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Bin, the sation's 1ong-range program for the peacethe dedop- 

 ember, the Commission authorized the building of the first 

jnzental breeder reactor. With the start of construction of this 
esl'er~~e program for producing more fissionable material and for 

&ting power for factories and homes and ships from the enera 
ear fission moved from pencil and paper planning over to the 

new reactors, including the breeder, are to be built at the 
r Testing Station established in Idaho earlier in 1849 ; a fourth 

All are either in the advanced stages of 
or the first stages of building. As construction of these experi- 

menbl machines gets under way, reactor development scientists and 
re making preliminary plans for the machines to be built 

the subsequent phases of the reactor development program. 
Eeapons development and stock piling moved on at a growing pace 

e year. Production of weapons was changed to an ikdustrial 
operation. Design of weapons advanced. Preparation began 

ture proof-testing at the Eniwetok Proving Ground in the 
.AEC activities were coordinated more closely with military 

es and military training. 
Essential to both the power-production program and the weapons 

pgam is an adequate supply of uranium ores. This is being obtained 

present. Negotiations abroad and mining and processing plant 
&elopments at home during 1949 placed the prospects for continuing 
apply on a firmer basis. 

The construction program of the past two years began to yield its 
fruit in 1949. New facilities for making feed materials and fissionable 
mterials went into operation. The output of fissionable material set ~ 

 tea records. New laboratories and research machines were put to 
Fork and the building of still others advanced. Basic processes for 

chemical separation of fissionable material from fission 
re worked out and construction mas started on facilities. 

mica1 and scientific staffs were recruited more nearly 'to 

0 desired levels bath in quantity and quality. Industrial strength 
ms added to the program by new contractors in various fields, but 

especially in weapons and reactors. Basic research was put upon a 
broader base with many new university contracts for research. 

the problems of labor-management relations became more 
tible of solution. The Atomic Energy Labor Relations Panel 

In l of atomic energy set new bench marks of accomplisl1lnent. 
t 

1,1 

full-scale test machines. 

Sckenectady, N. Y. 

- 
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FOREWORD 

mittee staff visited the sites of operations in the atomic energy program 
and familiarized themselves in detail with the progress and the prob- 
lems of the enterprise. 

JVitli full awareness of the deficiencies that continue to exist in scope 

and speed of operations and development of smooth-Tvorlring rela- 
tionships throughout the program, the Conimissioll nevertheless feels 
that at the end of three years of its stewardship, the RTation:s atomic 

ergy enterprise is on a sound footing. 
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4 .ACTIVITIES AKD DEVELUPLEx,-TS 

a) -Receipt during 1949 of about 1.200 samples Of ore each mollth frora 
private indiyiduals as conipued to about 400 a month received in 

194s. 

6) Receipt bv Y AEC of about, TOO inquiries each month concerlliiig the 
domestic uranium program. 

e) Sale by private dealers to private buyers of about 400 Geiger 
counters per month. 

d) Sale of approximately 40,000 copies of the prospector’s wide since 
its issuance in June. This booklet, jointly issued by the U. S. Gee- 
logical Survey and the ,4t’omic Energy Commission, and titled, 
“Prospecting for Uranium,” is on sale by the Superintendent of 

Documents, Washington, D. C.; its price is 30 cents; it gives the 
lavs and regulations which affeci uranium prospwtors, and tells 
how to use Geiger counters and other devices for detecting radio- 
active minerals. 

As a result of intensified exploration, a large number of uranium 
occurrences were reported during the year. Though most of these will 

be of no commercial importance, a few now being explored promise 
to be of some value in production. 

Ore Mining and Buying 

Domestic production is still confined to the ores of the Colorado 
Plateau and is carried on by mining companies and small operators on 
both privately owned and Government-owned properties. 

Within the last year, the number of mines being operated increased 
nearly 100 percent and mine employment oyer 200 percent. Deliveries 

have been stimulated by : 

a) Guaranteed prices for uranium-vanadium ores for 5 years. 

6) Procurement of ores previously unmarketable, such as high lime 
carnotites. 

e) Leasing of Commissi on-owned properties to private mining 

The ores are delivered to privately owned processing plants and to the 
AEC plant at hfonticello, Utah. An ore-buying station at Monticello 

is operated for the Commission by the American Smelting and Refin- 
ing Company. Carnotite ores containing a high percentage of lime 

are accepted only at the AEC Monticello buying station. 

companies. 
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gire better control over quality? and help assure continuitj of 

FISSIONABLE RIATERI-as 

The plants at Hanford and Oak Ridge turned out more fissionable 
materials during 1943 than in any previous year. This l)rodLlction 

was accomplished in facilities. initially constructed durillg 194!2+j, 
which have been improved with consequent extension of their useful 
life, increase in output, and lower costs per unit of product. During 

this year of record output there were fewer employees engaged in 
the production of fissionable materials than at any previous time. 

Completed during 1949 and put into operatio11 at Hanford were a 
new reactor to produce pI~itoni:im, and a large ne- plant to fabricate 
plutonium metal. At Oak Ridge, construction started on an addition 
to the gaseous diffusion plant which separates fissionable uranium 235 
from nonfissionable uranium 238. The new plant incorporates ad- 

vances in design to improve the efficiency of this process. 
The 165-mile pipeline to supply natural gas for the steam-electric 

plant of the gaseous diffusion operation was completed, and the Oak 
Ridge installation entered 1950 with greater assuranc.e of uninter- 
rupted fuel supply and a lower cost of power generation. 

Future Conk truc tion 

Detailed plans were worked out during the year, for still further 
expansion of the plants for producing fissionable materials. The 

plans call for an expenditure of about 226 million dollars over a period 
of some 3 years by the Atomic Energy Commission. In addition, the 

Tennessee Valley Authority plans to erect facilities to help meet 

expanded poFer needs at Oak Ridge resulting from this program. 
The AEC plans include another large-scale addition to the gaseous 
diffusion plant at Oak Ridge (besides the expansion mentioned above), 
additions to the plutonium production plants at Hanf ord, Washington, 
plus other auxiliary f Rcilities. In October, the President authorized 

the beginning of this program, drawing on funds available to the 
Commission. By the end of the year preliminary work was well ad- 
vanced. Ground had been broken at several of the sites. Parts of 

the construction Kill be finished during 1950, and the current program 
should be completed in 1952. 

Construction will start during the first half of 1950 on the first 
of the neF facilities for an improyed process of separating plutonium 
from the irradiated shigs. The first facilities are expected to be 

completed early in 1951, and the entire system ready about a year later. 

~ichl’an 

Const 1 

reached 
by priva 

In the 
for two 
first hall 
business( 

period, 3 
structure 

Churc 

Oak Ria 

A lon; 

32,000, d 
for prim 
mtions 
churches 

Actua- 
the fisea 
is estim: 
lower. 

a) Reor, 
emph 
1, 19. 
June 





ACTIVITIES 8 

d) Transfer of operation of the hospital to a board of trustees Organ, 

ized as a nonprofit corporation. 

the operation of municipal activities. 
e) Various operating economies resulting from a critical a”a1ysis of 

This program of reducing community operating costs at Oak R* lke 

will complete the initial comprehensive program to place this 
munity on an efficient operating basis. 
pected, but these undonbtedly will be less spectacular and must 

meiit program. 

Further reductions are 

from refinements of individual features of the comnlmGtF man “@- 
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MILITARY APPLICATION 

in the United States program for derelopnient of atomic 
marked during 1949 by significant action in the field of 
lication, including : 

e-over in the weapons production system from a labornt ory 
industrial type of operation. 

tnblishment of the branch laboratory at Sandia, near Albuquer 
exico, as a separate facility and transfer of its operatin, 

eontract to an industrial contractor. 

fiVelopments in weapons leading to the requirement for full-sca 
test operations and improvements to proring grotind facilities. 

CoIlstruction of facilities to replace temporary war-built structures 

~~~provement of community facilities and seriTices maintained for 
be personnel of the weapons research center at Los. Alamos. 

PRODUCTION 

... 

L~S Alarnos Scientific Laboratory. 

The program for establishmerit of the weapons manufacturing ac- 
:iritr on a production basis, reported on previously, Gas practically 
mpleted in 1949. This was, in effect, a change-over from what 
z@ht be called a laboratory operation, stemming from the “cu~tom 
dt’ nature of the original bombs, to a system in which the product 

facilities, equipment, and production techniques have 
nd engineered with a view to faster and more efficieat 

significant advantages have been gained by this change- 
e Los *Qlamos Scientific Laboratory has been relieved of a 

action operation whic6 interfered, and was incon- 
rimary responsibility of the Laboratory in the field 

relopnient. A strategically important dispersal of 
ilities has been effected, thus reducing the vulner: 

~ 

- 

of the weapons production chain in event of war. In addit 
mit~ new developments to be incorporated more rapidly in 



, . 1-1 . + 

The change in status of the Sandia Laboratory from a branch of 
the hs Alamos Scientific Laboratory, operated under a resesn& con, 

tract with the Cniwrsit? of California, to a separate facility ullder 
an industrial contractor, xas an important factor in the genepal 
pansion of the weapons program. On November 1, 1949, the man- 
agement and technical direction of the Saiidia Laboratory lms taken 

e over by the Saiidia Corporation, a wholly owned subsidiary of th 
Western Electric Company formed for this purpose. 

The Sandia Laboratory is the field point of coordination of weapons 
development with the armed forces. 

'scent to the inilitaq- iiistallation directly concerned. The proximity 
of the. Los Alamos facilities and personnel makes possible an effective 

integration of all interests involved. 

The laboratory is located ad- ~ 

TEST OPERATIONS 

In the summer of 1947, the Commission established a proving pound 
at Eniwetok in the Marshall Islands for the testing of atomic 
weapons. Proof-testing is a necessary and continuous part of ally 

weapons development program. During the last year, the Commis- 
sion found it necessary to make substantial improvements in the 
facilities at Eniwetok, both to restore and replace wartime structures 
damaged by the elements and to provide more adequate technicd 
facilities. 

The planning for test operations is naturally closely geared 
weapons research and development progress. In order to obtain the 
fullest possible return on any given test operation, very extensive 
preparations must be made among a large number of agencies of the 
Department of Defense and the Commj2ssn. In connection with the 

current weapons development activity, a series of tests is being planned 

and a joint task force has been formed to carry out the operations. 

CONSTRUCTION 

During the war years, buildings were located and erected at Los 
Alamos on a time schedule which permittd scant consideration for 
long-range adequacy, desirable working conditions, cost of maintenance 
or operating efficiency. Quick housing for men and equipment vas 
the governing standard. 

Shortly after the war, work was begun on plans for a permanent 
laboratory, with modern and efficient buildings for research oper&iom 
in the fields of weapons technology, chemistry, physics? metnllurG 
and Shopwork. Construction was started in 1948 on new resear 





12 ACTIVITIES AI 

Se.7 f - Go ue m 717 en t 

Coag.)? the Federal Goveniliient pix-e back to the State of xe,v 
llesico its esc1usii-e jnrisdict ion over the Federal lands includ 
in the ~0s ATamos project, in S:l1ldov:11 alld Salltn Fe connti 
alexico, so that the people of the coiiimuiiity COU~~ become citizens 

the State. The Federal Govenme~~t still owns the land, but by this 
action, and the acceptance of the retrocession by the Goverllor of th 
State of Xew Mexico. Los Alamos passed uiider State law. The xeR 
Mexico State Legislature established the federally owned land on 
which Los Alamos is located as Los ,4lanios County. The Governor of 
New Rfexico appointed three coulltg comniissiollers VTl% in tUrn, haye 
appointed the necessary county officials. Los Alamos citizens now have 
available the legal remedies and recourse to State courts enjoyed 
citizens in all other parts of the State. LOS A41amos County is a l%d 
entity for voting purposes, and the coullty sheriff can enfor 

laws within the county. 

By an act of the Congress approvecl 3larch 4* 1949 (1’. L. 

The Los Alamos County School Board took over 
-- .- A 

agemeiit of the school system 111 3epteulber. 911 agreement between 

the board and the Coniinission prorided that the board will the 
AEC-owned school plant and that the Commission will furnish to the 
board financial assistance for school costs. The board is responsible 
for the academic standards of the school operation. 

grants for its operations in the school year 1949-1950. 

that the State distribution of school grants will increase and 
stabilize at a higher figure as a result of the creation of Los Mama 

Pursuant 

It is ex 

k State law the hs Alamos school system received $160,000 in 
% 

f County. 
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ticular problems of reactor design and operation (Chapter yII 1. 
Tile Reactor Developnlent Division‘s operatious offices are : 

PCHESECTSDY, S. Y., home of the Knolls Atomic Power Laboratory, oper:lt,d far 
the AEC b~- the General Electric Company. 

CHICAW, Ill., home of the drgoxine Sational Laboratory, operated for the .iEc 
by the Uuiyersitg of Chic:tgo, aiitl venter of reactor tle\-eloI)rtlent. 

IDAHO FAUS, Idaho, near the new Reactor Testing Station. 

THE REACTOR PROGRhRl 

Nuclear reactors are machines for putting nuclear energy to 
under controlled conditions. In contrast, an atomic bomb expla, 
sion is instantaneous, an uncontrolled nuclear reaction. Under con- 

trolled conditions, the amount of nuclear fuel that is destroyed in 
a small fraction of a second by an explosion may be utilized for 

months and perhaps even years to give off useful energy. 
Reactors vary enormously according to the purpose for which 

they are intended. Some may operate at temperatures below the 
boiling point of water; others may generate heat which must be 
carried off or put to work by the use of molten metals as coolants, a 
reactor, using high energy neutrons to cause fission-a so-called ‘:f astp 

reactor-might fit into a good-sized studio living room. A reactor 
such as those at Hanford, using slow neutrons moderated from their 
high initial energies by graphite, may be as high as a five-story build- 
ing. A reactor to generate useful power will be designed primarily for 

high temperatures; a reactor to breed fissionable material will have 
as its primary design feature the utmost conservation and utilization 
of the neutrons it produces and may also be designed for generation of 

useful power. 
The reactors now operated for the national atomic energy enter- 

prise are used for research and to produce fissionable material and 
radioisotopes for scientific, medical and industrial use.* The reactors 
of the future, developing from those being designed, or from others 
planned on the basis of expanding knoxledge, may generate useful 
pover, drive ships or airplanes, or breed extra fissionable material. 

After consulting with yarious interested groups, including the 
General Advisory Committee, the Commission decided upon four 

*The nuclear reactors in operation at AEC! installations include : in the thermal nentm 
energy range, the Hanford reactors, two reactors at Argonne, one at Oak Ridge, and 
LO8 Alamos “water boiler ;” in the fast neutron range (in which neutrons cause fission Et 

ener@eS above several hundred thousand electron volts), the Los Alamos fast plutoninm 
reactor. 

Being designed, or under construction, are three thermal reactors, the one at Brd. 
haven, a Savy ship propulsion reactor, and the Materials Testing Reactor ; in the atv 
mediate neutron energy range, the Knolls Intermediate Power-Breeder Reactor ; in tbc 
fast neutron range, the Experimental Breeder Reactor. 

~I 
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detailed arc hit ec t -engineer design 
v 

work was done by - 

Go., of Cleveland. 

htel Corporation mill build the steel, brick, and concrete 
r structure, and install the ventilation, cooling, and other auxil- 

ian equipment. The reactor core-heart of the nuclear machine- 
ii be furnished by the Argonne National Laboratory, ’where it is 

ne EBR, mill operate with fast, neutrons and, besides testing the 

fasibifity of breeding, will investigate the application of molten 
metals to the nmoval of fission-produced heat from reactors at high 
temperatures. The reactor is designed to produce a small amount of 

efid power as a byproduct. It will be built at a remote site so that 
it may be operated at as high a power level as possible. 

~ 

Wuctor being designed and built. 

n their 
build- 

rily for 
11 lluve 
lizution 
Ltion of 

- 
Hate& Testing Reactor 

The Materials Testing Reactor was in advanced stages of engine 
desiga by the Blaw-Knox Co., of Pittsburgh, as the year ended 
ce of a construction contractor is expected during the winter. 

mal construction at the Reactor Testing Station is expected to get 

ay this spring. The scientific design of this reactor is a co- 
ve effort by the Oak Ridge and Argonne National Laboratories, 
reactor’s primary purpose will be to provide facilities to test 

-- 
LA2 

materials which may be used in future reactor construction. 
Emportant to learn in advance how various materials that might b 

in the structures, cooling systems or shields will behave unde 
- 

neutron bombardment. 

test reactor will help particularly in the development of reac- 
ropulsion of aircraft? since it points in the direction of 

- 







ACT1 

These AEC activities follow a coordination of the Rork of Tarioue 
agencies toward the use of nuclear power in aviation achieved througl, 
the A$d Hoc Corninittee for Aircraft xriclear Propulsion. 

The present course of action is in accordance xith the recon1Illenda- 
tions of the so-called Lexington report, prepared in 1%~ by the 

the Massachusetts Institute of Technoloa- under contract with 
Commission. 

In the int :eresi 

REAC'I 

;of pub1 

'0 

ic 

rR TESTING 

safety, operat 
the Commission in the fall of 1948 determined to establish in a rem;;; 

location a Reactor Testing; Station capable of accom1xlodating a llunl- 

ber of the newest and most powerful reactors then ullder design 
Accordingly, with the cooperation of the u. S. Army Corps of Engi: 
neers and the U. S. Geological Survey, more than '70 possible locations 
in various parts of the country were surveyed on the basis of such 
factors as isolation, accessibility, availability of water supply and 

As a result of the surveys, the Commission last March announced 
that it had selected a 400,000-acre site in the Snake River plains of 

southern Idaho-including 173,000 acres of Naval Proving Ground 
property near the town of Arco-as the best location for the neF 

station. 

avorable meteorological conditions. 

Development Under Way 

The Commission's Idaho Operations Office, set up in May at Idaho 
Falls, Idaho, started development of the site last summer. By Decem- 
ber I, when custody of the Naval Proving Ground was formally trans- 
ferred from the Navy to the Commission, wok on roads, water lines, 
wells, excavitiolfs, and utilities was under way. Ovnership of the 

_. 

Naval ProT Jing Ground P roperty, inch 
- 

ding shops, warehouses and 

other buildings, is to be transferred to the Commission early in 1950, 
in accordance with authorization contained in the Independent Offim 
,Qppropriation Act for fiscal year 1950. 

At the end of 1949, a survey to determine the precise boundaries of 
the rekainder of the site was being carried out with the assistmm 
of the U. S. Bureau of Land Management and the U. S. Army COT 
of Engineers. All except about 20,000 acres of the land to be taken 
over already is owned by the Federal Government or the State Of 
Idaho. 

The Commission is now preparing to build two of its new nudm 
reactors at the Idaho Testing Station-the Experimental Breeder 
Reactor and the Materials Testing Reactor. 







eration and blood poisoning in many inst 

One highly important advance has been the demonstration 
Atomic Energy Project, University of Rochester, that the antibiotic! 
aureoniycin, which helps control infect ion, has decreased the nlor, 
tality rate in rats and dogs exposed to lethal and near-lethal dose 
of radiation. Aureomycin appears to prevent invasion of the blood 
stream by many disease-producing organisms. Attention is now da 

being directed to the effects of penicillin, streptomycin, and other 
antibiotics on the acute radiation syndrome which develops in 
exposed to lethal and near-lethal doses of radiation. 

Pk 

ooperative work on antibiotics carried out at the Argonne 
oratory and the Universit2y of Chicago and supported jointly 
C and the Army, seeks to determine the effects ‘of antibioti, 

snims’ls exposed to acute radiation with particular emphasis on 
bacteriological studies, and tendencies to-xard bleeding met 
in this condition. In the same laboratories, work supported bv f 
AEC has pointed up the remarkable effect achieved in redue& 
mortality of experi 1 animals when a radiation-resistant S& 

such as lead, is pla the animals’ spleens at the time they 

exposed to acute radiation. * 
. At the University of California in Los Angelessimilar str 

ductions of mortality have been obtained by another method 
time the experimental animal is exposed to radiation, it is deprived& 
normal air and inhales an atmosphere consisting almost entirely of 
nitrogen gas. Animals exposed to an ordinarily lethal dose of radia- 
tion under these conditions have survived the exposure. 

This type of research is now being supported at a level of approxi. 
mately one million dollars annually, and is expected to continue at 

this, or a higher, level in the imm ediate future. 
Research on chemical and radioactive hazards associated with han- 

dling essential materials in the atomic energy enterprise continues to 
receke a major share of the emphasis at the national laboratories and 
other AEC projects. Support for this work alone, excluding the 
general field of radiation effects from high energy sources, radioactive 
waste handling studies and the like, is at a level of well over 

llars a year. 
In addition to the above, the AEC is currently sponsoring 

ions at several universities at a level of approximately $100,000 ft 
gear on the problem of radiat-ion cataracts-a blindness caused by 
opacity of the-lens connected with radiation exposure. 

t 

BIOLOGICAL APPLICATIONS 

The program on the effect of atomic energy and its products o 
as expanded in both AI3 fo 





FINANCE 

The Cornmission has put into operation some inlprored filetho& 
of cost control and financial reporting. A. budget has been pre- 

pared for the fiscal year 1951, xhich is based on accrued costs ani 
performance. The 1950 budget has been conrerted to such a cost basis. 
Pex-iodic reports have been prepared Thich conlpare costs of the corn 
mission’s activities and programs Kith budget estimates. ne in 
formation needed to provide a firm beginning balance sheet for the 
current fiscal year has been developed, and financial statements similar 
to those used by industrial concerns are being prepared. 

As a part of continuing study given to the integration of budgeti% 
and accounting within the Commission, early consideration had ken 
given to presenting the Commission’s annual budget on the basis of 
costs of various operations and activities. During the spring of 

1949 it appeared that this was not snly feasible but had become essen- 

tial. Integrating the budget and the cost accounts with the general 
accounts posed a technical and administrative problem SO long as the 
long-term commitments of the Commission were financed through 
annual appropriations. 

In the Commission’s 1950 budget, as in previous budgets, funds had 
been requested on the basis of estimated obligations by programs and 
activities. As a result of the difficulties inherent in presenting the 

budget request on such a basis, the House Committee on Appropria- 
tions stated in its report that, although the Commission’s presentation 
mas substantially improved over the previous year’s, it was imperative 
that future budget estimates be integrated with accounting results and 
procedures. At the same time, the Congress facilitated the solution 

of accounting problems incidental to annual appropriations by pro- 
viding for merging the unexpended balances of prior-year allpro- 
priations with the 1950 appropriation. The Commission immediately 

took steps to correlate its budget and its accounts and to prepare 
budget estimates for fiscal year 1951 on a cost basis. 

THE COST-PERFORIIANCE BUDGET 

The general form and method of presentation of a cost-performance 
budget are different from those of the conventional Government-type 
budget. Standard Government fiscal practice has been to account 

24 



ligations and espe 

an obligation is incurred and recorded when some evidence 
the dedication of funds to a specsc purpose occurs. The obligation 

rnal]y liquidated by the payment of funds. In budgeting, stand- 
Gnvernrnent practice has been to budget for the obligations to be 

Of 



require obligations. 
e s in 

inventory, in working funds aid in unliquidated Obligatiolls. 111- 

creases in these items are added to costs: and decreases are d 'ducted 
from costs so as to arrive at the total obligational authority neceSSar 

3'. 
In addition to presenting the budget estimates for 1951 on a cost basis 

the Conlniission has restated the budget for 1949 and 1950 

parable basis. Tlie Coniniission's accounting systeln provides for 

recording depreciation as a cost, but since the Commission requests 
funds for replacement of fixed assets only when such a replacement is 

ctually required, the costs used in the budget estimates do not include 
epreciation. 
To illustrate how the Commission's budget estimates are presellted 

under the the cost -performance budget. the form used for setting forth 
the Commission's budget request is reproduced here. 

In the main. these trarlsactions are cliallae 

&'* 

a 

Ammm 

Operating program costs: 
Source and fissionable materials. ___._._. 

Weapons--------------------.---------. 
Reactor development - -. - - __ - __ -. . . -. 
Physical research- .______________._._... 

Biology and medicine _.._________.....__ 

Community operations- - __ - - - - -. . . . . -. 
Program direction and administration. 

- Total ____ __ - __ - _____ - ____ - __ - __ - - __. 

Production facilities - - - - - - - - - - - - - - - - - - - - 
Research facilities .______________________ 

Community facilities- - - - __________ - __ - - 
Administrative facilities- - - - - - - - - - - - - - - - 
Multipurpose facilities--- ____ ______ __ ___ 

Total - - - - - - - - - -. - - - - - - - - - __ - - - - - - - - - - - 
Cost of reimbursable work performed for 

other agencies __.________________.___ 

Total costs incurred ____.____________. 

Increase or decrease in stores inventory- - -. 
Increase or decrease in cash working capital-. 
Increase or decrease in unliquidated obli- 

gatio ns-.-----------------...-------------- 
Transfers to or from other agencies without 

reimbursement - - - - - ___ - - - - __ - __ - __ - - - __ 
Total obligations .____ .________________ 

Plant and equipmeqt.costs: 

a_ 

ESTIMATE, 
BVDGET  YE^ 

AEEAD 

Once the budget has been established in this way, month-by-month 
performance can be judged and controlled by setting forth the monthly 
cost, the cost for the year to date, and changes in the items listed in the 

ci- P last section of the form-and comparing them with the correspondi 
amounts in the approved budget. 

Since the Coinmission to an extent is pioneering in using this type 0 
integrated accounting and budgeting, it expects to rehe and improve 
tbe system as experience shows the way. Several years will probably 

--I 

be required to put the system on a smooth operating basis and to red 
its procedures to routine. 
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%ted costs of the comniicsioii's actirities during the fiscal 

29 and 1950 reported in the President's budget for the fiscal 
1 are as fol10~~ : 

(Iliillions of dolbnrs) 

Fiscal gear 
1949 1950 

338 340 

rl'otalsc--------------------------------------- $631 $698 

,,~ions----------------------------------------- $2993 ' $358 

W and wquipment __-_____-_______________________ - - 

itll the installation of a modern industrial accounting system, 
elopment of a common basis for budgeting and reporting, those 

&le for managing the atomic energy project are now beginning 

- 

ofmation of the type 1 generally considered essential for eff ec- 

financial administration. In addition to periodic financial state- 
ts on current operations of each AEC office and its contrac 

[he commission receives reports comparing operating costs 'as 
curred with the budget estimateninf ormation not available befor 

PROPERTY ACCOmTTING AXD MAKAGEMENT 

-~ 
6 bancia1 __ . appraisal of th & 

e Commission's physical facilities, con- - -. - 
ducted with the assistance of public accounting and engineering firms, 
pFs substantially completed during 1949. This survey was prelimi- . 

to establishing accounts and procedures to provide better con- 
' 

~1 Over the Commission's plants and equipment. 
The AEC has improved cost controls and cost accounting for its 

Wdruction projects. Beginning in July 1949, all operations offices 
hTe prepared. monthly cost statements on additions to, and retire- 
ments of, physical facilities. These reports help detect potential over- 
runs on original estimates by making possible a comparison of costs 
incurred on individual projects with current estimates and the budget. 

By the end of fiscal year 1949, all AEC offices and their major cost- 
tFpe contractors had established accounts and procedures for inventory 

control over stores. Monthly inventory reports will provide .infor- 
mation on current requirements and the size of stocks on hand, 
&a serve as a basis for inventory control. 

Excess Property 

..- . .m wentory reports will help solve the problem of excess property. 

'fh Chnmission has considerable excess property, some held over 
Manhattan Engineer District, some held for construction uf 

< 

Qndby plants, and some v left over because of c 



ACTIVITIES 

WOl‘lh 
odifications in design. ,4pproximately 17 million dollaps 

of AEC property was declared excess during the fiscal year 1945 
Of this amount about 25 percent vas utilized by AEC iii~t~ll~~;,,,~: 
about 25 percent transferred to other Federal agencies either directly 
or through the General Services Administ ration, and about 50 

cent was on hand as of June 30, 1949. 

F the During fiscal year 1949. the number of motor vehicles owned b 
Commission was reduced by 15 percent. The Collmission has Orer 

ut 7,000 passenger and cargo vehicles which are Government-owrpd b 
are operated and maintained for the most part by its contractom. 
eluded are four fare-collecting bus systems. With the Cooperation 

of the Bureau of the Budget, the Federal Interdepartinental Motor 
Commit<tee, and the General Serrices Administration, the Commis- 
sion is advancing toward its goal of proriding safe and economical 
service with a minimum inrestment and low operating and rnaintenanw, 

cost. 
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AEC AND CIVIL DEFENSE PLANNING 

e Atomic Energy Commission's chief responsibility in civil defense 
tters is to proride to the appropriate agencies, and to the public, 

ical data as mill help in planning in case of an atomic war. 
chniques, and areas of knowledge, of interest in this Fork 

ularly knolT-ledge about the effects of atomic weapons, are de- 
by the AEC in carrying out its primary functions. 

AEC has been designated by the National Security Resou 

Board as a participant in warthe disaster relief, over-all respons 
bilitg for which was assigned ta the Government Services Adminis- 
tration. 

Commission, the Division of Bi 
ad Medicine is responsible for coordination of civil defense acti 

&&ions are responsible for preparation of information and for tech 

rithin the At 

for necessary liaison outside of the Commission. Other 

-- ~ 

ial consultation in their respective functi Aal areas. 

. 
TRAINING IN RADIOLOGIC& MONITORING 

Training is one of the most important aspects of the national civi 

defense planning program. With the approval of the National Se- 
eurity Resources Board, the AEC has developed plans for two training 
tomes, to begin early in 1950, which will deal with radiological mon- 
itoring and with the detection and treatment of radiation injury. 

Cpuraes in Nonitoring 

to detect, measure and interpret the levels of radioacti 

might result from an atomic explosion. This type of 
entirely new, so far as civil dzfense is concerned, and r 
%aching of teachers" who then can further disseminate th 
sormation. 

Courses will be offered at the Brookhaven National Laboratory, at 
&Ridge jointly by the National Laboratorg and the Oak Ridge In- 
&te for Nuclear Studies, and the Atomic Energy Project at the Uni- 

The first course, in radiological monitoring, will train individuals 

Y" - 
its of California~ in Los Angel ed teachers 



’ITIES ASD DEVELOP 

vihd to attend courses? after Khich theF can establish 12roparns for 
training individuals who would be respoiisible for actual nioilit oriny. 
To proride instruction materials, the Commission is prepariilg a llan,j- 
book and is arranging for other teaching aids incluciing nlotioll pic- 
tures, lantern slides and documents. 

edicd Courses 

The second teacher training course is designed to instruct phpsicians, 
urses, dentists, and allied professions in the niecficd effects of atomic 

The disease state which results from acute overexposure 
-. 7 ’I ’I -.. 

adlatloll 1s relatively new 111 inedical eClucatlon. ana nXmy pily, 

ans, nurses, and dentists require training in successful detection 

The first medical courses will open in ‘March at three locations: 
tomic Energy Project, University of Rochesteer; the Atomic Energ 
oject, Western Reserve Unirersity School of Medicine ; and tile 

Argonne National Laboratory. In April, similar courses will be 
initiated at the Johns Hopkins University School of Medicine; the 
University of Alabama School of Medicine ; Unix-ersity of Utah 
School of Medicine ; and the ,Qtomic Energy Project of the University 
of California: Los Angeles. These courses Rill run for approximately 
one week and will cover modern methods in diagnosis and treatment 
of atomic injuries. Graduates of these courses will be expected to 
initiate similar courses in their own home areas. 

and treatment of the injuries a.nd illnesses. 

EFFECTS OF ATOMIC WEA4POXS 

The Commission’s knowledge concerning the effects of atomic weap 
ons in each of six areas, listed below, is being constantly augmented 
through research and development programs. The areas include : {a) 

blast effects on personnel, (6) burns, (e) ionizing radiation injury, 
(d) shielding, (e) medical care for casualties and refugees, (f) radio- 
logical safety, including instrumentation for the detection and meas- 
urement of radiations. 

Documentary Material 

Both the Manhattan Engineer District and the Atomic Energy Com- 

Some 160 documents issued by the MED 0 
mission have conducted research and published information on seve 
of the above subjects. 
the AEC are useful in civil defense planning and operations and are 

unclassified or hare been declassified. The majority of these hare 
been published in professional and technical journals. Most of the 

. 

edical and 
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al work Fill be included in the volumes of the 

nczl classified papers hi-e been made available to those of- 
In addition, sev- 

hadred other classified studies proyicle backpounct information. 
l~nc~l”iYji6ed medical papers. aboiit 90 percent of the total issued, are 

nularly sent to 1200 hospitals and institutions in all parts of the 

1 xuclear Enera Series. (See Appendis 7.) 

d agencies entitled to such information. 

cr 

re, 

phy of pertinent unclassified documents has been pre- 
ared and forwarded to the Sational Security Resources Board for 

State and local civil defense authorities. An up-to- 
evision of this bibliography will soon be available for purchase 
he Government Printing Office, Washington, D. C. 

f compiling material that will be valuable to those con- 

ith defense against atomic attack goes on continuously. As 
the Fifth Semiannual Report of the Commission, the De- 

fense and AEC have jointly sponsored preparation, 
under the supervision of the hs Alamos Scientific Laboratory, of a 

on the effects of atomic weapons. This volume is now complete 
ad is being reviewed for declassification and publication. Two 

its material, already hare been forwarded to the 
sRB for distribution by that agency to State authorities for use in 

ti~l defense planning. One paper dealt with the medical effects of 
the other with blast damage to buildings and other 

The volume itself, first proposed by the Weapons Effects Classifica- 
Board established by AEC to advise on classification of weapons 

igned both to aid in establishing limits on the un- 
weapons effects information, and to contribute to 

nd to civil defense planning. The basic scientific 

on which the weapons effects book is based are 
dram largely from voluminous classified or unclassified reports with- 

in the Commission and the Department of Defense. IF possible, the 
final technical volume will be published in its entirety as an unclassified 
document. If it is iiiipossible to declassify for public use some in- 
formation deemed vital for military training, the volume will be 

... 

I 

LT 

c 

x 

’ published in classified 
r.7 unclassified, for gener 
gP, 

form and an abridged version mill be prepared, 
a1 use. 

OTHER ACTIVITIES USEFUL IN CIVIL DEFENSE 

ughout the atomic energy program are a number of projects 

md activities of value in general civil defense. For example, the 
ission and contractors have- 

viewed the hazards that might exist ‘in AEC installati 
nt of an atomic disaster or attack and considered the best 





J~~ORMATIONAL AND EDUCATIONAL 

S~~VI C ES-PU B L I C AND IN D U ST R I A L 

Lqtomic Energy Commission took steps during the last year 
en new channels, within the limits impo b3 the requirements 

senice to the public 
industrial, technical, and educational groups. Sew advisory 

Ittees and working committees were established. Additional 
ng courses open to industrial engineers were initiated. Assist- 
as given public school systems in a number of teacher-training 

in L4ugust, a three-man advisory committee from the electric power 
industry was appointed to study the AEC reactor-development pro- 

am, to search out areas of mutual interest to the industry and the 
commission: and to make recommendations for continuing coopera- 
tion. The Commission believes that the activities of this committee 
may point up ways and means by which cooperative arrangements may 
be Rorked out with other industrial interests that do not directly 
de part in the atomic energy program. 

September, a working committee of representatives of engineer- 
ing societies, and of the business press, was appointed and cleared un- 
der security regulations, to examine classified technological informa- 
tion and determine Khether metallurgical data and techniques de- 
reloped in the atomic energy program may be of potential use to in- 

dustry generally. Where it is determined that the value to indus- 
tv of certain types of information may outweigh the value of keeping 
it secret, the information will be considered for declassification. 

In the field of general public information, the Commissioners estab- 
lished a policy of holding monthly press conferences in an effort 
u keep the public better informed about atomic energy activities. 
hss seminars were held, at the instance of correspondents and of 
mbers of the ,4nierican Society of h'evispaper Editors : in hlinne- 
Vhs by the University of Minnesota in January; in Washington in 
garch; and in Sail Francisco-Berkeley by the University of Cali- 
fornia in September. In addition to its regular semiannual reports, 
%mC issued special reports on isotopes, and on handling radioac- 
FTe wastes, and supplied background material to civil defense agen- 

Des. Jointly with the U. S. Geological Survey, the Commission ia. 

1 security, for providing informati 

33 
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ACTTF‘ITIES AXD DEVELOP~~EN~~ 

May issued “Prospecting for Uranium.” Tn-o booklets vere issued. 

one describing how to do business with the Conmission was issued ti 
assist smaller business concerns ; another to assist contrnctors.“ ( sCi 
entific and technical inf ormation-for the public and within the atomic 
energy enterprises-is handled through an extensive propam d. 
cussed on pp. 161-169.) 

Cooperating with various State and city school systems and schools 
of education throughout the country, the Comniission has aiCkd in 

. the establishment and conduct, of in-service training courses and 
workshops for teachers, intended to acquaint them with the facts and 
implications of atomic energy; and thus better to prepare them for 

the classroom. To date, some 20 such 
have been conducted, of varying periods 

All such programs have been sponsored, financed, and operated by 
individual colleges, universities, school boards, or teacher associations 

Teacher-training programs in which the Commission has aided in- 
such groups as the New England School 

Science Council, Harvard University, the Rhode Island College of 

Education, Keene (N. H.) Teachers’ College, the Board of Education 
of the City of New Yorlr, the Board of Education of the City of 

Baltimore, the Board of Education of the City of Chicago, the U& 
versity of Illinois, the State University of Iowa, the University of 

‘ Nebraska, h’ew York University and the Reno, Nevada, Classroom 
Teachers’ Association. 

uration-from a Fe.w days to 20 weeks. 

TRAINING COURSES 

Among various training courses sponsored by the Commission were 
those connected with work in development of nuclear reactors. To 
help provide the combination of skills required for men mho can work 

on reactors, operate these machines, and take part in their application 
to power generation, as well as to assist in introducing this type of 

education, the Commission has cooperated in a number of short courses 
open to engineers of industrial firms and is planning others. 

Navy coumes. Nearly 300 persons participated in four courses of 

17 to 28 weekly lectures at the Bureau of Ships, Navy Department, 
Washington ; Babcock & M7ilcox Co., Alliance, Ohio ; Allis-Chaba 

Co., Milwaukee, Wisconsin ; and Westinghouse Electric Corp., Pit& 
burgh, Penna. These were briefing courses aimed at acquabt& 

officers and civilian enginers employed in the design of ships-and, 

*“Contracting and Purchasing Ofices and Types of Commodities Purchased” and ‘IA 
Superintendat Guide for Contracting of Construction and Related Engineering Services.’’ 

of Documents, Washington 25, D. C., .10 cents each. 



,trial concerns, the exeeutires--TT-ith installation of react 
sfslpuoard. A ner Navy course, to start in January 1950, will 

Additional 
re planned .for early presentation at tlie Portsmouth Sad 

Portsmouth, K. H.,'and at the Electric Boat Company, 

- n-'$ge course. To give more highly specialized training, the 

~-=ry Commission Reactor Derelopment Training School 

ept en@neers from industrial organizations who will rema 

IuciL companies? pay rolls, employees of other atomic energy labor 
or other Government agencies, or recent college graduates 

ed by Oak Ridge Kational Laboratory who, after trai 

?'able for transfer to other reactor groups. The industrial 

fiapazlifn is in accord with proposals made to the Cornmissio 
mfessional and engineering groups. The school will opera 

i-' 
tinuously; courses will last 9 months each year, starting in 
950, and 90 students Kill be taken at a time. A small pi1 

@ - .-.--n=+at~tcativ~S froln the Cllief of SnI-al Operatiolq the Joint 

L, allu tlie Atomic Energy Coiixnission. 

@@@ a 

ship7 
apotoIl, conn- 

,,,,,Aished at Oak Ridge Xatioual Laboratory. 

ees will start a course in March 1950. 
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SAFETY ,kKD FIRE PROTECTION 

AEC fire losses during I949 vere far belov comparable natiortal 
verages. Community losses were 74 percellt lower and illdustrial 
sses 98 percent lower. KO sigiificalrt interruption of production 

processes was suffered because of fire. 

Accidents and fires in atoinic energy operations resulted, as in 
previous years, from causes nornialllv encountered in illdustrial 
tions and community activities rather than from hazards inherent in 
the nature of nuclear production. Thus, no serious radiation injuries 

handling of office equipment. 
e main effort has been to provide hazard-free facilities and 

injury reporting was fairly consistent with the American 

- 

buildings. Additional standards of safe practice were issued dur' 
the past year in the planning of new buildings ; and occupancy of n 

buildings reduced many of the hazards formerly presented by tempo- 
rary or inadequate work places. Guides and national codes for 

building construction and fire protection have been issued for the 
communities. National Board of Fire Underwriters' classification 

for municipalities has been adopted. 

Contractor-AEC Meetings 

Joint meetings of contractor and AEC safe fire protection 
personnel were held in May and October of 1949. These meeting 

proved effective in developing accident prevention measures, in em- 
phasizing contractor responsibility for reduction of injuries, damage. 
and fire losses? and in reducing detailed controls by AEC. Commis 
sion and contractor personnel are collaborating on guides for evalua- 
tion of accident and fire risks? measurement of performance, dis- 
semination of information, safety education, and engineering 
standards. 

njury Reporting 

During the year, an audit was made of all injury records to assun 



amnnn~7 Decreased 

Berkeley, California, AEC safety en 
assachusetts Institute of TechnoBgy 

1 

er on its staff; and at Los Alamos the total AEC snfet 
aff has been reduced from 17 to 11. At Oak Ridge and Hanford, 
and traffic enGneering functions in the town sites have largely 

assification been turned over to the municipal authorities. 

Fire Prevention Costs Reduced 

Although the fire prevention staff has been st 
? protectim 1 operating costs have been reduced an estimated 25 percent, chiefly, 3 

meetinP ps &result of installing automatic fire devices, 
ires, in em- 
es, damage- 

Lplqee fire brigade; and other organizational changes. 

. Commis- 
t- &fety Performance 

e 

- - 
'llion man-hours in 1948 to 8.55 in 1949. - - 

Over-all, accident frequency and severity rates in manufactur 
ations, and in Government, traffic, laboratory, and commun 
vities moved downward during the year 1949. However, constru 

CUI contractor frequency rate increased from 5.12 lost-time accid 

developing industrial 

This increase resulted 

t months in 1949 mas 4.62 lost-time injuries per million man-hours BS 

decrease in major construction and an increase in the per- 

of accidents experienced among smaller and more diversified 
construction contractors. 

"he total lost-time industrial casualty experience for the first 
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IX 

SECURITY 

, the Atomic Energy Commission named an advisdry 
ne1 to assist in a surrey of the organization and fullctions of its 

sion. The panel has been asked to submit recornmen- 

ons on the following matters : 

a) The functions of a Division of Security. 

6) The manner in xhich the functions of a Division of Security can 
best be discharged as a part of the whole management job of the 
Commission, e. g., whether as a staff or line function, and the 
consequent relationships of the Director of Security to the 
staff and line organization. 

The special qualifications desired in a Director of the Division of 

d) Possible candidates for the position of Director of Security.* 

The work of the panel is expected to take about two months. It 
is under the chairmanship of John S. Bugas, vice-president of the 
Ford Motor Company in charge of industrial relations, and at one 
time agent-in-charge of the Detroit office of the Federal Bureau of In- - v 

I =-= 1 vestigation. The other members of the panel are : 

DAVID LUKE HOPKIKS, banker, Baltimore, Maryland, T-ice-president, Board of 
Trustees, Johns Hopkins Uniyersity. 

Dr. Pam E. KLOPSTEG, Director of Research, Technological Institute, North- 
western Uni-i-ersity. 

J. ARTHUR MULLX~L’. president, Glenvale Products, Detroit, Michigan. 

I 

1 

I 

PERSOXXEL SECURITY CLEARANCE 

During the year, 37,561 requests for investigation of atomic energs 
project employees, or prospective employees, were forwarded to the 
Federal Bureau of Investigation. As of November 30, 1949, all but 
5,266 of these investigations had been completed by the FBI or had 
been acted upon by the ,4EC. This latter figure includes not only those 
cases which are in various stages of analysis or review in Offices of 

I 

*The post of Director of Security has been vacant since May 1949, when Admid 

During this period the work John Gingrich resigned to return to duty with the Kavy. 
Of the Division has been carried on under an Acting Director. 

42 
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of 

and AEC Headquarters. but also those ewes in process of 
ion by the FBI. It is belieTed that this figure, n-hile pos- 

IT. subject to further sh&t reduction. relxesents the approximate 
cases which inay be expected to be pending at any one time 

,llnillg the continuation of present personnel clearance criteria and 
ime of employment. 
<. ,.r,.;tv clearances of SEC personnel, and of contractor and licensee 

onnel who will have access to restricted data, are initiated by the 
diTisions of the Offices of Operations and bv the Security 

eratiom office of the Washington headquarters. Unier the General 
Manager's directive (Gal-80, effective April 15, 1948) complete proc- 

sonnel clearance cases was delegated to the field office 
ers, except in those cases which, following analysis, were eval- 
as containing substantially derogatory information about the 

ed. Such cases remained the responsibility of the Gen- 

A 

dry 
ita 

t~ can 
of the 

the 
3 other 

sion of 

that GM-80 was issued, it was anticipated that a further 
oation of authority to field office managers mould be made, em- 

aering them to initiate the Administrative Review Procedure and 
deny, or to revoke, clearance in those cases wheTe substantially de- 
gatory information had been received-the authority which was 

p&dly reserved to the General Manager-and this intention was 

Experience has shown that the present limited decentralization pro- 
..fides for efficient personnel security clearances and that it is not de- 

ble at this time to delegate further authority in this area to the 
office managers. Present centralized authority to deny or revoke 

emnces provides a systematic and uniform evaluation of clearance 

* 

hs. lt ifth Semiannual Report. 

of the 
at one 

i of ln- 

oard d 

tiom of the criteria for determining eligibility for security clearances. 
Cnder these circumstances, the Commission has decided against fur- 

ther decentralization of authority at this time on personnel security 
clearances, and the authority to deny or to revoke such clearances 
remains centralized in Washington. 

Other aspects of the security protection of installations, materials, 
documents, and personnel! as they relate to physical research, are dis- 
cussed in Part I1 of this report (pp. 172-116). 
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THE TASK OF RESEARCH 

The atomic energy enterprise calls for bold nloves. for rapid pronr b Psg, 

It is especially iniportant that our progress be rapid in the field 
of 

basic nuclear science. It is no secret that our @eat structure 
of 

nuclear technology has been built on an extraordinarily slim foulIda 

tion of basic knowledge about the atomic nucleus. 0111~ in time o; 

pending 2 billion dollars on a project whose scientific basis \Tas 

flimsy. 

possible vigor. 
The chief goal of science is not to develop weapons of war ; it is not 

to develop new or improved industrial products; not even to find 
cures for human disease. The primary goal of science is to under- 
stand nature. Its purpose t to invent but to comprehend. 
aim is not to produce gadg Its moa 
valuable and important products are not atomic bombs, radar, or 

penicillin, but new facts and new laws concerning the behavior of 

the natural world. 
How do new discoveries in science get applied to solving the prob- 

lems of everyday life, t*o advance hunlan melf are or national security! 
The development of new applications of scientific knowledge is not 
the main task of science as such, but the task of technology. Tech- 
nology has as its primary aim the bringing of the results of science to 

the direct service of man, for such specific uses as may be deemed at 

the moment to be important or useful or profitable. 
I do not wish to imply any derogatory comparison between science 

and technology, or to suggest whicfi is the most important. There is 
no use entering an argument about the hen and the egg. All I wish 

to point out is that there is a hen and there is an egg. 
Science and technology are similar in the instruments and the tech- 

niques they use, similar as to the type of training required for the 
workers engaged. Science is aimed at new knowledge ; technology 
toward new devices. Technology builds its aims for the future on 

,-- u discovered in a science laboratory, wireless communication could be 

G-- developed-and not before. After Faraday discovered electromag- 
netic induction, the tools and techniques of a modern electric industry 
could be developed. After the discovery of nuclear fission, an organ- 
ized effort to develor, an atomic bomb could be initiated. 

grave national emergency would anybody even have thougfit of ea- 

strengthening our foundations is here and we should proceed Kith all 

so 
It was a magnificent gamble and we won. But the time fop 

c 

t to discover knowledge. 

encoui 

c_n 

s 
c2 

r=a 
-_ 3 

science's achievements in the past. After electromagnetic waves were 
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e strength and progress of technology depends on the pres- 
If al€ our efforts and funds are poured into 

while science starves, then the technology of tomorrow 
In other words, the most impractical thing we 

is t;o give our whole attention to Khat we call practical re- 
Even if we disregard-which we should not--the intrinsic 

of science itself, the essential intellectual and spiritual values 
derstanding nature; eten if we are solely interested in building 
er industrial or military technology of tomorrow, still the most 

of science. 

erand die. 

ractical, indeed the only way of assuring that aim is to maintain 
basic science today. 

LEE A. DUBRIDGE, president, California Institute of Tech- 
nolom, and member, General Advisory Committee to the 

ited States Atomic Energy Commission, in an address at 

erkeley, Calif., Nov. 16, 19-19. 

I 

OBJECTIVES OF’ THE AEC RESEARCH 
PROGRAM 

fn dating the purposes of the Atomic Energy Act of 1946, 
nl.ess gave front rank to research and accompanying technical devel 

mat. Of the five major programs provided for in Section 1 ( 
the first three were designed to further the atomic energy enterpri 

of the people of the United States through the acquisition and use 
of knowledge- 

If A program of assisting and fostering private research and development to 
encourage maximum scientific progress. 

9 program for the control of scientific and technical information which 
will permit the dissemination of such information to encourage scientific 
progress, and for the sharing on a reciprocal basis of information concerning 
the practical industrial application of, atomic energy as soon as effective and 
enforceable safeguards against its use for destructire purposes can be 
devised. 

3) A program of federally conducted research and development to assur 
Government of adequate scientific and technical accomplishment. 

Further particularizing these purposes, the Congress in Se 
Act, titled Research, directed the Commission “to exercise its 

Ppem in such manner as to insure the continued conduct of research 
development activities in the fields specified below by private o 

ic institutions or persons 8 to assist in the acquisition of an ever- 
riding fund of theoretical practical knowledge in such fields,” 

0 
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The Research section of the Act fizrther directs the Co~~mission (( 

ronduct, through its om1 facilities, activities and studies of tl 

specified . . . above.'? 

to 
le tZ'I% 

&&on of atomic energg : utilization of fissionable and raclioacti,, r)pfp. 

The specified fields included nuclear processes ; the theor- and 

materials for medical, biological, health. or militaq purposes ; 
tion of these materials and processes entailed in their production fs 
other purposes, including industrial uses 5 and the protectioll of health 
during research and production activities. 

In each of the previous Semiannual Repods to the Congress, 
Commission has summed up the general advances made in research 

The Fourth and Sixth Reports also extensively reviewed research and 
developmentr programs and their results in the fields of utilization 

f fissionable and radioactive materials for medical, biological, llealth 
nd industrial purposes, and of protection of health during rewar,,( 

and production activities. 
The following sections of this Seventh Semiannual Report presnt 

a similar extensive review of the programs set UP by the AEC an4 
so far as they can be publicly stated, the results attained in the phgsical 
research programs dealing with nuclear processes, the theory and 
production of atomic energy, and the utilization of fissionable 
radioactive materials for military purposes. This report obviomlF 

does not cover all research in nuclear fields ; private .research, not 
ported in any way by the AEC, is not reported. Within the AEC pro- 
gram, work which involved restricted data necessarily has been 

There is no need to belabor the fact that pure and applied research 
in the physical sciences are both indispensable to fulfillment of national 
policy for atomic energy development. This is recognized by the 
Congress in the Act. It is continually emphasized by scientists and 
technologists. The General Advisory Committee has steadily kept it 

before the Commission in its reports and recommendations. The im- 
portance of basic research in meeting the paramount objective of the 
national atomic energy program-to assure the national defense and 
security-was summed up in a letter of July 28, 1949, from Commis- 
sioner Henry D. Smyth to Senator Brien McMahon, chairman of the 
Joint Committee on Atomic Energy. 

I am discussing only the military security of this country and am confining myself 
to results that might he obtained in the next 10 gears. Though I belieye the 
Commission should support activity in the general field of science which might 
not bear fruit for a much longer period, I shall exclude that. 

The Ii-eapons whose production now concerns us hare developed from discoredB 
made in the realm of abstract science in 193Sjust 10 years ago. I do not beliere 
that anFone 11 or 12 Fears ago could possibly have foreseen this development 
Similarly, we cannot foresee what may happen in the next decade, but we Can 

start from certain obrious facts, 

The weapons which we are producing inrolre principles of nuclear physics. This is 
a subject on which our kno~ledge is still extremelq fragmentary. These meaPns 

He wrote, in part- 



IC'- * biological and medical fields at first sight appear more concerned with peace- 
lications. Nevertheless, if we are to 
the protection of workers in our plants, and particularly, if we are faced 
possibility of attack inrolving radioactive materials, it is essential that 

know what the effects of radiation and radioactive substances are and 

use these are the reasons why it seems to me unrealistic to separate research 

iEtarY position of the country. 

This is in some measure true. 

t way people can be protected against them. 

other parts of the atomic energy program as if it were not relevant to' 
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RESEARCH AXD PRO 

-&&rEs L~RORATORI-, operated by Iowa State COllC'ge, -bXS. I@WX 

RADIATION LABORATORY (including Dormer Laboratory of JIeclical Physics 

Cro&er Laboratory-Medical Physics j operated by the University of califor:;% 
ut Berkelex, Calif. 

ROCHE~TER ATONIC EPI'ERGY PEOJECT, operated by the Uniyersity of 
Rochester, N. Y. (biological and medical reesarch on&) L 

ucu A~MIC ENERGY I~JECT, operated by the University of California 
Angeles (biological and medical research only ) . 

But such installations, with plants and staffs financed in the main 
the Government, constitute only a part of the xation's resourceS FFiliftji 
can find use in the atomic energy program. Exclusive of reacto, de- 
velopment, about 15 percent (4 niillioii dollars) of the Conlmissiol,., 
physical research budget during the fiscal year 1949 was for pior; 

carried on by scholars on the staffs and in the laboratories of manF 

universities, research institutes, industrial organizations, and eoren;- 
ment agencies other than the Commission. By contract with them for 

salaries and operating expenses, the Commission has drawn into the 
program a considerable volume of additional talent and equipmenL 
It is expected that by 1951 expenditures for these relatively 
contracts will have more than doubled. 

Basic research is being conducted through these c6ntracts to apt 

increasing extent. The research is usually conducted through the 
contribution of a part of the institution's manpower and equipment 
and without undue interference with regular teaching and research. 
A similar program for basic research is maintained by the Office of 

Naval Research, and the Commission has joined with this office in 
the support of some 63 physical science projects at 39 institutions 

The Commission wholly supports 90 more physical science projects at 

55 institutions. 

Esamples of the establishments at - which ___ physical research is done 03 

developmental problems are the Battelle Memoriallnstitute, Colum- 
bus, Ohio ; the Brush-Beryllium Corporation, brain, Ohio ; the 
Sylvania Electric Projects Company, Inc., Bayside, Long Island, S. 

Y.; the National Bureau of Standards, the United States Geologid 

at 

at L,, 

Survey, M7ashington, D. C, ; Washington University at St. Louis; 
Columbia University in Sew York; and the Massachusetts Institute 
of Technology at Cambridge, Mass. 

MANPOWER AND MOZI'EY FOR RESEARCH 

In all? about 8 million dollars is likely to be spent for physical 

search this year through off -site contracts, compared with about 23 

million dollars in the 12 major atomic energy research laboratod@- 
These sums pay only salaies and laboratory operating expenses, Plus 
occasionally the cost of some minor equipment, Construction of fa- 

8 major Oovernment- 
atomic energy labor 

lmajor university- 
atomic energy labox 

Many off-site indi 
educatioql, reSean 

* uoveihment activit 

Total ____________ 

L 

The 5,400 t 
= taboratory anc 
-- on the Commi 

development c 

ects directly : 

Another 500 a 

__ 
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ble below shows expected dollar costs and scientific employ- 

12 major laboratories includes basic research funds in 
versities totalling 6.5 million dollars in the physical 
million dollars in the biological and medical fields, 

lso among the 2,500 scientists in this off -site group are over 

(The duate students working on the university contracts. 

Jionw and manpower for research and development, estimated, 1950 

r 500 are on the Commission’s staff in Washington and in the 

Mil- 
lions of 
dollars 

21 

- - - - - - -. 

12 

33 

--- -i I I 
46 ~w1 71 mi 



I 

’ 54 

NEW FACILITIES AND EQUIPMENT 

In addition to the 31 million dollars for operating physical res 
25 million dollars is being spent during this fiscal year on th 
structioii of new physic:tl research facilities and equipment. Aha 
the major items are $250,000 for completion of a research buildi 
Ames, $125,000 for the start of a new research reactor at Arg 
4.5 million dollars for work on the bevatron at the Berkeley Radia 
Laboratory, over 2 million dollars on the cosmotron at Brookhav 
and about 5.4 million dollars for permanent buildings at the Oak 
National Laboratory. 

For the construction of reactors and associated plant and 
ment costs, 41 million dollars will probably be spent this year. Of tl 
8.5 million dollars is going into the new Reactor Test Station at 
nearly 3 million dollars for the Intermediate Power ‘Reactor 
Knolls Atomic Power Laboratory, and about 22 million dollars 
Argonne. 
contract are costing over 3.5 niil lion dollars. 

Kew laboratories at Bettis Field for the Westingh 

i 
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e, 

der the broad program for physical research outlined in the Atomic 
era Act - of 1946, the Nation’s * investment -. of money, 7 n -I. scientific man- 

’11 
and research equipment 1s directed toward hncling out- 

omic nuclei are put together and what forces operate within 
o 8s to obtain a fuller understanding of how atomic energy .- 

eleased and how it can be put to work. 
p- 
S. 

0, 

le pduced by atomic energy.* 

6) BOW to work with and use fissionable materials, and all other mate- 
rials which assist in the production of atomic energy and which are 

in seeking the answers to these questions, physicists, chemists, metal- at 

and men in other lines of science work closely together. 
en heavy elements are bombarded by high-energy particles in 

g&?rators, or when material is subjected to radiation in a nuclear 
reactor, it is necessary to find out what transmutations have occurred 

S ind what new elements have been formed in the target material. This 
is a question, in the strict sense, belonging to nuclear physics, but it is 
the chemist who analyzes the bombarded samples and gives the 
ewers. It was by chemical techniques, for example, that the German 
p@&ts who bombarded uranium in 1938 found out that they had 

barium-the clue that led to the discovery that uranium 
bion had occurred. 

On the other hand, when the object of study is the chemical prop- 
&ties of the elements produced by nuclear reactionkuch as plu- 
&urn or the rare earths-the chemist takes the lead, and the tech- 

iques of the physicist assist. Practical problems of uranium and 
$utonium chemistry, described briefly in a later chapter on the appli- 
don of research findings to atomic energy operations, illustrate this 

of the partnership. 
Uekllurgists dmw upon the aid of physicists and chemists in-the 

for materials that fit the needs of atomic energy developman+ 
so employ the new techniques of nuclear s 

mental problems in their own field. 
~ - - 

‘WC facts concerning the atom, its structure and energies, together with explanations 

terms commonly used in the physics, ‘chemistrf, and metallurgy of atomic energy, 
ar be found in the report, 66A General Account of the Development of Nethods of Using 
WC Energy for Militarv Purao- TTndPT +he Auspices of the Unlted States Govern- 
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numbers of particles and target atoms are involve 
are certain. Further, the projectile output is khown, and there 
ways of counting those that miss the target and measuring the 
of flight of those that glance off.* Thus, 
curacy the size of the target. When target atoms disintegrate under 
direct hits, something is learned about what they were made of. 

CHARGED PARTICLE BOMUARDBfENT 

It is conceivable that if all the necessa 
section measurements could be performed, 
standing of what happens inside a si 
structure and the forces at work. An 
nucleons, or one of uranium with 238, i 
in detail within the foreseeable future. 
just 2 nucleons, or an atom of tritiu 
close observation. Common hydrogen, 
nucleus, makes an obvious target for 
study of results. 

INFORMATION ABOUT LIGHT NUCLEI 

Proton-Proton Reactiom 

At Be~*kclry Rdhtion Laboratory, birthplace of the high-ene 
particle accelerator, two machines are in use LO study ope of the 
plest of all interactions, that of protons with pro tons.^ The.target 
bombarded is hydrogen, sometimes as a pure gas, sometimes in a solid 
substance such as paraffin. The projectiles are 32 million electron volt 
(Mev) protons from the linear accelerator and 350 Mev protons from 
the 184-i~ich synchro-cyclotron, most powerful accelerator known 
today. As long as the velocity of the approaching proton is not too 
great, two protons repel each other in accordance with Coulomb’s lrsw,’ 
which states that the repelling force between similarly charged parti- 

cles increases as the inverse square of the distance between them. The 
repelling force between two protons close enough together to be.in 
the saine nucleus reaches the magnitude of 40 pounds. 

*The probnbilities that certain ones of these various events will happen, with a pen 
target and projectile, depend upon the so-called cross-eectione. . Tho “capture cross-section” 
of lithium 7 for proton8 of 1 million electron volts (1 MeV) energy, is actually the 

apparent size of the lithium nucleus for this particular event. If lithium 7 captured 
many Protons, the physicist would say that it had a large capture cross-section for 1 
Mev protons. The apparent size of nuclear cross-sections is stated in terms of a new unit 
of measurement called the barn. The bnrn is defined as an area of loSr square centimeters, 
nn nren choscvi brcn~rse it is of the order of magnitude of the area of many atomic nucIei. 
Thrls if lithiiiti 7 were snid to have a capture cross-section of 2.6 bane for 1 Mer proton& 
this would meiin thnt the effective target each nucleus presented for this particalar event 
would be 1.5 x 10A4 square centimeters (0.000,000,000,000,000,000,000,002,6 sqm 
centimeters). 





KUCLEAR PROCESSES 

An atom is so small that about a hundred billion billion of them 
contained in the head of a pin. The nucleus-the object of study h $ 
nuclear science-is some 10 thousand times smaller than the atom. If:; 
an atom were expanded to the size of n concert hall, its central nucleus% 
would be smaller than a housefly. The nucleus constitutes nearly all 
of the mass of the atom and, consequently, the mass of all things. A 
piece of solid nuclear material the size of a child's marble would wei 
more than 200 million tons. 

is to bombard atoms and observe what hagpens to them and 
bombarding particles. True, there are ways other 
for studying the nucleus : measuring the electric charges and 
of nuclei and nuclear particles by projectin 
fields, or measuring the magnetism posses& 
determining their polarization-that is, the- 

of rotation of particles are tipped. But 
work horse of nuclear investigation. 

- 

The most generally used method for finding out about atomic nucl 

The nature of bombardment experiments differs dependin 
whether the projectiles used are charged particles or neutro 
carry no charge). AEC laboratories and contract&s that 
tide accelerators-the Radiation Laboratory,, University' Of 
nia ; Los Alamos Laboratory ; Argonne Laboratory ; brook ha^ 
oratory; and Columbia University, for example-carry on pro 
of charged particle bombardment. 1 *eutron research is &n 
at Oak Ridge, Argonne, and Los Alamos, whm nuclear reac 
available, although particle accelerators at other laboratories 
much used as secondary sources of neutrons. (Brookhaven Laborato 
is now building a nuclear reactor.) 

In bombardment, the hits, misses, and near-misses all suppIy inforif 
mation about the structure of the nucleus and the forces within it. 
The thing that happens most frequently when a particle enters'a tar- 
get is that it goes right through. Even this result contributes to'; 
knowledge. The number of hits scored as compared to the number of 
misses and near-misses permits calculations of how much of the VOL- 
ume of the target material consists of atomic nuclei. 

Although hitting or missing a nucleus with an "incident particle" 
(a particle arriving from outside) is a matter of chance, such large 

(Continued on page 68.) 



s are above a certain energy, hoxever, 

f then1 are able to approach the target protons so closely that 
ive force of the nucleus comes into pla_v and 

object of the experiments is to measure the force that holds 
nucleus together and to try to get a better mathematical descrip- 

innof it. ,4 tentative report on progress concludes that "it is apparent 
present theoretical concepts must be modified, and perhaps new 

ts introduced. before a satisfactory mathematical description of 
tj,t! protct~~-proton force will be at hand." 

es of Hydrogen 3 and I€el;iulm 3 

rotoI1s 110 longer behave like siniple electrified bodies. 

" the artificial radioactive isotope of hydro- 
am"), has an unstable nucleus which con- 

om. . By the emission of a beta particle 
, an isotope of helium with two protons and 

one neutron, which occurs in natural helium in the proportion of about 
oDe part in a million. When H 3 transforms itself into He 3, the 
ebbages that occur in such characteristics as the magnetism and spin of 

be three nucleons can be measured. In addition, there is special 
hteEst in He 3 because it is the only known stable atomic nucleus that 

Hntains more protons than neutrons. For these reasons, and because 
e nuclei, physicists and chemists have 

3 for use in research. Argonne Labora- 
announced in September 1948 that it can supply some quantities 

are now in use in studies of nuclear structure. 
$bth isotopes to scientists outside the atomic energy project, a 

Important information has been gained at Argonne, Los afamo 

ad other AEC laboratories. Studies are being made of interactions 
idween protons, deuterons, tritons, helium 3 nuclei, and alpha par- 
icicles (or, in other terms, nuclei of H 1, H 2, H 3, He 3, and He 4). 
Deuterons are bombarded Kith tritons, and tritons with deuterons, 

tostudy reactions in which these two particles first combine then split 

at0 an alpha particle and a neutron. As the energies of the -born- 
Lrding particles from a Cockcroft-Walton accelerabr increase 

100 thousand electron volts (100 Kev) the probability of the 

ons occurring also increases (the triton's cross-section for 
. But when energies of the incident par- 

is a convenient measure of the instability of radioactfve nuclei, i. e., nuclei 
le and ''deCaY'' into other usually more stable isotopes, at the same me 



RESEARCH 

tare cross-section falls off 

tow and protons. In a series of experiments Kith 

raaff generator, tritium mas bombarded vith high 

nuclear forces. At higher particle energies, the reactions ih 

was of interest because it proved reversible; that is, helium 3 bo 

reaction probabilities of such a reversible system; this was tb 
time that an experimentally adequate check of the ‘principle rpf 

led balance’ had been made for a nuclear reaction.” 

Hms of the neutron. These reactions permitted more accurate d&r- 
mination than ever before of the size of the mass difference btRm 

the neutron and the proton, and consequently of the mass of the nett- 
on itself. Results obtained in other laboratories confirm4 these 
ndings and did away with previous discrepancies. 

HIGH-ENERUY BOMBARDMENT 

the bombardment of the nuc1euLthe way of the atom smashers. In 
the proton synchrotron (‘‘Bevatron”) now being built at the Radia- 
tion Laboratory, Berkeley, the protons in their race around theW 
foot acceleration track will attain an energy of 6 billion electron volts 
(Bev) . Each proton will travel 300 thousand miles-farther than 
from the Earth to the Moon-in less than 2 seconds, and will approseb 
the target at 184 thousand miles per second, 99 percent of the speed of 

light. With this machine, it may be possible actually to create out of 
energy a heavy nuclear particle, say a proton. 



ith cosmic rays, scientists take instruments to mountain 
them up in balloons. By the latter means the? are able 

des where the primary particles from outer space have 
ir way through the atoms of the Earth’s atmos- 

gh arrangement with the Office of Naval Research fs 
of AEC-ONR research contracts in Appendix 6). 

n pages 74 to 71, some of the instrume 

ts with Today’s Machines 

neutrons were almost the only basis of our knowledge of what hap- 
pe”s when energy is pumped into a nucleus. With the advent of the 
big machine, it became possible to see what would happen when ener- 
gies tenfold greater were used. 

The phenomena observed in such high-energy encounters have 
be most complex, and only the broad outlines have been 



The first bombardment of atomic nuclei was Performed xith a make- 
shift piece of laboratory equipment, not nluch larger than a shoe bq 
in which Rutherford used the 5-rnillioa-electron-~~Olt alpha Particles 

of natural radium as projectiles. The newest particle accelerator, nOR 

being constructed, Till be a precise scientific illstrulnent 110 feet in 

available to Rutherford-5 billion electron volts and more. 

The first machines used to accelerate nuclear projectiles gave them 
single pdse of electrical energy, as does the Van de Graaff generator 
pictured below, which gives It-lbfev enera to protons. Later, Raps 

mere devised to impart electrical impulses in series So that pafiicies 

gained greater and greater velocity. The linear accelerator (opposite) 
thus can give particles 32 Mev by 30 successive thrusts. One cyclotron 

(the 184-inch), gives 11.4 million impulses per second to Particles 
which in this way attain an energ of 350 Mev. 

Mrith the pictures on the following pages, this report indicates the 
progress made, in the years since Rutherford’s experiment in 1919, in 
the design and construction of these important tools of nuclear science. 

diameter which will accelerate particles, with 1,000 times the ener 69 

Cut-away photograph above shows the 5-million-volt Argonne Van de G 

electrostatic generator which can give ions nine-tenths the velocity of light. 
electric charge is built up on the innermost shell or ‘‘cap” and insulated 
discharge by nitrogen gas held within the outermost shell (7 feet in diam 

at a pressure of 150 pounds per square inch. The ion beam of this machine 
much less energetic than that of some other accelerators, but it is COnSmt, 

extremely well defined, and thus rery useful for certain experiments. 
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t~ of the early successful particle accelerators that used a series of stages to 
the energy of bombardment particles, instead of imparting all energy 

The picture above shows tBe inside 

adiation Laboratory, Unirersity of California. 

illion-rolt Van de Graaff accelerator, similar to that shown on the pre- 
he first of the series of “drift tubes” which, 

otograph, make a diagonal from left to right. The protons receive addi- 

era each time they cross a gap between two of the tubes, moring faster 

single stage, was the linear accelerator. 

til they leave the accelerator with 32-Mer energy. 

s that impart energy 

re shown at the right. 
ubes are in the center 

foreground. The psi- 
arged protons, inside the 

mlope, are drawn at accelerat- 
evelocity past the. gaps between 
gtnbes by alternating electrical 
&MS. A negatively charged 

ely,charged tube repels it. 

tube is alternately 

the, and then a psi- 

vices along the right 

ronnected-with a drift 



“drift tubes,” the cyclotron has two “Dees” (or sometimes only one), in which 
alternating electrical fields accelerate particles. Particles start at the cmta 

(see diagram), move toward the exit point in an expanding spiral as velocity 
increases. Below is shown a small cyclotron at Y-12 in Oak Ridge. The circar 

portions are the dees ; th gnet is vertical to the plane of the des. 







Pr0cfuc.e 
1otroF- 

okharee 

Page, 
thin tfie 

3 of the 
?, ampie 
iic rays. 

X their 

ien nre 
le plate 
magnet. 
'ORs ll* 

contrd 
but dif- 

me way 
field of 
bperata 
ty. It 

nove in 
permits 

&er-scale model of 

gmatron (right : the 

beside the men are 
purnps) , Radiation 

tested rariuble 
,,etic fields 3s a means of 

ing particles in a eon- 
pth. The model nlso 

prates a design prin- 
flhich helps overcome 

a1 phenomenon that 
ise prevent par- 

uoits 

f3CUU 

keep 

stant 

ticles near the 
their mass in- 

; the more m:issive 
lag and get out of 

rtp~ with the alternating z 

z&ical field which propels them. i The proton synchrotron orercomes this by - 

the alternations per second of the electrical field, so that it keeps in'step' 
f the particles. 

e (scale model below) it will coyer almost an acre 
It is expected to accelerate protons to within one percent of the lS6,- 
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One major effect from high-enera bombardment has been the fission 
of bismuth, lead, gold, and other elemelits that cannot be split bJ less 
energetic particles. 

Careful examination of the fission products provided by high-energF 
bombardment of bismuth, including the identification of about 50 is;- 

ucts topes and measuremait of their yields, disclosed that such prod 
are quite different from those of the uranium fission process. In the 

9 
slow-neutron fission of uranium and plutonium, the most frequent] 
occurring mode of cleavage is asymmetric ; that is, the nucleus splits 
into two fragments, one of which is considerably larger than the other, 

fission on the other hand, symmetrical cleavage is most 

gn. the fluclew 

en known that the more protons a nucleus contain$ 

neutrons it must have, proportionately, for stability. If a 
s relatively too few neutrons it will be radioactive, 
n when it decays ; if it contains too many neutrons it 

active, emitting this time a negative electron when1t 
decays. Stable light elements are found to have equal numbers of 

protons and neutrons, but the heavier elements contain increasing pr& 
portions of neutrons to protons.* 

When a heavy element fissions into two lighter nuclei we might ex- 
pect both products to have nearly the same neutron-proton ratio as the 
parent, and consequently to have far too many neutrons for stability. 
We might further expect that the products would be beta-radioactive, 
emitting electrons. Tbe spilling aut of a few surplus neutrons at the 
instant of fission would not be surprising. But when we find a ura- 
niam235 nncieus hibning with slow neutrons in ail unsymmetrical 
fashion, with one product nucleus considerably heavier than the other, 
and we further find that the two products are equally 'unstable, TR 

- 

know that a re-shufiiing of nucleons has taken place. The lighter p&- 
uct has a smaller excess of neutrons than does the heavier. 

But in the f ast-particle fission of bismuth at Berkeley, whenever the 
two fission products are of unequal size, the light fragment has rela- 
tively too many neutrons for stability, and the heavy fragment too 

few, as though the nucleus had been cut with a knife before any neu- 
trons and protons cod 

--a__ 

Thus stable helium 4 has n8 and two neutr 
table of the elements tl typical nucleus---l1 stab 

d 60 neutrons, a neutron-proton ratio of 1.28; and, 
has 92 protons and 143 neutrons, a neutron-proton ratio of 1.55. 

9 



apidlj- than low- \ 

ssion induced by high-energc particles differs 

low-enerm fission is that in the first case neutrons are "boiled 
, bF the nucleus when it splits. At Berkeley this was found to be 

true for uranium as it was for bismuth and other lighter ele- 
the energy of the incident particle seemed to be the deciding 

of these experiments Kith high-energy fission are a mine of 
rmation for the theoretical physicists and mathematicians who at- 
t to understand how the nucleus is put together and how its ener- 

ntrolled. An incidental but important 
uction of some 150 varieties of neutron- 

mon elements, which are of great interest 
rs in other laboratories. 
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a nu- Fission is not the only.type of break-up of atomic nuclei subjec 
emit- @ bombardment by rrfillion-electron-volt particles. All sizes of pi 

be chipped off them, and the term "spallation" is applied 
chipping process. spallation reactions in a target struck b 

Nev protons may produce as many as 100 different products 
of which, of course, are the result of high-energy fission) 

uranium has thus been bombarded; nearly every one of the known 
ts may be found in the target. 

casion, the Berkeley workers have found among their bo 
ent products elements three places higher in the atomic sca 

the element being bombarded. They have been able to explain 
s phenomenon only by assuming that a three-proton chip-in 

- P 
IS 

-- rotoh part I- of a lithium 
and immediately taken 

aton 
into 

Spallation, like fission, has produced substances never before known 
5, we any of which are of @eat value to research. It is not'yet kn 
)rod- just how the reaction occurs or what its entire significance or use 

be. It is a new fact, and most facts o€ this typ 
r the found amlication. 
rela- 
; too 
neu- 
that 

clear kesearch is aimed at g the c&ral proble 
ear structure-the question of what holds the nucleus toge 
t is the cohesive force that overcomes the tremendous disrup 



and sharing a sin de electron betwe :en the.m The positive elw 
--*1 

- 
charges of-the two protons would force them to fly apart if the 

exchange of this electron back and forth f-rom one to the other di 
t result in a net binding force holding them together. 

he rnsm fheom. In 1935, a Japanese physicist postulated - 
istence of a parti .cle to perform i similar b inding function i 

-- 
n the- 

-named it the meson because he supposed its mass to 
between that of the electron and a nucleon. In t 

theory, a neutron is composed of a proton plus tiiis negatively charged 
meson. A neutron and proton in close proxiniity to one another are 

attracted and held together by tbe rapid exchange of the meson betwee, 
them. The analogy betn-een nuclear binding and that in the hydro- 

gen molecule ion 
__ 
is a very rough one, bu .t physicists iinmed iatelv - 

began seeking for mesons both in cosmic rays and in the radiation n&- 
artificial accelerators and soon found in cosniic rays something Fen 

like the particle postulated. Cosmic ray research accuinulated a grit 

deal of information about mesons during the following 13 years and 
was climaxed in 1947 by a series of brilliant researches in England 
that established the existence of mesons of two different masses- 
named pi and mu mesons-through studies of specially prepared 
photographic plates exposed at higb altitudes. 

Diiring all this time, of course, workers with the more powerful 

particle accelerators were looking for evidences of niesons around 
the targets they bombarded, since laboratory production under con- 

* 

trolled conditions WC dd make the gat herir of information i ncom- - 

s parably easier. Success came at last in early 1948, when it ms 
fi demonstrated that the 184-inch Berkeley chine was hurling particle 

fast enough 

Trapping th protons and alp'ha particles in the cyc1@ 
tron spiral outward around its. track and finally strike the target sitb 

energy close to 350 Xev, a large number of processes occur; %E 
ombarding particles are scattered Tflth a grea.t variety of energki 

all directions. Mso sprayiiig out are the "secondary'? protons, de* 

* 
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illass of the nwsm. One of the first things to be discovered at,out 
the meson, thus located: is its mass. British cosmic-ray experinlenteb 

earlier had worked out the necessary relationships between the mass: 

7 and had the energy, and the lengths of the track in the emulsion 

thought that the mass of the heavier, or pi mesoa, was beheen 3ob 
and 400 times that of an electron. Using machine-produced 

der far easier conditions, the experiments at Berkeley have re6 ne4 
figure to a narrow range between 270 and 282 electron map+.% 

first thing to be noticed about.this result is that it does not anee 
at all closely with the original postulation of the man who predicted 
mesons: that the particle should account for the weight difference 
between a proton and neutron. This situation recurs frequently the- 
ory predicts facts and lights the way for new experimentation; expeh 
ment, in its turn, finds fact and often shows that the predictions werei 

partly right and partly wrong ; theory then is reconstituted on the ba 
of known fact to make new predict.ions and lead to further experbe 

TWO kinds of mesons. The British high-altitude observers had found 
that only me variety of meson, the heavier P; meson, was di 
produced by bombardmentr and that the lighter mu meson was a pro 
uct of pi-meson decay. Experiments at Berkeley and Brookhava 

have confirmed this fact and given more precise measurements of 

the reactions involred. The life-span of the average @ meson is of 

the order of magnitude of a hundred millionth of a second, after which 
it becomes a mu meson with a mass about 200 times that of the elw- 
tron. This in turn decays (after about 2 millionths of a second) 
into an electron and one or more unknown neutral particles. Brook- 
haven experiments, with bombarding particles from cosmic rays, em- 
ploy systems of Geiger-type counters separated by various shielding 
materials and controlled by electronic circuits, which can distinguish 
between different kinds of mesons and reveal many other facts about 
them. The new Brookhaven cloud chamber, when in operahfl 

further increase ability to observe mesons. 
The new proton synchrotrons at Brookhaven and Berkeley (the 

“Cosmotron?’ and the “Bevatron”) will provide bombarding particles 
in the billion-electron-volt energy range. Work to date with the ex- 

isting machines of lesser energies has advanced understanding of 
mesons from a veri preliminary realization that two types existed to 
the point of accurate statement of their masses, charges, decay schemes, 

life spans, production cross sections, and perhaps 
adequate conception of their role in nuclear fo 
decade ago. The picture is far from complete. Knowledge is 
concerning nuclear scattering of m 
capture by nuclei before they co 

ibility tha 
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cell the pi meson and the proton. A fen- events recorded in the 
t’ to cosmic rays indicate that this niay be so. 

Ray.9 from ,VPSOTW?--A n Hypotit e&.? 

observers at particle accelators study the energy radiations, as Fell 
articles, emitted from targets under high-energy bombardment. 

$5 tl1eP 
it Berkeley, for example, the gamma radiation coming out of a block 

cnrboll bombarded by protons has been measured through the range 
of 
of eneW 

Charged particles hurtling into a materi-a1 target lose velocity be- 
% of the “friction” or “drag” exerted upon them .by the atomic 

around the nuclei. The energy that they thus lose is given off 
CS* 

iation. This is the way common X-rays are produced when 
ohg electrons strike the target provided in the -machine. 
gamma radiation produced in the Berkeley experiment behaved 
ng to the known laws for X-rays until the bombardment energy 

fesched about 180 Mev. More low-energy gamma rays were produced 
than high-energy ones. As the observers continued to increase the 
bombardment energy, however, they met with a surprise. They found 
&at an unexpected number of gamma rays of high energy were pro- 

duced. By the time the bombardment energy reached 340 Mer, I00 
times more high-enerb gamma rays were found than the X-rays laws 
Edicted. To date, the most probable explanatioh‘of the phenomenon P 

pictwes the high-energy protons as knocking mesons out of the target 
mbon and t-hose mesons then decaying with production of gamma 

r~ys. If this hypothesis can be substantiated, it will tie this pew 
&emation neatly into man’s present knowledge about the nucleus. 

RESEARCH WITH XEUTRONS 

*es from zero to 345 &lev. 

.. 
-. 

The neutron is the particle most effective in penetrating the nucleus:* 
having no charge, it is not repelled by the electrical fields that snrrQund 
it. Only nuclei of a particularly stable number and arrangement of- 

the nuclear components can keep the neutron out. Many nuclei are 
not stable, and wandering neutrons are continually causing disrup- 
tions and transmutations among the natural elements. 

The effects of neutrons of all energies upon atoms and materia& 
must be known for atomic development, because, unlike the protons, 
deukrons, and other charged particles, neutrons can have violent ef- 

fects at low energies. It is a “thermal?’ or “drifting” neutron that 
most readily splits uranium 235 and plutonium atoms and releases 

ddc energy. One of the greatest problems of the nuclear scien- 
tists is to produce neutrons of various measured energies so that they 
may make esperinieiits &id learn more about the 

behave, and their effects upon materials. (Cmzti 

. _’. 
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I> etection Instruments 

The nuclear particles studied by science-protons, neutrons, electrons, 
positrons, mesons-are so small they vould have to be maglified llun- 
dreds of millions of times to be visible to the naked eye. They trave, 
at tremendous speeds-thousands of feet per second-and the illrisible 
events in which they take part are measured in millionths of a second, 
Yet the properties and behavior of these particles must be studied 
for the development of nuclear science and atomic energy. In the 
typical experiment, the nuclear scientist deals with rery large num- 
bers of particles and needs to identi$ them, estimate their 
and measure their energies. For these purposes he depends mainly 
upon ionization tubes and the kind of electronic equipment pictured on 
pages 76 and 77. However, he is also able to observe single particle 
and make records of individual nuclear events. The picture record 

below was obtained on specially prepared photographic plates in 
which electrified nuclear particles produce visible tracks by 
(electrifying) the sensitive grains of the emulsion. The photograph 
is greatly magnified. A micron is 4 hundred-thousandths of an inch; 
and the long track of a meson shown below, center, is actually not as 
long as the diameter of the period at the end of this sentence. Ex- 
perimenters search many plates with microscopes to find such a tra& 

n 

- 

The picture above records a nuclear event caused by 27O-Mev protons acceb 

fornia. A neutron (leaving no trail because it carries no electrical cha 

two heavier particles, probably protons. The meson moves to the right, 
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sort monoenergetic neutrons (neutrons of the same energy) out of 
mixed lot that streams from an opening in the concrete shielding 

~ reactor. In the picture, three degrees of shadingbare used 
fast, intermediatet and slow neutrons, although in actud 

" are thousands of variations of energy in the beam.' me 

,$retches out as the neutrons of highest energy take the lead an 

wired. Possible selections at the Argonne reactor lie betwee 

are several other principles used to sort mon 

in cadmium of a thickness ated *to let only the fas 



Polarizing Neutron8 

gnetic properties of various types of steel can be solved 
ily if the angle at which a neutron pole is tilted after bouncing 
the crystals in a sample of target material can be discovered, 
t the neutrons in an ordinary beam are tilted at random, in s~ 

ror (photo opposite), which would reflect some of the neutrons. men 
a beam from a reactor strikes this plate at a slight-angle (close to para]- 

Neutron D et ectors 

instrument will register the presence of neutrons, since as thc ne 
trons enter atoms of the gas, the latter give off charged particl 
ionizing radiatiron-that can be counted. 

ents are able to detect neu 

Mound Laboratory, Miamisburg, Ohio, where the ob] 
new counting methods that will be both rapid and a 

a beam of particles 

rn: 
be: 

t h( 

Po 
ha 

di 
mi 
in 
tit 





from their course by target materials. 

“parallel plate wunter” to answer this need. The neutrons, ha,,illg 
passed beyond the target, enter the space betmxn two plates, one of 

which is of glass. They strike the other plate Thich has beell coated 

with the rare metal indium. The indium emits beta Particles fop 

me time after being struck? producing tiny visible “sparks3’ ”hich 
n be photographed. The result is a picture Sholr-ing where the 

eutrom Struck. From this, the angles Of their flight are calculated. 

Brookhaven has dePised 

NEUTROK CROSS SECTIONS 

riety of neutron energies is needed in the measurement of neu- 
ron cross sections : that is, the measurement of the probabilities that 

neutrons of any specific energy moving into ally particular mate+,] 
d, or be deviated from their course, or be 

ed-and if the last, which one of the many 
actions will ensue. 

of investigation coinpletely would require the 
of these various cross sections for every 

otope of every element at every possible neutron velocity from the 
OW& to the fastest. The investigations actually being carried out 

nwrn themselves with the isotopes and the neutron velocities of 

t immediate practical interest in atomic energy development. ne 
r divides itself in accordance with the different 

cilities available at the different laboratories. Uranium reactom 

re a tremendous source of slow neutrons, and programs for measup 
slow neutron cross sections are under way at Oak Ridge and at 

involving fast neutrons, on the other hand, 
are carried on where there are powerful particle accelerators, as at 

Even when reduced to its essentials, the program for the deter- 
mination of neutron cross sections engages a substantial part of & 
available manpower at every large AEC laboratory and accounts for 
a sizable share of the Nation’s budget for atomic energy research and 
developmenf. Typically in the past, the kind of background research 

volved here-the painstaking collection and tabulation of related 
asurements that are finally printed in the handbooks of the 

em-was the work-of many decades. Today, it is being d 
systematically and rapidly. 
of better experimental techniques, (2) the advancement of n 
theory, and (3) the promotion of basic research. 

It is speeded by: (1) the develop 





n collisions and the direction of travel after collision are deter- 
random nizmbers," like the numbers that could be 

bbined from repeated spinning of a perfectly balanced roulette 
heel (hence the system's name). AS the result of these chance 

s, the neutron may bounce about within the shield until it 
is 

red by an atomic nucleus, or it may escape quickly to the outside, 
may follow any of an infinite number of courses between the% 

extremes. By following the behavior of a great many such hypo- 
neutrons, the mathematician can determine & 
f the group-that is, all of the neutrons that will 

strike the shield. Anv desired accuracy can be achieved by increasulg 

the number of individual calculations. 
Ever since the earliest days of the atomic energy project there 

ery complex coniputational problems? such as 
bomb design, pile construction, thermal diffusion, ele 

isotopes, and problems in pure physics. 
ay involve some tens of thousands of in 

some instances the number is larger. To 
oblems at Los Alamos, large groups of computers using 

v 

ere f orrned ; in other cases, where simple and highly repetj- 
s permitted, electromechanical computers +ere brought 

qmters. One de veloprnent car bried on during the 
-3 

war at 
erdeen Proving Ground was the construction of 

@tal computer, the so-called Eniac. Its success has pro- 
erable stimulation in this new field. 

ission is supporting in part the development and con- 
the Institute for Advanced Study at Princeton of an elec- 

ideally suited to handle many of the 
n nuclear research. This device will be- 

completed during 1950. Construction of computers based on this 
prototype is already under way at hs Alamos and Argonne. Thus 
these AEC laboratories will have at their disposal the most modern 
means of scientific computation and will be a 
not possible with existing computers. 

To further the development and utilization 
- . ing devices, the Commission has assisted, through contract, in fina 

e 12-hour-a-day operation of Harvard University's Automatic 
Controlled Digital Calculator, more familiarly knovn 8s 

the Mark I Computer. The problems turned over to this computer 
are selected by a committee of Harvard sc 
scope from the detailed investigation of 
to bind the neutron and proton together to studies in heat 





RES iEARC :H 

At Berkeley, extensive measurements hare been made of the scatteriug 

to 90 RiIeT. It appears that as energies increase nuclei of low atomic 
number display an increasing “transparency,” allo\ying Some of the 
neutrons to pass conipletely through the nucleus. This phenomenon ;s 
still under investigation. 

Cross sections of nuclei for neutrons cf energies ransllg from 40 &I ev 

NEUTRON DIFFaWION 

en a beam of slow neutrons strikes a crystal, the neutrons are 
cattered in certain preferred directions determined by the original 

angle of the neutron beam with respect to the crystal and by the 
arrangement of the atoms or molecules which compose the cr 
The pattern thus formed is characteristic of the structure of a 

crystal. 

many years to study the structure of materials. But X-rays and el 
trons do not satisfactorily show the presence of lighter elements 
the diffraction patterns that they form. Neutrons, on the other hand, 
do this very well. *j 

Diffraction of X-rays and electrons has been used similarly far 

Studying the radioactive decay of the neutron at Oak Ridge. A beam of 
neutrons from a hole in the concrete reactor shield at the left enters the 
horizontal vacuum tank. If a neutron decays at this point, the apparatus is 
designed to register the resulting particles-lectron and proton-on two Count- 
ers which are timed a millionth of a second apart. 
emerges from the tank, it passes behind the w 
heary boron “beam catcher” 10 feet away. 

When the neutr 
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Zesons and 2Veutrons 

At Colunibia rnirersitT? experimelrts are being conducted to tllro,,y 
light upon the neT-Ter theorr about neutron structure : the theory th 
pictures the neutron as being-at least part of the time--a positil,, 
protoii Kith a negative meson attached to it. 
it would appear that the proton in the neutron should have an attrac- 
tion for electrons even though the particle as a whole were electricaljv 
neutral. 

A beam of slow (low energy) neutrons was projected through 

s liquid bismuth, and it was found that negative electrons apparent] 
were attracted by neutrons. Although much remains to be done, this 
result gives support to the proton-nieson idea of neutron structure 

at 

If this theory were 
? 

NUCLEAR EXCITATIONS 

Atomic nuclei that have captured neutrons, or that have been dis- 
rupted by high-energy charged particles, contain excess energy and 
are said to be in excited states. Some rid themselves of their ex- 
enera almost immediately by emitting energetic radiation in the fom 
of gamma rays; others remain in the unstable condition for ~delf 
varying periods of time and emit various combinations of beta or 
alpha particles and gamma rays when they decay into more &able 
states. These latter are the artificial radioactive isotopes that ham 
become so important as sources of radiation for doing useful work in 
science, medicine, agriculture, and industry. 

One of the most fruitful of all the sources of information about & 
nucleus is the observation of its behavior when in the excited st&& 
Some of the kinds of facts obtained may be illustrated by studies under 
way at Berkeley of the nuclei that emit alpha particles. 

A Zpha-Radio~tiwity 

A decade ago only 24 nuclear species were known that emitted alpha 
particles in their decay, and these were all among nature's radioactire 
families, starting from uranium, actinium, and thorium (radium 
being the most active and best-known member). Since that % 
some four or five other natural species have been found. 
ever, there are more than 100 alpha-emitters, most of them 
some by neutron irradiation in reactors, the majority by 
bombardment of heavy nuclei with high-energy' charged particle 

The information obtained at Berkeley through alpha-radioactivi 
chiefly about the heavy elements, is varied and useful : 



as, research workers are able to discover the relative enerm 
tent of the radioactive nuclei above lead and bismuth in the 

eriodic table-and thus to arrange the successive members of 
e families on energy-content basis. HaTing done this, tliey 

certain hills and valleys in energy-content trends, which give a 

re of the rerative stability or instability of the structures of 

h they may be searching and also of istopes that will be formed 
n nuclear reactors not yet constructed. The reactor designer is 

vitally interested in this information. 

a, nucleus emits alphas is related to its stmc- 

ry expressing this relationship is well s 

tiated and has been used to calculate the sizes of these 

artificial elements abdve uranium, and 
plutonium besides Pu 239 have been identi 

Beta-Radioactivity 

radioactive nuclei of carbon 14 and oxygen 15, both end as stable 

clew, emits a beta particle, an electron with one unit of negative 

tive unit charges-the nucleus no longer is carbon; it has b 



One of the conclusions that seem to follow from these observed fact, .L 

is that a neutron is a combination of proton (positire charge) arid 

electron (negative charge) and that it transforms itself into a ppoto4 
by getting rid of the electron. But as soon as the ener@es involved 

in the reaction were measured this theory ran into trouble. fn trarrs- 

forming froin an excited to a stable state, the nucleus reduces its 
energy-content, and this reduction can be measured. Theoretically, 

ut7 
the emitted electron should carry just this amount of energy, B 
usually, it carries less. 

The ~~mtrino. To account for this discrepancy, there has been postu- 
lated an uncharged particle, the neutrino, assumed to be emitted bv 
the neutron along with the electron and to carry the missing enep& 
This particle has nevex been observed: and, in fact, its postulated 

roperties;-close to zero mass and no electrical charg+make its ob- 

servation next to impossible. 
Nuclear physicists today are continua'lly making more precise ob- 

servations of beta decay and keeping a lookout for the neutrino, 
experiments conducted over the past year, serious errors in the meas 
urement of the energies of emitted beta particles have been Corrected. 
It has been found that the samples of material used as beta-particle 
sources in many previous experiments were too thick, with the cons- 
quence that many of the emitted particles lost part of their energy by 
absorption in the sample before they could emerge from it, 

By using thin enough source materials in a solenoid spectrometer, 
energy measurements have been obtained at Columbia University 
that agree closely with the electron-neutrino theory of neutron StrUG- 

ture. Equipment is now being prepared at Columbia to conduct an 
experiment on the beta decay of helium 6, with the expectation of 
throwing more light on the problem. 

Half -life meazt.wement. The two radioisotopes mentioned e _- above 
provide examples of long and short half-lives. Half of the atoms in 
a given sample of oxygen 15 will transform themselves into nitrogen 
in 126 seconds, but the carbon 14 will need 5,100 years for the same 
change. Most radioisotopes have half -lives somewhere in between. 
I For many reasons, it is important to know half-lives accurately. 
Those ranging from a few seconds to a few thousand years c& 

short half-lives. Brookhaven Laboratory has constructed an instru- 
ment to measure those that are extremely short. The sample of ma- 
terial is placed on the rim of a rapidly rotating disc. As the sample 

easured fairly easily, but there is difficulty in measuring the v 

rotates through a strong beam of neutrons, a small amount of radio- 
activity is induced in it. It next whirls past two Geiger counters. 

induced radio-activity has a very short half-life the second GO 
1 show a lower count than the first, since some of tihe isoto 





~~ ~ ~~~ ~ 

~ more, Li 6 is extremely reactive with the 0%:-geii in the air, and th 

fore the target must be prepared and used in a vacuum. 

BeryZZium 7. 
show that beryllium 7 has an excited state rerp similar to that of 

lithium 7. 
with protons, causing the emission of alpha particles. They found 
that these alphas are emitted in two groups of differing energies, and 
are now preparing to measure this difference. 

Oaygen 16. Also at Johns Hopkins instruments are being prepared 
to study the excited state of oxygen 16 because observations made 
elsewhere have given rise to two alternative hypotheses about the 
behavior of this nucleus. It is hoped to determine which is correct 

The Johns Hopkins investigat ors have beell ab1 

They produced the ber_vllium 7 b3- bombarding boron 

~ 

SEPARATION OF ISOTOPES 

e of the original approaches to the study of. the atomic nucleus, 
ly in this century, was through the use of the mass spectrograph to 

separate, weigh, and observe isotopes. 
With the discovery in 1939 that uranium 235 was fissionable, the 

separation of this isotope from the other isotopes of uranium became 
a practical problem on a large scale. It was solved at Oak Ridge as 

the result of a major wartime investment of money and manpower, 
But the separation and production of the natural isotopes of the 

elements has other important practical aspects. Tracer isotopes 8s 

tools of research are the most valuable contribution of atomic science 
to human welfare yet realized. Although the artificial radioactive 

isotopes are more widely used, the stable isotopes-the ones that occur 
in nature-have an important place among scientists’ research tools. 
They can be used where emissions from radioactive isotopes would 
injure living tissues, and also where a suitable radioisotope of the 
required element does not exist. 

To study the fundamental properties of individual isotopes of an 
element, the isotopes must be separated from each other. In general, 
chemical methods for doing this are extremely difficult. Isotope 

separation can be done only by techniques that make use of the tiny 
differences in weight between different isotopes of an element. Since 

the Commission possesses equipment uniquely suitable for this work 
it has actively supported both the separation of stable isotopes and 
research directed toward improving methods of separation. 
t.hree methods scaled up to production-plant dimensions during the 
war for separating uranium 235 from natu 
diffusion (used at K-25). electromagnetic s 
and thermal diffusion. Research designed 
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to develop new ones is under way at AEC laboratories and in 
@.fesitp laboratories under AEC contracts. 

~rom~petic Separation 
Pf+ 

@Lo instrument developed for electromagnetic separation work at - 
liiL -- 

t __ In in Oak Ridge is the ca7utron. It is basically like the mass spec- 
only much larger. The mass spectrograph separates only 

ties and is used to measure the mass of the separated 

y-12 laboratory at the Oak Ridge h'ational Laboratory began- a 
roject in November 1945 to improve the electromagnetic 

This program has improved 
ity and efficiency of the separation process, and has been 

to supply se ed stable isotopes of many elements for 
ions and for universities and other quali- 

fied usem throughout ountry. The isotopes of 37 chemical 
dements have been succes'j%ully concentrated and are being used as 
march tools in ever-increasing number. 

getween January 1947 and September 30, 1949, 190 shipments to 
outside AEC installations resulted in 40 reports of research 

ished in the "Physical Review,". and new reports were 

every month. The 459 shipments to AEC installations 
possible investigations that led to a 1a;ge number of 'reports. - 
earch is in progress at Wesleyan University, Middletown, Con-. ~ 

icut, on several special problems involving electromagnetic separa- 

on methods. One problem is the attempt to isolate certain stable 

at have never been found. This search led to discovery 
of platinum 190, and demonstrated that three other isotopes sought- 
hd202, tungsten 178 and palladium lokither do not exist or are 
extremely rare, The work at Wesleyan also includes research on new 
ion sources for electromagnetic separation work and very precise 
Ifteafllrements of the atomic weights of several heavy isotopes. 

es; the calutron can separate usable quantities. 

ss of separating uranium isotopes. 

$EC research inst 

The thermal diffusion method of isotope separation has its lim 
dons, but it is the preferred method for a few of the lighter elem 
that exist as gases or that have stable gaseous compounds over a sui 
able temperature range. 

Yale University is conducting research work on the separation of 
the rare isotope helium 3 from ordinary helium by the use of thermal 

fhsion columns with helium gas under pressure. This method is 
d to produce helium 3 that is 1000 or more times as concentrated 
natural gas. In research on neon isotopes, the Yale 



nded to others. 

the Oak Ridge Y-12 laboratory, Los Ala- 
and elsewhere on new methods of Separat, 
t cases, these methods are directed spec& 
t are exceptionally difficult to separate by 

SEARCH IN CHEMISTRY 

art in nearly all of the studies of the 
ecounted, but whenever it is new 

atomic energy developmenGal1 the way from the extraction of 
radioisotopes for medical research to the designing of a reactor to drive 

the development or adaptation 
e behasor of atoms and mole- 

cules. Many others, however, are so new that the chemists who work 
at them are exploring unknown regions, just as truly as are the otha 
workers in fundamental science who seek knowledge for its own sake. 

The major share of effort in chemical research goes into projects 
specifically aimed at solring the practical problems of atomic energy 
derelopment, but the Commission furthers some purely basic chemical 
research in atomic energy-the study of newly created elements and 
the utilization of new nuclear-research techniques for discovering facts 
about nature. In all of these kinds of research, as in purely nuclear 
studies, chemists and physicists work together. 

The P~oblem of PZutoitium 

wartime development of plutonium production typifies the 



l? 

, there would have been no plutonium in the early 
or, indeed, any exploit ation of nuclear fission-if physicists 
ists had not for Tears been seeking knov-ledge for its om 

ansuranium elements. With the new techniques of 
n attempting to produce atoms 

than uranium, elemen did not exist in nature. They 
ardment, thej h 

veloped theories about 
e’like-their physical and chemical properties. 

course, they had no practical knowledge of plutonium’s prop- 
, In the then recently irkbented cyclotron at the Berkeley Radia- 

produced an isotope of plutonium and, using 
rim1 methods, were able to extract chemically 

of this new element from the large quantities of other 
stances with which it was intermixed. By &ing this 

activity, they mere able to determine more definite1 

ing this knowledge, they the 
y, obtain larger quantities, an 

tonium, observable only by “tracer” techniques depen 

of its chemical propert 
were able to extract it more e 
determine its chemical properties more rigorously. With this infor- 
m&on they were at last able to undertake the much more difficult 
job of prepark and isolating a small amount of the isotope of inter- 

ished, the second stage of the task began. It was 
ssary to study plutonium chemistry again in much greater detail 

out the enormously more complex job of separating 

al scale I from the uranium and intensely radioactive 

It is characteristic of the function of basic research that some of the 
chemistry worked out it this stage was not used for the plutonium 
separation process but later became extremely important for the solu- 

tion of gm-meen at that time. Such problems will co 
tinue to arise. A broad program in nuclear chemistry theref 
includes not only basic research for which.there is a foreseeable 

tive, but also much in which the discovery of new phenomena a 
gathering of new information is the only immediate goaL 

. 

j d, Pu 239, and to demonstrate that it actually was fissionable. 

CHEMICAL SEPARATION 

The job that the chemist is most often called upon to do in atomic 
ergy is to separate, or extract, one material from another, or more 

en, from & mixture of others. Chemists have many ways of do 
-elective solvent extraction, distillation, precipitation, ion 



nother. Circled in black are the 
was discovered at Oak Ridge La 

Techneciurn (TC) ong the fission products 

i. ~ 





The plants and laboratories of the Commission accordingly are 
engaged in constant study of the changes which plutollium undergo 
under various tre how plutonhm can be dissolved, how 
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shell, the interaction between ato 

molecules absorb li 
possible to unravel m ml features of the structure of mole- 

of the structure and 



Dore complicated molecules. 
e study of the hydrogen molecules, a complete theoretical treat- 
bough difficult, is possible if there are enough experimental data 

than 10,000 lines from which data may be secured. 

mass, these molecules vibrate and rotate in different ways. ERch 
state of vibrat.ion and rotation, combined with a partichar motion 

theoretically be predicted from a knowledge of the masses an 

and study the differences between comparable lines. From this, the 
type of electron motion can be deduced. The electronic structure 
is responsible for the interatomic forces. 

Success with Photographic Techigw 

. 

easuring them-has b 
ooperative effort of 
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HIGH ,\ED Low TEXPERATISRE RESEARCH 

If a powder consisting of tiny insoluble particles is dropped int, 
a. glass of water, the particles may be seen, under high magllification 
to be dancing about as though the? were being kicked or pushed. 

a matter of fact they are, by the motion of molecules (H,O) of the 
water. The incessant motion of atoms and molecules constitutes 

bsolute zero (460 degrees below zero, Fahrenheit) is the tem 
at which constituent atoms or molecules of all substances are 

s the temperature rises( motion strtB. 

for a long distance up the thermal scale, the energies po~e~~ 
the primary particles of most substances are too weak to break 
cohesive forces binding them together, and the substance remains 
d. At different temgeratures, depending upon the strength of the 

ch substance, the atoms or rnolcUles 
esive bonds and obtain 

. The substance “melts” and assumes 
t still higher temperatures, the cohesive form 

to hold the primary particles together at all; the 
me the gaseous state. At even higher 

sun or of an atomic bomLthe CO- 

mselves are broken; only separak 
may be stripped of their electr 

.Wnic Energy Work 

tomic energy program sometimes 
and materials at both of these 

extremes. The chemists who are laying the groundwork for the 
design of new nuclear reactors-which will use higher temperatures 

.. 

v 

than ever before employed in a machine-and the physicists who 
must calculate the behavior of an atomic weapon-where the temper- 

res are comparable only to those found in the centers of the stars- 
st seek the highest experimental temperatures attainable. ,4t the 

her end of the scale, both physicists and chemists find, at temper- 

energy calls for extremely smaIl measurements-of time, 

e mercury device, top, opposite page, developed at W’ 
s time intervals in billionths of a second for measure 

ments of radioactivity. The Argonne quartz fiber balance, center, will shorn 

weight differences of a billionth of an ounce fan elaboration of this instrumen& 
loped at Mound Laboratory is described on page 108). The fluorophotomet 

stitute, is able to measure quantities of ura 
minerals and other materials. 





close to their “rest” state. 

High-Temperature Wiwk 

The United States has been behind other countries, notab 
any, in the study of high-temperature chemical reactions. 
Derience in this field was a serious handicap during th 

nd studies were initiated in 1943 b 

problemsbf high-temperature wf 
used to contain the chemical procc 

-- - 

The wartime search for satisfactory new refractories culmi 
discovery of some cerium sulfides which had been 

nom. Methods were developed for fabricating cruc’ 

operties for use as high temperature containers and construction 

Chemists have made extensive use of thermodynamks in solving 

experiments at room temperature, and even 
hing absolute zero, and use those results 

eonsolidation of knowledge permits 

-- such as those th 

for radiochemist erials that have been b 
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Among the most interesting experiments performed with materials 
at low temperature haT-e been those at LOS Alamos and -4rgonne deal- 
ing with isotopes of helium. Helium 4 and helium 3 have been found 

to have very different properties at temperatures close to absolute zero, 
The rate of flow of liquid helium 4 thou& a small opening &cresses 
the temperature is lowered-until the temperature reaches within 8. 

w degrees of absolute zero. But belov this temperature its behavior 

neutron, instead 
low temperatures. 

isotopically pure to 

ions of He 3 in He 
way product of hydr 

utron bombardment o 
breaks down at once 
ese can .be readily separated. since tritium will combine with oxygen 
form a kind of water in which the common hydrogen atom is 

Refrigeration. Obtai 
easy or a safe proc 
refrigerant for studying temperatures from 16 to 36 degrees (Fahren- 

, neon has been used instead. Liquid and solid neon can provids 

eration in about the same tempemture range as liquid and solid 

not combine chemically with other elements. 

INSTRUMENT DEVELOPHENT-THE ~CROBALANCE 





may not alvays be through applied research and development 
damental facts about the nature and behavior of metals m 

Commission’s program of basic research in rnetallura incl 
wing: strength of metals, diffusion in Solid metals, the 
research, corrosion, and effects of radiation. 
the nuclear physicist deals with the subatomic 

ice of a metal crystal, 
ions, and this relative spacing met 

occupy essentially random positions. When cooling causes solidifica- 
tion, the ordered lattice begins to form at many points simultaneously 
like ice crystals forming in water. From each of these points, growth 
proceeds in the pattern characteristic of the metal until further ex- 
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STREXGTH OF HETALS 

h and plasticity are related in a more complex way both to 

stonlic lattice binding and the more gross characteristics of grain 
Ille stallite structure. In theory, metallic structure should provide 

or crierably greater strength than is actually the case. Bfany at- 
pns1 

ts have been made to explain this discrepancy, but the answer is 
te’Pnot clear. Currently the most acceptable explanation is that 

strength is less than theory indicates because of imperfections 
$ill 
,ctual 

as dislocations believed to be present within the metal lattice. 
BlOV 

oup under AEC sponsorship at the University of California 
9 gr 
tta&ing this problem by coiltrolled experiments on “creep” of high 

is 8 
pity nickel. The term “creep’? signifies very slow extension or 

t&ng of a metal under stress at elevated temperatures. 
StR 

T~ measure this property, a carefully machined specimen is sus- 
nded vertically in a furnace and subjected to a load tending to 

pe Ftretch it. The actual total stretch may only be a few thousandths of 
inch, and measurements are usually made to an accuracy of at least 

,,,&-thousandth of an inch. The commonest method of measure- 
ment is by sighting inside the furnace with an optical telescope and 
measuring and comparing the motion of two reference points on the 

pkrnen. Furnace temperatures must not vary more than one-half of 
one degree from the control point, since temperature fluctuation 

strongly affects creep rates. Creep rates also depend on metal grain 
size, the prior heat treatment of the specimens, the rate of hardening 
produced by the stretching, and other factors. 

Creep occurs generally in three stages, all of which are accelerated 
by high temperatures and heavy loads : 

Strenfit 

a) A rapid stretching or elongation which continues for a short time 

b) ,4 slow, steady extension which may continue for years. 

c) Finally, a rapidly increasing rate of stretching until failure occurs. 

(minutes or hours). 

The mechanism by which creep occurs is still a subject of controversy. 
Creep occurs in single crystals and also in material made up of many 

crystals or grains. Theories of dislocations (specific lattice discon- 
tinuities), theories concerning so-called viscous flow at grain bound- 
aries, and theories involving a subcrystalline unit labelled a “mosaic 
block” are all prevalent today. ’ It is hoped that data resulting from 
this work will aid in developing a more satisfactory theory of plastic 
flow in metals. This is potentially of great importance to the nuclear 
reactor engineer. 

:: ..._ .....--I... 
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DIFFUSION IN SOLID &TALS 

A fundamental fact in metallurgy, perhaps hard to visualize, 

that considerable movement of atoms is possible Tithin a metal latti 
Some of the most important properties of metals, such as m: 
growth, recrystallization, and age-hardening are affected by tl 
through-the-lattice movement of atoms known as diffusion. por , 
ample, if a smooth flat block of copper is placed on a similar SmOI 

fiat block of silver, and the pair are heated to a fairly high tempel 
ture but still below the metals’ melting points, silver atoms will mc 
into the copper block and copper atoms into the silver block, A 
this net interchange, or diffusion, of silver and copper atoms bor 
the metal blocks solidly together. This technique, actually used 

fasten metals together, is known as diffusion bonding or diffusi 
welding. Heat is necessary since the rate of diffusion of atoms 

greatly accelerated by increasing temperatures. 
If two similarly prepared blocks Qf copper are placed together a 

heated, similar bonding occurs. This indicates that copper ah 

move across the interface (boundary) between the blocks to fo 

atomic linkages and hold the blocks together. This movement 

atoms in a single metal is know as self-diffusion. It explains 
strong, coherent metal bodies can be formed by powder rnetallur 
processes in which finely powdered metals are first compressed mr 
high pressures and then heated to high temperatures for “sinterin, 
In sintering, metal atoms simply diffuse across the compacted partj 
boundaries and establish a continuous solid body. In mne of th 

operations is the melting point of the material ever reached, and 
bonding reactions occur between solid particles. 

Hardening of steel takes place largely because of a change in i 
organization of the iron lattice as the metal is cooled from high temp 
atures. This so-called phase change is made possible by the diff us: 
of atoms to new sites in the lattice. The hardening process in stee‘ 

a key industrial phenomenon, and much of our present knowledge 
diffusion grew out of extensive research in steel technology. 

Research on Diffusion 

The mechanism by which diffusion occurs is not yet fully und 
stood. Three different AEC-sponsored projects are now work 

on this problem. 

Relative diffusion rates. At the General Electric Company’s 1 
search Laboratory, studies are under way to determine the reht 
rates of diffusion at metal surf aces, through grain boundaries, 
through the grains themselves. Certain information on the rates 

diffusion along these three paths was gained some 20 years ago, 
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the diffusion of thorium in tungsten. At that time, metal- 
ed certain high precisi'on techniques such as radioioso- 

tracer methods, which now can be used to advantage. The General 
uriiig the rates of self-diffusion in silver 

atoms. They have found that the rate of 
sjon alollg grain boundaries is at least one million times greater 
through the g'rains themselves. Since a metal sample with many 

niii bundary area than one with fewer, 
e of diffusion may therefore be expected 

be faster in a fine-pained sample than in a coarse-grained one. 

I sdf-aip,&on rates. The Research Laboratory of the Sylvania Elec- 
products Company at Bayside, Long Island, is also study- 
diffusion phenomena as part of its fundamental program sup- 

Wic 

iag 
hed by the Commission. This group has developed a new method 

do not have suitable radioactive isotopes to use in measuring self- 

,jjgusion rates. In the Sylvania method a fine wire, of copper, for 
example, is placed on a copper block and the two pieces are heated to 
temperature at which diffusion, and therefore bonding, occurs. 
AS diffusion occurs, a neck is formed at the junction of the wire 

ad the block. By measuring the thickness of this neck after various 
bating times, the rate of diffusion can be calculated. 

@'at of grain orientation. Carnegie Institute of Technology, also 
wrkhg on diffusion at grain boundaries, is trying to determine 

for PO measufing the rate of self-diffusion of atoms. Certain metals 

DIFFUSION OF SILVER THROUGH COPPER 

I 1 

Radioactive 
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whether the orientation of adjoining grains has an!. effect on tl 
le rat 

of diffusion at the boundary between the grains. The experiment, 

tll 
technique is to measure the rate of diffusion of silver atonls into 
boundary regions bet ween large column-like grains of copper in 
the exact orientation in space of the lattice patter11 has been mea! 
ured. Several methods are being used to trace the course of diffusiol 
In one method, a thin layer of a radioactive silver isotope is electr, 
plated directly on one surface of a cast piece of copper prepared 
the form of foil five-thousandths of an inch thick. 

men is then heated to a temperature at which diffusion will occu 
When the specimen has cooled, a photographic film is placed again! 
the unplated side of the specimen. 
(p. 113), radioactive silver will penetrate down the columnar grai 

boundary and will be closer to the film at these regions. The filn 
exposed to the radiations from the radioactive silver, will be darke 
where the silver is closest to the film. The relative amount of diffusicl 

at the grain boundaries and through the grains can thus be measure, 

The plated 

AS is shown in the 

THE HEAT-ENERGY APPROACH 

Stepping almost directly into the chemist’s field, metallurgists hay 
recently begun more extensive use of the so-called thermodynamic a] 

proaich to find answers to unsolved fundamental problems. In th 

approach, attention is focussed on the varying heat-energy contei 
of metals under different conditions. For example, heating a on 

pound sample of iron up to its melting point (about 2,800 degre 
Fahrenheit) from room temperature (say 70 degrees Fahrenheit 
requires about 86,000 calories of heat energy. At this point, to mc 

the iron, without any further change in temperature, requires near 
30,000 calories. Melting is called a “change in state.” Other chang 

in state are known-vaporizing, condensing, solidification-and ea( 
one requires a transfer of heat energy. 

This change in heat energy works in both directions. In son 
changes of state, heat energy is given off. When steam condenses in 

liquid water, a large amount of %heat is liberated-268,000 calories p 
pound-and this takes place at 212 degrees Fahrenheit without ai 

change in temperature. Similarly, heat energy must be taken frc 
water at the freezing point to change water to ice. 

Chemists have known for a long time that heat-energy changes ; 
along with chemical reactions. And the chemical reactions that occ 
in processes of refming and alloying metals are no exception. T1 
is the point where the metallurgist borrows techniques from the chel 
ist. Reactions which occur in liquid alloys or liquid metallic solutio 
can be stmudied by methods similar to those which the chemist has US 

for many years in studying solutions in water and other liquids 
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emperatures. mile the same thermodynamic principles ap- 
l~~o lipid metallic solutions, experimental methods must be devel- 

eet the problems imposed by higher temperatures. 

rt 

ttaChS on the Problem 

the Massachusetts Institute of Technology, three different meth- 
tta& are being directed at this general problem. One method 

being used at the Carnegie Institute of Technology) involves 

easurement of electromotive force in an electrolytic cell. One 
that this means measuring voltages in a series of batteries, 

Dents of which instead of being those of a normal storage 
lead, lead oxide, and sulfuric acid solution) are the liquid 

tals or alloys to be studied and a mixture of fused melted salts. The 

ues in use at MIT have been extended to study three-metal 
such as cadmium-lead-tin, cadmium-lead-bismuth, and cad- 

-lead-antimony. Previous studies have been largely limited to 
component systems. 

A second method involves measuring the vapor pressures of metals 

their liquid alloys. Here alloys of cadmium and zinc are being 

$udied. 
The third approach, which uses liquid alloys of iron and sulfur, 

utilizes the reaction of sulfur with hydrogen to produce hydrogen 

&de (H8). 

@@A 
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At the University of Pittsburgh work is concentrated primarily on 
developing methods and designing and building equipment for study- 
ing various heat-energy transfers involved in metallic alloy formation. 
Aspecial calorimeter has been built to determine the heats of forma- 
tion of magnesium-cadmium alloys and sodium-potassium alloys. 
Other special equipment is virtually complete for measuring low 
temperature heat-of-formation effects of magnesium-cadium alloys. 
In connection with this work, facilities for experimenting at the ex- 
treme cold of liguid helium (approximately 4 degrees Centigrade above 
nbsolute zero, or 452 degrees below zero, Fahrenheit) had to be 
provided. 

Metallurgy of Sozids 

The thermodynamic approach may also be applied to metallurgy of 

a on measure- solids. A research group at General Electric is workino 
men& of the energies contained in metallic grainToundaries. For the 
bt time, the energies required to form a boundary between two 
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crystals of the same metal have been nm~ured. This quantity detef. 
mines in part the rate at which these boundaries move when 

grains grow under the influence of high temperatures and. cornbind Ritg 

the diffusion data previously discussed, should contribute much to 
understanding both of metal surf aces and of the boundary interfa': 
between metals. 

Scientists at MIT are using somewhat different techniques to Btbck 
this same problem. Their objective is to measure the degree of 

that is, the regularity, in the metal lattice at the grain boundaries, 

X-RAY STUDIES 

The question of order or degree of lattice perfection is also being 
studied at Carnegie Institute of Technology by advanced x- 
methods. 

The research programs at MIT and the Carnegie Institute of Tech. 
nology are examples of the growing use Of X-rays in studying the 
atomic structure of metals. If we recall that normal sunlight can be 
separated into its spectrum of wave lengths by means of finely- 
ruled gratings, it is somewhat easier to understand the use of x-rays 
in crystal structure work. Here the lattice planes in the crystal take 
the place of the grating lines'and reflect the X-rays. The angles of 

reflection depend on such things as lattice spacing and regularity, 
a typical experimental setup, a beam of X-rays strikes a crystal at a 

hown angle. Within the crystal, the rays are reflected (at the same 

angle) onto a photographic film. X-ray pictures on film can then 
interpreted to reveal information on the atom arrangement of the 
crystals through which the X-rays pass. 

BY 

RESEARCH ON CORROSION 

Corrosion is a general problem in use of metals. Its severity caries 
with the environment to which the metals are exposed. Since corm 

sion is generally accentuated by high temperatures, it is of prime can- 
cern to atomic energy metallurgists. 

Two paths of solution are open. The first approach is through 
specific experiments on one material under a specific set of conditions 
This type of development research is needed to obtain quick answers 
to the most pressing problems. But then, more frequently than nd, 

if conditions are altered slightly, these answers no longer apply, and 
the work must be repeated. 

The second, more fundamental, approach is through a long-raw 
research program which will reveal the basic nature and under$% 
causes of corrosion in metals. The principles thus learned can then 
be applied to the specific problems at hand. 

4 
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the Office of Kava1 Research already has under way a well 
rogram on corrosion fundamentals, ,4EC 
e work in this field but has tried to select 

hich appear most relevant to direct corrosion problems 

es of corrosion are accompanied by a flow of electric 
nd are characterized by voltages kno-m as “electrode po- 

’7 which exist between metals placed in current-carrying solu- 
For instance, if a number of metal strips such as copper, silver, 

e,, zinc are immersed in a salt solution, and a voltnieter put in 
tact with any two dissimilar strips, a voltage will be shown on the 

roltmeter. These electrode potentials vary with the metals and solu- 
tions involved? the temperature, and other factors, 

ergy program. 

i 

I 
l 

The work now being done at Carnegie Institute of Technology on 
corrosion of zinc is a good illustration of the need for the corn- 

jete understanding of this corrosion process. Historically, coatings 
P 
of zinc on steel, commonly called galvanized steel, have been used for 
nlany years to minimize the reaction of the steel with water and pre- 
vent the formation of rust. The traditional explanation for the pro- 
tective action of the zinc is that zinc, being more active chemically 
&an steel, has a greater tendency to go into solution; hence, the steel 
is protected at the expense or sacrifice of the zinc coating. 

The common use of galvanized articles over many years might lead 
one to believe that the corrosion behavior of zinc had been accurately 
eduated. However, only recently it has been noticed that galvanized 
steel when exposed at high temperatures to certain types of water, as 

in water heaters, is no longer protected by the zinc coating. Under 
these special conditions, the zinc coating appears to have lower activity 

than steel and it is the steel that corrodes. Full-scale basic investi- 
gations of this type of phenomenon will give information which will 
lead to a more complete understanding not only of the corrosion char- 
acteristics of zinc but also of the corrosion process in general. 

Along with the work on zinc, the corrosion characteristics of 

titanium metal are also being evaluated. Titanium metal is the basis 
of an intensive industrial development at the present time, because 
its solutions or alloys with other metals have high st;rength and light 
weight. The future uses of titanium and titaniurn~.~~loys depend on 
better understanding of their reactions with water or ,water solutions. 

The present study will furnish such information and also assist in 
developing a general theory of corrosion. 

I 
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RESEARCH AND PROGRE~~ 

EFFECTS OF RADIATION 

Another topic of major concern to the Commission's materials en- 
gineers is the effect of radiation on metals. Again a double-barreled 

approach is being taken to obtain aiisn-ers to the problellls. 
In the first place, samples of many different materials are being 

put into operating reactors to determine the effects of radiation on 
their hardness, electrical resistance, dimensions, strength, and Other 
properties. This empirical cut-and-try approach is being supple, 

, merited by basic investigations into how radiations induce changes. 

Part of this basic work is being done in universities and other co- 

operating institutions by the use of cyclotrons or other nuclear particle 
accelerators to irradiate metal samples. 

Atom DispZacemenS 

Since the displacement of atoms or distortions of the atomic lattio 
are the basis for many property changes in metals, radiations which 
cause such displacements can be used to investigate metal structure. 
For example, when a neutron from a reactor penetrates a metal lat- 
tice it may strike the nucleus of one of the metal atoms and displace 

'this atom from its normal position. The lattice is thus distorted, 
When many thousands of neutrons per second enter a small area of 
.metal, considerable disruption of the. lattice is possible. In some 
cases the displaced atoms may lodge in between normally located 
atoms and create high stresses. This will show up in greater hard- 

ness, less heat conductivity, less ductility, and perhaps even in changes 

in size of the material affected. 
Similar changes are produced ih metals by such operations as 

rolling or hammering at low temperature, and it may be possible to 
establish a relationship bet,ween neutron-induced changes and those 
produced by mechanical effects. 

Numerous other miscellaneous topics of fundamental interest to 
metallurgists are being studied under AEC auspices. Studies in heat 
transfer to molten metals, methods of measuring heat conductivities in 
ceramics, and studies in mineral engineering involving radioactive 
tracers are examples. 



RESEARCH. 

fOregOl*b ' sections have presented in broad outline the Atomic 
Commission's program of research in the physical sciences. 

Energy 
,&ut this program, a balance is maintained betxeefi basic re- 

The national in- 

t clearly requires stroiig concentration on directed research that 98 

'?develop needed material and equipment in the fastest, surest way. 
$111 

it is equally clear that it takes pure research to penetrate beyond 
But 

frontiers of our present knowledge and allow us to open new fields 
tbe 
for development. 

lfuch of the knowledge that has been gained in basic research has 
w channeled directly into process and development work. This 
cork is, of necessity, largely classified. As far as is possible, within 
be limits of security, the following sections report some of the prog- 
ress in putting research results to use, including examples from ma- 

r operations areas : reactor development, production of fissionable jo 
materials, and military application. 

1 Ifhroh 
d, and developmental and applied research. 

RESEARCH AND itEACTOR DEVELOPMENT 

xuclear reactors are the machines in which atomic energy is put to 
rork, and their development-f or the better production of fissionable 
materials, for the production of useful power, and for use in re- 
$arch-+ a major effort of the program being forwarded by the 
Commission. Because the field of effort is so new, the design of a 
nev reactor alvays calls for facts which have not yet been obtained. 
The reactor designers and those working with them, before setting 
up projects in applied research aimed at answering essential questions, 
survey the store of current knowledge and research to find what is 
available for their use. 

Although there is necessarily much overlapping, research for reac- 
tors may be grouped into three broad fields-nuclear physics, metal- 

lurgy, and chemistry. This is the work the scientists do. Engineers 
also have three fields-chemical, mechanical, and heat-transfer en- 

gineering. The work of a11 the investigators is almost exclusively 
programmatic, for it is aimed at the one objective of building reactors. 

The experimenters seek more basic knowledge in the still relatively 
unexplored field of ~iuclear physics ; they determine properties of rare 

119 
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elements that bold promise in reactor design; they open up a neff 
branch of chemistry and chemical engineering in separating Val “able 
materials from the mixed output of reactors. Engineers devise COR. 

trol systems that meet the nex requirenlents of reactor operation 3 arid 

transfer at higher temperatures. 
beat-transfer specialists work in a new realm of more rapid rat es of 

Control of Neutrons 

and The Xation-wide program for the measurement of the neutron 
other cross sections of materials, already described, is basic to reactoF 
development. 

An important application of these data lies in the choice of shield, 

ing for reactors. The material of the shield must have a high capture 
Cross section because the purpose of the shield is to absorb neutrons, 
and thus keep them from escaping to injure people and contaminab 
equipment. Shields must also stop both the gamma rays originat, 

bg in the reactor, and secondary gamma radiation induced in the 
shield as a result of the neutron bombardment. Hence, in this caN 

gamma-ray -absorption cross sections as well as neutron cross sections 

are measured. 
All the other components of a reactorthe moderator, coolant, struc- 

tural materials, and reflector-must have ZOW capture cross sections 
so that the neutron losses inside the chain-reacting core will be small, 

APPLICATIONS OF FUNDAMENTAL PHYSICS, CHEMISTRY, RIETALLAJRQ~ 

Nearly all of the research work in nuclear physics, chemistry, and 
metallurgy, reported in the foregoing pages, contributes in one way or 
another to answering the questions faced by the designer and builder 
of nuclear reactors. The reactor designer must have information, as 

exact as possible, concerning : 

Nuclear remtions. For example, the behavior of neutrons ; the fissions 
they cause and the nature of the fission products; the transmuta- 
tions that neutrons and other bombarding particles bring about in 
materials ; the radiations emitted by the great variety of radioactive 
isotopes produced in these nuclear events. 

Chemical reactions. For example, the effects of intense radioactivity 
upon all the kinds of elements included in the original components 
of the reactor, and also the secondary elements produced therein; the 
influence of intense heat upon the chemical reactions that occur ; the 
changes that occur in the properties of the chemical elements under 
reactor conditions-their corrosion, electrical conductivity, heat con- 
ductivity, and reactivity Eith other elements. 
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,Tties of metals and other mafsria7s. The materials used for the 
prop coolants, moderators, fuels? and the rest-how they will 

-&at changes of state they Kill undergo, and how their striic- 
wbace, 

flill be affected by the nuclear and chemical reactions involved. 
necessary to determine "con~entiond" properties-veight, [Ufl 

It is 
&! melting point, hardness, conductivity, etc.-of many mate- 

t in common use or of everyday materials in ranges beyond 
rials no 
COD ce&onal applications. These newly determined nuclear, physical, 

d properties constitute new material to be added to en&- an 

dr&ure' 

9 handbooks. 

fiesearch on Fissionable Materials 

Nuclear physicists are working in Commission laboratories to find 
be best methods and techniques of using uranium 235, uranium 233, 
and plutonium as fuels. At the same time, they are studying the 

of breeding U 233 from thorium and plutonium from 

238. 
Breeding is the production in a reactor of more fissionable material, 

by conversion of nonfissionable materials, than is consumed as fuel. 
Obviously, success in producing and using new fuels will make pos- 
sible much wider use of reactors than can be achieved with the present 
limited supply of U 235. These investigations range from trial of 
new processes using neutrons of energies between 0.025 of an electron 
volt and hundreds of thousands of electron volts to the actual build- 
ing of an experimental breeder reactor at the new Reactor Testing 
Station in Idaho. 

NetaZZurgy of uranium. Research on the metallurgy of uranium has 
advanced to the point where it has been possible, for some years, to 
produce highly purified uranium fabricated into the various exacting 

sizes and shapes required for the fuel elements of reactors. During 
the last 2 or 3 years, much has been learned from work at ,4rgonne, 
Oak Ridge, Massachusetts Institute of Technology, and laboratories 
of the Department of Defense about the effects of small amounts of 
alloying agents on the properties of uranium. This basic informa- 
tion has shown the way toward new and improved reactor fuel 

elements. More detail concerning uranium metallurgy in AEC oper- 
ations is given on page 126. 

Metallurgy of BeryZZium 

Progress with beryllium is another typical example of results from 
metallurgical research. In the fall of 1941, it was difficult to obtain 
enough beryllium to make the significant esperimehts which showed 

\ 
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that beryllium was a possible moderator comparable t 
-~~~l~ beryllium work was carried out at the University of c:bih 

The status of beryllium is now far different from that in 19~1 
,Qlthough the metal remains difficult to because it is exceedingl; 

brittle, special techniques of casting followed by extrusion 
fairly large bars which are successfully machined to intricate 
Powder metallurgy techniques have also been developed for Production 
of many shapes of large size, and infomation has been obtained oII 

the physical properties of the metal under many varied conditions. 
In general, beryllium can now be considered of engineering use. 

fulness. Research continues, however, to improve e\ len further the 
characteristics of the metal and to produce it more cheaply. 

O @a 

and later by a group at MIT. 'cago 

f 

Produc, 

Research on Heat Transfer 

The problem of removing heat from a reactor is particularly difi 
cult for mobile units because of the necessity for Small size and high 
power. The heat-removing mechanism must be extremely effective, 
When heat removal is mentioned, most people think of water, which 
has worked so well in conventional applications. KOt SO well known 

is the fact that molten metals such as sodium, potassium, lead, his- 
muth, tin, and possibly magnesium, are much more effective than 
water in removing heat from a concentrated source. It is, of course, 
desirable to use a metal or alloy with as low a melting point as possible. 
The best coolant should be fairly light, have the proper nuclear charac- 
teristics, be suitable for circulation at high temperatures in a piping 
system, and be as cheap as possible. All this must be over and above 

the basic requirement of good heat-transfer characteristics. 
Study of liquid metal coolants is one of the major metallurgical 

problems faced by reactor development workers in the atomic energy 
program. A number of liquid metals looked promising until con- 
tinuing investigation revealed properties that made them unsuitable. 

Some liquid metal systems do have definite promise, however, and 

at least two new reactors will use molten metals to carry off and trans- 
fer heat. Continuing research will shed more light on such problems 

as corrosion, purification, and alloying in the production of new ma- 
terials that will remain in the liquid state over a widt range of tem- 
peratures beheen a low melting point and a high boi ing point. 

Research on Reactor illaterials 

The common structural materials are not satisfactory from a nuclear 
point of view. Iron absorbs, atom for atom, nearly 10 times as many 
neutrons as aluminum. The problem, therefore, has been to develop 
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Ileullurgical research at Oak Ridge National Laboratory. Here, a red-hot billet 

out of the furnace is being placed in the press which will extrude it as a 
rod, one inch in diameter. 

lnaterials which have structural properties at least equivalent to , 

dandard materials and which are also satisfactory f roin the nuclear 
standpoint. Studies of several reactor materials are being carried out 

the Atomic Power Division of the Westinghouse Electric Cor- 
@ration, under contract with the Commission. The work includes 
nvestigation of corrosion, fabrication, and radiation effects. 
Such metnllurgical investigations are programmatic, aimed at solv- 

ng specific reactor problems. Underlying them is a broad base of 
iEC-supported fundamental research into such areas as rates of 
iffusion of one metal into another, thermodynamics in metallurgy, 
se of radioactive tracers in minerals engineering, and development of 

:R methods for measuring thermal conductivities of ceramics. Pro- 
rams of this sort are gerierally carried out at MIT, Battelle, and other 
iiversities and research institutions throughout the country. 

Processing of Fire7 Elements 
t 

During the operation of a nuclear reactor, fission products are 

created within the machine. These radioactive materials are the ashes 
of the reaction, but unfortunately they do not drop out at the bottom; 

they are intimately niixed with the fuel. The fuel has to be removed 
from the reactor and valuable materials separated from the fission 
products by chemical processing, a procedure in which successful de- 
relopment and improvement is of utmost importance to the future 

of reactors. 
Fuel elements hare to be processed and refabricated after only LZ 

i 
t 
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small percentage of fuel is consumed. Acculmlation of fission Prod. 
ucts wastefully absorbs neutrons needed to sustain the reaction. 

A small portion of the fuel in use bF an operating reactor is being 
processed and refabricated practically all the time. Partly used 

is constantly being withdraxn and replaced by reprocessed fuel 7 and 
the very small amounts of fuel actually consumed are restored from a - 
fresh supply. 

There are two major processing difficulties. First, the Processinn 
~ 

“61 

even the repairing of processing equipment, must be controlled re- 

s as motely by men protected against radiation behind concrete wall 
much as seven feet thick. Second, it is necessary to purify large vel- 
umes of materials to a degree far beyond standards of industrial proc- 
essing. 

There are additional difficulties involving the containers used for 
these processes. They must be small enough so that there is no possi- 
bility of accumulating critical masses of fissionable material and set- 
ting off chain reactions. Again, they cannot be allowed to become 

contaminated with radioactive reactor products to the point where 
their radiation would alter the chemistry of the processing. 

At Hanford, only plutonium has been separated. Uranium 238 and 
nonvolatile products of fission are stored. Disposal of waste byprod. 

ucts without contamination of streams and underground waters is the 
object of considerable study and investigation. 

Research workers at Oak Ridge and Argonne worked on waste ban- 
dling and processing late in the war. Their early investigations Rere 

expanded into a program of basic research into the chemistry and 
reactions of the materials used in the construction of fuel elements. 
Also, it was necessary to obtain basic information about the little 
known elements included among the fission products. Some of these 

elements lose their dangerous radioactivity in a few hours or days; the 
half-lives of others are measured in years and tens of years. The more 

lasting of these elements include strontium with an atomic weight of 
90, ruthenium 106, cesium 137, cerium 144, and promethium 147. 

Applied research to develop methods to separate fuel from fission 
products followed. Basic and applied research continued through 

the pilot plant stage in AEC laboratories, and valuable contributions 
have been made elsewhere. The first full-scale new process fuel plant 

for reactors will be built at the new Reactor Testing Station in Idaho 
during the coming year. 

Hand Zing Radioactive Wastes 

The safe disposal of radioactive wastes is a problem throughout 
the atomic energy enterprise, and all of the major laboratories and 
production installations of the AEC are studying one or more of its 
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The Mound Laboratory at Miamisburg, Ohio, has under- 

&@’in overall study of the entire subject, dealing vith metliods 
brfFeD. dling wastes of all degrees of radioactivity. The Conimissioik 
Of bana &ssisted in its work by the U. S. Geological Survey, the U. S. 
6 Health Service, and the U. S. Bureau of Mines, and also by the 
p.FerSit,y of Tennessee under contract. In October 1949 the Com- 
?-:,,n issued a special report, “Handling Radioactive Wastes in the 

@inp 
blic 

ID’”:; Energy Program.” * 
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RESEARCH AND PRODUCTION 

reduction of fissionable materials-the fuels of atomic 
energ-ls a large and diversified industry. It is also a new industry, 

all of its key processes are in an early stage of development. 
&out the production chain, from the acquisition and treatment 

d 
Tbro 

materials to the fabrication of finished uranium 235 and plu- 
the variegated manufacturing operations are continually 

of ra 
tOnium9 

iolP 
fie application of research to production is an aggressive and con- 

duous effort. All of the key installationnthe raw materials offices 
in Washington and Colorado, the feed materials processing head- 

sfiers in New Ymk, the Hanford pluto6ium works, and the K-25 
Qu 
miurn separation plant at Oak Ridgemaintain teams of tech- 
nicians who operate as liaison agents between the manufacturing 
]ants and the research laboratories. These specially assigned scien- P 

ti& and engineers are expected, not only to find the answers to pro- 
duction problems that are giving trouble, but also to critically study 
pduction processes and operations, develop .original ideas for their 
improvement or replacement, and find the best sources of the needed 
fundamental facts in science laboratories and research publications. 
Year by year, the resulting production improvements are increasing 

the health of the fissionable materials industry-saving money and 

manpower, making better use of available uranium. The details 
of these improvements cannot be told to the general public, for security 

reasons. Often, in fact, their very existence must be kept secret. A 
few examples, however, from the various major operations, will show 
thekind of work being done. 

The P. 

roved by the knowledge gained in fundamental research. 

r 

PRO~CJCTION OF PL~ON~ 

The Commission has carried through a 3-year program for the re- 
habilitation of the xar-built plutonium-producing reactors at Hanford 
and, at the same time, has built new and improved facilities,-both as - 

‘Superintendent of Documents, Washington 25, D. C., 15 cents. 

. ,* s f! 



replacements and for increase of output. Today's programsof 
opment (see Part I), includes additions to present facilities "nd - 

O Opera4 
at nex high levels of efficiency and productiveness. 

long-range effort to perfect desips for ne\T-type reactors t a 

URANIUM AND PLISTONIUBf 
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Of the The transmutation of uranium into phtohium involves Some 
most complex chemical and metallurgical problelns ever Solved on 8rl 

industrial scale. Present knowledge is far from complete. 

Uranium 

Uranium production in the atomic enera program is a long, corn- 
plex chain o*f manufacturing processes that starts with 
ing ore and ends with cylindrical rods of the purest uranium metal 
ever prepared in quantity. Impurities that would capture neutroas 
are intolerable. After the processes of ore treatment, purification, 

and reduction to metal, which are difficult enough, comes the problem 
of jacketing the uranium slugs to protect the metal from corrosion bs 
water and air in the plutonium-producing reactor. 

Uranium, at the start of the nuclear energy program, was a rela- 
tively unknown and little used element. While considerable quantities 

of uranium-bearing ores had been mined, they had been processed for 
their radium and vanadium content ; the uranium was generally 
discarded 'as waste material. 

Even after the war the metallurgy of uranium was in about the same 
state of IznowleQy that characterized the metallurgy of iron and steel 
in 1870. Techniques for extracting and fabricating relatively impure 
uranium were developed during the war, and some knowledge was 
gained of the prcjperties of impure uranium. But nearly the only 

purification attempted was for the removal of neutron-absorbing 
materials. The properties of the high-purity metal and the possibility 
of alloying it for developing desired mechanical and chemical prop- 
erties are still unknown today. 

Purer uranium needed. The impurities in present-day uranium pre- 
sumably affect its properties very markedly, but until purer uranium 
is available in some quantity, designers of reactors for production 
and other purpqses cannot know what these effects are. Metallurgists 

of AEC laboratories and contractors are studying the problem and 
have succeeded in preparing small quantities of metal that is exceed- 
ingly pure insofar as the 20 t+ *'30 elements normally found in ura- 
Rium are concerned. 

This will for the first time permit study of the chemical and 

c- 
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erties of uranium and the effects of impurities and alloys 

\‘ 

P- 
uranium. Future development of reactors will require 

Jnny’”’ alloys Kith certain specific properties. Uranium offers 
ri@umbeat-treating possibilities than do most metals. It has two 
pt&mation points at which a rearrangement of the atoms takes 

t@ B~ iron has but one usable transformation point, 

Ld I@ 
has none. The uranium transformation points are consid- 

,, the surface of a piece of ura- 
Wrih 

microscopic examination at the 
d@ 
p,telle Nemorial Institute. Uranium, 

atomic energy development, was 

ed and little known element. 
do* 

after the mar, knowledge of its 
Freo 
d811urgr was no better than that con- 

dog iron and steel in 1870. And to- 

yr, @e qualities of the high-purity 

are still not well understood. 

1 little us 

ptal 

vPb]y below the melting point, and thus allow for full development 
of &e heat-treating potentialities of the metal. 

However, the physical and chemical properties of uranium present 

my difficult problems, which have tended to impede advancement 
in uranium metallurgy. The noncubic arrangement of the atoms 
ass the metal to have different physical properties in different di- 
&ions-to expand *more rapidly in one dimension than in another 

rith increasing temperature, for example. Similarly, the two rear- 
nngements of atoms (transformations), while offering heat-treating 
pibilities, give uranium three structural variations while iron has 
dy two and copper only one. 

forrosion prob7em. Uranium possesses great affinity for oxygen ; 
hce, to avoid trouble and prevent loss due to oxidation, special pre- 
autions must be taken when processing or studying the metal. *All 
dthg and casting, therefore, is done in a vacuum. Fabrication work, 
den possible, is done at low temperatures to avoid rapid oxidati,on. 
Other precautions involve working the metal in an inert atmosphere, 

rapid manipulations or jacketing of the metal to. reduce the oxida- 

i 
letter dugs for reactors. Research performed at MIT, Battelle, 

’ home, Schenectady, and Hanford is primarily responsible for the 

1 

~ 2 tionperiod. 
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better understanding that exists today about the behavior of 
rods (or slugs) under conditiolis of Controlled fission of th 
isotope. This information has contributed vastly to our better 

tion of this scarce metal, and has resulted in higher yields of 

nium per unit of uranium, with colls%Pellt large dollar sarin 

that will be prerequisite to the attainment of conversion efficienci.$ 
common to non-nuclear reactions, and short of which atomic fuel can. 
not compete economically in the field Of power generation with con. 
ventional fuels. 

e ZJ 225 

Plut, 

Much research remains to be done to attain the fuller understandin 8. 

used 
Graphite research. 
in the Hanford reactors and also the material fornliiig the matrix illto 
which the uranium slugs are inserted. AS a collsequellce of research 
into the chemical and physical properties of graphite, thermal enerD 
reactors of greatly improved design and performance characteristi& 
have been made possible. This work has also led to a better under- 

standing of reactor operation. It has been found that there is a close 
correlation between the behavior of graphite and uranium when sub 
jected to conditions resultant from the controlled fission reaction 
that takes place in nuclear reactors. This knowledge has led to the 

adoption of technical and operating procedures that have made possi- 
ble higher rates of production, longer life of existing piles, and im- 
proved design of new piles. 

Graphite is the neutron-moderating material 

Plutonium 

A brief sketch of the process of making and separating plutonium 
indicates the complexity of the chemical processes involved. The 
process starts when slugs which have been in the reactor for a con- 
siderable time are removed. Their radioactivity at this point is s~ 

intense that they have a blue-white glow. 
Inside the aluminum jacket, the irradiated slug is no longer ura- 

nium alone. It is still more uranium than anything else, but it also con- 
tains small amounts of neptunium and plutonium and somewhat larger 
quantities of other "impurities"-radioactive forms of more than 
forty elements, such as barium, iodine, cerium, arsenic, silver, tin, 
and cadmium. 

Remote-controZ operation. Extracting plutonium from this slug 

is a far more difficult undertaking than separating, say, a magnesium- 
aluminum alloy. The first step is comparatively easy, though some- 

what c -n"icated by the fact that the chemist must do everything bS 
remot i~01 if he wishes to lire to run another batch. The jacketed 

iirankL1 slugs are dumped into a tank, and a solution is added which 

q 
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dissolve the jacket but not the uranium. ,4fter it has done its 

k, the solution is drained off and the uranium, along with all 

In the separations plant, longer than a football field, concrete walls 
operators from the radioactivity of the chemical processes 

The corridor beside the process equipment contains banks of 

trol panels, gauges, recording instruments, levers, and switches, 
the entire process is actually completely out of siglit of the 

$ifl 

its in1P 
urities, is dissolved with another reagent. 

eor / 

ping on* 

bot 
opemtQr* 

b,,rther along in the separations process is a glass-fronted cab- 
s- 

containing a fair-sized glass vessel filled with what looks like 
iN 
pea SOUP* The greenish solid swirling about in the liquid is a com- 

und of plutonium in a final precipitation process. This is the solid 
Po can be filtered off and converted into metal by “conventional” 
aetallurgical processes. 

plutonium a poigon. The highly radioactive fission products have 
ken so thoroughly removed that a glass window is now more than 

le protection, because plutonium itself emits only alpha particles, 

ahich cannot penetrate the skin. Outside the body it is perfectly 
harmless. But let some plutonium enter the body-through the lungs 
or mouth, for example-and a very small quantity can be a deadly, 

slo-iv-acting poison. This is the reason for the glass-fronted cabinet, 
and the elaborate ventilation system that causes an intense inward 
draft when the &ont is opened. .- 

Research on separations problems. Development of separations proc- 
esses in industry has traditionally been costly, requiring the coor- 
hated efforts of highly trained personnel and specialized equipment. 
Until the war, development work in chemical industry proceeded at a 
good pace, consistent with economical use of manpower and materials. 
men separation of plutonium and uranium became a factor in the 
national security, it ‘was imperative that extraordinary measures be 
taken to solve the problem quickly. The decision was made to pur- 
sue a single avenue of approach with all effort concentrated on solving 

immediate problems only. In contrast, under peacetime conditions, 
the decision to “freeze” upon one process would have been made only 
after years of basic research in the sciences, engineering studies, de- 
relopment work, and cost analysis. 

Thus one significant aftermath to the rush of wartime development 
Fork is the continuing operation of a more costly process than would 

have been instituted under easier circumstances. As reported in 
Chapter 111, the Commission has made every effort to assemble the 
body of scientific information in chemistry, physics, metallurgy, math- 
ematics, and engineering necessary to deveiop a better process. 

... . :_. .;. .- ... # ,, i”. 
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Today's problems. At the end of hostilities in 1945? it m-as recogllized 

that the wartime separation process was not 0111~ high in cost, but 
that it was inadequat,e in these respects : 

a) - Large volumes of highly radioactire liquid wastes mere being 
accumulated. The construction and maintenance cost of ad&- 
tional storage space, ever increasing. demanded that steps be take, 
to concentrate the wastes more economically and recover for bene- 
ficial use many rare radioactive fission products. 

b ) The process did not recover valuable amounts of uranium COlltailled 
in the wastes. 

At the present time, with gradually increasing knoxvledge of the 
chemistry of plutonium, uranium, and the fission products, and with 
the development of new process and equipment techniques, the Corn- 
mission is making important decisions which will completely alter 
the methods of separating plutonium and uranium. Important con- 

tributions besides those of the program at Hanford itself have been 
made by the Argonne National Laboratory, the Oak Ridge National 
Laboratory, the Knolls Atomic Power Laboratory, the University of 
California Radiation Laboratory, and several other AEC installations. 

PRODUCTION OF URANIUX 235 

Of all the meth3ds of isotope separation developed by science, 
the process of gaseous diffusion has proved the most successful for 
the extraction of fissionable U 235 from natural uranium. Ever since 

it went into successful operation in the war days, the efficiency of 
K-25 plant at Oak Ridge has been improved, until today a given 
quantity of U 235 costs the Nation something less than half of what 
it did originally. The Commission has enlarged the original plant 
and today is building and designing additional plants to use the 
gaseous diffusion process. 

Research and development have been primary factom in these 
accomplishments. The nature of the process, the immensity of the 
operation, and the unusual character of the materials handled, have 
necessitated solving a multitude of problems unique in large-scale 

- industrial practice. For this reason, a continuous program of research 
and development on the technology of gaseous diffusion systems has 

been necessary. 

DEVELOPMENT AT K-25 

The K-25 plant covers 60 acres of ground. Within it, uranium 

hexafluoride gas, an intensely corrosive material, is pumped by thou- 
sands of pumps through thousands of miles of pipe, and caused to 

t 
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diguse througll tens of thousands of specially developed porous bar- 
Control 

tile l)rocess is largely automatic, involving a myriad of electrical 
,,,ctronic mechanisms. #f 

td 

he total area of which is measured in square miles. t 

rati?lg Improvements 
ope 

Deterniining the optimum operating conditions in a plant where 
are dozens of ways in which the equipment can be intercon- 

there netted, and where there are thousairds of controlled temperatures, gas 
pres ures, and flows, is exceedingly complex. Computational methods, 

T-ng the most advanced statistical and mathematical tecl.miques, 
halye now been developed to the point where it is possible to specify 
uicl;]y the optimum operating conditions for projected production 
lans or equipment replacement and improvement programs. 

rl 

The practical application of this work has yielded important in- 
P 

creased production at lower costs. A recent example is a new piping 
system for interconnecting two of the diffusion units, K-25 and K-27, 
ins uch a way that an installation costing $500,000 is nom increasing 
]ant output by an amount equivalent to $I,OOO,OOO per year. P 
Study of new diffusion cascades has recently led to the process 

desi@ for a completely new plant addition (designated as K-29). 
'?his new addition, nom under construction, will incorporate greatly 
jmproved equipment, and will place the separation of uranium 235 

on the most economical and e'fficient scale yet reached. More recently, 
another addition (K-31) has been projected and preliminary research 

design rork is under way. 

PrnPlOS 

The fundamental development which makes the gaseous diffusion 
plant possible is the porous barrier through which the uranium iso- 

topes diffuse and separate. Since the efficiency of the process depends 
upon the separating characteristics of thousands of these barriers in 
series, even a small improvement in the performance of the barrier 
material mill yield a very significant over-all improvement in plant 
performance. 

The development and evaluation of better barriers at K-25 will 
save millions of dollars in the construction of K-29, since it would 
have been necessary to install much more equipment to achieve the 8 

desired production rate using the old-type barriers. 

Equiypmnt Decontamination 

Since uranium hexafluoride is extremely reactive, metallic equip- 
ment exposed €0 it gradually becomes coated with deposits of ura- 

f 
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nium reaction products. To protect the health of those repairing tlke 
equipment and to recover the raluable uranium 235, it has heen 
necessary to develop processes for the efficient removal and recover\. 
of these residues. 

established both to handle the current turnover of equipment, and ta 

posed permanent facility for this operation. 

Several processes hare been eraluated in an installation which RiS 

serve as a pilot 1)lant. Engineering desicn - is in progress on a pro- 

Fluorocarbon Research 

Because of the high chemical reactivity of uranium hexafluoride, 
it was necessary to develop an entire series of fluorine-carbon corn- 
pounds, similar to the hydrocarbons, to be used as lubricants, cooling 
liquids, and plastic materials in the gaseous diffusion system. These 
materials, while very satisfactory for the intended use, have the draw- 
back of being quite expensive to manuf actwe. 

Further studies on the potential applications for the fluorocarbon 

plastic, fluorothene (described in the Fifth Semiannual Report) 9 

have resulted in the development of “fritted fluorothene,” a 
cally inert filtering medium. This plastic filter is easily fabricated 

and has the remarkable property of being inert to strong acids, alkalis, 
anhydrous hydrofluoric acid, and most other strong chemicals. 

\ 

Typical of the instrument development work at K-25 is a recently 
completed modification of the recording mass spectrometers which con- 
tinually analyze the gas streams of the cascade. A systematic pro- 

gram was carried out as follows : 

a) Instrument connections to the process system were revised so that 

b) Over-all reliability of the instruments was improved by replacing 

e) Mechanical ref rigeration was substituted for liquid nitrogen cold 

d) The sensitivity of the spectrometer was increased 20 times. 

In terms of over-all performance, improved reliability and sensitivity 
were obtained along with a demonstrated cost saving of more than 
$750,000 per year. 

The fact that uranium emits alpha rays has led to an interest in 
radiation detection devices which can be used to show the presence of 

the number of operating units could be reduced 75 percent. 

all glass parts with metal. 

traps. 
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apium contamination. A recently developed instrument, called 
II~ cisampson,” is seven times as sensitive toward uranium as the 
the 97 the standard, project-wide, alpha-surrey meter. The sensi- 
,;$ellto, 

, is constant for the life of the instrument, and the calibration 
tifits 
. linear Over its entire range. The Commission has found this de- 
]’ 

f sufficient interest to enter into a production contract for its 
\-ice 0 

nufacture by a commercial instrument company. 

epic Concentration 
bot 

Si, #&cant advances have been made in the techniques of determin- 
tile ratio of uranium 235 to uranium 238 in various samples of 

in, 
Installations in other parts of the atomic energy project 

frequently use samples measured at K-25 as comparative standards 

for their own determinations. 
extended study was recently completed on the re-evaluation of 

the uranium 235 content of naturally occurring uranium with a much 
higher precision and accuracy than any value previously reported. 
fiowledge of this value is important since it is a fundamental datum 
point in atomic energy. 

Chemical Analysis 

In addition to isotopic analyses, a large number of chemical anal- 
yses are required at K-25 for process control, and this ltlas inspired 

research on new analytical methods for the determination of uranium, 
fluorine, and other process materials. 

In developing analytical methods of higher speed, precision, and 
accuracy, full use is made of modern statistical interpretation of 
data. Some examples of analytical research recently completed 
include : 

a) A very precise method for the determination of uranium in ura- 
nium hexafluoride. 

b) Procedures for the determination of traces of fluorocarbons in 
air. 

c) Methods for the determination of several trace elements in ura- 

d) A procedure for the determination of small amounts of oxygen 

e) Precision studies of the spectrochemical determination of trace 

nium. 

in tank nitrogen. 

eleiiients in uranium. 
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f) An X-ray absorption method for the determination of uranium in 

g) A procedure for rapid identification of a number of uranium corn. 

water solutions. 

pounds 011 .the basis of their crystallographic properties. 

Critical Uass 

Since large quantities of enriched uranium 235 must be handled 
under many different conditions in the operatio11 of the K-25 plant, 
it is extremely important to know hov much uraiiium can be placed 
in a container under various conditions before a chain reactioll sill 
take place. A series of critical mass experiments carried out at K-B~ 
during the last 2 years has resulted in data which makes it Possible to 
define safe operating limits, without sacrificing economy by the arbi- 

trary use of extreme safety factors in the design of equipment. 

Genera2 

In a plant such as K-25, where there are thousands of duplicate 
units operating in series, it has been possible t~ derive significant re- 
sults from what would normally appear to be infinitesimal changes 
in operating conditions. For example, a $30,000 annual saving was 

derived from a 20-degree Fahrenheit increase in the temperature of 
the lubricating oil supplied to several thousand bearing-the de- 
creased viscosity of the oil resulting in an over-all decrease in power 
loss in the bearings equivalent to that amount of money. The entire 
system has been subjected to a painstaking survey for factors of this 

sort. 

PROCESSING OF FEED MATERIALS 

The chains of plants that convert raw uranium into the atomic 

energy feed materials-uranium hexafluoride gas for Oak Ridge, f ab- 
ricated uranium metal for Hanford-use processes that are more close- 
ly related to known industrial methods than those at other points 
in the production of fissionable materials. Yet the processes used vere 

adopted under pressure of time during the war. All of them have 

been improved in one way or another during the past 3 years. 
A recent example is the new plant now under design for producing 

urariium hexafluoride, the feed material for the K-25 plant, which is 

one of the significant costs in the production of enriched uranium 235. 
During the past 2 years an exhaustive study has been made of pes- 
sible processes which could replace the batch methods now used 
for its production. Recently this work was completed with a success- 
f ul pilot-plant demonstration of an economical continuous process 
which dl substantially reduce feed material costs in a full-scale plant. 

\ 
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PROCESS CONTROL 

& most of the feed materials processes are not new, the 
id specifications that must be met at the plants are extreme. 

chemtances of laboratory purity must be produced on an industrial 
subs AS any deviation from specifications might result in serious 
#le. 

cultjes when the materials enter subsequent processing, it is essen- 
?'fiat purity be closely controlled by chemical anaiysis from raw 

Te:,rminations of greater precision and of a more specialized nature 

than 

plthO% 

ud terials to final products. Such purity control requires analytical 

are common in commercial laboratories. 
4 

rumwick Laboratory Neu B 

T,, handle this work and to assist with analytical problems through- 
the industry, the Commission put into operation in June 1949 an 

out 
@lfiical laboratory at New Brunswick, New Jersey, administered by 
&e ,4EC New York Operations Office, which is responsible for the- 
rosssing of feed materials. It is the only major AEC-ownqd labora- 

P 
tory directly operated by the Government. 

The New Brunswick Laboratory must analyze a host of materihls, 

many of them purchased from independent suppliers. The results of 
analyses determine payment by the AEC for materials supplied and 
materials produced in AEC plants. It is desirable, therefore, that 
malyses be performed by an agency acceptable to contractors and 
suppliers. 

0) General Analytical Branch. Analyzes uranium and thorium raw 

The Laboratory has four branches : . - 
. 

materials as well as various special products for use in production" 
program. 

Develops methods for use in analysis 
of materials. 14nalyzes materials beyond the scope of the General 
Analytical Branch. 

e) RadiochemicaZ Branch. Analyzes ores, soils, water and other ma- 
terials for minute amounts of radium, uranium, or thorium by 
radiochemical means. 9 

6) Special Problems Brunch. 

d) Spectrochemical Branch. Performs spectrochemical analyses of 
various types of materials of interest to production and reactor 
programs. Develops spectrochemical methods for analysis of these 
materials. 
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New Analyticid Techniques 

An essential service of the Laboratory, useful throughout the atol 

energy program, is the development of methods of measurement 

quantities of material smaller than have ever been measured befc 
The determination of amounts of uranium in soil has been 

s plished by measuring the amount of fluorescent liglit emitted b 
uranium in a sample of the soil which had been fused with sodi 
carbonate and sodium fluoride. In this manner some ordinary s, 

have been shown to contain about ‘7 millionths of an ounce of urani 
in an ounce of the soil. 

Uranium and thorium form a series of radioactive elements by 
disintegration of one radioisotope into another. In its radiochc 

istry branch, the Laboratory isolates these naturally radioactive 

I 
by means of radioactivity. New types of ultra-sensitive instrume 

capable of determining one-billionth of one-billionth of an Ounce 
radioactive material have been developed to meet the needs of 
Commission in its health and safety programs and in research 

ments and determines their concentration in various types of 

ores. 
Certain elements may absorb neutrons or may seriously affect 

corrosion-resistance properties of metals projected for use in the 
actor development program. The New Brunswick Laboratory ha b 
investigating methods of analysis for materials to be used in this I 
gram and has developed and correlated chemical and spectrochem 
methods for practically all the elements in question. Specially 
ardized samples have been prepared and distributed to the diffel 
Commission contractors and laboratories interested in these materi 
. In connection with the raw materials program, the Laboratory 
prepared for sale analyzed samples of low grade pitchblende and ( 
notite for use by interested laboratories for aid in assaying urani 
ores. A manual entitled “Methods for the Determination of Urani 
and Thorium in Their Ores” has been written for public sale to aid 
sayers in their work. 

A rapid method of analysis for thorium has been developed, tab 
but four hours, based on the use of solvent extraction. Heretofi 

the determination of thorium was a long drawn out procedure tak 
as much as 4 or 5 days for completion. 

RAW MATERIALB PROCESS DELEVOPMENT 

The world’s uranium supply today comes from a few relatiT 
highgrade deposits of rather limited extent. New discoveries of B 
ilar richness may result from the present intensive search; but 
best prospects for uranium sources that will meet expanding requ 
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in large low-grade deposits-deposits that contain less than 
d of uranium per ton. In the past, these deposits were of little 

tention is now turning to the large low-grade sources 
hosphates, and lignites. A similar transition has 

ory of most metal mining. As demands increase, de- 
ce considered worthless become important sources of supply. 

arch and ingenuity are required to develop economical methods 

In the case of very 
'Or a& uranium deposits, the mining itself does not present a prob- 
''*gcause most of the deposits will be mined for other constituents 

ranium recovery will be a byproduct operation. The 
extraction, of uranium from low-grade materials is 

@ 

roblem, however, one of major importance to the Nation's 
doaic energy program. It holds the key to increased domestic pro- 
duction as well as increased supplies from foreign sources. 

and processing most low-grade ores. 

u. 6. REGEARCH WITH ORES 

fie Commission has aggressively pursued this problem with the aid 

of several industrial contractors, universities, and governmental agen- 
je4--notably the Carbide and Carbon Chemicals Corporation, the 
~0~ Chemical Company, the Battelle Memorial Institute, the Massa- 
chusetts Institute of Technology, and the U. S. Bureau of Mines. 

Grinding uranium ores in preparation for experimental research at Oak Ridge 
XatiOnal Laboratory (Y-12 site). The extremely low concentration of uranium 
in domestic oil shales and low-grade carnotites necessitates the use of large 
Ywtities of raw materials in laboratory experimental mT0rk. 
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The AEC and certain of the contractors mentioned above ha 
sisted for example, along with the United Icingdorn, and the 
African Government, in certain research problems relating 
traction of uranium from South African gold ores. There are 

way technical discussions on this problem which may lead t 
stantial uranium production from gold ores. 

Intensive research and process development is continuing o1 

grade deposits in the United States. Results from various re 

projects indicate that uranium 'extraction from low-grade do 
deposits may be technically possible and that the problem is to 
a satisfactory product at reasonable cost. 

Production of uranium from Colorado Plateau ores, the only 
domestic source of uranium, is being increased by expanded ope1 
and also by better metallurgical recovery. Efforts to improve 

lurgical practice are still in progress. 

Projects Under Way 

One group of research workers at the Y-12 site of Oak Ridge 
ratory is concentrating 'its attention on the improvement of the 
tite acid-leaching process to determine optimum conditions for 
ium recovery and attempting to dgvelop new methods for ren 

uranium from leach solutions. 
The Battelle Memorial Institute is working on roasting tech 

and alkaline-leaching methods of these carnotite ores. 
The Bureau of Mines assists in the operation of the Monticello, 

ore processing mill by testing various types of ores available fol 
essing and by studying plant performance. The Bureau and th 
igher Company, metallurgical engineers, cooperated in developi 
flow sheet for this mill. 

RESEARCH AND WEAPONS 

Nowhere else in the atomic energy program is effectiveness 
search and development more vital than in the field of atomic we: 

In order to maintain progress in this field, it is necessary to cov 
whole range of activities from fundamental investigations in 
science to applied research, practical development, and prodi 
engineering. This includes work in mathematics, physics, chen 
metallurgy, electronics, and ordnance, and involves specialized t 

ment and facilities. 
For reasons of national security, only a small part of the res 

story on weapons can be revealed. The following examples mil 
an indication of some of the types of research carried on. 

E I!'ls~-yJ; !I 
!f f 

3 
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*&, be assumed that the physical processes which take place in 
loding atomic bomb must be necessarily more difficult to under- 

ch well hovn phenomena as the burning of coal 

explosion of a TNT charge. Actually, nuclear reactions can be 

Tbe explosion of an atomic bomb produces tremendously high tern- 
of many million degrees, and under these conditions the 

fornzing all material bodies are completely broken up into bare 
~ at@ - ic nuclei and free electrons. These nuclei and electrons are com- 

atom 
tivelg simple physical entities, in contrast to the complicated 

Ccdw involved in various reactions of ordinary chemistry, and 
Ill0 their behavior can be treated by exact methods of mathematical 

td sith assurance and mathematical precision. 

phpics. 
fie situation is very similar to that existing in astronomical sciences 

wiG, pamdoxically, we know more about the properties of matter 
central regions of the sun and distant stars then we do about 

the properties of material forming the core of the earth only a few 

bousand miles under our feet. Here again the difference lies in the 
fact that, where the central regions of our globe are comparatively 
cool (around a thousand degrees) and are thus formed from matter in 

Imolecular state, the matter inside the stars is completely broken up 
into nuclei and free electrozs by the extremely high temperatures of. 
msny million degrees. . Also, where geophysicists cannot be quite cer- 

bin about the basic question of whether the earth’s core is solid or 
Eqd, astrophysicists can calculate the physical characteristics of 
mger inside the stars. 
since the temperatures inside the stars are. of the same order is 

developed in exploding fissionable material (both being due to 
pro,o;ressing nuclea? reactions) physicists use the same mathematical 
methods to interpret the events occurring in atomic explosions that 
tstrophysicists employ in analyzing stellar formations millions of 

light years away. 

in& 

CRITICAL ASSEMBLIES AT Los AL+MOS 

An important research problem is the experimental determination of 
the amount of fissionable material, called the ‘‘critical mass,” needed 

for a chain reaction to occur. This amount depends upon such a 
Rriety of conditions-including the type of fissionable material, the 
&metrical shape, and the surrounding media-that experimental 
bemination is essential. This is accomplished by the gradual assem- 
b1)’ of material under the conditions of interest until the emission of 
neutrons indicates that the chain reaction has started and therefore 
that the critical mass has been reached. 

:- - 
i - 
:- 
fz 
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The Los Alamos Scientific Laboratory has engaged in these stl 
and measurements since 19-13. During the war, critical assem’ 

were restricted primarily to tests of the specific types of materials 
geometries immediately useful in weapon”. Other critical assern] 
were made, however, that were not of specific weapon design but, 
of more fundamental or general interest. 

The Water BoiZer 

For example, a controlled chain-reacting system of uranium enric 
in the U 235 isotope as an aqueous uranium salt solution was assem 
to verify predicted effects of using enriched uranium in 
reacting systems. The success of this assembly was such that a sr 
shielded thermal reactor of essentially the same design was built 1; 
This reactor is called the “Los Alamos Water Boiler” because it 
U 235 in liquid solution. It operates at several kilowatts of power 
has numerous experimental facilities for irradiations and emis& 
neutron beams, which are used extensively for laboratory neu 
investigations . 

Prompt and Delayed Neutrons 

A controlled nuclear reactor maintains a;-self-sustaining chain 1 

tion with the aid of both “prompt” and “delayed” neutrons. I 
of the neutrons are emitted promptly, the instant when fit 

occurs, while about one percent are emitted with an average dela 
several seconds. These delayed neutrons allow the chain reac 
of a nuclear reactor tQ be controlled. In a bomb, the reaction 

not depend upon the delayed neutrons, but proceeds using on13 
prompt neutrons. 

Th Dragon 

In 1944, a very important critical assembly called the “Dragon” 
made to simulate an atomic bomb. In this assembly a piece of 
riched uranium was allowed to fall through a hole in a larger quai 
of enriched uranium. During the short time the two pieces fi 
together, the amount of fissionable materials was so great that 
prompt neutrons alone from fission caused a chain reaction to 
ceed momentarily. This experiment, known as “tickling the Drag 
tail” was hazardous because of the possibility of a small nu( 
explosion ; however, it contributed greatly both to the howledg 
atomic explosions and to our fundamental information regarc 
delayed neutrons. 
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1946, the Laboratory undertook the construction of a reactor 
This is knoxn 

because it uses fast neutrons to maintain the fission 
he thermal or slow neutrons used in all other exist- 

reactors. It is a small shielded unit, cooled by circulating mercury 

powers somewhat higher than 10 kilowatts. Nu- 
us irradiation facilities are provided, and fast neutron beams of 
ies averaging not far below those produced by fission are avail- @@' During construction, many critical assemblies of value to the 

,,.,or development program were made using plutonium in various 

&rrangements and in different media. The fast reactor is the 
one known using plutonium, fast neutrons, and liquid metal 

In 1,tonium metal rods as the fuel elements. 

I keeping with the war urgency, the critical assemblies were origi- 
nally donexby hand but with full awareness of the hazards involved. 
bmprellensive safety rules were established, the rules assuming care- 
fi1 procedures and cross-checking of decisions by senior personnel but 

bsed almost entirely on personal judgment and responsibility. The 
end of the war permitted a complete change of philosophy regarding 

be critical assembly procedures. Reliance is now placed on mecha- 
aims rather than entirely on human judgment, and all assemblies 

operated by remotely controlled machines. If these machines or 
associated equipment fail, personnel are not endangered. The 

mechanisms are equipped with automatic tripping devices which muse 
the'fissionable material to be rapidly disassembled to a safe arrange- 
ment if any part of the mechanisms fail; or if the reaction proceeds 

too rapidly toward the critical stage. The experimenter can make 
the disassembly at will. 

Experimenting at a Distance 

All personnel are at considerable distances (a minimum of one-fifth 
mile) from the assembly laboratory, but the assembly is observed at 
d times by the use of television transmitters and receivers. . An 
qrhent to be performed is first described in detail in writing, then 
nbmitted for approval to senior staff members. The experiment is 
performed under the exact conditions described and with a technical 
Qfety man in authority who presides at each approach to critical 
mnditions. The complexity of such experimental arrangements, 

1 
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using servo-mechanisms, television, and hydraulic actuators, 
a highly coordinated scientific and engilleerillg program. 

resulted in an almost complete stoppage of routine critical assern% 
for about one year while the new remotely controlled laboratory 
built. Now, however, any accident which inadvertently allr 

prompt criticality to be reached would not endanger the Persol 
Manua.1 operations would still be much faster and less cOmplic 
but would carry with them SL hazard to human life which cannl 
tolerated in this country in peacetime. 

The changeover in operating' proced~~res during 1946 and 

Objectives of Tests 

The critical assembly group at LOS Alamos is now Concerned 
three main programs : 

, - a) Testing of specific configuratioiis for planned assemblies of fis 

able material. 

6) Determining the safety of fabricating and storing fissiol 
materials. 

c) Studying the behavior of critical systems which will lead to t 
understanding of the basic principles of such systems. 

The first function is an obvious part of a weapons laboratory 
gram, However, all the functions, in addition to their importar 
this laboratory, have application in all phases of reactor researcl- 
are essential to any long-range program of using atomic energ, 
nonmilitary purposes. The. specialized assemblies which have 

made at Los Alamos have contributed and continue to contribi 
. these peacetime programs. 

ENITVETOH - PROVING GROUND 

One of the novel AEC research facilities is the Proving Gi 
on Eniwetok Atoll. Its most unusual feature is its location- 
miles from any other AEC installation, on a few coral islands j 

middle of the Pacific Ocean. This location was selected so th: 

Commission could insure that personnel and informational se( 
would not be jeopardized during weapons tests. 

The first atomic weapons test made at the Eniwetok Proving Gr 
Operation Sandstone, was planned and executed in a short 
Existing facilities and military stocks and supplies were adapt( 
.use wherever possible. There was no permanent construction. 
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sts of atomic weapons will be made 
ction of semipermanent facilities is 

d efficiency. Accordingly a contract has 
rm of Holmes and Narver, of Los Ange- 
o design and construct semipermanent 
cations in the Atoll. 

ad of the program for periodic tests at the proving ground, 

sible f 6r coordinating the scientific 
ng ground, for formulating the Lab- 

for full-scale tests, and for directing 

organized at the Los Alamos Lab- ~ 

der&nt research at both Eniwetok and Los Alamos. 
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AEC MANAGEMENT FOR RESEARCH 

Research in the national atomic energy program reaches into nea 
every State in the Union and is controlled centrally but decentrali 
in administration. The Atomic Energy Commission finances ' 

manages this diverse and wide-spread enterprise ; assists Contract 
in handling personnel matters ; plans or authorizes constructi, 
assists in the distribution of scientific and technical information 

,b 
maintains the necessary security control over it. 

In this section, and in those that follow, this report recounts 

development of administrative elements of the program. 
The growth and development of physical science research in 

atomic energy program during the last 3 years can best be mdemt 
in the light of the requirements of the Atomic Energy Act of 1: 

and of the organization as of January 1, 1947, when the Cornis 
assumed responsibility. 

: 

The Act of 1946 

Section 3 of the Act provides the following guide to the Abl 
Energy Commission in regard to research : 

Research assistance. The Commission is directed to exercise 
powers in such manner as to insure the continued conduct of resea 
and development activities in specified fields by private or pul 
instructions or persons, and to assist in the acquisition of an er 

expanding fund of theoretical and practical knowledge in such fie' 

To this end, the Commission is authorized and directed to make 
rangements (including contracts, agreements, and loans) for 

conduct of research and development activities relating to- 

a) Nuclear processes. 

6) Theory and production of atomic energy, including proces 

c) Utilization of fissionable &id radioactive materials for medi 

materials, and devices related to such production. 

biological, health or military purposes. 

144 
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tion of fissionable and radioactive materials and processes 
iled in the production of such materials for all other purposes, 

protection of health during research and prodiiction activities. 
4) 

'&,,ch hy the Commission. The Commission is authorized and 
ted to conduct, through its own facilities, activities and studies 

es specified above. 
the typ 

me pincipal Government-owned research facilities under the Man- 
Engineer District at the end of 1946 were these : 

btW 

&&oratories at Oak Ridge, Tennessee ; operated by the Monsanto Chemi- 

(il CornPany. 

A~~OS Sciendilk Laboratow, Los Alamos, New Mexico; operated by the 
Bits of California. 

Ed" 

ne National Laboratory, Chicago, Illinois ; operated by the University of 
lrpnt with a board of governors representing 25 midwestern universities and 

institutions. 

@stion Laboratory at the University of California, Berkeley, California (only 
&in buildings and equipment were Government owned). 

wkhaven NationaZ Laboratoru, Patchogue, Long Island (this was under con- 
Odion at Camp Upton and destined to be operated by Associated Universities, 
lee, representing nine major eastern universities). 

id Atomic Power Laboratory, Schenectady, New Pork ; (under construction 
to be operated by General Electric Company). 

b#on Engineer Works near Miamisburg, Ohio; (under construction and to be 
cperated by Monsanto Chemical Company). 

&&des the Government-owned facilities, a large number of other 
institutions and universities held contracts from the MED for research 
md development work that contributed directly to the program. 
Prominent among these were : Battelle Memorial Institute, Columbus, 
Ohio; Columbia University, New York ; Iowa State College, Ames, 
Iowa; Massachusetts Institute of Technology, Cambridge, Massa- 
chnsetts; National Bureau of Standards, Washington, D. C. ; United 
States Geological Survey, Washington, D. C. ; University of Roches- 
h, Rochester, New York; University of Washington, Seattle, Wash- 
%on; Victoreen Instrument Company, Chicago, Illinois ; and 
Fdhgton University, St. Louis, Missouri. 
, The major research programs as the MED turned over operations 
AXluded those for weapons, physics of reactors, development of ma- 
!~& for reactor construction, radioactive isotopes, metallurgy, 

.I i j -3, '7 t; - 
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THE AEC PATTERN OF RESEARCH R~ANAGEMENT 

Research is so much a part of all undertakings of the national abrn 
energy enterprise that its management is an integral part of tl 
entire administrative fabric. ??he Commissioners make major dete, 
minations of policy and, through the General Manager, control 
entire scientific effort. Advisory committees assist in many phaS 
of research. 

The directors of program divisions-Production, Military Applic 
tion, Reactor Development, Engineering, Biology and Medicine, R 
search-recommend on policy and direct assignment of research task 
The managers of field offices let and supervise authorized contract 

The management divisions of AEGthe Office of the Gener 
Counsel, Finance, Organization and Personnel, Security, and Pub] 
and Technical Information Se'rvice-all support or service reSean 

programs. 
Control of laboratory programs is centered in program divisio 

for which each laboratory performs a major portion of its WOI 

Assignments of research undertakings are made through field offi 

managers (management of labiratories is discussed in Chapter VI 
Argonne and Schenectady answer to the Reactor Development Dii 
sion; Los Alamos and Sandia to the Military Application Divisio 
K-25 to the Production Division; and Oak Ridge and Brookhaven 
the Divisions of Research and Biology and Medicine in their particul 

fields. 
For all program divisions, except Research, the research work 

largely in support of other responsibilities. The Division of Resear 
is responsible for the development and supervision of the research PI 

gram involving the physical sciences in AEC installations and outs; 
organizations, including the isotope program, transfer of special 
terials and equipment among research installations, and the prttk 
for dissemination of technical information in the atomic em 

program. 

- 



i 
i' 

'MENT FOR RESEARCH 147- 

of Research 
ni& 
Y' 

i+,ion of Research includes six branches and two extension 
The Physics and Mathematics Branch develops and super- 
vrarns of fundamental research in AEC. installations, and 

ide organizations, involving investigation into the fields of 
mathematics, including general supervision of the AEC 

$:$hip program in physical sciences and the nuclear physics 
'ointly financed by the AEC and the Office of Naval Research 

@The Chemistry Branch develops and supervises programs for funda- 
tal research in the field of chemistry, as well as investigations of 
ical process development and chemical analysis in AEC instal- rnfl 

In addition, it develops and supervises the program of funda- 
chm 
~atio@* 

research in chemistry financed by AEC and carried on by out- 
ma 
ide organizations, and is responsible for broad supervision of the 
comission's isotope research and production program. 

fie Metallurgy Branch develops and supervises programs of funda- 
mental research in AEC installations and outside organizations in- 
rolring investigation in the fields of metsllurm, ceramics, and related 

mgterials. 
ne Technical Cooperation Branch coordinates and manages in- 

tt&mge of information, visitors, and special research materials 
lr,d equipment between the ,4EC and British and Canadian atomic 

aera projects under policies approved by the Commission, maintain- 
@ active liaison with the program divisions on all pertinent matters. 

The Materials and Information Branch supervises the transfer of 

llnique materials and equipment among research installations and 
the public and develops the program for dissemination and use of 
technical information in the atomic energy progam. In connection 
rrith the work of this branch, an extension office is maintained at Oak 

Ridge, Tennessee. 
The Budget and Administrative Branch is responsible for budget 

formulation and control of research programs and internal adminis- 

tration of the Division. 

The D 

f@ Prom 
b outs 

&@' 

. 

pr@'fl? d Bdmmistered by the ONR. 

I 

THE RESEARCH TRAINING PROGRAM 

Since the mar,.it has been recognized that success in carrying for- 
md the Nation's scientific development depends to a great extent 

on providing adequate numbers of well-trained scientists. To meet 
this need, as one means of fulfilling its obligations for advancing 
atomic energy sciences under the Act of 1946, and upon the recom- 
mendation of the General Advisory Comniittee, the Commission estab- 
hhed a fellowship program in January 1048. The Kational Research 
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Council of the National Academy of Sciences uiidert OO~ its Rdnrini- 

’6 

tration-selecting fellows, approring research projects, eealuatil s- 

the fellows’ progress and their findings. 

THE FELLOWSHIP PROGF:LM 

During its operation, there hare been nearly 500 parti CIPants * 

in the fellowship program at a total cost to the Goverllment of about 
$1,200,000. This fall, the program of fellowsh?s for the 1950,. 

at 
academic year was substantially modified as a consequence of a fellOK. 
ship rider in the Independent Offices Appropriation Act for igj0 
The rider provided that any persoil receiving an AEC felloffship 
award must undergo a loyalty clearance, whether or not his Particuln, 
research project requires him to have access to secret information. 
Under previous provisions, security clearance was required for felloR, 
only when their project involved restricted data. 

b rrranted fellowships for the 194849 and 1949-50 academic yeam in 
five categories : predoctoral research fellowships in physical and in 
biological sciences ; and postdoctoral fellowships in physical, medical, 
biological and agricultural sciences. In the 1950-51 academic year 

postdoctoral fellowships will be offered, through the KRC, only for 

advanced training in fields of research closely related to the national 
atomic energy program, in which access to secret atomic energy dab 
is needed. Predoctoral fellowships will not be offered at all through 
the National Research Council for reasons arising out of the felloff- 

ship rider. 
The AEC is seeking to have university groups, associated with the 

atomic energy enterprise in various sections of the country, undertake 
administration of fellowships under the present law SO as to restore 
the program to its former scope. This effort has made some progress, 
but even if the universities undertake the program, the setting up of 

administrative machinery will take time, and it is not clear how quick11 
examination of proposed projects and selection of fellows could begin. 

The Commission-through the Kational Research 

9 

*The applicable portion of the Act : “SEC. 102-A. No part of any appropriation cob 

tained in this title for the Atomic Energy Commission shall be used to confer a fellowship 
on anS person who advocates or who is a member of an organization or party that advocate 
the overthrow of the Government of the United States by force or violence or with respect 
to whom the Commission dnds, upon investigation and report by the Federal Bureau Of 
Investigation on the character, associations, and loyalty‘ of whom, that reasonable gonnd 
exists for belief that such person is disloyal-to the Government of the United State: 
Provided, That any person who advocates or who is a member of an organization or Pa* 
that advocates the overthrow of the Government of the United States by force or viola@ 
and accepts employment or a fellowship the salary, wages, stipend, grant, or expenses for 
which are paid from any appropriation contained in this title shall be guilty of afdW 
and, upon conviction, shall be fined not more than $1,000 or imprisoned for not more &aa 
one year, or both : Procided further, That the above penal clause shall be In addition 
and not in substitution for, any other provisions of existing law.” 
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previous commitments, applications for renewal of eriist- 
*secret predoctoral fellomhips, and postdoctoral fellon-ships 

PO 
i@ &cine, will be accepted by the Kational Research Council, sub- 
ip Jne 

to the loyalty investigation as required by the Apbropriation Act, 
jd 
la 

tioned above. 

Cornplying with the Appropriation Act, signed by the President on 
aust 24, 1949, the Commission established procedures for FBI in- 

ations of all AEC fellows and for the screening, analyzing, and Bum 
Festig 
fl~ening of the investigative reports. 

met research. In cases where the fellow would not have access 
Il’on5 
torestricted data, and no derogatory information is found, a fellow- 
hp-tyPe approval is granted. Where the investigation has reflected 

derogatory information about an applicant for a nonsecret piece 
solne 
of mearch, the reports are reviewed by a panel. The panel applies 
be Same criteria used by the President’s Loyalty Review Board estab- 

laed under Executive Order 9835. After reviewing the panel’s 
mmrnendations, the ~eneral Manager decides whether fellowship 

rPp 

jmet research,. . If the fellow is to have access to restrict6d data, the 
bvdigative reports are evaluated in accordance witb the Commis- 

sion’s criteria for determining ‘eligibility for clearance for AEC and 
mntractor employees. 

mval should be granted. 

#flow in Secret Work 
/ - 

Of the 421 who now hold AEC fellowships, 30 are engaged in re- 
search work which requires theni to have access to secret atomic energy 
data (they already have received full AEC security clearance) and 

dl are in nonsecret work. All save 77 of these fellows in nonsecret 
work were appointed before August 24 when the Appropriations Acr; 
mnt into effect, and hence they have been required only to sign (z 

loyalty oath and noncommunist affidavit, as has been required of all 
fdlows since May 22. The other fellows, appointed or reappointed 
rfter August 24, are of course subject to loyalty investigations as 
described above. 

Under the NRC program set up for the 1950-51 year? about 75 
fellowships and 1’75 renewals will be offered. The cost of this pro- 

Eram will run between $600,000 and $900,000, depending on the number 
of new awards made. The AEC will continue fellowships in health 
Pbics-it will offer about 20-which formerly were a part of the 

- 

“I 
1- ,E,> -. 
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Research Council’s predoctoral program, and will work out an al~, 

4- 
nate system of administration. 

quired full security clearance and will continue to do SO. 
“YS hare * 

These fellowships aim 

4 

OTHER RESEARCH TRAINING PROGRAMS 

The modification of the fellowship program will not affect the 
search work which graduate students are carrying on at ARC 
tories. At present there are 32 such students at Brookhaven, A 
and Oak Ridge. 

ra. 
%o* 

Oak Ridge Institute of Nuclear Studies 

At Oak Ridge, the Commission has an operating contract With 
Oak Ridge Institute of Nuclear Studies (ORINS) to assist in meet% 

its obligation for the training of scientists. 
The Institute, a non-profit educational corporation of 24 Southen 

universities, utilizes the facilities of the Atomic Energy Commissiol 
at Oak Ridge in a program of research and training in the nUcleal 
sciences. In October 1946 the State of Tennessee granted ORI~S, 
charter of incorporation, and in April 1947 a contract was 
into between the Institute and the Atomic Energy Co~i~i~ 
Since that time the Institute has expanded its facilities and its semie 
to the Atomic Energy Commission research training program. 

Organizationally, the main governing body of the ORINS in a 

cil composed of one member from each of the sponsoring institutiou 
The council elects a board of directors, composed of 9 members, W&J 
is charged with administering the property and affairs of the Institutt 

ORINS has four divisions. 

University Relations Division. A graduate training program througl 
which graduate students may complete thesis research is operated i 
the Oak Ridge laboratories of the Commission. In another majc 
program university faculty members are encouraged to carry out i 
Oak Ridge laboratories research of interest to the laboratories an 
to the scientist. 

This division also administers a program which enables Oak Rid€ 
Scientific and technical workers to continue graduate education whii 
they are employed. The University of Tennessee provides the tead 
ing personnel. Three annual awards of $500 each? contributed exch 
sively by participating universities and known as Science Researc 
Awards, are given for papers published by students or faculty men 
bers of the sponsoring institutions. 

Special Training Division. This division was created to help me( 
the requirements of mature research workers who needed special trail 

\I 

I 
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~ techniques in the nuclear sciences. A. prime responsibility 

division is to assist universities in taking over this type of 

g demand for special training was in the use of 
The Atomic Energy Cornmission was 

requests for radioisotopes, radiation instrument 
ere producing counters and other esseritial scientific 
reat speed, but too few research scientists knew how 
opes to their rork wit11 safety and efficiency: 

of 11 courses, 368 scientists from over 170 labora- 
de in this country and abroad have been trained. Some colleges 

universities now offer courses in radioisotope techniques and in a 
such courses are expected to become standard in college fin 

ftK YWm 

' 

isotopes for research. 

dicula. 

ucdic$ ZXvision. A study of the treatment of cancer and other 
amant diseases, with special emphasis on the use of radiation and 

db 
mdioactive materials, is being undertaken by the Medical Division. 
TsentY Southern medical schools are cooperating. This program will 
include training additional medical personnel in new techniques devel- 
ofi at Oak Ridge. 

&&adionaZ Sewices Diviswn. The American Museum of Atomic 
Enew is operated in Oak Ridge by the Educational Services Division 

It is open to the public at a nominal charge. 
ifitbin certain limitations, this Division provides atomic energy dis- 
php and other educational material to universities, academies of xi- 
ace, and other public or educational organizations. 

8 public service. 

F'ttrthr Programs 

hother program operates under the auspices of the Associated Uni- 
rersities, Incorporated, which makes facilities of the Brookhaven 
Sational Laboratory available to certain scientists doing private re- . 
*arch on projects of interest to the atomic energy program. 

Buic research contracts, reported in the next section of this report, 
wt only contribute research information but as an incidental result 
belp in further training of some of their participants. 

AEC CONTRACT RESEARCH 

The Atomic Energy Commission contracts for basic unclassified 
Wrch in university and college laboratories currently at an annual 
ak, for research in the physical sciences, of about 6.5 million dollars. 
he contracts are for two sorts of research : 

868145°-50--11 
I 



6) Basic research of the typical university Sort, Undertaken to 
to the general fund of ~~OWWF applicable to atomic eh rd 

development. The Commission shares research costs of ~ etp 

prq j ects to an extent arrived at by negotiation. 

Many of the university and college scientists nom engaged 
contracts helped staff the wartime atomic ener 

clude some of the Nation's leading workers in fields related to 

search, it sought the assistance of these men. The problem 
to enable them to undertake additional research, of ink- to tt 
progress of the atomic ene'rgy enterprise, without depri% 
students of essential training. 

Inquiry revealed that many of the scientists could take on 
projects if the handicap of lack of financing were removed, AE 
funds in limited amounts would correct these deficiencies, and incra 
the volume of basic atomic energy research. From' the unifhtt 
viewpoint, and that of the national interest also, a method of COht;. 
lrad to be established to assure that contract research work wodd 
encroach seriously on the major university task of training more 
tists. The procedure adopted stipulates that the AEC b. 
proposals for basic research through the management of univ&h 

and colleges where capable scientists are willing to expand a 
continue a research program, provided their projects are su& 
they might be of interest to the development or use of atomic enq 
The fact that proposals funnel through the management of univemiti 
enables the institutions to assure themselves control over the volut 

of research. 

On h 
project. ne, 

energy. When AEC determined to support unclassified b& ab 
B 

THE &LETHOD  ESTABLISH^ 

The present mechanism for r'eceiving, reviewing, and deciding 
basic research proposals in the field of physical sciences was set1 

after careful study and some experience in operation.* 
A proposal from a universiiy for the mutual support of a reseu~ 

project is studied by scientists who consider many factors befo 
making a judgment as to whether the work should be supported bJ ; 
appropriate amount of Commission funds. They consider : (a) s-% 
tific achievements already made by the university and scientist'@ 
cerned, and the probability of continued research performami (' 

*Text of a guide for submission of unclassified basic research proPomls 'e 
Appendix 6. 
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of the proposed project to atomic energy development ; (c) 
I need of the AEC for more individuals trained in the field of 

(d) financial condition of the university involved and 
that additional funds might have to program expan- 
ood that information affecting the security of the 
veloped and feasibility of providing the safeguards 

ht become necessary. 

ONR CONTRACTS 

47 when the Commission became responsible for advancing 
enera research, virtually the only Government assistance 

n the vital field of nuclear research came 
The funds available, even for 

diminishing. More than two years ago, 
contributing to the support of this work. 
EC research projects in physical sciences 

om and the AEC are currently agreeing on which specific projects 
uclear physics should be supported in whole by OKR, in whole by 

@,and jointly by ONR and AEC. By the last quarter of calendar 
rctr 1949, AEC had contracted for research, or transferred to the 
‘w of Naval Research for contracts, the following sums : in physics 
Hrch, a total of 6;3 million dollars of which 5 million dollars was 
haistered by ONR ; in chemistry research, a total of $400,000 ; in- 
potallurgy, all handled by AEC, gome $1,100,000; in mathematics, 
but $200,000 of which AEC administered all except about $14,000. 
@e total is about $7,900,000 of which AEC- directly administered 
but $2,900,000 and ONR about $5,000,000. 

f Naval Research. 

FINANCING RESEARCH 

The Atomic Energy Commission’s total operating and capital out- 

b~ its three basic research and development programs during the 
prr that ended June 30,1949, was approximately 128 million dollars. 
bis amount covers research in physical science, biology and medicine, 
dreactor development but does not cover research of the process- 
hmvement type which is included under the weapons- and source . 

4 fissionable materials programs. Of this amount approximately ‘ 

if million dollars was spent on research in the physical sciences. In 
gaparison, according to a report of the President’s Scientific Re-- 
arch Board, all other civilian agencie3 of the Government were 
qndhg in 1947 a total of 20 million dollars for basic research and 

million dollars for applied research and development pro jbcts. 



I 

i 

The patterns followed by the Chmernment for financing Snnall 

s have 
yesearch. 

civilian research and large military research program 

Commission may indicate the reasons for modification. 

-% 
modified somewhat to fit the needs of long-term atomic 

review of the background of the research contracts taken 
btl 

The contracts for nuclear research had their beginnin 
when the newly organized Office of Scientific Research 
merit was given an appropriation to carry On such 'ivork. 
few precedents for the kind of operation in which it wa to 

central idea of the project. OSRD did pioneer work in the 

to &vise methods of financial control that would protect the 
interest in the proper expenditure of funds without unduly 
upon the primary objective. 

0sBD ha 

tl 
atkh 

The urgent need for certain research and development work engag 

% 
When the Manhattan Engineer District of the War &pa* 

took over the atomic bomb project on May 1, 1943, th e OUkhn& 

OSRD contracts were continued although they differed greatly 
the standard Army contract. Some of these contracts were la{ 
taken over by AEC. The experience of its predecessors has be 
invaluable to .the Commission. The changes in financial ProPisio 

and accounting that have been made in putting the present projt 
on a peace time basis are chiefly owing to the changes in the natu 
of the project itself. Some of the financial and accounting pR 

lems that plagued the administrators of the project in the be@& 
as outlined in the official histories, can now be considered settlt 
Others, such as determination of indirect costs, provisions for adqu; 
accounting and financial reporting, vouchering procedures, and & 
settlement of contracts have called for continuing attention. 
attempting to handle such problems and any apparently new on 
the Commission has followed the policy of first considering what b 
'been done before. 

FIXANCIAL ASPECTS OF CONTRACTING FOR RESEARCH 

Previous studies of methods of financing research have genera 
recognized the need for flexibility in the scope of the work and si 
plicity in the financial and administrative controls. In financing 

search by contract, the first problem to be met is*to develop contra 
that are appropriate for the particular varieties of research semi$ 

required. Certain financial aspects call for consideration : 
The contract must provide for judgment on the contractor's OP 

ations in terms of financial as well as research results. The size 

the contract may conditioh its financial terms. For the type of WC 

under way in research laboratories, cost estimates often cannot be mi 
i;, ,, " - I k-, 
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accurately and this must be recognized in writing the 

e of contractor as well as the tpe of research work to be 
ed affects the contract used. The Commission‘s research con- 

rs ijlclude individuals, universities, groups of uiiiversi ties, in- 
firms, independent research institutions, and other Govern- 

,gencies. Of these, the group of universities is probably the 
liar to research in nuclear science. 

ndustrial firms have operated coop- 
orporation of a group of universities to 
is a postwar zddition to the economic 

Two TYPES OF CONTRACTS 

According to their payment provisions, the Commission’s contracts 
arch fall into two broad types. One type provides for pay- 

of a predetermined sum, w‘hich may be paid in installments. 
second type of contract provides for reimbursement of current 

is generally financed by monthly 

ntract, the chief financial problem . 
ssible what the actual cost of work 

ill be. Representatives of the Commis- 
mination of the individual situation, 

pcularly when the prospective contractor is engaged in similar 

wrk outside of the contract. By their nature, lump-sum contracts 
ire most effective where the course of research activities is reasonably 
pixtable and the cost of the work to be performed can be estimated 
ritha fair degree of accuracy. 

The use of this type of contract for research operations requires 
that the contract negotiators include both scientists and accountants 
goalged to judge and to determine the reasonableness and accuracy 

dthe cost estimates. Such contracts are generally limited to basic 
mrch projects of relatively small cost, where the contractor and 
thecommission have apeed to joint financial support of the work. 

rb Co8t-Type Contract 

The intention under a research contract may be to pay a contractor 
hisactual cost, to pay a share of the cost or, less frequently, to pay 

in addition to cost. Educational institutions and research founda- 
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tions generally have a policy of operating without profit 
have entered into cost-sharing contracts with the Comm' 
basic research in which they and the CommiSsio11 have a Particular 
interest. 

ce%i, 
research activities undertaken under Commission contracts, UniPer, 

sities and research foundations stand to gain experience and kn OW-ho, 
in the field of nuclear science. They stand to gain particularly iQ 
undertaking work, located on their own grounds, that is closel~ allied 

to their own programs and that may result in their being €-urn' 'shed 
research facilities not otherwise available because of the large cost, 

ng ap 
*Uidike these institutions, the business concern in undertak 
atomic energy contract may be giving up an opportunity to mabe 

ts: 
profit through the use of 'its staff and equipment in some other actipi 
The pavment or nonpayment of a fee is, therefore, one Of the questions 
to be co;sidered on its merits and settled when a contract is negotiated 

In addition to having a substantial independent interest in 

CONTRACT MANAGEMENT 

In general, research contracts are negotiated by AEC operations 
offices within the framework of the broad policies establishes in 
Washington. A research proposal accompanied by a budget of esti- 

mated costs may be sent to the appropriate Washington divikion of 

AEC either directly or through an operations office. If the propod 
is approved, the responsible operations office will make a cont- 
within the scope of the research work agreed upon with the Washing. 
ton office. Although recommendations are made by the Washington 
divisions concerning the principal items of the proposed budget, such 
as the dollar levels for salaries, equipment, and alterations of facilitiq 
the detailed budget is the responsibility of the Operations Qffice. The 
form and content of each individual contract is determined during the 
negotiation. An attempt is made to obtain consistency between 
similar research projects conducted by similar organizations. Since 
the Operations Offices, strategically located in 8 cities throughout the 
country, are generally in closer proximity to the contractors, they 
administer the business aspects of the research contracts. 

The administration of a cost-sharing contract for fundamental 
research is frequently simplified by having certain costs identified as 
those to be borne by the AEC and others as those to be borne by the 
research institution. This identification of certain costs with the 

research institution is not a ked and invariable AEC policy, for the 
Commission considers that determining its total contribution under 
such contracts is more important than the allocation of that contribu- 
tion to particular cost items. 
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. ~ financial point of view, one of the most important parts of a 
P' tile cost-reimbursement provision. The Commission staff 

The existing con- 
Vfl fl mfe tested against the Commission's cost-reimbursement policy 
9 was first stated in July 194'i? namely, that all contractors Kith 

bursement-type contracts shall be reimbursed for the neces- 
b, direct and indirect, incurred in carrying forward the provi. 

fy,,ir contracts and that such costs shall be determined by gen 

FINANCIAL PROVISIONS OF CONTRACTS 
% 

$. . 

,@t is 

.$&Pi@ 

de&)& a study of contract cost provisions. 

_. - ,n 

 io^ has recognized that the contractors and 
el interest in arriving at an accurate determination of allowa 

rried forward with dispatch and in paying each contractor 
Bt ;justifiably due him, at the same time making sure that it is 

The educa- 

interested for their part in having the record show that they have 

(to flct costs. The Commission is interested in getting its assign- 

d@ institutions and other organizations taking part in research 
out its responsibility as a trustee of public funds. # 

4 

,P 

@&Jd costs 

for payments to them. 
Ls 

I. 

win overhead cost provisions of limited applicability developed 
t.be ()&e of Scientific Research and Development and continued by 

, uanhattan Engineer District for nonprofit contracts, were de- 
Dad to eliminate a possible profit to the contractor by providing for 
efund of any excess above the contract's total costs and expenses 

nhal settlement. As pointed out by the President's Scientific Re- 
rch Board," the fact that OSRD recaptured approximately 18 
bn dollars in overhead costs through voluntary contract renegoti- 
on indicates the magnitude of the overhead problem, particularly 
mirersities. 

pvvement XmigJLt 

he the amounts of excess overhead accumulated by some con-, 
were substantial, and since the early contracts had not pro- 

dfor audit of such items by the Government, the need for revision 
the contracts in this regard for peacetime operations was apparent. 

W'ere therefore taken to improve on the early overhead arrange- 
Such improvements required keeping the amount of over- 

% Report of the Chairman of The President's Scientific Research Board," August- 
a1945, Vols. 1-5, Government printing Office, Washington 25, D. C. 
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head reimbursements more in line with the indirect costs actual1 
ing incurred under the contract while continuing the Prokcti 
the contractor against Government disalloKances of closts where 
expenditures had been made in good faith. This was particulady 
important for nonprofit educational institutions SO as to protect th 
against incurring any loss that would require them to draw 
their mrmal educational funds. 

In drawing up new cost-type contracts, or in extensions of’ex&ing 
contracts, a cost-reimbursement provision that would possibly solve the 
difficulty was worked out. The proposed contract provided that the 
Commisskn would reimburse the contractor for all costs incurred b 
it in carrying out the terms of the contract, and that costs Were be 
determined in accordance with generally accepted accounting prin- 
ciples applicable to operations of the type performed under the con- 
tract-and consistently applied. It also provided that at such inkr- 

, vals as might be mutually agreed upon, but n~ less often than on% 
each year, the Commission would review with the contractor the 
amount of the costs and expenses including (a) overhead computed in 
accordance with generally accepted accounting principles consistentip 
applied and (6) all costs and expenses, not otherwise reimbursed 
which are actually incurred by the contracbr in good faith 
out of or connected with the work under the contract. 

Any excess in payments to the contractor for the period under 
review would be applied by the contractor to the‘cost of Subsequent 
work under the contract or refunded to the Government, and any 
deficit in such payments would be paid to the contractor immediately 
by the Government. 

The reimbursement policy of covering the total cost of this type of 
contract was predicated upon the fact that there are generally accepted 
accounting principles for arriving at total cost. By substituting this 
policy of paying total cost determined by generally accepted prin- 
ciples for provisions which included predetermined costs without 
provision for periodic review, the Commission instituted a practical 
method of protecting both the Commission and the contractor. 

The means for determining reimbursable indirect costs under 
research and development contracts for on-campus work %has been 
a. more difficult problem. It has been the central bpic of aiscussion 

in the conferences held with committees of business officers of educa- 
tional institutions and study on this problem is continuing. 

RESEARCH Acmum~ 

- The early decision of the Atomic Energy Commission to a 

industrial finance and accounting methods to 
project as a whole, as described in the Fifth Semiannual Repod 
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The Bmic Pol&y 

In putting the atomic eneru program on a long-term 
7 peacetihe 

basis, one of the chief problems was to de17ise a system for providing 

data each of these groups needs, and to Provide such data 
stfindable language. 

has generally been ‘“That is the cost?’) Getting the answer to th 

operations showed, it was impossible under the system that h 
used to determine the cost of a particular research project. 

the internal management, the Congress, and the public, th 0 

e. financial 

The most common financial question asked about a research Project 

at 
e early 

quwtion has been no simple matter. AS an examination of th 

ad bQ 

Educational institutions customarily set Up accounts for their 

ous organizational divisions such as physics, chemistry, and serpioe, 

mic and maintenance. 
energy research, however, financial information must be reported 
terms of each research activity or program of the Commission. since 
one university may have its science organized into three departmeots 
and another into ten, depending upon such factors as educational m- 
phasis or the particular interests or capacities of individual faculty 
members, financial data grouped by such divisional classificatioions 
could not be consolidated and compared and would be of little use in 
managing the atomic energy work. 

To provide a solid basis for budget estimating and control, the Bc- 

count classifications used by the various organizations, for the reward 
conducted for the Commission, needed to be in accord with the re- 
search activity classifications used by the Commission. For instance, 
the Commission needs to collect costs for the work on a particular 
particle accelerator under one accobnt classification,,and the work in 
the general area of pure physical research in other accounts, even 
though a single university division may be conducting both types of 
work. For the Commission’s purpose, its own functions rather than 
the organizational divisions of its contractors are meaningful units 
for classifying costs. 

The Commission has recognized, in its finance policies, the close 
interrelation of providing funds for research, controlling research 
objectives within budgeted amounts, and controlling costs generally. 
As has previously been recognized in industrial research organizations, . 
an adequate cost accounting system interrelated with budgetary con- 
trol requires (a) measuring costs for comparison with the budget, 
both by specific objective and in total; (6) identifying costs with 
organizational units with sufficient accuracy to fix responsibility for 
control by those responsible for the various research activities; and 
(e) providing information for controlling pay roll, materials, and 

To obtain meaningful data concerning ah 

1P 
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P'' and their subclassifications before the identity of such costs 

jkt traduction of the comprehensive accounting system and the 
.based budget has put greater emphasis on participation by re- 

A @ directors in cost planning as related to program planning. 
:dommission has attempted to follow good business practices with- 
-9' Cmpering the contractors and without imposing any unnecessary 
et ha or objectionable requirements. The Commission feels it has ' 

cd toward the goal of combining scientific freedom and financial 
)dVan 
bhda r ds. 

@b"d 

&:$%e in 

by consolidation. 

-@wls 

COST TRENDS IN PHYSICAL SCIENCE RESEARCH 
\ 

~c physical research Operating costs, exclusive of depreciation, 
to 'increase from approximately 26 million dollars in fis- 

me of the more significant developments is the large increase of 
performed outside the Commission's own laboratories and in- 

gau&ms. In fiscal year 1949, such work made up 14.5 percent of 
be total-physical research program, ?nd in fiscal pear 1951 contracts 

i work outside Commission-owned laboratories are expected to reach 
~ mr]y 32 percent of the program. While the work in Commission- 

laboratories by major rdsearch contractors will remain fairly 
l @atant, work in the laboratories of educational and research insti- . 

1 totiom under the much more numerous smaller contracts will increase 
This indicates a real growth of scientific effort in ' this very important field. 1 hrge-scale enterprises generally require a large investment in phy- 

bl facilities and the atomic energy program is no exception to this. I 

' In fact during this initial period, the Commission's capital require- 
~ ments as related to operating expenses may exceed those of many 

1 walled heavy industries. In 1949 the three research programs- 
~ physical research, reactor development, and biology and medicine- 
ded for an outlay of 70 million dollars for plant and equipment. 
Of this amount, 27 million dollars was for physical-research f acili- 
des. In 1950 the total capital cost for the three programs will be 76 
million dollars of which 25 million dollars Kill go into facilities for 

' physical research. About half of the total cost of research facilities 
is for construction of research tools such as reactors and accelerators 
8 distinguished from more conventional laboratory buildings and 

research equipment. 

ear 1949 to over 31 million dollars in fiscal year 1950. 
Ira 

CJY 
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SCIENTIFIC AND TECHNICAL INFORMATTON SERVICE 

'he At,omic Energy Commission and its contractors operating the 

energy enterprise are both producers and consumers of scien- 
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tific and technical information. 
required for the program includes all of the f 

braries, journals, reports, indexing, and abstra 
and publication. As a consumer, the atomic en 
and selects from the world’s scientific and te 

portions which are relevant to its purposes. As a producer, it 
back into the body of scientific knoiv-ledge its Own research findit,g 
that are unclassified or can be declassified. 

The technical information 

Confronted with the necessity of making rapid selections of particas 
lar information from the tremendous mass of scientific publ. lCationg 
the Commission has found many of the standard bibliographi 
tices slow, cumbersome, and ineffective. Hence, research into the RaSe 

7 and in which information can be more quickly selected, organized 
put to use is a major aspect of the AEC technical informat 

program. 
As a producer of information, the Commission is required by tb 

Atomic Energy Act of 1946 to maintain “a program for the contml 

of scientific and technical information which will permit the dm~- 
nation of such information to encourage scientific progress.” 
key terms in this requirement ‘are control and dissemination. a 
system of control must provide for the restricted dissemination of 
classified information to scientists and engineers working in the en- 
terprise and for an effective method of disseminating unclassified 
and declassified material to the scientific and technical community 
large. 

The job of accomplishing this dual purpose is complicated by d6 
centralized research and reporting activities. In 1949,350 contractors 

produced about 4,000 reports, of which 2,900 were classified and sub 
‘ ject to security control and limited distribution. 

Before these reports, both classified and unclassified, can be fully 
put to use, they must be reproduced, listed, disseminated, indexed, 
abstracted, cataloged, etc. 

cal Prac 

iop 

CLASSIFIED INFORMATION 

Scientists everywhere are accustomed to certain established forms 
of scientific communication. The first is the research report, which 

in turn becomes an article in a scientific journal, an item in an ab 
stracting service, an index entry in a catalog, a chapter in a treatise, 
and ultimately part of the contents of a khnical library. Since much 
of AEC’s research work falls in the area of “restricted data” and can- 
not become a part of this regular pattern, the Commission has had 
to set up a special system of communication within the atomic energy 
program. 

Classified research reports must be limited in circulation, pet the? 
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be available readily to all scientists within the project who 
At present, most of 

The Commis- 

wever, has established a classified scientific journal in the 
metallurgg and ceramics, and may extend the scope of this 
of circulating information within the enterprise. 

- 

g on the same or related problems. 
arts are circulated as individual documents. 

only authorized persans receive copies. 
distribution is controlled by standard distribution lists. 

This direct though lim- 
The 

are automatically sent to the addresses listed. 

“> 

the second element in the Commission’s pattern of scientific com- 

evelopment Reports” are issued semimonthly. Authorized re- 
ents of this publication are kept informed currently of all classi- 

earch in progress throughout the project except for certain 
classified reports and reports of limited interest which are 

? 1,630 classified documents were abstracted. Each copy 
is numbered and assigned to a definite recipient. With 

regard to security requirements, these abstracts are an indis- 
mble tool for digesting and bringing together the diverse re- 

ds of the classified research program in atomic energy, Copies - 
ddmified reports are stored in the more than 30 classified document 

*m maintained by the Commission. AEC libraries and document 
contain more than 500,000 research and development reports in 

Wed collections. The Washinagton headquarters maintains a 
aPlete coIlection of all reports produced, and the document room 
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maintained at Oak Ridge serves as a distribution center for 

9 j 
collections elsewhere. These COlleCtiOnS are not files, but highly oy, 

ganized repositories in which research reports take the place of Ord;* 

nary technical books and journals. 

- 

Cataloging Reports 

O Other 
AEC catalogs all reports received and distributes cards t 

document collections. For each individual report there is an 
card, a report number card, and sufficient subject cards for a 
plete subject index to the report. During 1949, AEc cataloged 8,0B5 
reports and sent 2,485?886 cards to 6s document rooms. Tlie reports 
cataloged included 4,678 that were new and 3,407 which required re 

yara 
cataloging or had accumulated in the backlog from the war 

of re- 
This wartime backlog has now been eliminated and cataloging 
search and development reports is on a fully current basis, A com- 
plete catalog of AEC reports now contains approximately 200,000 cards 

covering -about 38,000 reports. . 
Scientists use journals to maintain their awareness of current 

progress in their specialties, but such journals must be Supplemented 
with handbooks, compendia, and treatises. The Commission is pre- 
paring a series of such books as a classified part of the National 
Nuclear Energy Series. There are at present about 60 classifid 
-volumes scheduled for inclusion in this series. At the close of 1949, 
manuscripts for 26 of these volumes were on hand of which 12 weq 
in the ha1 stages of editing and preparation for printing in o& 
Ridge. I 

“&Or 

Exchange of Infomation With Department of Defense 

The Military Liaison Committee assisted in setting the policies and 
procedures for interchanging technical reports and‘ information be- 
tween the AEC and various agencies of the Department of Defense. 
Current classified and unclassified AEC research reports are now 
moving by standard distribution to designated agencies of the Armed - 
Services that need certain categories of technical information. Ap 
proximately 800 reports are furnished monthly to military officers and 
their research facilities. 

Procedures have also been established for the handling of specific 
Department of Defense requests for technical reports and information, 
including restricted data. Conversely, the AEC currently receiys 
and distributes to appropriate research laboratories technical infom%- 
tion developed by military agencies, This exchange of technical in- 
formation is expanding to the mutual benefit of AEC and Departmat 

....... .. .-... 
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fense research programs, and has helped avoid duplication in 

UNCLASSIFIED IXFORMATION 
t 

Coaission’s unclassified information services for the men 
in the program supplement the regular patterns of spientific 

The basic element is the collection 
ely to contain information 
by the Commission and its 
there are active technical 
h installations. Many of 

mission’s major laboratories are far from university and in- 
maters, and research libraries have had to be built and 

along with laboratories and production plants. 
extent that research projects are located on university 

uses or at established industrial centers, project personnel are 
us8 existing libraries. A new technical library is established 

Commission only in conjunction with a new major installation, 
ection on library facilities 
esearch Board- * 

*tion and dissemination. 

dd 
To 

$la 

- 

tally accessible to the 
or near the laboratory. 
expensive task calling 
add weight to the con- 

than small isolated units. 
uate library resources be 
make library cost a rel- 

Thus, major technical libraries supported by Commission funds are 

hted at Oak Ridge, Knolls, Westinghouse, Brookhaven, Argonne, 
Los Alamos, Sandia, and Hanford where they service major labora- 

tories, and at Washington for the use of the headquarters staff. 

Wlication Encouraged 

The Commission sponsors a considerable volume of unclassified re- 
seapch and also maintains a program for declassifying research resulk 

rhich no longer require security control. The unclassified and de- 
Gfied reports have been reIeased to the scientific and technical pub- 
kin various ways. As a major inethod of dissemination, the Commis- 
fion encourages project scientists to make their own arrangements 
for publication in established, privately-supported scientific period- 

/ 

S 

./ 
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The Commission’s policy in this regard is Supported b 
whelming number of project scientists Tho do not wish to see 
Commission or any other part of the Federal establishment &ss 

responsibility for publishing their contributions to 
tunately, private scientific societies are unable, at the Present ti 
publish all results of the greatly expanded volume of f 

ported i-esearch. 

editors of the leading scientific journals 
the extent of Federal responsibility for the support of Scientific 
lication. 
this conference before attempting to estimate the extent of its ob,i 

tion to extend financial support to such journals. 

Distributing Reports 

- 

The National Research Council will shortly organize a confepenq 

The Atomic Energy Commission will weigh th 

In the meantime, the Co~iSSiOn is reproducing and &strib 
the unclassified and declassified AEC reports which have not 
published in the regular scientific journals. These reports are a 

able on an exchange basis to universities, learned societies, remrc 
stitutions, etc., and are -sold to individuals or institutions unable 
enter into exchange arrangements. 

As a final method of disseminating unclassified scientific and 
caL information, the Commission has established the “National 

Energy Series,” described in the next section. 
The following table summarizes the unclakified and declmi 

reports so far released by the Commission (figures approximate) ; 

Reports published in scientific journals--- 
Reports distributed by the Technical Informati 
Reports to be included in the National Nuclear Energy Series----,-----,- 

NationaZ NucZear Energy Series 

/ 

d of technical infoi 

The National Nuclear Energy Series developed by condensati 
separate writing programs originating at Chicago, Berkeley 

Alamos, and other project laboratories. -Each site planned to ical Informatic 

scientific accounts of its research programs. By November ractors. These t 
arrangements were completed to combine all the separate pro 
into one over-all series covering all phases of the project. The s-for the extensio- 

fied volumes -(approximately 60) will, of course, be availab 
within the atomic energy project. The remaining 50 volumes 

declassified and made available to the general scientific and tec 

addition to thes 
mans in AM ins 
erence which mw L- 

- i community. , ings has been th 
trol of Classified -- 2 

- 

AS part of its general policy to encourage private publication 0 

l- classified research results, the Commission invited bids from Pri 868145”--5612 
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ublishing the Series. The McGraw -Hill Publishing Com- 
d and has already issued eleven volumes. the first of 

eared in 1948. (See Appendix 7 for description of pub- 
rojected NNES volumes.) 

-- 

Zear Science Abstracts 
JN 

the ,Commission is not a major publisher of unclassified 
apers, it has established a major abstracting publication in 

- field of nuclear science. “hTuclear Science Abstracts” in less than 
@ 

jJesrs &&shes the abstracts to meet such problems as the fact that 
existing abstract services like “Chemical Abstracts” and “Physics 

!’) 7’ do not cover unpublished research reports; (6) program 

rch requires faster abstracting services than existing abstracts 
psea ‘de and (e) nuclear science cuts across many diverse fields such 

entation, metallurgy, chemistry, and physics. 
rsm 

gsuc]ear Science Abstracts” is issued twice monthly at Oak Ridge. 
nd issue is indexed, and cumulative indexes are prepared semi- 

The use of mechanical sorting, collating, and printing _* 

maes allows preparation of cumulative indexes without setting . . 
ner type for separate cumulations. The abstracts are available with- . * 

charge to all scientists officially connected with the atomic energy 
am, and on an exchange basis to universities, hospitals, medical PflP 

d~ls, research institutions, scientific societies. , 

T&&al In f omtion Committee and PmZ 

glthough 
&j@tiik P 

has become a valuable tool for research workers. The Com- - . 

i&on P 

AWC& - 
. 

pfla &cine, .’ agriculture, geology, ceramics, industrial sanitation, in- 

The General Manager has established two advisory bodies in the 
kId of technical information. The Technical Information Committee 
consists of representatives of the Research Division, Division of 

Biology and Medicine, Division of mlitary Application, Division of 
Beactor Development, Raw Materials Office, Office of Classification, 

and the Division of Public and Technical Information Service. The 
Technical Information Panel includes representatives of the major 

mntractors. These two groups meet regularly to evaluate the effec- 

tiveness of existing technical information services and to consider 
Plans for the extension of such services. 

addition to these formal organizations, technical and re€erence 
librarians in &4EC installations have organized an informal librarians’ 

Nrlference which meets twice a year. One valuable product of these 
meetings has been the preparation of a “Manual for Servicing and 

: 

I 

:- 

~ 
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Control of Classified Research and Development Reports, ?’ . 

868145 “--~o-ig I 
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Research in Techniques 

paphical controls consisting of Cat 
stract reviews, and services. The 
from the national research effort is now SO great that the 
systems are rapidly becoming outmoded. This situation has 

-- particularly serious where specialists in several research fie 
quently need, to join forces to solve common problems, 

Rapid XeZector 

cedures for the storage, recording, 
formation. The Commission has join 
Agriculture in developing a machine k 
The selector operates like a research worker looking through 
in a library catalogue, but at much greater speed. with prow 
entries, the machine will scan up to 120,000 subject entries per 
compared to 15 or 20 entries which a fa 
same time. Moreover, it will reproduce an abstract of a doc 
the spot, or, if properly set up, the original document, saving t 
spent in searching the shelves of local libraries or in waitin 
information to come from distant places. 

A 2,000-foot reel of film used in the present selector pl-0~ 
for text and code for 60,000 abstracts or an equal number of 
As many as six different coded entries may be made for ea 

The proper utilization of research res 

The Commission has attempted to develop new techniques 813 

A or page, or a total of 420,000 entries on the entire reel. 
First use of the selector by the ,4tomic Energy Commissio 

for the maintenance of records of ne 
In addition to the Rapid Selector, 

typewriter composition for texts 

and it has utilized business mvhines 
accumulation of indexes. 

0 the detriment 01 

manner consistent 

lnterests and the F 

its dissemination. 

consideration of p 
ed that the eSsenl 

Indexing Machines 

The business machices used for cumulating and printing 
are also used to control the receipt and distribution of classifie 
ments. Under the old system the initial logging record was ma 

hand and troubles caused by human error were always pre*n 
took one typist a whole day to type out all receipts for a la% 

distribution. The tabulating machine requires only about a 

The largest number of documents transmitted in any one mon 

tum all technic: 
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a little over 5,000 and this required the use of extra per- 
In Bfarch 1949 using machines, the library section was able 

9,000 documents with fewer personnel. 

Joint Congressional Committee on Printing has authorized the 
ic EIlergy Commission to maintain a field printing plant at Oak 

plant reproduces “Nuclear 
aphies, and reports. As 

above, the program of decentralized research and reporting pro- 
roject dissemination by the 
ontractor lacks facilities for 

reproduction and dissemination of his reports, the Oak Ridge - 
’* will reproduce such reports fo: project distribution from a 

During 1949, the plant at copy prepared by the contractor. 

Ridge printed 25,000,000 pages. 

CONTROL OF INFORMATION 

ne Commission has continued to give careful consideration ”to 
basic policies underlying the control of information. ‘ The Com- 

&ion, guided by the pertinent provisions of the Atomii Energy 
A& has determined that information should be controlled so as to 
pmote the common defense and security by- 

@) Fithholding from those whose objectives may be, inimical to the 
interests of the United States, information which could be used by 
them to the detriment of this Nation’s security. 

a) Providing adequate information for a vigorous and efficient pursuit 

of the goals of this Nation’s atomic energy and related programs, 
in a manner consistent with democratic traditions. 

The secrecy classification to be applied to any item of information- 
thus depends upon a balance between the value of that information to 
inimical interests and the value expected to accrue to the. United States 
through its dissemination. 
h its consideration of policies in such matters, the Commission has 

recognized that the essential assets of the United States in atomic 
energy, as in other fields, are the ability and experience of industry, 

the howledge and enthusiasm of scientists, and the maintenance of 
momentum in all technical fields. Many of these assets lie qutside 

Commission’s organization and depend to an essential degree upon 
gimtists, technicians, and industrialists having free access to adequate 
 oma at ion. 

1 

t 
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likewise, in determining inf ormation-control POliCY. 
the people must be able to judge the action of thei 
and officials, and to pass intelligently on POliCY. 

believes that information about a public enterprise of such 
as the atomic-energy program should be withheld only f 

soundly based upon the common defense and security. 

The importance of accountability to the public must b 

The essential factors in appraising whether particular items ot 
’ inforpation must be kept secret depend in part on a technical juag, 
ment as to the pertinence of the information to the Objectives of 

’Nation’s over-all program. In forming this judgment, the coramig 
sion looks to key technical personnel associated with its activities 
also depends on many factors of nontechnical nature such 
example, matters related to military operations, civil defense, plant 

In this judgment the G~- 
mission must obtain the vieGs of competent authorities in its 
organization and in other agencies. The Commission recomb tbt 
control of information requires constant exercise of judgment, 
the last analysis, by every individual concerned with classified 
information. - 

- protection, or international relations. 

- 

. UNCLASSIFIED AREAS 

The Commission has had under continual scrutiny the bounda& 
between, on one hand, restricted data or classified information 
on the other, that information which can be “published without ad- 
versely .affecting the common defense and security’ 
the Atomic Energy Act). In 1948 the Commission established m. 
tab “unclassified areas” in which work could be performed generally 
free from security restrictions. This had the effect of considerab]y 
reducing the extent of Commission research activities covered by 
secrecy regulations. 

The experience of,the last year has shown that 
been successful. Many laboratories now submit t 
these unclassified areas directly to various publications. By moni- 
toring these papers, AEC has verified that this 
leased information which could be considered “r 
thus enabling scientists and engineers to publish certain kinds of 
search work, AEC has assisted dissemination o 
not require secrecy. At the same time, by reducing unnecessary dag- 
fication review, AEC has been able to concent 
on keeping secret information dhose release would’ be contrarg 
to the public interest. 

The use of unclassified areas has helped to remove unnecessary 
strictions on some research and development work in ~EC’labo 

(See Fifth Semiannual Report.) 
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INTERNATIONAL COORDINATION ON SECRECY POLXCDM 

ne specific “Declassification Guide,” drawn up to assist operation 
der the Commission’s policy on control of technical information, 

br 26 to 28, 1949, the Third International Declassification Con- 
WnN was held in Chalk Rive;, Ontario, Canada, to assure continued 
@&ation of secrecy policies and practices. Consideration is now 

given to possible revisions in secrecy policies which may be 
ble in the light of the Russian atomic explosion. A preliminary 

-ion of these matters will take place at a meeting of declassifica- 
representatives of the three nations scheduled to be held at 

well, England, in February 1950. 
mement of the three nations on the categories of technical in- 

bation to be released, or declassified,-, has minimized misunder- 

@dings. It has resulted also in reasonably uniform standards of 
my for the fund of information shared by the three nations, 
bugh‘their joint wartime effort and through the Technical Coopera- 

INTERNAL ORGANIZATZON 

During the summer of 1949 the Commission created the post of 
ktor of Classification whose office absorbed the Declassification 

bch of the Public and Technical Information Services. The 
rJBice of the Director of Classification is responsible for interpreting 

Commission-approved rules and guides, not only for declassifica- 
r;tS4 but hlso for the original classification of new information. 
This change reflects an increasing interest in the problem of secrecy 

8 well as a recognition’ that classification (assignment of an appro- 
*te secrecy category) is as important as declassification (release 
bm the restricted data category). As in thebprevious organization, 

guidance is provided by expert consultants, principally the 
htke of Senior Responsible Reviewers and a large group of 
bwible Reviewers. The conscientious assistance given by. these 

I. 



experts in their continual review of the technical aspects of declassil 
fication has been valuable to the Commission in maintainin 
of information in accordance with the geileral policies adopt g Control 
Commission pursuant to the Atomic Energy Act. ed the 

PROTECTION OF CLL4SSIFIED DOCUMENTS 

The protection of restricted data is the responsibility of the Atornic 
Energy Commission under the Act of 1946. 

the regular Government classifications Of top secret, sew&, and c~ 

fidential, to indicate the degree of importance of information. 
, number of classified documents have come into existence under the 

Commission ; together with those originated by the Manhattan E~~~, 
neer District, the number is well into the millions. 

To develop and effectuate appropriate security measures to safe- 
guard these documents adequately, and to provide for suitable 
accountability, has been a major task of the Division of Secufity, 

Opted 
The Commission ad 

AT, 

TOP SEC~ CONTROL 

Soon after the Commission assumed responsibility for the atohic 
energy project, it was apparent that improved procedures for the 
control of, and accountability for, classified documents were desirable. 
Special emphasis was placed on improving the control of top secret 
documents since the most sensitive information with respect to the 
national defense and security is given that classification. Ab: the first 
step, a project-wide inventory of top secret2ocuments was ordered 
and a Top Secret Control Office was established as a branch of the 
Division of Security. 

Following this initial inventory, instructions were issued which 
set forth the procedures to be followed in preparing, handling, safe- 

guarding, and, accounting for top secret documents. Semiannual 
inventories are also required. 

The present procedures provide the central control office with im- 
mediate information as to documents newly originated, and those 
which have been reclassified or destroyed. They also provide a record 
of the transfer of custody of every top secret document from one 
person to another; including the transfer of safeguarding respon- 

sibility from courier to courier during transmittal. This system, 
implemented by inventories, affords a continual check on each top 
secret document in existence, the total number of which runs into 
tens of thousands. ~ 

Only a limited number of AEC officials and certain contractors have 
been designated as authenticating officials with authority to classify 

a document as top secret. The number of persons authorized to 
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or keep such documents is 
&dminiStration, and these 
duties require them to ha 

held to the mini 
persons are so 

.ve the informa 

mum consistent 
authorized on 

,tion contained 
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SECRET AND CONFIDENTIAL CONTROL 

Beearch and development reports comprise a substantial portion 
fie documents in the secret and confidential classifications. At 

Of 
me the Commission assumed responsibility, it was not known 
many such documents existed nor where they were located. 

bow 
Reace, an inventory of these reports was ordered at all Commission 

&e ti 

c- 

installations- 
fiis inventory revealed over 700,000 of these research and develop- 
& _-- 
t reports throughout th’e project, varying from some 2,000 at the 

@der inkallations to over 200,000 at one of the larger plants. 
T,, this inventory figure, compiled as of December 31, 1948, there 

Because rrea 
of the volume of these documents and the importance of the data 
bey contain there is‘ a tremendous problem of internal control and 
,cco~tability. This problem is magnified when these documents 
rre transmitted from one installation to another. 

addition to appropriate records which reflect the preparation, 
receipt, custody and transmittal of these reports, there has been 
developed a system of transfer and accountability stations, through 
&ch reports are transmitted, so that each individual report mag 
be properly controled, and information may go only to those persons 

who require the information. 
In addition to the documents classified as top secret and the research 

md development reports classified as described above, there are hun- 
&ds of thousands of other classified documents such as drawings, 
blueprints, photographic film and prints, administrative and operat- 
ing reports, letters, memoranda, teletypes, etc., which also require 
safeguards. 

Records are maintained locally by offices of operations, or by in- 
dividual offices or installations, which give the number, -disposition, 
and location of these documents. 

dded each month approximately 15,000 new reports. 

\ 

PHYSICAL SECURITY OF RESEARCH OPERATIONS 

AS of the close of 1949, some 900 research laboratories, institutions, 
ncI consultants were under contract with the AEC to conduct scien- 
& research, some aspects of which must be safeguarded in accordance 

lFith the Atomic Energy Act of 1946. These range from the extreme 
mity importance of the Los Alamos Scientific Laboratory, employ- 
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ing hundreds of persons on research and development of atomic 
ons, to the individual scientist in a university laboratory. Obviously 
Los Alamos requires elaborate safeguards, whereas the individual 
scientists may work with none or with relatively few restrictions, 

To monitor the safeguarding requirements of a research Progranz 
of such magnitude and diversification requires some 3,000 security 
contacts and inspections a year in practically every state of the union. 

SAFEGUARDING SECRET RESEARCH 

In order to devise a practical security system for a laboratory at 
which research of a classified nature is to take place, it is first neces, 
eary to determine just which aspects of the research are secret and 
therefore, must be safeguarded. This determination requires expee 

scientific judgments. 
areas in which the secret research is to be carried on arGphysica$, . 

segregated by fencing, walls, or other barriers ; and access k controlled 

- 

> 

When it is made, the laboratory buildings or’ 

by guards or special receptionists. 
An estimated 1,500 guards are employed to safeguard AEC and 

contractor research laboratories. Overall, 20 percent of AEC em- 
* ployees and 9 percent of contractor employees constitute the security 
guard force. 

A further protection is set up by making a determination as to the 
persons who will be permitted access to these areas. Persons admit- 
ted will include not only scientists and,technicians in charge of scien- 
tific research but also the staff of secretaries, clerks, guards, doctors, 
plumbers, janitors, carpenters, painters, consultants, machinists, and . 

glass blowers essential to operation and maintenance of a complex 
modern laboratory. 

All such persons must be investigated and cleared. It is then neces- 

sary to issue to each individual identifying credentials for the areas 
within the laboratory where he is to work. These are of tamper-proof 

type and coded to indicate the areas to which the holder is entitled 
to go. Many persons require full access to all areas; others, with 
lesser responsibility, have reasonable limitations placed on the extent 

The devising of practical safeguards for atomic materials is a com- 
plex business because many of the materials are almost continuously 
in us0 in experimentation. These elements are frequently changed 
chemically, alloyed or mixed with other materials, and in some cases 
transmuted to new elements. Elaborate testing and bookkeeping ar- 

rangements are necessary, in addition to physical safeguards. 
These are in addition to safes, vaults, and special alarm and detec- 

tion equipment for the storage of these materials, and a security system 

-of their access. 



er practical safeguards for the 

areas where they are in active use. 

- 
PR~TECTION OF SHIPMENTS 

mtection of shipments of vital materials and transfer of 
ers between laboratories and other installations is a con- 
roblem. Safeguards must not only be provided against 

theft, and damage, but also against the possibility of 

1 elements which are not only 
xic and dangerous but which have a short “half life” and 

rapidly, must be made with speed, safety, and security. -In 
d&tjon to firearms of various types required for the protection of 

t materials and documents, therefore, many AEC couriers must 
rs and other radiation 

a1 security shipments are 
monthly between AEC installations, it is significant that 

@date there has been no known theft, loss, or compromise with respect 

crused injury to any person. 

toxic and radioactive substances injuring the public. 

- 
,. 

PERSONNEL SECURITY IN RESEARCH 

ed on, they must be investi- 
pted as to character, loyalty, and associations. Under the. 
Atomic Energy Act, individuals who are to be employed by the Atomic 
Euergy Commission .or who are to have access to restricted data while 
enployed by an AEC contractor or licensee must be investigated by 
the FBI and, thereafter, on the basis of this rep&, the Commission 

dividual to have access 

the common defense and 

on unclassified research projects the Commission, as a ’precaur 
a1 investigator (or 

ome $amiliar with the 
g knowledge of the classi- 

htbn and declassification requirements. Such projects, . while -m*- 
&ifid in their conception, may lead into areas involving restricted 

dsta. Adequate security clearance enables such research activities to 
m& the needs of tbe AEC and still safeguard restricted data. How- 
6f? in research ‘projects where the chance of restricted data being 

,I 

ypi.:ir:iQ8qrr 



discovered is essentially zero, no securit.y requirements are - 
lmPoset 

The AEC’s program for controlling visits to exclusion 

data 
signed co prevent unauthorized persons from access to restrict 
or to areas where classified work is being performed, permits 
with minimum delay between the AEC’s various sites where the 

The 
research employees are engaged in related fields of endeavor. 
correlation of, such data through visits, spposiums, and through th 

tion with respect to production and weapon information and activities, 

de. 

distribution of reports is controlled ‘so as to retain Compartmentaliza- e 

. 

. 
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I,tom;c energy laboratories-the National Laboratories and 

ed by the Atomic Energy Commission, they constitute one of 

e owned and financed by 
Federal Government, but-operated by private contractoref amous 

dveBities and leading industrial concerns which have established 

. LABORATORY HISTORY 

fie Manhattan Engineer District brought together more than 7,000 
dentists and engineers who successfully attacked ofie facet of the 
itaic energy problem after another, culminating in the bomb attacks 

Hiroshima and 'Nagasaki. When the wartime assignment was 
tompleted, many scientists turned to other work more to their liking. 
%thin a year, the research program, which had commanded the atten- 

tion of roughly 5 to 6 percent of the Nation's research scientists and 
mgineers, lost more than half its staff; and among those who left were 
my of the Nation's ablest scientific workers. 

With the establishment of the Atomic Energy Gomission a year 
later, it was clear that the pace of atomic weapons research had to be 
renewed, and that applied research must be supported step-by-step by 

fundamental advances in science. Without such support, a weapons 
research program would be futile even though the pressure for prog- 

The Commission could not, of course, reassemble for peacetime work 
wh an array of scientific talent as had oarried the war program to 

mcce~s. The wartime urgency was lacking; many of those formerly 
in the program preferred 'other kinds of work ; and many were train- 
i"p the scientists of the future, a task also of major importance to the 

In the face of severe handicaps, especially the shortage of scientists 
which developed during and after the war, it was necessary to recruit 

- 

- I 
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. Fiscal year Start 

1946 ____-______ 7,000-8,000 
1947 ___________ 3,5004000 
1948 _________-_ 4,000-4,500 
1949 ___________ 7,000-7,500 
1950 ___-__-__-_ 8,500-9,000 

500-1; 500 
5q0-1,500 
500-1,000 

-----___ .................... 

1 -* 

The new team contained fewer %ig-names" of science and w' 
posed largely of younger scientists and engineers. They np 
approximately the same fields of science as under MED, 
the number of scientists in the biological and medical fields 
creased from 2 to 8 percent, and the proportion of enginem 

30 percent%o 45 'percent. 

- 

LABORATORY MANAGEMENT 
, 

There is little attempt at uniformity in the organization or 
of AEC laboratories; this is a matter of policy on t.he 
atomic energy program. The administration of laborah 
very different problems which are related clo&Iy to 
search carried on in each. 
ment of a new military*'Zeapon can be highly or 
trolled to prevent diversic of effort into unimportan 

this type of work is carried on, as during the wartime 
patterns are followed. 

Discoveries in pure science, however, do not come 
technique. The essential feature of a strong basic science 

is the freedom of individual scientists to pursue the p 
seem most promising and interesting. Often the sid 
fruitful ehan the main line of investigation. Many of 
greatest basic discoveries have come in this way. 

ahead and rigidly adhered to. Administration, and bu 

trol, must take these things into consideration, an 

An effort directed toward 

For this kind of progress, program cannot be m 

. 
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The type of direction suitable for a planned 
of applied research not only will not work for basic research, 

the trained minds of scientists-the 
on which progress depends-programs of applied 

must be appropriately leavened with the opportunity for 

f'@$earch, and an optimum apportionment must be encouraged. 
I@ energy laboratories not only.combine basic and applied re- 

A< varying degrees, but also include work in many different 
$?~fic disciplines. Some laboratories, such as those of Knolls and 
Ba.ngpuse, concentrate exclusively on applied research and de- 
fld dopent. Some, such as Ames and the Radiation Laboratory, 
wkeley, both university laboratories partly financed by the Gov- 

devote an overwhelming majority of their projects to basic 
cmroaG The Radiation Laboratory includes important biological re- 

teams as well as those that work in nuclear physics, and this is 
so&* 

*@h 
tpe 
under these conditions, trying to establish &if ormity of manage- 

would hamper accomplishment. The Atomic Energy Commis- 
acting on the advice of its associated scientific and industrial 

#t 

&I1, 
-low, has insofar as it is possible left detailed administration 

be hands of the individual laboratory management. The' 
tomission aims to simplify accounting procedures and such operat- 
*mutine as keeping stated hours, making reports, and such other 
&strative matters as scientists find tend to interfere with 
&& concentration on scientific problems. 

d to match. 

of the national laboratories. 

pas of Administration - . 

Beyond this, the Atomic Energy Commission has been able to estab- 
Ucertain broad policies on such matters as salaries, provision for 
mple basic researP and provision of travel funds, so that the assen- 
thl interchange i information among scientists may be facilitated. 
It has, moreover, arranged periodic conventions of atomic scientists 
for the same purpose, and assisted distribution of papers on scientific' 

histance to laboratories is provided in recruiting scientific per- 
BnneL This system operates in two ways. Laboratories are assisted, 
aquest, to reassign' scientists, who have outgrown current assign- 
aentS, to other openings within the program where their expanding 
&&ties can be put to greater use. Also applicants to laboratories, 
*ch do not need' their services,, may be referred elsewhere within 

bndings. 

program. 
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Bra Aid to Refirnitmen$ 

@=a ted 
of special interest as a recruitment policy is a program inau 

College students ’ mostly 
st Los Alamos during the summer of 1947. 

at the graduate level, are employed during the summer month, 
The students become n?.gdar employees of the Laboratory and ra 
quire clearance in the usual manner. In addition to performiry 

Of the 
important service, they learn a; great deal about the nature 

eY ah Laboratory. Upon returning to their classes in the fall, th 

-pf?ti- able to report a great deal which is not classified about their 
ence, and in many cases these students hope to obtain full-time posi- 
tions after completing their schooling. This plan also has the 
advantage of providing the Laboratory with an excellent ~pp~~~~~ 
to judge the quality of these individuals as prospective permanent 
employees. Also, in cases where permanent employment is conkm- 
plated, university work may be oriented to provide the be& possible 
preparation. 

This program has tjeen of such valve to the Laboratory that it has 
been gradually expanded. Sixty-nine students, representing 33 col- 
leges and universities, spent the summer of 1949 at the Laborabq, 
Chosen from among 403 applicants, all but 9 were at the gradua& 
level. They were *a highly competent. group. 

Similarly, Brookhaven had 14 science students employed during the 
summer months of 1949. 

THE CONTRACT AND AEC POLICY I 

Commission policies on salaries, travel allowances, and such matters 
are put into effect through the contracts which are written with the 
operators of particular laboratories. This is possible since contracts 
are written on the basis of reimbursable costs, sometimes with, some- 
times without, an operator’s fee. Thus, the Commission authorizes 

salaries for scientists at the “going-rate”, so that scientists are in gen- 
eral paid on the basis of the salary they could command for their 
services elsekhere. This results, largely, in a scale of pay that is 
commensurate with that paid in ‘industrial laboratories throughout 
the country. Contract provision is made similarly for adequate travel 
allowances. 

.I 

Provision for Basic Research 

The same contract device is used to assure that a proportion of basic 
research shall be carried on in those laboratories where it is appropfl- 
ate, and where it will assist in the work of the Commission. The 

proportion has varied, and will continue to vary, from laboratorg to 



d with its man- 
It is not, of course, always possible to 

lear line between what is basic and what applied research, but 
60 million dollars devoted to research and development in 

ajar laboratories, about two-thirds was for work which prob- 
be called applied research, and the balance for what may be 
s basic. At Ames and Berkeley, for example, at least three 
of the research could be called basic, whereas at Argonne and 

Commission was 

cantrate the immediately available facilities and staff on the 
urgent problems-particularly in production of fissionable mate- 
and improvement of weapons. Of equal concern to the Corn- 

and background. 

Consistently, in its reports of the last 3 years, the Commission has 
been able to show progress in its developmental and applied research 
warns. Processes have been improved at Oak Ridge and-Hanford, 
rod, in preparing ores and feed materials ; marked economies have 

accomplished as a result; a more effective weapon has been de- 

0th basic and 
lpplied research, and of engineering development. 

I, 

LABORATORY PERSONNEL - 

taboratory management has many aspects-the pro$ision of ad 
pats equipment and supplies, the apportionment of types of Eesearch,, 
itsdirection and administration-but there can be no question that 
the productiveness of any laboratory depends most heavily upon the 
Jpallty of the scientists it can attract, and upon providing them with 
tke climate most conducive to their best work. Scientific research 
iscreative work; it cannot be measured by the yard, or by the man- 
p.' The Commission has attempted, through getting the best con- 
Wms and lab'. ;tory dikctors, through adequa.te provision-of scien- 
t& quipmenL and of housing accommodations where necessary, and 
b $couragement of a favorable climate for research, to make its 
hmtories attractive to men of high calibre. 
It has certain obstacles to overcome. The GoGrment is not always; 

aieh-rs regarded as 'an employer among the larger scientific cornmu- 
%and the security restrictions which are a necessary part of the 
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Some Eey Questio.n~ 

A definition of the complex of conditions which compose freed 
research and which the Commission fosters in its laboratories is f 

in questions such as the following : , 

~ a> 
- 

- 6) 

-- c) 

To what extent may individual staff members determine on 
basis of their own interests and enthusiasm the research progra 

tu be followed? 

mat opportunities exist for staff members to advance continu, 

ously in their fields of specialty 8 

To what extent are scientists provided with opportuniti& to 

on their research to other scientists, within the same lab0 
as well as in others, to compare results and in general to have 
the benefit of the new ideas which may result from such exchange! 

What administrative arrangements are made to permit and 
courage individual scientists to work at the times of day and fw 
the numbers of hours per day which will produce the best re 

To what extent are scientists freed from duties and responsibfl. 
ities considered to be nonscientific, such as administrative duties, 
preparation of budgets, and vaSious other matters generally re= 
ferred to as “red tape”? 

How much leave is granted to scientists for vacations, sicknq 
further education, attendance at meetings of professional socie 
ties, consulting to other laboratories, temporary employment else- 

How are research expenses accounted for and justified, and to 

what extent does research budgeting divert scientists from 

As an approach to the industry-wide problem of attracting and SUC- 
cessf ully utilizing scientific talent, the staff of the Commission, early 
in 1947, undertook a study of personnel administration in large re- 
search installations. A Scientific Personnel Committee was estab 

lished under the chairmanship of Di. F. Wheeler Loomis, chairma 

d) 

‘ 
.. 

e) 

f) 

9) 

i iff 
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,pa&ment of physics, University of Illinois, to conduct this 

dy’ studying the Commission laboratories, and reviewing other 
ttee made recommendations on such 

s tenure of staff members, methods of 
of scientists from one project to an- 
among scientists, vacations and sick 
plans, travel expenses, and the pro- 

of the Scientific Personnel Committee have 
mbers in discussing personnel poli- 

nd in some instances in determining 
expenses should be reimbursable. Many of the Loomis Com- 
,s recommendations as to the interchange of employees, travel 

opportunities to attend professional society meetings, and 
unities for younger scientists are in 

si~ary & benefit studies. Toward the end of 1948 the University of 
Mforr$a, at Los Alamos, conducted a salary survey for scientists and 
driers in industrial and Government laboratories throughout the 

@try. Data from a representahe sample of laboratories showed 
salaries paid on the basis of education and years of experience. 

ne data were used 8s a guide in establishing salary levels at Los 
amos and were-also made available to other Commission eontrac- 
Ma A more up-to-date survey is currently nearing completion at 

TO provide the Coqmission and its contractors with similar guid- 
in deciding upon employee benefits in research laboratories, a 

mey among approximately 30 large representative industrial labora- 
tories isnearing completion under the joint sponsorship of the Atomic 

Energg Commission and the Bureay of Labor Statistics. Up-to-date 
fids are being gathered about the practices for research personnel 
mgarding retirement and insurance annuities, vacation and l&ve poli- 
US, payment for overtime work, hazard pay, payment of travel ex- 
penses, attendance at professional society meetings and other related 

@% of ducational opportunities. 

ists in university research enjoy great lati- 
tude in selecting areas for study, and in purchase and use of equipment 

rithin the scope of alloted funds. The university laboratories in 
KhiCh most pure science has been developed have generally recog- 

the other hand, have generally had rather 
irector and his staff plan programs to 

/ 

868145O-5613 

t 
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carry out assignments, delegate parts of the program t 
GOUPS. This method has been characteristic of 
toward better electric lamps, television, finding oil 
countless other applications of science. It appeals stroilgly to 

tists who gain much satisfaction from seeing the practical benefit8 %b. 

their work. oi 

In Commission laboratories, different practices are followed in t~e ' 

freedom of individuals to plan and carry out their own research 
Brookhaven and the Radiation Laboratory allow maximum freedok 
The success of these institutions in recruiting and retaining out 

stand, 
ing research scientists is undoubtedly due in part to this. 

Primarily concerned with basic research, these two laboratopies 
have important and specific research problems of a practical natw 
assigned to them. 

The two National Laboratories at hgonne and Oak Ridge hap, a 

ilk larger proportion of their personnel and facilltles assiped to spec 
projects, and there are fewer opportunities for basic research, 
each case, however, there is a substantial amount of basic research 
growing out of the interests and abilities of members of the staff, 

As a general rule, in the different laboratories, there are few ha. 
viduals who have no responsibility for applied research, just as theR 
are few with no opportunity to participate in basic research. 

Maximum progress depends upon a blend of basic and applied 
research in such a way as both to attract high-grade people and to 

use their abilities 'on the solution of practibal problems as well as ob 

basic research. 

Prmting prof essirmat growth of scientists. The greatest experts ih 

science are those who are able not only to stay abreast of progress in 

their field and in related fields but are able to be in the lead, They 
are the ones who demand the opportunity to keep on learning. Oppor- 
tunities for professional growth at a research institution help attract 
such men. 

Such laboratories as Berkeley and Ames, located on or near a uni- 
versity campus, have a real advantage in this respect. At Oak Ridge, 

the Oak Ridge Institute of Nuclear Studies has arranged with the 
University of Tennessee to make courses in science and engineering 
available to employees in Oak Ridge. More than 80 of the 600 scien- 
tific and technical personnel of ORNL are taking such courses. Sim- 
ilar arrangements have been made by the General Electric Co. in Han- 
ford in cooperation with 5 universities in Oregon, Washington, and 
Idaho. Programs are under way at both Los Marnos and Sandia, in 
cooperation respectively with the extension division of the University 
of California and the University of New Mexico in Albuquerque. 
. Scientists benefit through opportunities to meet with other scientists I 

... 
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ch problems of common interest. Most Commission re- 
tractors provide such opportunities. Meetings of the Amer- 

b con 
sic81 Society, American Chemical Society, and other scientific 

PbJ: cering societies are usually sprinkled with representatives 
@&sion installations. In some cases, individuals attend at 

,gpense on leave of absence. More often, at least a part of 
1 COD 

.Ofl 
is borne by the laboratory ; in many cases total expenses are ' the laboratory. 

information meetings ' are organized by the Commission 
BbY 
dal 
* tqice a year. The last meeting in Oak Ridge was attended by 
It 00 scientists from other laboratories. These meetings parallel 

&ssional society meetings and permit discussion of classi- 
$3 
tic F 
erch. 

afi to provide scientists with an opportunity to discuss their 
held at Brookhaven, have attracted much favorable attention 

& 
rrcb, 

scientists. Similar meetings organized at Argonne, Oak 
bs Alamos, the Radiation Laboratory, and other AEC labora- 

I@ 

have attracted many of the Nation's outstanding scientists into 
%e, 
6 

, 

institutions. 
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APPENDIX 1 

bmmc ENERGY COMMISSION, PRINCIPAL STAFF, AND MANAUERS 
OF OPERATIONS OFFICES 

Energy Omission----- DAVID E. LILIENTHAL, Chaimaa- 
GORDON DEAN. 

JAMES G. BECKERLEY. 
JOSEPH VOLPE, JR. 
LINDSLEY H. NOBLE (Acting). 
RENNETH S. PITZER. - 

WALTER J. WITJUMS. 

GEORGE G. BROWN. 

ing. 
amtor, Division of NiZitary Brig. Gen. JAMES MC&RMA&, JR. 

Development. 
pirector, Di&iOn of Biology ad DR. SHIELDS WARREN. 

\- Medicine. 
Director, Division of Organiza- F&TCHER C. WAUER. 

I 

I 

tbn and Personnel. 

Infmtwn Semice. 
Director, Public and TechnicaZ 

Director, Division of Security_-__ FUNCIS R H~MMACK (Acting). 

MORSE SALISBURY. 
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Managers of Operations Ofices: 

- 

Chicago (Illinois) ___________- 
Banford (Washington) ___---- 
Idaho _______________-___---- 
New Pork (New Pork) -___--- 
Oak Ridge ( Tennessee) __ - __ _- 
Raw Haterials (Washington, 

Santa Fe (New Mehco) _______ 
Schenei$ady (New York) _____ 

D. Cy.). 

I 

, 

- 

A. TAMMARO. - z 

F. C. SCHLEMM~. 
L. E. JOHNSTON. 
WILBUR E. KELLEY. 

RICHARD W. COOE. 
JESSE C. JOHNSON. 

CARROLL L. TYLER, 
JAMES C. STEWART, 

1 

-I . 

.- 
I 

I 

mm 
Maj. 
Brig 
Real 
Rea. 
Maj. 
Brig 

Dr. 
PI 

Dr. 
Dr. 
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APPENDIX 2 

&MBERSI-IIP OF CONmmES 

STATUTORY C0MMI”EES 

Joint Comdttee on Atomjc Energy431st Congress - 

tor J&I~ MCMAHON (Connecticut), chairman. . 

SeDBtoP ~WIN C. JOHNSON (Colorado). 

MILLARD E.’ TYDINGS (Maryland). 

sepstor BOLXKE B. HICKENLOOPEB (Iowa). 
tor BTE.UB H. VANDENB~ (Michigan). 

EUGENE D. MILIJKIN (Colorado). 
wtor WILLIAM F. KNOWLAND (California). 

entative CH~ HOLIFTELD ( California). 

Bepresentative MELVIN PItrc~ (Illinois). 
wEsentative PAUL J. KILDAY (Texas). 

Bepresentative HENRY M. JACKSON ( Washihgton) . 
Bepresentative W. STERLING COLE (New Pork). 
Bepresentative CHARLES H. ELSTON (Ohio). 
Bepresentative CARL HINSHAW (alifornia ) . 
Bepresentative JAMES E. VAN ZANDT (Pennsylvania). d 

tor TOM CONNALLY (Texas). 

r 

WILLIAM L. BOBDEN, executive director.‘ 
HAROLD BEEOMAN, deputy director. , - 

Military Liaison Committee 

WT LEBasoN, chairman. 
w. Gen. KENNETH D. NICHOLB, United States Army. 

Brig. Gen. HERBERT B. LOPEB, United States Srmy. 
Rear Adm. RALPH A. OFSTIE, United States Navy. 
Rear Adm. TOM B. HILL, United States Navy. 
Saj. Gen. DAVID M. SCHUTTEB, United States Air Force. 
Brig Gen. ROSCOE C. WILSON, United States Air Force. 
Brig. Gen. ALVIN R. LUEDECKE, United States Air Force, executive secretary. 

General Advisory Contl-flittee 

Princeton, N. J. 
b. OLIVER E. BUCK=, president, Bell Telephone Laboratories, New york, N. Y. 
Dr. JAMES B. CONANT, president, Harvard University, Cambridge, Mass. 

h. LEE A. DuB~ID(x, president, California Institute of Te&nologS, Pasadena, 
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Dr. ENRICO FEBMI, professor of physics, Institute for Nuclear Studies, uniVepsitp 

Dr. I. I. RABX, professor of physics, Columbia University, New Pork, E. p. 
Dr. lamr,rn ROWE, vice president and chief engineer, United Fruit CO., &,ston, 

Dr. G~NN T. Sworn, professor of chemistry, University Of California, Berkeley 

Dr. CWIL S. SMITH, director, Institute for the Study of Metals, University 

Dr. JOHN H. MANLEY, secretary ; Los Alamos, N. Mex. 

of Chicago, Chicago, Ill. 

Mass. 

Calif. / l 

or 
Chicago, Chicago, Ill. 

PATENT COMPENSATION BOARD 

Cawm W. OOMS, chairmap; of Dawson, Ooms, Booth lk Spangenberg, Chicago, 

ISAAC HARTEE, chairman, Babcock & Wilcox Tube Co., Beaver FaUs, Pa. 
JOHN V. L. HOGAN, consulting engineer, New Pork, N. Y. 

Ill. ; former U. S. Commissioner of Patents. 

PERMANENT MEDIATION PANEL APPOINTED BY THE PRESIDEN- 

ATOMIC ENERGY LABOR RELATIONS PANEL 

WILLIAM H. DAVIS, chairman; of Davis, Hoxie & Faithfull, New Pork, N. p . 
chairman, Patent Survey Committee, U. S. Department of Commerce ; former 
commissioner, Board of Transportation, New Pork, N. Y. ; former chairman, 

New Pork State Mediation Board; former chairman, National War Labor 
Board ; former director, Office of Economic Stabilization. 

AAF~ON HORC-ITZ, lawyer and arbitrator, New Pork and New Jersey; Commis- 

sioner of Conciliation, U. 5. Department of Labor ; former chief hearing officer 
and special mediator, National War Labor Board. 

EDWIIU E. WITTE, chairman of department af economics, University of WiS 
consin, Madison, Wis.; former member, National War Labor Board. - 

i 
BENIOR RESPONSIBI;E REVIEWERS 

Dr. W. C. JOHHSOH, chairman of department of chemistry, University of Chicago, 

Dr. J: M. B. KELLOW, division leader, Los Alamos Scientific Laboratory, Los 

Dr. W. F. LIBBY, professor of chemistry, University of Chicago, Chicago, Ill. 
Dr. R. L. THORNTON, professor of physics, University of California, Berkeley, 

Dr. FFLEDEBIC DE HOFFMANN, secretary to Committee; assistant to assistant di- 

Chicago, Ill. 

Alamos, N. Mex. 

Calif. 

rector, Los Alamos Scientific Laboratory, Los Alamos, N. Mex. 

96;EAPONS EFFECTS CLASSIFICATION BO- 

Dr. NO~IS E. BBADBTJBY, chairman; director, LOS Alamos Scientific Laboratory, 
Los Alamos, N. Mex. 

Dr. FREDEBTC DE HOFFMANR, secretary, Committee of Senior Responsible Re- 
viewers, AEC ; assistant to assistant director, Los Alamos Scientiflc Labora- 
tory, Los Alamos, N. Mex. 

Rear Adm. TOM B. HILL, member, 

Energy Division, Office of the 

Liaison Committee; director, Atomic 
Operations, Department of Navy. 

11 -_ Dr. JOSEPH 0. HIBSCHFELDEE, professor of chemistry, University of Wisconsin; 

r 
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to and formerly of the staff, Los Alamos Scientific Laboratorr, LoS 

Mex. 
SNNETH D. NICHOLS, chief, Armed Forces Special Weapons Project; 
[ilitary Liaison Committee ; formerly district engineer, Manhattan 
District. Alternate, Lt. Col. DAVID PARKER, Plans and Operations, 
ral Staff. 
S. RUSSELL (USN), Division of Military Application, AEC, Wash- 

JoB~ VON NEUMANN, Institute for Advanced Study, Princeton, N. J.; con- 
Ilr. 

Rw~ CABLISLE SMITH, chief, Documentary Division, Los Alamos Scientific 
mbboratory, IAS Alamos, N. Mex., and ARNOLD KRAMISH, AEC, Washington, 

Los Alamos Scientific Laboratory, Los Alamos, N. Mex. 

D. c., Serve as joint secretariat to the Board. 

ADVISORY. BODIES TO THE ATOMIC ENERGY COMMISSION 

* AdvLyory Committee on Biology and Medicine 
\ 

r~'Gsm, chairman ; director for medical sciences, Rockefeller Foundation, 

&. ~ST W. GOODPASTURE, vice chairman ; dean of the school of medicine and 

Dr,~, W. BEADLE, chairman of division of biology, California Institute of Tech- 

D~LEV W. BROXK, president, Johns Hopkins University, Baltimore, M 

i. A. .BAIBD HASTIROB, professor of biochemistry, Harvard Medical Sch 

m. E. C. STAKMAN, chief of division of plant pathology and botany, University ' 

Dr. ALA 
Hew Pork, N. Y- 

professor of pathology, Vanderbilt University, Nashville, Tenn. 

nology, Pasadena, Calif. 

&@man, National Research Council. 

Bogton, Mass. 

Minnesota, Minneapolis, Minn. ; president, American Association for 

Advancement of Science. 

Cleveland, Ohio. 
m. JOSEPH T. WEAW, dean of theschool of medicine, WesternReserve Universi 

I 

Advisory Committee in Chemistry - 
m. FARRINGTON DAN~EL~, professor of chemistry, University of 'Wisconsin, M 
son, Wis. 

r. 

h. G. B. KISTIAKOWSKY, Professor Of chemistry, Harvard University, Cambridge, 
*- t- 

.- - 
Mass. /- 

h. JOSEPH E. MAYEB, professor of-chemistry, Universib of Chicago, Chicago, Ill. * 

Ifr. GLENN T. SEABORG, profqsor -of chemistry, University of California, Berkeley, 

h: DOH M. Pow, professor of. chemistry, California Institute of Technology, 
Calif. 

Pasadena, Calif. - 
~dvisory Committee on QoopAation Between ~lectric Power 

Industry and AEC 

~JP ~RN, ehairman ; president, American Gas & Electric Co., New York, N. Y. 
~AED W. MOREHOUSE, vice piesident, General Public Utilities Corp., New York, 

TON SEYMoW, director, Division of Power, and director, Program Staff, 
of the Secretary, U. S, Department of the Interior, Washington, D. C. 

N. P. 



Advisory Committee for Equipment and Material Q~~~~~~ 

FRED~CK H. WARREN, chairman ; chief, Export Control Branch, ~i~~~~~~ of 

R. W. &BRIGHT, general manager, Distillation Products, Inc., Rochester I' 
Dr. A. 0. BECKMAN, president, National Technical Laboratories, South < * ' p. 
GEORGE H. Bvcaw, vice chairman of board, Westinghouse Electric c 

Dr. RICHARD S, MORSE, president, National Research COrp., Cambrid 
H. B. NEAL, president, Kinney Manufacturing Co., Boston, Mass. 

(3. S. REDDINQ, president, keds 6 Northrup Co., Philadelphia, Pa. 
JOHN A. VICTOREEN, chairman of board, The Victoreen Instrument a., mevela* 

duction, AEC, Washington, D. C. hb 

Calif. aad- 

burgh, Fa. 
. O'P., RQ& 

.@+ &a& 

Ohio. 

Advisory Committee for Idaho Processing Plants 

F. W. SCHUMACHER, chairman ; associate director, Standard Oil Development 

F. L. CTXLEE, chemical engineer, Oak Ridge National Laboratory, Oak ~i~ 

Dr. STEPHEN LAWROSKI, chief, Chemical Engineering Division, Argonne Natiou 

Dr. JAMES MARSDEN, chief, Chemistry Division, Knolls Atomic Power Laborabq 

DICK Dmm, chemical engineer, Reactor Development Division, AEC,'Wm@. 

Westfield, N. J. 

Tenn. 

Laboratory, Chicago, Ill. - 

Schenectady, N. Y. 

ton, D. C. 

Advisory Committee on Isotope Distm'bution 

Dr. G. FAILLA, chairman ; professor of radiology, Columbia University Medid 

Dr. PAUL C. AEBERSOLD, chief, Isotopes Division, AEC,.Oak Ridge, Tenn. 
Dr. H. A. BARKER, department of plant nutrition, University of California, 

Dr. HENBY BORSOOK, head of department of biochemistry, California Institute of 

Dr. AUSTIN M. BBUES, director of biology division, Argonne National Laboraton, 

Dr. HAROLD COPP, assistant professor of physiology, University of California ?dedi- 

Dr. ROBLEY D. EVANS, professor of physics, Massachusetts Institute Of Tech- 

Dr. HYMEB L. FRIEDELL, director of department of radiology, Lakeside HOSPia 

School, New Pork, N. Y. 

Berkeley, Calif. 

Technology, Pasadena, Calif. 

Chicago, Ill. 

cal School, Berkeley, Calif. 

nology, Cambridge, Mass. I 

, 

Western Reserve Unirersity, Cleveland, Ohio. 

Ridge, Tenn. 
Dr. A. H. HOLLAND, JB., director of office of research and medicine, AEC, 
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MS, chairman of biology department, Brookhaven National Labora- 

Patent Advisory Panel 

oyA~ AWSTEBN ; of Covington, Burling, Rublee, OBrian 8: Shorb, Washing- 

C. 
E. DAVIS; of Davis, Hosie 8: Faithfull, New Pork, N. Y.; chairman, 

t survey Committee, U. S. Department of Commerce; former commis- 
doBert Board of Transportation, Kew Pork, N. P. ; former chairman, New Pork 
state Mediation Board : former chairman, h'ational War Labor Board ; former 

tor, Office of Economic Stabilization. 
dtrec 

A. DIEN~E ; of Brown, Jackson, Boettcher & Dienner, Chicago, nl. ; for- 

resident, American Patent 'Law Association. lWP 
M. HOLME6 ; of Fish, Richardson & Neave, Boston, Mass. 
W. 00~s ; of Dawson, Ooms, Booth & Spangenberg, Chicago, Ill. ; former 

PateD 

- 

T ofimmissioner of Patents. ,"-- 
c 

. i 

-it 
+- I 

Advisory Committee orz, Personnel Management 
.z* 

7 %-e- 

Kecutive Branch of- - 

.4 s. F'LEMMINQ, chairman ; president, Ohio Wesleyan University, - Delaware, .- r 7. 

0~0; member of the Commission on Organization of the E 1 me Government ; fhmer u. s. civil Service Commissioner. tqpy 
~~NCE A. APP~, president, American Management Association, New Pork, -: 

**; 4 
- 
N. P. 

DODD, honorary president, American L Management Association, Ne 

~~,by~orn HILL, professor of industrial relations, University of Michigan, Ann, 
Mich. - ---. 
SAYBE, professor of public administration, City College of the City of 

xew Pork, Schoo't of Business and Civic Administration, New Pork, N. Y. 
-OHAS G. SPATES, vice president for personnel administration, General Foodp 

' 

1 

f 

PersmLltel Security Re.&w. Board 

Bursolv PUBCELL, chaiqman ; attorney, Washington, 33. C. ; former member and 
&airman, Securities and Exchange Commission-; former member, President's 
National Power Policy Committee and Economic Stabilization Board. 

(CharEes Fahy, former chairman, resigned effective -December 15,19@.) 

~EUR S. F'LEMMMG, president, Ohio Wesleyan University, Delaware, Ohio; 
__ 

member of the Commission on Organization oz'the Executive Branch of the' . 
6uvernment ; former U. S. Civil Service Commissioner. 
bmD. SMITH, director, United Corp., New Pork, N. Y., and Lehigh Coal & 
Navigation Co., Philadelphia, Pa. ; former consultant to AEC ; former special 
rssistant to chairman, War Manpower Commission. 

# 

Committee on Raw Matm'als 
- 
' - 01. H. MCLAUQHLIN, chairman ; presidmt, Homestake Mining Go., Lead, 



L. DEGOLDI-EB. 

F. FIELD, consul 

.f , - . -,- 

petroleum 

king mining 

geologists, 

. engineer, I hluth, Minn. 

WILBER JUDBON, vice president and director, Texas Gulf sulphur co 

ROBERT E. MCCORNELL, mining engineer, BkConnell Foundation, 1\~ 

w~m I,. MAXSON, metallurgist, Oliver Iron Nining Co., Duluth I &, 1. 
9 inn. 

ERNEST H. ROSE, chemical engineer, Tennessee Coal, Iron & R~~~~~~~ co 

WUTXB 0. SNELLXNG, consulting chemist and director of research, Trojan 

o~~n R. WHITBEER, consulting mining engineer, Denver, Cola, 

TL~DE E. WILLIA~LG, chemical engineer, director, Battelle Mem 

Pork, N. Y. ** x- 

ew Pork 

mingham, Ala. *’ bib 

Go., Allentown, Pa. % 

Orial Institat 
Columbus, Ohio. 

Reactor Saf egwrd Committee 

Dr. EDWABD TELLEB, chairman ; professor of physics, Institute of Nuclear st 

Dr. MA~SON BENEDICT, chemical engineer, Hydrocarbon Research Inc., 

ml. BENJAMIN HOLZMAN, meteorologist, Office Of Director of Research and 

Dr. JOSEPH W. KENNEDY, chairman of department Of chemistry, Washingtoa 

Dr. JOHN A. WH- Palmer Physical Laboratory, minceton Univergitp 

Dr. ABEL WOLMAN, head of department of sanitary engineering, Johns HoPb 

University of Chicago, Chicago, Ill. ua% 1 
Pork, N. P. 

Development, U. S. Air Force, Washington, D. C. 

University, St. Louis, Mo. 

Princeton, N. J. 

University, Baltimore, Md. 

I 

1 

Safety and Indmtriaz Hedth Advisory Board 

SIDNEY J. WILLIAMB, chairman; assistant to the president, National S&tp 

ROBERT H. ALBISSER, safety director, Merck & Go., Inc., Rahway, N. J. 
HOUTIO BOND, chief engineer, National Fire Protection Association, Boston, 

WILLIAM F. BRO~, safety director, Consolidated Edison Co. of New Pork, New 

BEBNARD R. CALDWELL, deputy chief of police, Los Angeles, Calif. 
Dr. PHILIP DBINKEB, professor of industrial hygiene, Harvard School of Public 

RICHARD FONDILLER, president, Woodward 8r Fondiller, New Pork, N. Y. 
Dr. HYMEB L.  EDE ELL, director of department of radiology, Lakeside Hospital, 

ABT~ E. GORMAN, sanitary engineer, AEC, Washington, D. C. 
HERBERT M. PARKER, superintendent, health instrument divisions, General Elec- 

JACK J. SMICK, associate actuary, Woodward & Fondiller, New Pork, N. Y. 
Dr. ABEL WOLMAN, head of department of sanitary engineering, Johns HopkhS 

Council, Chicago, Ill. 

Mass. 

Pork, N. Y. 

Health, Boston, Mass. 

Western Reserre University, Cleveland, Ohio. 

tric Co., Hanford, Wash. 

University, Baltimore, Md. 
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Security Xzursey Panel 

rican Institute of Physics. 
@ MTJLXJN, president, Glenvale Products, Detroit, Mich. ; vice president, 

J. cd Life and Accident .Insurance Co., Detroit, Mich. 

Stack Gas Prob 2em Working Group 

DBINKEB, professor of industrial hygiene, Harvard University School 
Health, Boston, Mass. 

O~WE R HILL, director of department of agricultural research, American 

I)r. B. F. JOHNSTORE, professor of chemical engineering, University of Illinois, 
Qmeltiog 8t Refining Co., Salt Lake City, Utah. 

p. STEVENEION, president, A. D. Little, Inc., Cambridge, Mass. 
p,w. P. PART, director of research, Mine Safety Appliances Co., Pittsburgh, Pa. 

Ad Hoc committee on TechnoZog~caZ Znformation for Industry 

t$~sr D. KIBKPATBICK, chairman ; vice president and director of editorial devel- 
opment, McGraw-Hill Book Co., Inc., New Pork, N. Y. 

my L BUTOR, director, American Institute of Physics, New Pork, N. Y. 

E 1 BLANK, editor, Modern Industry, New Pork, N. Y. 
&a HABDY, Washington editor, Chilton Publications, Inc., Washington, D. C. 
UITH HENNEY, consulting editor, Electronics and Nucleonics, McGraw-Hill Pub- 

bwm KBEUTZBEBQ, editor, Penton Publishing Co., Washington, D. C. 
WALTEU J. MURPHY, editor, Chemical and Engineering News, American Chemical 

. 

Wing Co., Inc., New Pork, N. Y. 

J. J. SMITH, American Institute of Electrical Engineers, New Pork, N. Y. 
bmE STETBON, editor, Mechanical Engineering, American Society of Mechanical 

xE THUM, editor, Metal Progress, American Society for Metals, Cleveland, Ohio. 
r- J. VAN ANTWERPEN, editor, Chemical Engineering Progress, American In- 

Dr. ~EBTO F. THOMPSON, secretary ; chief, Technical Information Branch, AEC, 

hmeers, New Pork, N. P. 

atUte of Chemical Engineers, New Pork, N: Y. 

*.- Washington, D. c. 

- .- 

I - - 
Technicul In f omation Pawl 

". . 

- 
L. 

; 
-,- ~ashington, D. C. 

~SALBERTO F. THOMPSON, chairman ; chief, Techni?al Information Branch, AEC, 

1d 
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I 

I)r. RUSSELL BALDOCK, research physicist, Stable Isotopes D~~~~~~~~~, 

Dr. L. G. BASBETT, professor of chemistrs, Rensselaer polyte 

Dr. HENRY A. BLAIR, director, Atomic EnerRS- Project, University oi Bc~ 

Dr. BREWEB F. BOARDMAN, chief, T'eChnical Information Division, oR~, 

Dr. JOHN Z. BoivERs, deputy director, Division of Biology and ba 

Dr. A. J. DEMPsTER, director, Mass SpectroscoPY and Crystallography ~~ 

W. E. DREEZEN, administrative aide to director, Ames Laboratory, am 
Dr. M. M. HARINQ, director, Mound Laboratory, Miamisburg, Ohio. 
SYLVAN E~BBIS, manager, Documents Department, Sandia carp., abu 

JOHN F. HOOERTON, technical reports directo 
Dr. JOHN P. HOWE, chief, Metallurgy Divi 

R. B. KORSMEYER, production engineering su 

Carbon Chemicals Corp. (P-121, Oak Ridge, Tenn. 

Rochester, N. Y. 

Oak Ridge, Tenn. 

Washington, D. C. 

Argonne kational Laboratory, Chicago, Ill. 

N. Mex. 

Atomic Power Laboratory, Schenectady, N. Y. 

velopment Department, Carbide & Carbon Chemicals COT. (E-251, oak 
T-. 

Oak Ridge, Ten= 
Dr. E. J. MUBPHY, assistant to research direc 

Dr. G. M. MURPHY, professor of chemistry, New Pork University, New pork 
Dr. DANIEL J. PFLATJM, chief, Materials and Information Branch, Di& 

Dr. CHARLES SLESBER, director, Technical Information and Declassification 

Dr. RALPH-CAELILE SMITH, chief, Documentary Division, .- Los Alamos sde 

C. G. STEvERBoN, chief librarian, General Electric CO., Richland, Wash. 
L. R THIESMEYED, executive assistant to director, Brookhaven National 

Dr. R. EL. WAXERLING, chief, Information Division, Radiation Laboratory, 

Dr. H. D. YOUNG, director, Information Division, Argonne National Labora 

't 

Research, AEC, Washington, D. C. 

ice, AEC, New Pork, N. Y. 

Laboratory, Los Alamos, N. Mex. 

tory, Upton, N. Y. (Resignation effective Dec. 31, 1949.) 

ley, Calif. 

Chicago, Ill. 
or----------- 

Director---- 
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APPENDIX 3 

RESE~CH CENTERS OF THE U. s. ATOXIC EKERGY COMMISSZON 

A~S Laboratory (Iowa State College, contractor) 

Ames, Iowa 

rpbcto' 
_____________________-_____-_---_--__-_---__--___- Dr. F. H. SPEDDINQ 

~irector ______________________-_-___----_------- Dr. H. A. WILHETX 
to Director-: ____________________-_______--_-_----- Dr. E. I. ~MEB 

NatiomZ Laboratory (University of Chicago, contractor) 

Chicago, Ill. 

ticipating institutions are : 

de Memorial Institute 
Carne@e Institute of Technology 

Institute of Technology 
Dlin,-,is Institute of Technology I ical College 

Notre Dame University 
Ohia State University 
Oklahoma Agricultural and Mechan- 

Purdue University 

University of Chicago 
University of Cincinnati 
University of Illinois 
University of Iowa 

migan College of Mining and University of Kansas 

University of Michigan I 

Ncbigan State College University of Minnesota 
Xorthwestern University University of Wisconsin 
University of Missouri Washington University (St. Louis, 

Wversity of Pittsburgh . Western Reserve University 

St. Louis University t 

rniversity of Nebraska MO.) 

_______________________ Dr. WALTER H. ZINFJ 

hokhuven National Laboratory (Associated Universities, Inc., 

contractor) 

Upton, Long Island, N. Y. . 
Ik participating institutions are : 

hnbia Unirersity ' Cornell University - 
&Nard University Johns Hopkins University 

ffassachusetts Institute of Tech- Princeton University 

udversity of Rochester- Yale University 
University of Pennsylvania 

bOr------ _--_________L ____-______________________ Dr. L. J. HAWORTH 

I 
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e Nation& Laboratory (Carbide & Carbon Chemicals Corp., 
\ 

contractor) 

Oak Ridge, Tenn. 

__r_ ___I____________________________.________---- Dr. C. E. L~ESON 

ve Director ______________________--___--_-----_------ ---s. c. BABNEM! 
Director ______________________--_---------____- Dr. A. M. WEINBEBG 

fidhtion Laboratory (University of California, contractor) 

Berkeley, Calif. 

_______________________._________________- Dr. E. 0. LAWRENCE 
_-_----- Dr. DONALD COOKSEY 

pmmr Laboratory of Medical Physics (Radiation Laboratory) 

Berkeley, Calif. 

' 

wr ___________--____-__--_-_- - -____________________ Dr. J. H. LAWBENCE 
@.t Director ____________________I___________________ Dr. HABDIN JONES 

Crocjkr Laboratory-Medical Physics (Radiation Laboratory) 

Berkeley, Calif. 

WMr _______--_- - ____-__________________-_--___- Dr. JOSEPH G. HAMILTON 
\ 

Reactor Testing Station 

Idaho Falls, Idaho 

mer, Idaho Operations Office _____-.__________________---- L. E. JOHNSTON 
mbtant Manager ____________________--_--_-__-___-_-__-_-___- W. C. FUNK 

Bochester Atomic Energy Project (Rochester University, contractor) 

Rochester, N. Y. 

DLrector---------------------------- ........................ Dr. H. A. Bunt 
Bnsiness Manager _______________________ '- ...................... c. M. JABVIS 

bdiu Laboratory (Sandia Corp., subsidiary of Western Electric Co., 

contractor) 

Sandia Base, Albuquerque, N. Mex. 

President __________________ ___________ _ ________ GEOBQE A. hNDBY 

h@ President ___ - __ _ __ - __ _ . _ _F. SCHMIDT 
$ 

we8tingho~se Electric Corp., Atomic Power Division (contractor) 

- b@er, Westinghouse Atomic Power Division ________________ C. H. WEAVE& 
- bical Director-- _--Dr. CHAELES M. SLACK 
- 
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APPENDIX 4 

DISTRIBUTION OF ISOTOPES FROM ISOTOPES DIvIsloa 

OAK RIDGE, TENN. 

NUMBER OF SHIPMENTS 

nomsm Aug. 2, 
~ 1946, to 
: June 30, 
~ 1947 
i 

Shipments classified by broad field of 
utilization: . 

Radioactive Isotopes: 
Medical Therapy __________________ 407 

. Animal Physiology _____________-_- 280 
Physics- - - __ ___ ___ ___ _________-- _- 82 
Chemistry-- _______ - - _____ _----_ - - 74 
Plant Physiology-- ___ __________- - - 49 
Industrial Research _______________ 47. 
Bacteriology--- - - __ - _ - ___ - - - - - - - - - - 11 
Other-- - __________________________ - -- ---- -- 

Total _____________ ______________ 945 

Physics- _ - _____ __________ - - __ - ____ 27 
Chemistry- - - __ ____________ ___ - __ - - 12 
Animal Physiology ______________ - - 16 
Industrial Research- ______________ 
Plant Physiology _________________ - - 
Bacteriology- __ _ - - - - __ __ - __ - __ - - - - - - - - - - __ - - __ . 
Other _______ ______________________ - - 

Total-- _____ ___ __________ _____ __ - 55 

Stable Isotopes: 

Shipments clMed by kind of Isotope: 
Radioactive Isotopes: 

Iodine 131 _________________________ 276 
Phosphorus 32 _____________________ 280 
Carbon 14 _________________________ 88 
sodium 24 ......................... 32 
sulfur 35 .......................... 31 
Gold 198,199 ______________________ 63 
Calcium 45 ________________________ 22 
Iron 55, 59 _________________________ 26 
Cobalt 60 __________________________ 24 
Potassium 42 ______________________ 23 
Strontium 89,W ___________________ 7 
Other (61) _________________________ 93 

Total. - - _ - __ - - - __ __ - - - __ - - - - - - __ - 945 

Deuterium oxide (heavy water) - __ 31 
Deuterium (hydrogen 2) ___________ 22 
Boron 10 and 11 ___________________ 2 
oxygen 18 ____________________---_- -----------. 
Electromagnetic concentrated- - - __ - __ ___ ____ -. 

Stable Isotopes: 

65 I Total-- ____________ __ - ___________ 

200 

July'l. 
1947, to 
June 30, 
1948 

7 884 
712 
175 
188 
107 
68 
53 
4 

307 

741 
747 
134 
113 
35 
23 
40 
34 
22 
24 
15 

,263 

2,191 

115 
97 
35 
23 
37 

307 

- 
July 1, 
1948, to 
June 30, 
1949 

1,564 
890 
271 
254 
195 
135 
79 
187 

3, 575 

245 
68 
33 
4 
9 
4 
6 

369 

1,213 
1.221 
148 
162 
80 
39 
55 
48 
55 
53 
17 

485 

3,575 

116 
79 
32 
17 
125 

369 
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ZP 
+ IB~~~~~ OF ISOTOPES FROM 

6!l'R 

TOTAL NUMBER 
SHIPMENTS 
DEC. 31, 1949 
- 

Radio- 
ac?ive 

OF 
TO 

- 

ISOTOPES DIVISION 

FOREIGN 

Stable 

- -- 

Shipments classified by COU- 

1 

57 
1 
34 

____--- -- 

'7 
-- 
3 

151 
30 
3 
2 

I 6 

31 
102 
23 
22 

-- 

.______- -- 
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SHIPMENTS TO 
DEC. 31. 1949 
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active 



APPENDIX 5 

FELLOWSHIP BOARDS AND AEC FELLOWSHIPS FOR 1949-1950 

FELLOWSHIP BOARDS OF TIIE NATIONAL RESEARCH COU~T~ 

Postdoctorid Restxwch i.n Physical Sciences 

Dr. ROGER ADAM$, chairman ; professor and head, Department Of Chemistry, 

Dr. CARL D. ANDERSON, professor of physics, California Institute of T~noloQ 

Dr. KENNETH T. BAINBRIDOE, professor of physics, Harvard University, Cambfid 

Dr. GEOXQE GLOCKLER, professor of physical chemistry and head, Department 

versity of Illinois, Urbana, Ill. 

Pasadena, Calif. 

Nass. 

Chemistry and Chemical Engineering, The State University of Iowa, Iowa cib 
Iowa. 

Washington, D. C. 

, ge. 

Dr. WILLIAM W. RUBEY, principal geologist, United States Geological sura 

Postdoctord Re8emeh in Biological ad AgriczalWd Sciences 

Dr. R G. GusTAvson, chairman ; chancellor, University of Nebraska, Lincoln 

Dr. H. K. HUTLZNE, professor of biophysics, Johns Hopkins University, Bdtj 

Dr. G. EVELYN HUTCHINSON, professor of zooIogy, Yale University, New Haven 

Dr. W. J. ROBBING, director of the New York Botanical Garden: professor 0 

Dr. L. J. STADLEB, professor of field crops, University of Missouri, Columbia, MG 

Nebr. 

more, Md. 

Conn. 

botany, Columbia University, New Pork, N. Y. 

Postdoctoral Research in. Medied Sciences 

Dr. HOMER W. SMITH, chairman ; professor of physiology, New York Universit 
Bellevue Medical Center, New York, N. Y. 

Dr. PAUL B. BEESON, professor of medicine and chairman, Department of Medj 

cine, Emory University School of Medicine, Atlanta, Ga. 
Dr. AUSTIN N. BBUES, director, biology division, Argonne National Laboratoq 

Chicago, Ill., associate professor of medicine, University of Chicago, Chiam 

Ill. 

Dr. SAM L. CLARK, professor of anatomy and associate dean, Vanderbilt Univel 
sity School of Nedicine, Nashville, Tenn. 

Dr. HYMEB Loms FEIEDELL, professor of radiology, WestAn Reserve Universit! 
Cleveland, Ohio. 

Dr. JOSEPH G. HAMILTON, associate professor of experimental medicine an 
radiology and associate professor of medical physics, Crocker Laboratory, UTI 
versity of California, Berkeley, Calif. 
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PredoctoraZ Research in P&sicaZ Sciences 

A. BAETON, chairman ; director, American Institute of Physics. New 

BAILAB, JB., professor of chemistry, University of Illinois, Urbana, Ill. 

sics, Rice Institute. Houston. Tes. 
of physics and chairman, Department of 
nneapolis, Minn. 

le University, New Haven, Conn. 
istry and head, Department of Chemistry, 

of Notre Dame, Notre Dame, Ind. 

Predoctord Reseam& in BioZogicd Sciences 

GUS WHITAKEB, chairman; professor of biology and dean of graduate 

a. Bay professor of biological chemistry, Harvard University 'Medical 

BODINE, professor of zoology, The State University of Iowa, Iowa City, 

BOW- B. LEWIS, John Jacob Abel University professor of biological chem- 
university of Michigan, Ann Arbor, Mich. 

~OND E. 2- professor of radiobiology, Institutg of Radiobiology and 

la* 

&EC FELLOWSHIPS IN BIOLOGICAL, PHYSICAL, AND 

MEDICAL SCIENCES* 

- 

DISTRIBUTION BY STATE AND INSTITUTION 

Postdoctoral (Biological and Physical) 

(--c-- 

PHYSICAL 

Field 

CALIFOBNU 

galrersity of Cali- 
&&, Berkeley. 

CJlfania Institute of 
Tschnolog~, Pa%- 
dQa 

JWcd University, 
Rb Alto. 

L' CONNECFICUT 
I 

University, New 
Ikan. 

UINOIB 

hNationsl Lab- 
ntorp, Chicago. 

cbteago. 
FPtPasltY of Chicago, 

- 
BIOLOQICAL 

Name 

Coleman, N. T 
Radin, N. S _____ 

Benzer, S ______ ~ 

Yost, w. w .____ 

Neess, J. 0 ______ 

Field 

So11 Chemistry- 
Microbiology-.- 

Ra$aticm Mi- 

Biochemistry. 
biology. 

1 

Zoology. 

Endocrinology. 

- 
Name 

Qordon, M ________ 
Keepin, ct. R., Jr-. 
Skinner, M _______ 
Stevenson. P. C__. 

~ ,~. 

Buff, F. P ________ 
Millett, W. E ____. 
Shulman, R. a_-. 
Whaling, W _____ __ 
Cohen, A. J ._-_-_. 
Wright, A ________. 

Bender, M ________ 
Kasha, M _________ 
Rosenberg, J. L--- 
,Wilson, E _________ 
Castellan, 0. W-. 

Organic chemistry. 
Experimental physics. 

Do. 
Physical chemistry. 

Physics. 
Chem!strg. 
Experimental physics. 
Inorg. Ghem. 
Physics. 

Chemistry. * 

i 

Organic chemistry. 
Physics. 
Chemistry. 

Do. 
Theoretical physics. 



FELLOWSHIPS 
ME D I c A L 

IN 

SCI 

MARYLAND 

Johns Hopkins Uni- 
versity, Baltimore. 

MASSACHUSETTS . 
Harvard University, 

Cambridge. 

H ar var d University 
Medical School, Bos- 
ton. 

Massachusetts General 
Hospital, Boston. 

Massachusetts Institute 
of Technology. Bas- __ . 
ton. 

New England Deacon- 
ess Hospital, Boston. 

yII89OWt 

University of Missouri, 
Columbia. 

NEW JERSEY 

lpstftute for Advanced 
Study, Princeton. 

Princeton -University, 
Princeton. 

NEW TORR 

Columbia University, 
New York City. 

Cornell University, 
Ithaca. 

American Museum of 
Natural History, 
New York City. 

PENNSYLVANIA 

University of Pitts- 
burgh, Pittsburgh. 

WECONSIN 

University of Wiscon- 
sin, Madison. 

ENGLAND 

University of Cam- 
bridge, Cambridge. 

SWITZERLAND 

Federal Technical 
Highschool, Zurich. 

BIOLOGICAL, PHYSIC* 
ENCES-cOIltiIlUed 

BIOLOGICAL 

Name 

Barton, D. W-- 
Hirshfield. H. I 

Wolken, J 

Potter, R. L---. 

Field 

Physical Chem 

Biochemistry. 

istry. 

.------- 

Physiology. 

Genetics. 
Zoology. 

Genetics .nd 
Ecology. 

Biophysics. 

Biochemistry. 

- 
Name - 

Shuler, K. E _____ 

Gomer, R 
Koshland, D-- 
Weisenborn, F. L. 

Clapp, R. E 
Qoldstein, H 
Spruch, L _-______. 

Olauber, R. J _____ 
LepoTe, J. V ______ 
Slotnick, M 
Cooke, W. D ______ 
QrifEth, W. C---. 

Bersohn, R _______ 
Oluckstem, R. I,- 
Jungerman, J. A_. 

Peaslee, D. C _____ 

Theoretical pb- 

. 

Nuclear ph+. 



COLORADO , i .( 

dt,, of Colorado, Denver- - ___ __ - - ____ - - 

New Haven ______ _-__________ 

C 0 N N E C TKVT 

YJ6 

t- 

dty or Illinois, Urbana _________________. 

~opkins Hospital, Baltimore- _________. 

MABYLAND 

MASACEUSEITS 
y 

I 
ME. Pratt Diagnostic Hospital, Boston-. 

MICHIGAN 

bpr Hospital, Detroit--- ________________r - 

MISSOVRX 

g&hgton University, St. Louis- __--_______ 

NEW YORK 

Cdumbia University, New York City, _-___ 
bell Unircrsity, New York City--- - .____ 
hKettering Institute, h-ew Pork City-- 

Cdmsity of Rochester, Rochester. ___ ______- 

KORTH CAROLINA 

knnnn-(fray Sc<bol of Medicine, Winston 

&e University, Durham ___________--__-- -. 
Wem. 

om0 

(Medical) 

Name 

flC FELLOWSHIPS IN BIOLOGICAL, 
MEDICAL SCIENCES-COnt 

Postdoctoral 

National Laboratory, Chicago---:---. 
ettu of Chicago, Chicago __-____________. 

@University Medical School, Boston- - 
Wusetts General Hospital, Boston- - - - 

P 

:lmlinger, P. J --_-- ---- 
poreman, H _____-- __-- - - 
€&, R. L _____________. 

dasouredis, S. P-------- 
'almer, R. F.- - - __- - - - - - 
'rentice, T. C 
imith, A. H 

Sinskey, R. M ___-____ 

Wrenn, F. R., Jr ____.- 



- 
CALIFORNIA 

University of Califor 
nia, Berkeley. 

University of CE 
nia, Los Angele 

California Institu 
Technology. 
dena. 

Stanford University 
Palo Alto. , 

COLOBAW 

University of Coloradc 
Boulder. 

CONNECTICUT 

Yale Universiy, Ne1 
Haven. 

DELAWARE 

University of Delr 
ware, Newark. 

PLORDA 

University of Florida. 

RIOLOOICAL \ ---I- Name Field 

in. 
porker, L. L ____ Physiology. 
loldberg, R. C- do. 
I en dr i c k so n , Z0010gy. 
J. R. 

ngraham, J- ___ - 
'etarsen, B. S.--- 
;leeper, B. P--.- 
Itepka, W ______ 
kvine, R. P---- 

30Wen, Q. H. Jr. 

>laytort, €3. K- - 
Baskins, F. A- - 

Kurtz, E. B ---__ 
Lindsley. D. L., 

McKee,J. W.--- 

Bachmann, B. J- 
Rer heim, J. M- 
Chrfsstemn, E-- 
Funkhouser, 

Jr. 

J. W. 
Yocum, c. s*--. 

Heaney, R. J.--. 

Astrachan, L---. 

Dowmont, Y. P. 
Morowitz, H. J- 
Rubin, B ______. 
Share, L _______ 

______---------- 

Kulwich, R- - - - 

dicrobiologg. 
'hydology. 

E%?%%iO!l. 
30tallp- - ______ 
3iophyeits - - __ 
Biophysics- - - - - 
Biochemical 

/ 

Genetics. 

&k%L 
Radiologid ,' 

Physics. 
Biology- __ _____ 
Biochemistry. - 
Physiology. 
Biology. 

Biology. , 

Biochemwry. 

. 
Physiologioa 

Chemistry. 
Biochemistry. 
Biophysics. 
P harmecology. 
Physiology. 

____________--- 

Animal Indue 
m. 

I _* . f 

hlsthemstiu. 

_. 



LFiiIANA 

EWty of Indiana, 
Bbomington. 

Wm Dame Univer- 
dty, Notre Dame. 

IOWA 

I W SHIPS 

.EDICAL 

IN 

sc 
BIOLOG 

IEN CE S- 

BIOLOGICAL 

IICAL, PHYSICAL, AND 

-Continued 

Name 

~wfstm Univer- 

Bryant, 5. H.--. 
?ann, E. E ____. 
Ferguson, M. L. 
>am, A- - _____. 
Kantner, H. H.. 
Sacher, G. A.--. 

Victorem, H. T. 

Koe pe, R. E-- 
Mczormick, M 

Sallach, H. J--_ 
Spencer, W. F- 

H. 

Feldman, L. I-. 
Watson, J. D - - 
___________----. 

Field 

Biophysics------ 
Biochemistry-- - 
Botany- - - - - - --- 
Pharmacology - - 
Biophysics------ 
Physiology--- - -. 

____do- - _____--- 

c 

Bacteriology 811 
Biochemistry 

PHYSICAL 

Name Field 

Bengelsdorf, I. S- - Chemistry. 
Bloom, S. D ______ Physics. 
Chupka, W. A ____ Chemistry. 
Davis, S. G _______ DO. 
Dye, H, A ________ Mathematics. 
Greenman, N. Geology. 

IrifEn? E. L ______ Mathematics. 
Ialperin, J .___ :--- Chemistry. 
Iartzler, A. J .__- Physics. 
iadison, R. V .____ Mathematics. 
Calkstein, M _____ Chemistry. 
Righton, M. W - - Geology. 
dartin, R. L ._____ Physics. 
dcNeer R. M-_-- Chemistry. 
&iller, 6. E ______ Mathematics. 
dontet, G. L _____ Chemistry. 
riewlauder, A _____ Mathematics. 
hterbrock D_- __ Astronomy. 
3-ice, C. d _______ Mathematics. 
Zatner H ________ Chemistry. 
teed, 6. W _______ Do. 
Ihapuo, A. S _____ Mathemstim. 
Iteinberper. R__-- Chemlstry. 

N. 

Jhlir, A: _________ Physics. 
Veiner, L. M .____ Mathematim. 
Keiser, D. W _____ Physical Chemistry. 
Villiams, E. S .____ Mathemtics. 
Bannister, R. a__- Chemistry. 
Jrawford, J. V ____ DO. 

Dalton, R ________ Do. 
Diven, B. C ______ Physlcs. . 

Englund, B. E ____ Chemtry. 
nema, E. D ._____ Physics. 
Livesay, 0. R _____ Mathemstb. 
Lloyd, S. P _______ Physics. 
McClelland, A____ Chemistry. 
Newell, 0. F ______ Physics. 
Poos, G.I_________ Chemistry. 
Saw, A. J _________ Physics. 
Schaap, W. B _____ Chemistry. 
Segall, B __________ Physia. 
Steaber, W _______ Do. 

Dressel, R. W _____ DO. 

Stump, R _________ Do. 
Zimmerman,E.J_ Do. . 
Rosenberg, R. Me_ Chemistry. 

I- 
Bruner, J. A ______ Physia. 

Fatora, F. C ._____ Chemistry. 
Kirk, P. F ________ Do. 
Merts, E. C .______ Do. 
Michel, R. H _____ DO. 
Noyes. J. C _______ Physics. 

Schwarz, H. A ____ Chewtry. 
Struble, R. A _____ Mathematics. 
Voiland, E. E _____ Chemistry. 
Wolicki, E. J ______ Physics. 
Harris, R.H ______ Chemistry. 
Johannesen, R. B- DO. 
Teitelbaum, C. L, Do. 

Schillinger, E. J__- DO. 

Holland, R. E ____ Physics. 
Melmberg, P. R,, Do. 

DO. Nelson. B. E; ______ I 
. 



LOOISIANA 

Tulane University, 
New Orleaac. 

Louisiana State Uni- 
versity, New Orleans. 

MARYLAND 

University of Mary- 
land, College Park. 

versity, Baltimore. 
Johns Hoplnm Ud- 

MASSACHUSETTS 

Harvard University, 
Cambridge. 

MassachuXtts bti. 
tute of Technology, 
Cambridge. 

Boston University 
Boston. 

MICfIIGAN 

University of Mich 
gan, Ann Arbor. 

Michigan State ca 

Wayne Universit 
lege, Lansmg. 

Detroit. 

I BIOLOGICAL 

Name 

Irebs, J. S 

Fitzhugh, R--- 
aoodgal, 6. H-- 
Breengard, P - - 
Nisonoff, A.---. 

lietlein, L. F-- 
ennels, E. (3-. 
ichards, F. M 

.*her, J. H-i 
svat, R. S---. 

chneidermar 
H. A. 
mith, T. C--- 
ravis, D 
iroodland, J. 'J 

dcculloch, D. 
)'Me-, J. P. 

Wilson, M. E.. 

Pieczur, E. A-. 

Field I 

__________------ 

3iophysics - - - - - 
bdiationBiology 
3iophysiF. 
Biochemistry. 

Coology - - - - - - 
Biology- - - ___ - -. 
Physical Chem- 

Biology- - - __ - - -. 
Physical Chem- 

Biology - - _- - - - - 

istry. 

istry. 

Biochemistry. 

Botany ____--- 

Name 

Matsuda, E------ 

Shapiro, 0 .______ 

.ronson, R. F--- 
lodansks. D-_-- 
!onray, H ______. 

:orley, R. S .___. 
'ord, Q. C _____. 

Ceilson, J _______. 

Clein, A -_______ 
Colsky, H. (I--- 
Jandauer, R---- 
Iazarus, R. B--- 
clottclson, B. R. 
Ikrent, D -_____ 
Irdway, Q. L--- 
Richardson, J. L 
Sirvetz, M. H--* 
Storer, J. E _____ 

Brafman, F --____- 
Briggs, C. F _-___- 
Frye, 0. M------- 
Moy, S. T. C. - ~ _- 
Nemerever, 15'. J-. 
Schamp, H. IT'-.-. 
Shreffler, R. O--- 
Tyner, D. A -__-- - 
Mahr, J. C ______ -- 

Golden, H. R----. 

MED 

Nam 

Sandhaus, 

Schuster, 1 
Thompsor 

M. 
Van No1 

R. W. 
Barnhart, 
Barton, J. 
Farnswort 

MacEwan 
wr. 

M. 
Zyudnay: 
1. 

Buehler, 1 

Pitteng 
H. 

chmidt, . 

haronson, 
3chiffman 
Slobodian 
Ekstein, 1 

Twarog, I 

Angleton, 

Bair, W. i 
M. 

Barker, R 
Barr, I. A 
Black, 9. 
Breckeni 
B. M. 

cool, w.; 
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2 mC FELLOWSHIPS IN BIOLOGICAL, PHYSICAL, AND 

MEDICAL SCIENCES-continued 

BIOLOGICAL 

Name 

mdhaus, 8.---- 

buster, D. H-- 
hompson, A. 
M. 
'an Norman, 
R. w. 
,amhart, M. I-- 
arton, J- - __ - - - 
'muworth, M. 
W. 
ZacEwan, A. 
M. 

arudnaya, K. 
I. 

luehler, H. J--. 

________-------- 

'ittenget, T 

Ichmidt, J. W-. 
H. 

Aaronson, 8.--. 
Schiffman, Q.-. 
Slobodiansky, f 
Ekstein, D. M. 

Twarog, B-.--. 

_________------. 

Angleton, Q 

Bair, W. J .--__ M. 

Barker, R. F.-, 
Barr, I. A ._---. 
Black, S. C._-- 
Breckenridge 

B. M. 
Cool, w. s.--- 

Biophysics- - - - - 
Biochemistry_- 
Biophysim- - - -. 
Zoology-. - - _- - . 
Biochemistry- - 
.____do _____-- 
Biology- - - - - - - . 

._____-- --------. 

___--___ --------, 

Biology- ____ - - 
Biochemistry- 
._. - - do. - _____ __ 
Biophysics- - - - 

Biology. 

Radiologic8 
Physics. 

_____do _____-- -- 

____-do ______--- 
-___-do. __ ______ 
- __ - -do. - - ______ 
Physiology. 

Radiologics 
Physics. 

PHYSICAL 

Name 1 Field 

Lelber, C _________ Physics. 

eland, W. T _____ DO. 
.obbins, H _______ ~ DO. 

:leland, M. R ____ DO. 
kller, W. R ______ DO. 
'ownsend, J .__- DO. 

Do. 
Mathematics. 
Physics. 
Mathematics. 

Physics. 
Chemistry. 
Physics. 

Do. 

Do. 

AW~, a _____..--- 
Brown, R. a_----- 
Beller, A_--------- 
Lepson, B _____---- 
Rosen, J. B ._-____- 
Steinhardt, F.-- -I 
Weneser, J ___----- 
Camac, M ______-_ 
Qoldberg, 8 ___-___ 
Keck, J. C _______- 
McCoy, R. E ____- 
Peshkin, M _______ 
Shapiro, A. M---- 
Cerwonka, E _-__-- 

Berexin. E ______-- 
Jaffe, B. M ___--- - 

Held, K. M _--__-- 

Mathematics. 
Do. 
Do. 
DO. 

Chemical Engineering. 
Mathematics. 
Physics. 

Do. 
Mathematics. 
Physics. 
Chemistry. 
Nuclear Physics. 
P h ysies . 
Chemism. 

Physics. 
Do. 

Chemistry. 

! 

Qier, T. F ________ I Chemical Emhering 

Auerbach, T ._____ Physics. 
Perry, A. M ______ Do. 
Reynolds, H. L-- DO. 
Rouvina J ________ Do. 
Tamor, g _________ Do. 



Name Field 

University of Roches- Gallimore, J. Radiological ter, Rochester-Con. c. Physics. 

Grace, J. L ______ Physiology. 
Kanwisher, J. Biophysics. 

w. 
Levinsgas, F. Ph~a~logy. 

G. J. 
Milk, F. JC .___ Biophysics. 
Morken, D. Radiological. 

A. Physics. 
Richmond, J. E- H~lth Physics. 
Rouser, G. L Blochemstry. 
Shandley, P. Radiological 

D. Physla. 
Simon, G ._______ _____do ._____-____ 
Thomas, L. _____do .__-_____-- 

R. 
Watansbe,T---- _-,--do.---------- . 

I orno 

Ohio State UniversitY, 
Columbus. 

Case Institute of Tech- 
nology, Cleveland. 

PENNSYLVANIA 

carnegie Institute of 
Technology, Pit* 
burgh. 

university of PennsYl- 
vu,. Philadolphie. 

University of Pitts- 
burgh, Pittsburgh. 

pennsylvarua State 
College, State Col- 
lege. 

BEODE ISLAND 

Brown UniversitY, 
Proridence. 

TENNEBSEE 

O& Ridge Nationa 
Laboratory, Oak 
Ridge. 

University of TWH - see, Memphis. 

Phssics. 

toad, W. B ______ 
dbenesius, E. L. 
€ayes, R. L .____, 

hove, a. R .____ 
Sochwalt, C. A.- 
;heriff, R. E---- 

Fawcett, 6. L--- 

b&@, M. It--. 

Blewitt, T. H.-- 
Kinman, Q. W.. 
Op-, A. J--. 

Pearlstain, E. A 
Ferguson, Q. A. 
Sherard, G. W. 



. 



CONTRA 

Colrege: 0. N 

of Tenne> 

APPENDIX 6 

RESEARCH, CONTRACTS AND GmE FOR CONTRACT AppLICAnoN 

OURRENT AEC UNCLASSIFIED COAXTRACTS FOR P~SICAL RESE,~~~,, 

Chemn'stry 

CoZumZiia University: V. LaMer, Filtration of Aerosols; T. I. Taylor, 
of Isotopes by Chemical Exchange. 

Ilninois Institute of Technology: H. Gunning, Studies of the Decompositl 
Organic Molecules by Metal-Photosensitization ; M. Kilpatrick, Basic Che 
of Ruthenium. 

Oregon ,State College: T. H. Norris and J. Huston, A Study of Generala 
Base Phenomena with Radioactive Tracers ; J. Schulein, Separation of Dmte 

from Hydrogen by Means of Zirconium Metal. 

RensseZuer Polytechnic Imtitute: L. G. Bassett, Fundamental Investigation 
the Mechanism of Solvent -traction of Inorganic Ions. 

Washington Btate College: H. Dodgen, The Formulae and Stability of 

Ions in Solution ; M. Lindner, Stationary States of Light Nuclei through 
for Several Unknown Isotopes. . 

university of Arkansas: R. Edwards, Chemical Effects of Nuclear Tran 

tion. - 
University of California: J. Hildebrand, Studies in Intermolecular Form 
Solubility. 

University of Kansas: J. Maloney, The Application of Radioactive 
the Design of Distillation Columns Separating Multicomponent Mixtures. I 

University of Notre Dame: M. Burton, Research in Radiation Chemistry; 
Burton, Purchase and Installation of 2 Mev Van de Graaff Generator. 

Univerttity of Pittsburgh: R. Levine, Synthesis of Beta-diketones and Re 
Ketoesters with Heterocyclic Nuclei. 

University of Rochester: E. Wiig, Radiochemistry. 

Uniuersity of Wisconsin: F. Daniels, Thermoluminescence in Crystals ; J. Willa 
Application of Radioactive Tracers. 

a 

bia University: 

Mat hema tics 

ITamard University: H. Aiken, Operation of the Aiken Mark I Computer. 

Institute for Advanced Study: J. R. Oppenheimer, Applied Mathematics 
'Theoretical Physics ; J.' von Neumann, Development of High Speed 
Digital Computer.* 

December 1, 1949. --. 1 . ... - * --I - ... - - 
- -_ * ~oint project mitn uepartment or rjerense aaministerea unaer contract wiw LU~ - 5 L Ordnance Department. 
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Princeton University: J. A. Wheeler, Cosmic Ray Research ; a & 
Nuclear Reactions.' 

Purdue University: R. 0. Haxby, Research Using 300 Mep synchrotrop~, 
Rieke, Research Using Linear-Electron Accelerator ; * E. Bleder, Nuc,'& 

~~ 

lions in Medium and Heavy Nuclei.' 

Rice Institute: T. W. Bonner, Studies on Proton, Deuteron, and N~.,~ ~ 

whi 
1 

tr, *. 

1 
'. tions in Light Nuclei? \ 

~ 

4 .. Rzttgers Uniueraity: F. G. Dunnington, Studies on Nuclear-mmetlc 
8 

Bt. Louis uniuwsit&: A. H. Weber, Investigation of Beta-Decay at ~mff 

velopment of High Power Klystrons for 1 Bev Linear Accelerator? 

state College of Washington: G. W. Johnson, Diffusion of Solids.' 

Byrccczlse Unkersity : Kirt Sitte, Research on Cosmic Rays. 

University of California (Berkeley) : R. B. Brode, Cosmic Ray 
Angeles) J. R. Richardson, High Energy Proton and Range-Energy 
W. F. Giauque, Low-Temperature Research.' 

University of Chicago: S. K. Allison, Scattering, Decay Schemes, Nuclear f?i 
Studies ; H. L. Anderson, Research Using 170-inch F. M. Cyclotron; ' & 8 

High Altitude Cosmic Ray Studies.' 

University of Illinois: F. W. Loomis, Betatron, Cyclotron, Neutron, ad 
activity Research.' 

University of Kuws: J. D. Stranathan, Construction of 2.5 Xilev El 

University of Michigan: J. &I. Cork, Beta- and Gamma-Ray spectra €#td 

W, E. Hazen, Cloud Chamber Cosmic Ray Studies.' 

-Btanford University: F. Bloch, Nuclear Moments Studies;* E. L am -- 
- + + 

i 

-. 
'' 

a Contracts administered through O5ce of Naval Reseafch, Washing 
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of jginnesota: J. T. Tate, Scattering by Light Xnclei;' J. T. Tate, 
ms, Development of 50 Mer Linear Ion 

of Xebraska : Theodore Jorgensen, Jr., Research on Range-Energy 

slow Ions. 

of Notre Dame: B. Waldman, Research on Nuclear-Energy Levels.' 

of pennsglvania: Foster Nix, Superconductivity of Alloys; W. E. 

of Pittsburgh: A. J. Allen, Studies on Beta-Ray Spectra, Magnetic 

.+tu of Rochester: G. B. Collins, Research Using 130-inch F. M. Cyclo- 

of Southern California: 0. M. Van Atta, Beta-Ray Spectra Studies? 

ciMsitPI of Washington: J. E. Henderson, Cloud Chamber Cosmic Ray Stud- 
s J. E. Henderson and C. L. Utterback, Construetion of 60-inch Cyclotron? 

irs; 

Clire,.&t~ of Wisconsin: W. W. Beeman, Small-Angle Scattering of X-rays ; ' 
Herb and H. H. Barschall, Cross Section Measurements; J. 0. Hirsch- 

)ider, ultrasonic Research ; * Robert G. Sachs, Theory of Very Light h'uclei. 

rrrdezbi~ University: Sherwood K. Haynes, Mass Spectrograph Studies. 

f,&i&m University: A. L. Hughes, Studies on Radioactivitmuclear Spectra 

ldevan University: H. E. Duckworth, Research Using Mass Spectrograph. 

rgfingltouse Elect& Corp.: W. Shoupp, Nuclear Excitation Functions.' 

University: G. Breit, Nuclear Theory Studies ; C. G. Montgomery, Neutron 
WC~~OR Studies ; a E. C. Pollard, Protron, Neutron, and Coincidence Studies ; ' 
g~ Schultz, Design Studies for a Linear Electron Accelerator ; IT. W. Watson, 

iif18'W 

f"#8itu 

Fj0e'd"u 
@ens' 

cr"d"v 

e' 
C#i'c@ 

pput'oD of 

Gamrna-Ray Studies Using Betatron? 

ts and slow Neutron Studies? 

s 

& G. 

R. D. Sard, Cosmic Ray Research? 

on Isotope Separation and Related Topics. 

mE FOR MJBMITTINQ PROPOSALS TO U. 6. AEC FOR SUPPORT OF RESEARCH 

PROJECTS 1 

Bte Atomic Energy Act of 1W enables the Commission to assist the research' 
ms of universities and other independent research institutions in the 

fiited States in certain fields of science related to atomic energy. While projects 
d~g such assistance must be in areas of scientific research where advance- 

atm~ be expected to stimulate development of the applications of atomic 
%J, or to increase the fundamental knowledge in this field, they geed not 
W~ls be directly related to the specific problems which are under study in 
* ~~~~ous Commission instdlations. 

kbtspe Of arrangement which the Commission has adopted for providing 
YW.istance is by direct contkact between the Commission and the institution 

Such contracts usually assist in the sup- - 
:Caobaets admfnistered through Office of Naval Research, Washington, D. C. 
ldmini8tered under Nary Department contract with Bureau of Ordnance. 

the work is to be carried out. 

868145"-50---15 ? , 7 - ', .; 



port of the work of individual scientists whose research Projects ba 
approved by the Commission. In the majority Of cases it h 

Energy Commission's experience that these projects can b 
security restrictions. 

initiated by the scientist interested in carrring out the work. 

Proposals for assistance in the Support Of research projects are 

cover the following points insofar as they 816 applicable : 

- 

ministra the officers. 

I. &mpe an& ipresertt status. This should include a statement of the aorlr t* 
undertaken, its relation to the present State of knowledge in fie 
related work in progress elsewhere. References to the literature 8b~ 
given, if appropriate. 

2. &$entific motivation. This should include the reasons for 

project and the potential scientiflc signitlance of the results, 

3. Materials, equipment, and fdadtk8. 
carry out the project with a clear statement of which are already a~ 

and which will have to be procured. 

4. Scientific personnel. This should cover the scientific investigators rrbo 
work on the project with brief Statements Of their research erperlm 

publications. If the proposal calls for employing additional 
sonnel this should be clearly stated. Reprints of articles relating to 

and published by individuals proposing to participate in it, will be we 

project and should not be limited to the items which it is prop0 
Commission will pay for. 
or cost should be listed without giving a dollar estimate.) The bum 

itemize salaries and major items of capital equipment and should 
such items as expendable equipment, cOmmunication, trarel, etc 

posed duration of the project should be stated but the budget shoul 
pared on an annual or monthly basis. 

8. Proposed divi8bn of supp&. The items which it is proposed that 

stitution will furnish, those that the Commission would pay for, and 

be obtained from other sources, should be designated. 

7. Other responsibilities of inv8stigator8. A specMc statement should 

cluded of all other flnancial support for the investigations of 
scientists involved in this proposal. This should include all 0th 

which involve these persons, whether supported by the instituti 
sources and should clearly indicate where Federal Government 

volved. 
for the research of the entire department should also be given. 

8. Administrative information. Published an& other generally ar 

formation concerning the institution in which the research is to 
out is helpful. This may include such items as the latest dveraI0 
recent financial statements, annual reports of the president and 

This should cover all item rep 

5. Proposed budget. This should &e a realistic estimate of the to 

(Items to which it is diBcult to assign a a 

. 

' 

More general information as to the approximate fiimnchl 
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/ 

s. 

dentist interested in conducting the work should initiate the formal pro- 

by preparing a statement coTering the above points insofar as he is able, 

en undertake to have this supplemented by information and data of an 

opriate officers of the institution to 
he is attached. The proposal must then be approved by the administration 
iwtitution and forwarded to the Division of Research (if the project is in 

iology and Medicine (if the project 
the biological or medical sciences) U. S. Atomic Energy Commission, Wash- 

8, D. U. The handling of proposals is facilitated if they are submitted 
fsw 

1 triplicate. 
in 
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APPENDIX 7 

Tim NATIONAL NL‘C:I,I.:AR ENERGY SERIES 

The National Nuclear Energy Series has been planned as a comprehensive account 
of the scientific and technical developments resulting from the research work 
done under the auspices of the AEC and its predecessor, the Manhattan Engineer 
District. The national laboratories and the major contractor-operated research 
institutions are preparing integrated accounts of their research results. The 

printed material currently scheduled for the series will total approxfmately 
110 volumes. The 50 declassified volumes are to be published by the McGraw-HiU 
Hook Co., under contract with Columbia University as the representative for the 
Atomic Energy Commission and its major research contractors. The 60 Classifled 

volumes mill be reproduced for limited distribution within the Commission. 
The National Nuclear Energy Series developed from plans for technical records 

of research programs originating more or less simultaneously at the Metallurgfcd 
Laboratory in Chicago, the Columbia University-operated laboratories in New * 
York City, University of California Radiation Laboratory, and. Los Alamos. 
These plans date back to 1944, when much basic re8earch. had‘beexi’completed, ’ 
and some project scientists could give their attention to prepaGng comprehendve 
accounts of their results. In November 1!345, plans were madeJu cmrdlmte the 
writing programs at all the installations to produce a dngle leries covering all 
aspects of the project. 

The declassifiable volumes of the National Nuclear Energy .Series will be 

grouped into eight divisions, as follows : 
I 

DmsIoN I-Electromagnetic Separation Project 
DIVISION II-Gaseous Difision Project 
DIVI~ION 111-Special Sepnrntions Project 
DIVI~ION IV-I’lutoniurn Project 
DIVI~ION V-hs Alamos Project 
DIVISION VI-University of Rochester Project 
DIVISION VII-Materials Procurement Project 
DIVISION VIII-Manhattan Project 

- -_ 
To date eleven volumes of the Series have been published. ’ These are : 

Hiatopathology of Irradiation From ExtemZ and Internal Sources. Edited by 
William Bloom, M. D.; Division IV, Volume 221; 808 pages. ThL is an ad- 
vanced treatment of the hlstopnthological and cytological edtects & total-body 
irradiation by radioactive agents. 

Pharmacologf/ and Toxicology of Uranium Compounds. Edited by Carl’Voegtlin 
and Harold C. Hodge ; Division VI, Volume 1, 1,084 pages. A summary of ap 
prosinintr~lg 3 ycnrs’ work on the toxicity of uranium compounds and the 
mechanisni of iirnninm poisoning. The book also includes a section on the, 

toxicity of fiiiorine and hydrogen fluoride. 

Engineering Developntents in the Gaseoibs Difuaion Process. Edited by Manson 
Benedict and CIarke Williams ; Division 11, Volume 16,129 pages. This Volume 
sets forth the research and engineering developments pertaining to novel am- 
iliary devices developed in corinection with the gaseous diffusion plant. The 

mork applies principally to speciiil plant instruments, vacuum engineefing, 
development of heat-transfer equipment, and absorption of uranium hesafluo- 
ride and fluorine. 
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ct,.os~~pic Properties of Uranium Compounds, by G. H. Dieke and A. B. F. 
?F E- Qfl can ; Dirision 111, Volume 3, 290 pages. This volume presents a comprehen- 

*- sPe correlation of absorption measurements with fluorescence spectra data. 
aperimental techniques described represent advances in organic chem- isr 

- Hew 

k 

ism. 
Bibliop-aphy of Research on Heavy Hydrogen Compounds. Compiled by Alice H. 

-ball, edited by Harold C. Urey and Isidore Kirschenbaum; Division 111, 
- volume 4C, 350 pages. A compilation of about 2,000 references to published 

dealing with research on the heary hydrogen isotopes is giren in 
@is book. As a bibliography of such research, the volume constitutes a useful 

for the scientist interested in isotope research, I tool 
ization Chamhers and Counters: ExperimentaZ Techniques, by Bruno Rossi 

!5a Bans Staub : Division V, Volume 2, 243 pages. The volume discusses the 
principles of ionization chambers and counters, and presents details 

of a number of detectors developed and used at the Los Alamos Scientific Lab- 

oratow fbr the study of different kinds of radiation. 
PCtronics: ExperimentaZ Techniques, by W. C. Elmore and Matthew L. Sands; 

Division V, Volume 1, 417 pages. As a description of the most useful circuits 
for making nuclear and other physical measurements, this volume constitutes a 
manual of the circuit elements and complete circuits for electronic instruments. 

TM ~rannsuraniurn Elew ents-Research Papers. Edited by Glenn T. Seaborg, 
Joseph J. Katz, and W. M. Manning; Division IV, Volume 14B, 1,733 pages. 
This work consists of over 150 original research papers on the transuranium 
elements-neptunium, plutonium, americium, and curium-and similar topics. 
For reference and orientation purposes, a historical discussion of the research 

The Characteristics of Electrical Disch.arges in Magnetic Fields. Edited by A. 
Guthrie and R. K. Wakerling; Dirision I, Volume 5, 376 pages. This volume 
mvers most of the significant studies on the characteristics of electrical dis- 
&ares in magnetic fields carried an by the University of California Radiation 
Laboratory in connection with the development and operation of the electro- 

magnetic process for the separation of U 235. Primary emphasis is placed on 
studies of electrical discharges in the vapors of uranium compounds. The 
information included is considered to be an important contribution to the 
understanding of the theory of gaseous discharges. 

VQCUU~ Equipment and Techniques. Edited by A. Guthrie and R. IC. Wakerling ; 
Division I, Volume 1, 264 pages. This volume is a compilation of observations 
made by University of California Radiation Laboratory personnel in the course 
of developing high vacuum equipment for use in the electromagnetic separation 
plant. The requirements for routine production and maintenance of high 
vacuum on a scale nerer previously undertaken necessitated considerable 
pioneering work on both equipment and testing. 

The Chemistry and jietallurgy of Miscellaneous dlaterials: Themnodynmica. 

Edited by Laurence L. Quill ; Division IV, Volume 19B, 329 pages. Ten original 
papers on thermodynamic properties of the elements and several of their com- 
pounds are presented in this volume. 

The Atomic Energy Commission has receired manuscripts for 10 additional vol- 
of the Series which will be published during 1950 under the following titles : 

Pharnlacology and Toxicology of Uranium Compounds: Monograph II. Edited 

work is included. - 

bY Carl Voegtlin and Harold C. Hodge ; Division VI, Volume 2. 
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Biological Studies With Polonium, Radium, and Plutonium. Edited by 8, 
Fie ; Division VI, Volume 3. 

Analytical Chemistry of the Manhattan Project. 

don 17111, Volume 1. 

Preparation, Properties, and Technology of Fluorine and Organic pluoro conr. 
pounds. Edited by Charles Slesser and Stewart R. Sehram; ~i~~~~~~ ~~ 

Volume 1. 

Radio-chemical Studies: The Fission Products. 

and Nathan Sugarnian ; Division IV, Volume 9. 

IndustriaE Medicine. Edited by Robert S. Stone, M. D. ; Division IV, volume 2o 

ToxicoZogy of Uraniwm: Xuruely and Collected Papers. Edited by Albert ,,,, 
nenbaum, M. D. ; Division IV, Volume 23. 

The Chemistry of Uranium. Edited by E. Rabinowitz and J. J. Kab; D~~~~~ 
VIII, Volume 5. 

CoZlected Papers on the Chemistry of Uranium. Edited by E. 

I J. J. Katz ; Division VIII, Volume 6. 

PhgsicaZ Properties of Heavy n7ater. Edited by Isidore Kirshe 

111, Volume 48. 

About 30 additional manuscripts for declassified NNES vo 

Edited by C. J. R~~ 

Edited by Charles C. 

advanced stage of preparation and should be submitted during 1950. 
% 
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PANEL 

June 1,1949 to October 31,1949 

&n of Panel. The Atomic Energy Labor Relations Panel had its origin in 
',Report of the President's Commission on Labor Relations in the Atomic 

@ Installations." This report, which was submitted to the President on 
FO@ 118,1949, recommended (sec. 5) : 
d 

me Atomic Energy Commission establish a Labor Relations Panel of three 
@at ti81 members appointed by the President from nominations submitted to ~5~ the Commission. w 
nat the Panel be empowered to take jurisdiction of any mana- ,ement-labor dis- 

hich collective bargaining and the normal processes of conciliation have 
gswto resolve and which threatens to interfere with an essential part of the 

*port was signed by William H. Davis, chairman; Aaron Horvitz, and 

g,jdn E. Witte, members; John T. Dunlop, consultant, and Donald B. Straus, 

April 26,1949, President Truman announced the appointment of William H. 

mmic Energg program. \ 

. 

-- 
a mutive secretary. 

pds as Chairman of the Atomic Energy Labor Relations Panel. In making -. 

appointment, he said : 

a Theestablishment of the Panel was recommended by the special commission after 
?months' study of labor relations in atomic energy installations. I have studied 

*excellent report of the special commission, and agree with the Atomic Energy 
ammission that the recommendations in the report should be adopted as a a 4 means toward preventing and adjusting labor disputes in this important 

- 
, 

, 

i 
d management will seek settlement of disputes in 

ntary procedures and mutual agreement, and that 
only as a last resort. Conscientious bargaining and 
on services must minimize the calls upon the Panel, 

help is seldom sought, and then only in the most 
st not be a substitute for collective bargaining. 

will settle only disputes affecting vital operations in atomic plants, 
to adjust by collective bargaining and through existing conciliation 

The Panel will operate on a part-time basis. 

ted for a trial period of 2 to 3 years. It is subject to 
of the Atomic Energy Commission. 

t announced the appointment of Aaron Horvitz and 
two positions on the Panel, thus repating on the 

ted Panel the original membership of the Commission that prepared 

of the PaneZ. The Panel operates according to the policies set forth 
eport to the President on April 18, 1949. It is "empowered to take 
on of any management-labor dispute which collective bargaining and 
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the normal processes of conciliation have fail& to 
to interfere with an essential part of the atomic e 
derives additional authority from the voluntary a 
unions in atomic energy installations not to interrupt productfon or servfw%8 
to make without mutual consent changes in the terms and conditions o 
ployment, until after the Panel has had an opportunity either to settle the 
by mediation or else to make recommendations to the parties and to the.At6 
Energy Commission for its settlement. In short, the Panel procedures Cons 

an additional step in collective bargaining which the parties agree to 
Meanwhile, they put the right to strike or to lock-out in escrow with the Pa) 

After a labor dispute has been brought to its attention, the Panel 
in which to determine whether further steps on its part are appropriate. 
the considerations that influence this determination are (1) evidence 
ficient bargaining by the parties themselves, including f’ull use of condliat 
(2) evidence that the dispute involves an essential part of the atomic 
program. 

dispute, it is understood that the parties will take no overt action, t 
interfere with the program as long as the Panel is acting on the cas& 

- 

- 

If, in the opinion of the Panel, its procedures are appropriate in the i 

In its first 6 months of esistence, the Panel has had four cases submitted. 
it. The Panel referred one of 
ing and was instrumental in settling another c 
preliminary investigation had 
acted as mediator after first satisfying itself that 
essential part of the atomic energy program” and th 
conciliation” had been fully utilized. Both of these caa 
mediation stage of the Panel procedure, thus obviati 
to issue recommendations. A summary of these c 

CASE NO. 1-AEC INSTALLATION : Mound Laboratory, Miamisburg, 
PARTIES: Monsanto Chemical Co., United Gas, Coke, and Chemical Wo 
CIO, Local No. 420. 

Backgroirnd of case. This di 

tract. The union wiis certified by a consent election. The cerllflcatlon 
Map 10, 19-19. The drst meet 
time the union submitted a proposed contract. 

of further negotiations until after completion 
company and another union covering the gna 
became apparent that the guard negotiation would be protracted, meetffigs were 
resumed between the company and the Chemical Workers. 

The bargaining unit of the Chemical Workers includes !kl5 skilled and 
semiskilled workers. Total employment at the Mound Laboratory is 85. All 

employees outside of the CIO unit, other than guards, are on a salarg! status. 
Many of them’are trained scientists. 

Meetings were held Jnne 7, S, 14,15, and 16. By the last date, the parties were 
in agreement over the bulk of the contract language. Wages, hazard pay, union 
security, the no-strike clause, shift differentials, and retroactivity were still 
open. Two further meetings on June 21 and 22 failed to bring the parties Closer 

p 
i 
I 

At this meeting, the compnny asked and the union a 

.b 
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e on June 23, the Federal Mediation and Conciliation Service was 
and a meeting with a commissioner from the Service was held on 

ddB Since no appreciable progress was made on that day, on June 29 a 
fope wis sent, signed by both parties, to the Panel asking it to take jurisdiction. 
fl plirninary investigation of the facts, the Panel officially assumed 
fl",,ion on JU~Y 15. 

P@ 

I@* ' 
.,,, disputei at date of panel entmwe: 

Security. The union wanted a union shop. .The company refused 
(1) to grant a union shop on the grounds that it was against company policy 

that there was no union shop clause in any other atomic energy 

Ontinuity of Operation. The union linked the no-strike clause to the union 
c') ~OP clause, refusing to make a no-strike pledge without assurance of 

'~troactivity. The union wanted the date of certification to be the retro- 
(') active date. The company wanted the new rates to go into effect the 

labor contract. K. 

membership in the unit. 

the contract was signed. - 

Differential. The union wanted shift differentials of 7 cents for the 
first night shift, 14 cents for the late night shift. The company wouldn't 
mention any figure until after wage rates were in agreement. 

Wages. Company and union had reached agreement on an internal rate 
The wage disagreement was over the 

total cost of the increase. The last company offer averaged 15.3 cents 
ad the last union demand averaged 22.3 cents, a difference of 7 cents. 

#mediation. The Panel first met with the parties on July 29. At this meet- 
pE it soon became apparent that wages constituted the main obstacle to agree- 
@ and that if wages could be settled, the other items would wash out. 

the question of wages, it was also evident, after preliminary discussion, 
Mt the basic disagreement was over the facts on area wage rates. Both sides 
med that their offer represented a true reflection of the area averages for 
romparabIe jobs. At a suggestion of the Panel, the parties agreed to work 
mer on the preparation of a joint report on the area wage rates. For this 
rrsl; the Panel offered the services of its executive secretary and undertook to 
emre from the Bureau of Labor Statistics the cooperation of George Vatova of 
*Chicago BLS office. 
Heetings for this purpose were held in Miamisburg on August 2 and 3, and an 

rp.eed schedule of area wage rates was prepared. 
On August 9, the parties reconvened with the Panel, bringing with them the 

%reed area wage exhibit. Working from this exhibit, the Panel was able to 

rediate a wage agreement after an all-day session. In recognition of the 
peed area pattern, the company increased its offer. The upward revision 

Be other issues were quickly resolved with the aid of the Panel after the 

We agreement was reached. The kal settlement was : Shift differential: 
and 10 cents. Union security: an irrevocable, voluntary checkoff for 

btion of contract. Continuity of op&ation: a standard no-strike clause. 
trftowtivW: to date when parties asked for Panel intervention. 

and job classifications. 

made by adding another progression step to the rates. 

.. 

I 
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CASE NO. 2-AEC IXSTALLATION : Uound Laborator$/, Miamisburg, 
PARTIES : alonsanto Chemical Co. ; International Guards Union of A~~~~~. 

Background of case. This dispute arose during negotiations Over a a 
tract. 
all plant guards at the Mound Laboratory. The original Wrtificatioa nam,a 
Mound Laboratory Patrol, Local No. 1, as the union. 

Meetings between the union and company were held on May 4,10,11,17 
June I, 2, 3, 8. By this last date, most of the contract language was in 

ment. Wages were still unresolved. The cornwny had made a dual Oirer ot 

either retention of the 48-hour week at $1.33 Per hour (Plus, of course 
time after 40 hours), or $1.40 for a 
presented to the membership, both proposals were voted down. wh 
progress was made at the June 8 meeting, the parties adjourned without settIaJ 
8 date for further discussions. 

The union was certified on March 23, 1949. The bargaining 

Representatives of the Federal Mediation and Conciliation Service were It 
the Mound Laboratory on June 28 and 29, in connection with another 
Through the medium of the Service, another meeting was scheduled for Jq 
5. A series of further postponements occurred and, on July 14, notificauoa 

ow was sent to the company by Walter D. Collins, president of the Internati 
Guards Union of America, to the effect that the Mound Laboratory Patrol hril 
affiliated with the International. The letter contained a request for a meebg 
with Mr. Collins acting as the new representative. This request was granted 

by the company. 
The first meeting between the International and the company was held ,,,, 

August 4. No progress was made at this time, and both parties invited 
Federal Mediation and Conciliation Service to aid in breaking the deadl* 
On August 5, with the aid of a representative of the Service, both sides a- 
to consider a compromise rate of $1.43 per hour on a 40-hour schedule and no 
retroactivity. The only unresolved issue was the duration of the contract. & 
union wanted a wage reopener after 6 months. The company insisted upon a 
l-year contract without a reopener. A compromise suggestion for a contract 
of approximately 9 months’ duration, put forth by the conciliator, was turn4 
down by the union. Both sides then withdrew their final offers and the union 

sent a letter to the Panel on August 10 requesting that it assume jurisdiction, 

4 

Panel mediatiort. It is the procedure of the Panel to investigate the factual 
background of a case before actively engaging in its settlement. This pre 

liminary investigation provides the Panel with as complete a “second hand* 
picture of the dispute as possible before embarking upon actual mediation. It 

also gives them the facts upon which to determine whether or not to assume 
jurisdiction. 

Ordinarily, this preliminary investigation is made by the Panel’s secretary. 
In this case, a Panel member, Mr. Horvitz, accompanied the Panel secretary on 
this preliminary investigation. They went to Miamisburg on August 23, where 

they conferred with both parties-first separately and later jointly. 
In the course of the talks, an agreement was reached based largely upon the 

compromise terms put forward during the August 5 meetings under the aegis 
of the Conciliation Service. Thus, technically, the Panel never officially par- 

ticipated in mediating this case. 
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Q--BEC INSTALLATION: Oak Ridge National Lnbornforg (X-IO), 
rpnn. ; PARTIES : Carbide & Carbon Chemical Corp. ; Atomic 

of case. The relationship between the AFL and the various con- 
ds back to 1946. The history 

ain elements which have pro- 

the X-10 workers had developed 

ion organization, the AI% secured 
orkers won bargaining rights at 

Carbon Chemicals Corp. operated the K-!25 
1 Co. was the contractor at X-10. The first 
ering these two plants continued the differen- 

arbon Chemicals Corp. replaced Monsanto 

ent believed that there was no 
rd, for any differential between 

attempted to negotiate identical 
th plants, and chose to follow the pattern 

ufhd at K-25. This attempt ran into the head-long opposition of the An, 
@Ldting deadlock was the cause of a Taft-Hartley injunction. The fail- 

@e parties to reach agreement during the injunction period seriously 
* ten& to interrupt operations at the X-10 plant. The eventual settlement 

were taken by the officials at the very 
e levels of government, AFL, and company. All who participated in this 

were in agreement on at least one point: All possible avenues for 

moiug a similar crisis in .the future should be explored. It was this feeling 

tbrt 
to the appointment of the President's Commission on Labor Relations 

contract terms of the 1948 agreement largely eliminated the fringe dif- 

maah, but left many differences between K-!25 and X-10 wage rat-. 
mcontract described above expired on July 1, 1949. Prior to its expiration, 

 negotiating meetings between the union and the company were held. In 
&, the company continued to pursue its long-range objective of making 

and working conditions identical in the K-25 and X-10 operations, and 
*union attempted to widen out the differential to its former extent. 
While these negotiations were in progress, the company made and negotiated 

m agreement with the CIO union at the K-25 plant. This agreement em- 
kdied an 8 cents across-the-bead wage increase. 

On June 22, the Conciliation Service entered this dispute and eight meetings 
rere held under ita mediation efforts. 

Commissioner Clyde Mills, acting for the Conciliation Service, was able to 
d'kainate many of the issues still in dispute. On June 30, the company's last 
dhincluded a 7-cent wage increase. This wage offer, however, was not an 
m-the-board amount, but was rather distributed in such a way as to con- 
tfnw the company policy of narrowing the existing 5-10 and K-25 differentials. 

fndividual classikttions, this 7-cent offer ran all the way from no increase 

1, the union sent a telegram to the Panel requesting its intervention. 
On July 7, a Panel representative made a preliminary investigation of the 
kbl backpound of the dispute, at which time the union offered 14 further 

not previously given to the company. These concessions, however, 

s between X-10 and K-25. 

A@& Energy Installations and the eventual establishment of the Panel. 

On 

; i 

# 
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entered the case. Panel 
did not alter the fundamental issues in dispute. On juls 

plant work force was apprOXimatelY 2,m. 

panel mediatiom. The fkst meeting of the Panel with the Dnrt,q 

July 2l. At this meeting, the Panel attempted to fi 
the parties to continue negotiations along an agreed line 
the union's main arguments for a m-age differential was based uDo 
diversification of job assignments at the S-10 plant, a claim Rhich 
by the company. It was Suggested that a factual analysis of Jc,b 
might help to resolve this conflict. The parties agreed to mnLe 
to do this. 

further meeting with Aaron Horritz, a member of the Panel, 
Although the parties failed to agree On a procedu 
ments, in the course of these discussions there wa 
issues in dispute. 
the union agreed to leave the fringe benefits as t 
which were in general identical to those of K-25. 

closer together in terms of money, but the union Continued 
mand for an across-the-board increase while the c 
desire to distribute this increase in such 
differences between K-25 and X-10. 
the issues thus greatly narrowed. 

On August 11, the Panel held a metting 
plore the possibility of their granting Part 
the remainder distributed in a manner to fur 
differential. The company's reaction to this suggestion Isas 
couraging to warrant the holding of another joint meeting on hP 

tions through September 14, 15, and 16. 
reached based ufion a proposal advanced by the Panel. The settlp 
to an average increase of 5 percent. A few exceptions to this rule t 

- the case of certain crafts which were admitte 

tice. These exceptions were more than 5 percent in some cases, less 

in other cases, thus retaining the average of around 5 percent for a 
roll cost. This agreement was ratified by the union membership on 

ons continued fo 
CASE NO. AAEC INSTALLATION : oak Ridge Con8ttUff~ 8-cent agreemt 

PA4RTIES : Knoxville Building Trades Council, AFL ; 3. A. Jones has held sever. 
tion Co. formal cases. 

ntatives from Di8po&iOn 01 case. 
J. C. Kerr, business representatire of the Knoxville Building T 
outlining the circumstances of a dispute that threatened to inte 
progress of certain construction projects at 

Panel intervene to aid in its settlement. 

Section 4b of the Report to the President States : 

mat, fully recognizing and safeguarding 
representatives for sound and stable relati 
vately operated atomic energy installation 

,bear upon the settlement of critical dispu 
sponsibilitg of individuals at the very hig 

Involved in this dispute were 674 members of the bargaining 

Accordingly, the parties met on July 26, 27, and 28. on 

Many of the fringe benefits were bargained 

The wage 
I 

adomaot 

These seri 

Sufficient progress was made at the September 13 meeting to eon 
On September 16, an a 

to acknowledgt 

On August 3, 1949, the 

The Panel noted that this letter was signed by an OfIic~ Of 
'cd 
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the Panel felt that this dispute had reached it prematurely. It 
Section 4b, quoted abore, to the attention of the local union officers, 
suggestion that additional steps be taken to bargain,toiiFard a’n agree- 
higher level of both union and management. The Panel has received 

er correspondence on this matter. 

OTHER PAWEL ACTIVITIES 

June 6, 1949, before the Panel w&s fully established, there was 
& strike at the K-25 plant operated by Carbide & Carbon Chemicals 

Ridge. Mr. Davis, who was then chairman and the only member 

@ 

’wat 
@@ anel, sent this telegram to the parties on June 7 : 

aten 

@e * 
tomic Energy Labor Relations Panel is investigating the dispute at Oak 

@ea nt g-25 between United Gas Coke & Chemical Workers of America 
@@?$id Carbide & Carbon Chemicals Corp. The Panel calls upon you, and 
@;;*e calling upon the corporation, in accordance with your respective 

to ae Atomic Energy Commission, to* refrain from any action to inter- * impede in any way production or services and to maintain without 
4 Or;terms and conditions of employment existing when the dispute arose 

dispute is settled by mutual agreement or the Panel announces #at it *’ intend to take jurisdiction or that it has terminated its jurisdiction. 
meantime the Pgnel calls upon you to continue responsible collective bar- 

blbe and to cooperate fully with representatives of the Federal Mediation 
$&cilia tion Service. If by Monday June 13 agreement has not been 

or if either party thinks negotiations are not proceeding satisfactorily, 
rrvrb report to me through your duly authorized‘representative at my oBce, 
yestreet, New Pork City, at 11 a. m., on that day. 

mtme day, both parties jointly signed the following telegram and sent it 

a. Davis : 

@pine Street, 
sp York. 
EeWLsh to acknowledge receipt of your wire today and would like you to 

that both the union and the company are making an earnest and sincere 
aver to achieve zt settlement of this dispute ably assisted by‘ the Federal 
wtion and Conciliation Service and hope to reach an agreement before 
@at Wednesday. 

not 

WILLIAM H. DAVIS, Chairman. 
!Jn 

gw H. DA~s, 

t 

C. E. CENTEB, Carbide d Carbon Chemicals Corp. 
, C. W. DAXENBUBQ, United Chemical Worker8 (CIO). 

segotiations continued following this interchange of messages and at midnight, 
& 8, the 8-cent agreement referred to elsewhere in ‘this report was signed. 
Thepanel has held several policy meetings in addition to its activities in con- 

don with formal cases. It has met twice in Washington with members of 
br.$EC labor relations staff. On October 18 the chairman attended a meet: 
lot representatives from the labor relations staffs of contractors at Oak Ridge 

Idspoke that evening at a dinner held in his honor. Om this trip he was 
mnpanied by the Panel secretary. Various informal meetings have also been 
kl with union representatives. 
&the chairman remarked on one occasion: “The Panel does not consider 
2-_--, 

‘b telegram to the contractor this sentence read : “To maintain without change the 
k*s and conditions of employment existing when the dispute arose untiI the dispute 
!*tued by mutual agreement or the Panel announces that it docs not intend to take 
metion or that it has terminated its jurisdiction and to refrain from any action to in- 
bPt or to impede in any wag production or seryices.” 
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itself a fme engine. The whole concept of the Panel is to Wtabl. 
which yill give time for rational negotiations. The object is to 'Sh Pr 

heads of those doing the negotiating." 

atmosphere for successful collective bargaining to rank equall;: fa~Otp),k 

Permit>a 
ing to take place without the threat of an imminent Strike h *h 

b 
opet 

' With this purpose in mind, the Panel considers the job of creat* 

with its job as a mediation agency. uporb* 


