~~~~ 
Laboratory, 16 mm., black and white, about 18 minutes. 

“Nuclear Reactors for Research,” produced by North American Aviation, Inr 
16 mm., color, about 18 minutes. 

“Sodium-Graphite Reactor Progress Report ?*TO. 1,” produced by so& 
American Aviation, Inc., 16 mm., color, about 18 minutes. 

“Radioisotopes: Their Application to Humans for Tracer Studies and ~h~~ 
peutic Use,” produced by the Medical Film Guild of New York, 16 men. 
color, about 30 minutes. 

“The Radioisotope in General Science,” U. S. Government Film, 16 mm,, bu 
and white, about 40 minutes. 

Films to be shown a t  the conference include: 


