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§ 17pe of operation. Design of weapons advanced. Preparation began
3 for future proof-testing at the Eniwetok Proving Ground in the

§ improving chemical separation of fissionable material from fission |

"F e desired levels both in quantity and quality. Industrial strength

FOREWORD

‘ | 040, the Nation's long-range program for the peacetime develop-
! !f’ atomic energy set new bench marks of accomplishment.
ment ;TOVember, the Conunission authorized the building of the first
Is :mental breeder reactor. With the start of construction of this .
3 erihe program for producing more fissionable material and for
‘m]t’ratiﬂg power for factories and homes and ships from the energy
- ;uclear fission moved from pencil and paper planning over to the
Ouﬁding of full-scale test machines. . o N
7 b-_q’}u‘ee"ne“’. reactors, including the breeder, are to be built at the B
sior Testing Station established in Idaho earlier in 19495 a fourth
ﬁg}"'tschenectady, N. Y. All are either in the advanced stages qf g
gesiign or the first stages of building. As construction of these experi- -
pental machines gets undgr way, reactor developmen\_t scientists m.ld
engineers are making preliminary plans for the machines to be built
- the subsequent phases of the reactor development program.
" Weapons development and stock piling moved on at a growing pace
guring the year. Production of weapons was changed to an industrial

eell

F - getivities and military training, . :
§ . Essential to both the power-production program and the weapons
.. _"'-ngram is an adequate supply of uranium ores. This is being obtained
3§ s present. Negotiations abroad and mining and processing plant
4. developments at home during 1949 placed the prospects for continuirg
- supply ou & firmer basis. o
The construction program of the past two years began to yield its - -
3 fuitin 1949, New facilities for making feed materials and fissionable
F materials went into operation. The output of fissionable material set
¥ v records. New laboratories and research machines were put to
~ work and the building of still others advanced. Basic processes for

" pacific. .AEC activities were coordinated more closely with military

- The technical and scientific staffs were recruited more nearly 1o

*ss added to the program by new contractors in various fields, but
ispecially in weapons and reactors. Basic research was put upon a .
¥ broader base with many new university contracts for research.
1 Some of the problems of labor-management relations became more .
£ Jeeptible of solution. The Atomic Energy Labor Relations Panel.

. < B . - . .
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" accurately and clearly the financial status of programs at frequ

* assisted in reaching settlements of disputes 1 which its serviceg Wep
¢

invoked. . .
This is not to say that the program operated in all its phaseg with

technical problems await solution through basic and applied researl

We have made only a beginning at providing industry with the jng or

- mation service it is entitled to expect. The declassification of Slentig,,
= and technical information which need no longer be held secret doeg
" not proceed at a pace rapid enough to satisfy all of the demandg for

such data. _
Financial controls and reporting were substantially imprOve d
during the year. A continuing efort is being. made to meet More

" adequately the requirements of flexible operation, for keeping accouns

of where projects stand financially at all stages, and for Ieporting
ent
intervals. - o

To speed its atomic energy program, this Nation requires, above 4
else, technical men of talent and training. Other vital developmey
programs of industry and government have comparable demands f4y

. scientists and technicians. It is important that the Congress and the
- - people of the United States recognize the critical need for fundaments]
- research and the training of scientists, engineers, and technicians,

On September 23rd the President announced to the American people
that an atomic explosion had occurred in the USSR. The President
pointed out that U. S. policy and operations in atomic energy hag
always taken into account the likelihood that other nations would
in time develop atomic weapons. The President’s announcement, by
its revelation of Russian achievement, emphasizes the importance of
the most efficient possible utilization of the resources available for
this Nation’s atomic energy program. |

The Congress in mid-October modified, in the interests of speed, »

the constriuction rider in the 1950 appropriations for the national

atomic energy program. In early October the President released .

budgetary reserves so as to advance by some months the start of s

quarter-billion dollar expansion program, then at the drawing-board ~ ;

stage and planned for construction in subsequent fiscal years. Some
of this work is now actually under way and will require supplemental
appropriations at an early date. This action was discussed by the
Commission with the Congressional committees concerned.

Maintenance of the United States position requires a vigorous, gro¥- ~ |

ing program of basic and applied research in nuclear science and ee-
gineering. Because of the vital importance of this work, the 5:4313_011‘1
part of this Seventh Report to the Congress is devoted to the reseal‘ﬁh
program in these fields. I T
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REWORD 'ugh‘quc&essful development of atomic energy depeeds 'ﬁrst_"'bf N
CeS gy 1 upon mex, it also depends upon information. Policies for the }
trOl of atomic energy information are aimed at the basic objective |

®S Wity,. f] jdvanciig our Own program while giving as little 2id as poqﬁlbfle._ ;
\Ian‘ the program of inimical interests. The measures for accomplis -

eSE‘u-ch - this obviously need to be adjusted to the presentlv known facts

‘@ infop, P - rival development -

xClenhﬁ - | Ad]’ustments in declassification procedure are being undertaken by_

Tet dﬁu_- (hrée nations—Canada, the United Kingdom, and the United

nds fop t&;_..whlch participated in the wartime atomic energy program

hich have adopted uniform declassification policies covering the
. ymation they hold in common. L
gechnical studies looking toward adjustments began on September E

dccouny & ot during the third international declassification meeting then in ses- :
*porting ? gon ab Chalk River, Canada. These studies have been contmued m ;
frequent i pach nationt during the past four months, o
- 33 . The results will.be coordinated at forthcommg mternatmnal confer- T
bove g} s The resultmg recommendatmns will be Submltted for con31der-” '
lopment o by the atomic energy agencies of the three nations.
ands fop As in previous years of the Commission’s tenure, there has been
and the mtifying and helpful cooperation from all agencies of the Gov-
amenty} ;mment whose operations touch upon those of the atomic energy
-lans, 3§ program, OF which are enlisted under special arrangements to car-
N people v on specific tasks. The Commission’s relationship with the Mili-
resident  § v Liaison Committee was further strengthened. The continuous .-
rgy had 3 .nd extensive work on mutual problems by_the staffs of the two .
s would 3 sencies contributed substantially to effective coordination of De«-
nent, by .} partment of Defense and AEC activities. -~
tance of |

anee 3 The General Advisory Committee has continued 1ts dlllgent and
’ 3 dfective work of analyzmg the problems of atomic energy develo
ment, particularly in the scientific and technical lines, and prowdmg'
fruitful recommendations for policies and programs in those fields’
3 Other advisory groups appointed by the Comimission have made sub
“3 gantiul contribution to the progress of 1949,
3¢ There was a considerable increase in the exchange between the "
=% kint Committee on Atomic Energy and the Commission. Includ-
o~ & bgthe sessions held in. connectlon with a long series of hearings
o % o charges of Commission ‘mismanagement, there were during the

g -3 T, 24 public and 87 executive meetings between the Committee
_ ud the Commission dealing with current operational and policy mat-
£ § . The flow of correspondence and reports from the Commission o
P

the Comm:ttee, totalling some 375 reports and communications durmg
%49, is an indication of the volume of information supplied to mem- -
bors f the Committee. \Iembers of the Connmttee and the Com- - *




"mittec staff visited the sites of operations in the atomic energy program
and familiarized themselves in detail with the progress and the proh.
.. lems of the enterprise.

With full awareness of the deficiencies that continue to exist in sCope ,

and speed of operations and development of smooth-working relg.

tionships throughout the program, the Commission nevertheless feelq

_that at the end of three years of its stewardship, the Nation’s atomje
~ energy enterprise is on a sound footing.
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I
PRODUCTION

ﬂﬁgml%B advances were made in the main phaqes of production .-
rations: PY ocurement of raw materials, plocessmg of feed mate- _
i for the production plants, and manufacture in these plants of
s onable plutomum and uranium 235 for use in weapons, power -
?ﬁdopmenta and research. -

RAW 'MATERIALS

5o ngress in exploration, ore buying, and ore processmg durmg 1949-
- assure that future ore supplies, both from abroad and from
._:ources in the United States, will be adequate for the ope.ratlon of‘ﬂ

".the atomic energy program,

- Exploration

#  Tphe Nation-wide search for uranium-bearing ores is carried on both
3 yy the Government and private individuals. The Government pro-
3 oam is conducted by the Atomie Energy Commission in collaboration
22 yiththe U. 8. Geological Survey, which among other work carries on
2 aiensive drilling operations on the Colorado Plateau. Moderate
3 amounts of workable ores have been located that add to the supply for
3 1w processing plants. In addition to the drilling program, 3,860

“wuare miles of territory have been mapped and radiometric traverses
wialing 28,000 miles made by auto. _

The amount of ore processed in the Colorado Plateau area increased .
n1#9. The Commission continued its investigations to locate and
measure the extent of the large low-grade deposits in various parts of
the country which might be worked if processing costs were no object.’
1 Meralogical research was initiated to determine the origin and
1 manner of oceurrence of uranium and its associated elements and to
§ Hentify the primary minerals of uranium ores. - Columbia University
@ the University of Minnesota are assisting in these investigations.
= Growmg interest of individuals and firms during 1949 in the search ..
_for tranium was evidenced by: |




" is operated for the Commission by the American Smelting and Refin-

ACTIVITIES AND DEVELOPM‘EKTS

@) Receipt during 1949 of about 1,200 samples of ore each month frop, Ore-i
: private'individuals as compared to about 400 a month receiveg in Fi
1948. trates

-B) Receipt by AEC of about 700 inquiries each month concerning {}, ’ Two
domestic uraniunm program. " The

¢) Sale by private dealers to private buyers of about 400 Geigey Distr

counters per month. S at th

d) Sale of approximately 40,000 copies of the prospector’s guide sincg j Com

its issuance in June. This booklet, jointly issued by the U. 8, Geg. ~ to be‘
logical Survey and the Atomic Energy Commission, and titleg A
 “Prospecting for Uranium,” is on sale by the Superintendent of, m'ani_
- Documents, Washington, D. C.; its price is 30 cents; it gives the reha
laws and regulations which affect uranium prospectors, and te]lg owne:
how to use Geiger counters and other devices for detecting radio.
active minerals. Forei

As a result of intensified exploration, a large number of uranium : Ste

occurrences were reported during the year. Though most of these will raw I

be of no commercial importance, a few now being explored promise In

to be of some value in production. ' discu:
| o of So

: .. . rodt

Ore Mining and Buying | Eccur

Domestic production is still confined to the ores of the Colorado ores.

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 over 200 percent. Deliveries
. have been stimulated by:

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

b) Procurement of ores previously unmarketable, such as Iligh‘ lime
carnotites.

¢) Leasing of Commission-owned properties to private mining
companies. .

L]

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

ing Company. Carnolite ores containing a high percentage of lime
are accepted only at the AEC Monticello buying station. '
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ioir:]l Five plants for the produohon of uranium precipitates and concen-
5 from domestic ores are now operating on the Colorado Plateau.;;_
prat® f these five plants started operation within the last 6 months!
the : TWO\? ranadium Corporation of America plant in the White Canyon
- Tl-limt started in July. (Copper-uraniuni ores are being processed .-’
ger. his plant only.) The Monticello processing plant, owned by the

C mniission and operated by the Galigher Company, was the latest
o laced in operation, starting the first of September.

‘A slxth plant, the last and largest of the plants in the ongmal pro-';

m will begm operation durmg the ﬁrst part of 1950, as soon as:

of h&blhtaflon is completed. This is the U. S. Vanadium Corpor at,lon-_
the - L owned plant at Uravan, Colorado. . k S -
ollg _ ‘
llo— = 5 ' Co I S o L T
Fw"b’zgﬂ Sowrces . , o IR
um : '_'StepS were taken during the year to. assure a contmumg bupp]y of =
vill raW materials from foreign sources. -
ise ““In November representatives of the U. S. and the U. K. contumed_ B
’ dzscussmns with representatlves of the Government of the Inion
of South Africa in Johannesburg on problems relating to the eventual”
pmductmn of uranium in that country. Uranium has been found
' mcurrmﬂ' as 8 minor constituent in certam South African gold- bearm '
o . Further discussions are expected ' _
on : _ _ -
FEED MATFRIALS
:.:51 The Commission and its contractors have considerably mcrease

 the efficiency of operations producing feed materials in their various®

- phases—brown oxide and green salt of uranium, uranium hexafluoride’

.- gas, and uranium metal. The plants improved processes, consolidated

fow Iines of materials, and instituted additional safeguards over T

- workers’ health. Satisfactory stockpiles of feed and intermediate

* materials were built up to assure continuity of production. _
There were major developments in the feed materials system durmg

u
G

g the year. The New Brunswick Laboratory for assaying materials?
= @me into full operation with a schedule of approximately 1,300
— chemical determinations a month, Opemtlons began in-a new proce

plant for making brown oxide of uranium. Construction startéd on®
A new uranium metal plant. Plans were drawn for a new uranium
- bexafluoride plant which will cut costs and increase productivity.
Beslgn was initiated for a new green salt plant. This plant and the
few metal plant both will improve health condltmns for Worker

.-gw%wﬂﬂﬁﬂﬁi:.



8- ' ACTIVITIES AND DEVELOPMENT pRODUC”

give better control over quality, and help assure continuity g 1 COMM
production. ‘
o T ; T The il
FISSIONABLE MATERIALS _
to devel
. , Go\'-’ernﬁ
* The plants at Hanford and Oak Ridge turned out more fissionaly, ciderabl
“= materials during 1949 than in any previous year. This production narply
" was accomplished in facilities, initially constructed during 1949 45 ie Juctio

'; _which have been improved with consequent extension of their usefy)

~1ife, increase in output, and lower cosis per unit of product. During : '

" _this year of record output there were fewer employees engaged ip . Richlon
~ the production of fissionable materials than at any previous time, o

. . t
Completed during 1949 and put into operation at Hanford were 5 C?:(l;i]
new reactor to produce plutonium, and a large new plant to fabricate - reac iva
plutonium metal. At Oak Ridge, construction started on an addition byIP the
to the gaseous diffusion plant which separates fissionable uranium 235 n e
f fissionabl ium 238. The lant i - for two
from nonfissionable uranium 238. The new plant incorporates ag. " frst hall
vances in design to improve the efficiency of this process. ; rsirieSSt
The 165-mile pipeline to supply natural gas for the steam-electric busine

1 . . : leted h peI‘lOd, ]
plant of the gaseous diffusion operation was completed, and the Oak ractur
structu?

Ridge installation entered 1950 with greater assurance of uninter- )
: Chure
rupted fuel supply and a lower cost of power generation. :

Future Construction . _OQ& Fia
Detailed plans were worked out during the year, for still further T A lon;
: : : e - 32,000,d
oxpansion of the plants for producing fissionable materials.  The  for prive
plans call for an expenditure of about 226 million dollars over a period B o )
of some 8 years by the Atomic Energy Commission. In addition, the zﬁtwrgs .
Tennessee Valley Authority plans to erect facilities to help meet e ?&rct e
expanded power needs at Oak Ridge resulting from this program, : the ;SIZ'
The AEC plans include another Jarge-scale addition to the gaseous o estim:
diffusion plant at Oak Ridge {besides the expansion mentioned above}, ;zwejrl ‘
additions to the plutonium production plants at Hanford, Washington, )

_ plus other auxiliary facilities. In October, the President authorized @) Reor
pulk the beginning of this program, drawing on funds available to the . ¥~ empl.
s Commission. By the end of the year preliminary work was well ad- =~ 1, 19
- vanced. Ground had been broken at several of the sites. Parts of June
s the construction will be finished during 1950, and the current program b) Rent
oo should be completed in 1952. Z

Construction will start during the first half of 1950 on the first :'c) Redu
of the new facilities for an improved process of separating plutonium conce
from the irradiated slugs. The first facilities are expected to be 8681

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



}.:-ﬂ-ﬂ'}l.\*:ITY OPERATIONS IN PRODUCTION CENTERS

of cot |
s1he communities of Oak Ridge an.d Richland during 1949 f:mlt-inued_
Z. avelop 28 desirable places of residence. Costs .of. operation to the
» d'e‘nment were cut. Highlighting the trend at Richlund was con~ -
able ‘ qg::;ble privately financed comn.iercial dew:'elopme-nt;. Oak Ridge . g
tion i S.Lafpl}’ reduced costs of community operations, and plans further -
~45,. E 'reductions through the pfesent- and next fiscal y ear.
efy] :
ing
i o2
8 = —=Lon ! i . -
re g F_ached & peak during .t.he last half of 1949. Estimated 1nvestmen_j; _
Cata ﬁ, rivate capital in this town of 21,000 totals $1,302,300 to date. .
tion 3. _33312 the last 6 months of 1948 construction started on two structures
235 p two businesses at an estimated total cost of $198,000. During the_
ad- ) first half of 1949, construction started on eleven buildings to house 18-
pusinesses at an estimated cost of $270,700. During the past 6 months”
*trie riod, private capital undertook the financing of construction on 18
Oak sructures to house 30 businesses at an estimated cost of $833,600. )
‘ter- " Church organizations are leasing land and building churches. -
Ok Ridge, Tennessee | v
A long-term leasing policy was adopted at Oak Ridge, a town of
ther £,000, during the last 6 months which establishes favorable conditions
The for private commercial development at that location. Church organi=’
riod ations are buying sites at Oak Ridge and are erecting their own =
the churches. _ o - o Sy
neet Actual costs incurred for Oak Ridge community operations during
am. the fiscal year 1949 were $7.371,906. For the present fiscal year, it
is estimated that operating costs will be approximately 42 percent
3 lwer. These reductions are due principally to: '
. 4) Reorganization which reduced operating personnel, including -
ot employees of schools and contractors, from a total of 5,172 on J uly .
= 1, 1948 to 3,145 on June 30, 1949, and will further reduce it by"
_ - June 30, 1950, : ' T
2: b) Rental increases resulting in increased revenues. }

¢) Reductions in Government-furnished services to residents and
CONCessions.

868145°—50——2



ACTIVITIES AND DiEIVELOPMENTS

d) Transfer of operation of the hospital to a board of trustees op

. . gan.
ized as a nonprofit corporation.

¢) Various operating economies resulting from a critical analys;g of
the operation of municipal activities, .

This program of reducing community operating costs at Qak Ridpe §
will complete the initial comprehensive program to place thig com,.
munity on an efficient operating basis. Further reductions ape ex.
pected, but these undoubtedly will be less spectacular and must cOme
from refinements of individual features of the community maﬂage
ment program.
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MILITARY APPLICATION

oress 0 the ﬁﬁitéd States program for development of atomic
?m:,.-;was marked during 1949 by significant action in the field of-
e“-(;l‘;:ry applica.ticin, including: : ey
m] I-‘:- m.- . . ) - . ’ - e
fhange-over in the weapons production system from a Jaboratory :
!}-—tn Bﬁ industrial type of operation. : -

iamit - oakot hens

1} Establishment of the branch laborafory at Sandia, near Albuquer~
5 ue, New Mexico, as a separate facility and transfer of its operating -
. contract to an industrial contractor. ' ERURERE

A Developments in weapons leading to the requirement for full-scale
et operations and improvements to proving ground facilities.” —

é) Construction of facilities to replace temporary war-built structures |
ot Los Alamos Scientific Laboratory. -
;) Improvement of community facilities and services maintained for
 the personnel of the weapons research center at Los Alamos.

PRODUCTION

The program for establishment of the weapons manufacturing ac-
dsity on a production basis, reported on previously, was practically
aopleted in 1949, This was, in effect, a change-over from what
night be called a laboratory operation, stemming from the “custom -
wilt” nature of the original bombs, to a system in which the product
& well as the facilities, equipment, and production techniques have
‘ben designed and engineered with a view to faster and more efficient . -
“#oduction. SRR
Several significant advantages have been gained by this change:
#er.- The Los Alamos Scientific Laboratory has been relieved of a
__ Wsome production operation which interfered, and was incon-~
ment, with the primary responsibility of the Laboratory in the field
’{f rsearch and development. A strategically important dispersal of
§ % production facilities has been effected, thus reducing the vulner:

$ oty of the weapons production chain in event of war. In addition,
E* Permits new developments to be incorporated more rapidly in the

H

ed weapons,



10 o ~ ACTIVITIES AND DEVELOPMExy

SANDIA LABORATORY

The change in status of the Sandia Laboratory {from a braney of
the Los Alamos Scientific Laboratory, operated under a research ¢,
tract with the University of California, to a separite facility Unde
an industrial contractor, was an linportant factor in the genery] gy
pansion of the weapons program. On November 1, 1949, the man
agement and technical direction of the Sandia Laboratmy Was takep
over by the Sandia Corporation, a wholly owned subsidiary of the
Western Electric Company formed for this purpose.

The Sandia Laboratory is the field point of coordination of WeaPOIls
development with the armed forces. The laboratory is located ad-.
jacent to the military installation directly concerned. The PI'OXHmty
~of the Los Alamos facilities and personnel makes possible an eﬁectwe
mtegratlon of all interests involved.

'TEST OPERATIONS

Tn the summer of 1947, the Commission established a proving prounq
at Eniwetok in the Marshall Islands for the testing of atomje
" “weapons. Proof-testing is a necessary and continuous part of ayy
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 technical
- facilities. |
The planning for test operations is naturally closely geared to
. 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 Comml_c,_.fs_l_on 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 Wh]Ch permitted scant consideration for
‘long-range adequacy, desirable working conditions, cost of maintenance
- or operatlng efficiency. Quick housing for men and eqmpment Was
. the governing standard.

Shortly after the war, work was begun on plans for a permqnent
laboratory, with modern and efficient buildings for research operations
in the fields of weapons technology, chemistry, physics, metallurgs
and shopwork. Construction was started in 1948 on new research
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aett 1 facilities construction program envisions the eventual

D The technica . ; - }
i 3 ment of the temporary structures built during the war {o house
}'I_fl‘lace' rch operations. Demountable frame structures, metal

pons-resed ey - . iy 3
-] yarious temporary buildings will be replaced by buildings

. ed for the specific types of work, less costly to maintain, easier to
.t':;*vnd safe and efficient for continuing.work. . ' -

o r-é;lacement and expansion program is nearing c?mp]etlon at
" New laboratory and test facilities, administrative and shop

s, atilities, roads, and housing are included in the program.

T gendit-

= building

' LOS ALAMOS COMMUNITY

The community of Los Alamos has continued to develop facilities
=7 ervices which make it a more satisfactory place to live. A sepa- o
:riﬂ!L"S _-A_lamos County was established and added measures for self-: °
reroment by the residents were developed. '

cmmercial Facilities
The only major expansion of commercial facilities during 1949 was -
¢ mthe community center cafeteria. However, continned growth Of.t]:}e_l
| gmmunity has necessitated developing plans for additional construe-*
3 s and commercial concéssions. The Lodge and the community eat-
oy acilities no longer are operating at a deficit. - o
1 Plns were virtually completed for transferring the hospital to a
% yurd of trustees, which will administer the hospital as a nonprofit
3 ."mrpﬁrate entity under a contract with the Commission. As a first - -
$ 5w, the board of trustees has appointed a trained lay hospital

& wiministrator.

Fousing Program

E 2 The folloiving comparative ﬁgures on the Los Alamos housing pro-
¥ mm show the increase in permanent dwellings and the reduction in -
lemporary quarters: S

Type of Accommodation - Jan.1,1949 * Dec. 31,1949

Fanlly-type quarters e 1, 952 2, 837
bermitory rooms.. o e 1,333 1,301

k beds (open bay—ATMY tFPE) v oo 573 215
- MLeT Spaces __ ' i 160 160

49@2-..the year over 900 family-type facilities were approved for |
ETuction. SRS T S g




ACTIVITIES AND DEVELGP,,
- Self-Government

By an act of the Congress approved March 4. 1949 (P, L, 14 - ]

Cong.). the Federal Government gave back to the State of Xe,
. . . . - N . L. . - . . . v
Mexico its exclusive jurisdiction over the Federal lands incly de]

in the Los Alamos project, in Sandoval and Santa Fe counties, New
Mexico, so that the people of the community could become citige, ‘; !
"the State. The Federal Government still owns the land, but by ¢ h(: 3
action, and the acceptance of the retrocession by the Governor of thz
_ State of New Mexico, Los Alamos passed under State law. The New
~ Mexico State Legislature established the federally owned lang on
" which Los Alamos is located as Los Alamos County. The Governg, of
New Mexico appointed three county commissioners who, in turn, hyy,
appointed the necessary county officials. Los Alamos citizens now hat;,
available the legal remedies and recourse to State courts enjoyed ,
citizens in all other parts of the State. Los Alamos County is 5 legal
entity for voting purposes, and the county sheriff can enforce Stata
laws within the county. o

" The Los Alamos County School Board took over operation and may,
“agement of the school system in September. An agreement betaveey™
_the board and the Commission provided that the board will nse fje
AEC-owned school plant and that the Commission will furnishtothe §
board financial assistance for schoo} costs. The board is responsible " §
for the academic standards of the school operation. Pursuant to the
State law the Los Alamos school system received $160,000 in Staie
grants for its operations in the school year 1949-1950. It is expected =
that the State distribution of school grants will increase and finally - : ¥
stabilize at a higher figure as a result of the creation of Los Alumes- ¥
County. REEA




'REACTOR DEVELOPMENT

 Nex . | |
My of dvaﬂcmg the development of nuclear reactors, during the last
¥V thig In® ¢ the Commission-— G

T e rablished the Reactor Teetmg Station in Idaho and started work

. Preparatlon for the first two reactors to be built there.
in

racted for construction of a nuclear reactor intended to test

ot
i}o}l ctical feasibility of converting nonfissionable material into

ha.v; ﬁ;ﬁi:ble material more rapidly than it eensumes its nuclear
:d by fuel (the. ‘Experimental Breeder Reactor). Ground has been
legry)  proken for this reactor at the Reactor Testlng Station in Idaho.
State Brought to final stages of engineering de51gn a reactor of high -
4 qeutron intensity to be used to test materials for use in other
“fm‘ reactors {the Materials Testing Reactor). |
e ;T;: P Advanced engineering d951gn upon a reactor to produce useful
0 the power and to test the feasibility of breeding fissionable materials
sibile of the intermediate neutron-energy levels while producmg power
o the (the Intermediate Power- Breeder Reactor). .
State ) Carried out research directed toward plannmg a land-based proto—
ected type of a nuclear reactor deSIgned to power a submarine or other
nally paval vessel. Engineering design is expected to begin during 1950
oS ) Sponsored and carried out research directed toward the design . of L
other promising types of reactors, particularly for use in airplanes, - -
and further suppor ted research toward the solution of the scientific .
snd engineering problems of reactor design (dlscm.sed in Part I1
of this report). ‘
e The Reactor Development Division of the Atomlc Energy Commis- ~
=S orgamzed a year ago with responsibility for directing the pro- = L
== igmms in this field, carried forward construction at the laboratories
. "md other installations under its direction ; took over and set up opera-.
e t9ms offices; initiated and participated in numerous programs for

rB:mperatlon between the atomic energy industry and other industries;
wd arranged for the training of engineers and scientists in the par-

13




14 ' | ACTIVITIES AND DEVELOBAmyy s
ticular problems of reactor design and operation (Chapter Vi,
The Reactor Development Division’s operations offices are: "

ScHESECTADY, N. Y., home of the Knolls Atemic Power Laboratory, Oberateq ¢

. g Op
the ARC by the General Electric Company. o
CHICAGO, IlI., home of the Argoune National Laboratory, operated for the AR
by the University of Chicago, and center of reactor developnient,

Ipamo Faris, Idaho, near the new Reactor Testing Station.

THE REACTOR PROGRAM

Nuclear reactors are machines for putting nuclear energy to Work

under controlled conditions. In contrast, an atomic bomb explo.
sion is instantaneous, an uncontrolled nuclear reaction. Under cqp.
- trolled conditions, the amount of nuclear fuel that is destroyeq j,
"a small fraction of a second by an explosion may be utilized f,,
. months and perhaps even years to give off useful energy.
" Reactors vary enormously according to the purpose for whig,
they are intended. Some may operate at temperatures below th,
boiling point of water; others may generate heat which must b
carried off or put to work by the use of molten metals as coolants, 4
reactor, using high energy neutrons to cause fission-—a so-called “fagt
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 knowledge, may generate useful
power, drive ships or airplanes, or breed extra fissionable material

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

*The nuclear reactors in operation at AEC installations include: in the thermal neatrod
energy range, the Hanford remetors, two reactors at Argonne, one at Oak Ridge, and the
Los Alames “water boller:” in the fast nentron range (in which neutrons cause flssion 8!
energies above several hundred thousand electron volts), the Los Alamos fast plutonin®
resctor.

Being designed, or under constructlon, are three thermal reactors, the one at Brook-
haven, a Navy ship propulsion reactor, and the Msaterials Testing Reactor; in the infer
mediate neutron energy range, the Knolls Intermediate Power-Breeder Reactor; fn th® o
fast neutron range, the Experimental Breeder Reactor. i
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mnnga number of reactors proposed by different scientists.
afbnoiving sections, this report discusses the reactors currently
t_-"ésigned and others being advanced by preliminary research.

ﬂ}eﬂmmg‘af Breeder Reactor

o0 1949, preliminary construction started on the Experimental
Lt IReéctbr at the Reactor Testing Station in Idaho. A contraet
preede” rded to the Bechtel Corp., of San Francisco, to perform the
w88 aw?;nstmc’cion work on this reactor, the first to be built at the new
o]0 ¢ Work is scheduled to be completed by the end of 1950.
8 auoiz'js a reactor designed to test the feasibility of transmuting non-
: tm']ua,ble material into fissionable material in the “breeding” proc-'
: “-_"Iiroduces more fissionable material than it consumes. The
design of this reactor was completed by the Argonne National
atory and detailed architect-engineer design work was done by
astin Co., of Cleveland. o
The-"ﬁécﬁtel Corporation will build the steel, brick, and concrete
T;ctor"Structure, and install the ventilation, cooling, and other auxil-
sy equipment. The reactor core—heart of the nuclear machine—
will be furnished by the Argonne National Laboratory, where it is
being designed and built, . . o
The EBR will operate with fast neutrons and, besides testing the
feasibility of breeding, will investigate the application of molten
% petals to the removal of fission-produced heat from resctors at high
temperatures. The reactor is designed to produce a small amount of
d weful power as a byproduct.” It will be built at a remote site so that
i may be operated at as high a power level as possible. | SR

e o s 3 o P

Haterials Testing Reactor

=8 The Materials Testing Reactor was in advanced stages of engineer-_
2§ g design by the Blaw-Knox Co., of Pittsburgh, as the year ended..
2§ {hoice of & construction contractor is expected during the winter,
2 demal construction at the Reactor Testing Station is expected to get
# wder way this spring. The scientific design of this reactor is a co-
werative effort by the Oak Ridge and Argonne National Laboratories.
. This reactor’s primary purpose will be to provide facilities to test

kimportant to learn in advance how various materials that might be
¥d 1n the structures, cooling systems or shields will behave under

3

&fmse neutron bombardment.

This test reactor will help particularly in the development of reac-
3 for the propulsion of aireraft, since it points in the direction of
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compact ]11rrh mdntlon domlh reactors of a sort which mugt ulty.
mately be developed if aircraft are ever to be propelled by atomg,

energy.

Intermediate Power-Breeder Reactor

Engineering design by the General Electric Co. on the Intermed te
Power-Breeder Reuactor ‘neared completion at the end of the Vear,
The General Electric Company is now drawing up a feasibility report,
a complete engineering design, and a cost estimate.  1f the desigy ﬂnd
cost estimate are approved, it is hoped that construction can be"'m o
in 1950 at the West Milton reactor site near Schenectady, N. Y, "

“. The intermediate power-breeder reactor 1s designed to explore fllﬁv
‘the possibility of producmg significant amounts of electric powep

utilizing neutrons in the intermedinte energy range while breediy,

" fissionable material at the same time. If successful in both, this regq. -
tor would represent a major step in the direction of the Pl‘Oduc'tmn
of useful power without depleting—and possibly even mcre:;,smg___"‘":__
the national supply of fissionable material. To date, no reactor hyg
been built to operate in the intermediate energy range. As in the
Experimental Breeder Reactor, the heat energy of the intermediat
- reactor will be removed by molten metal. This heat will then b
_uséd to generate power through conventional means. .

e Protoéypc Nafvy T}ze'rmczl Reactor

.. The Argonne National Laboratory and the Westlnghouse Electnc
”'Corporatlon are developing designs for a land-based prototype of »
thermal reactor suitable for submarine or ship propulsion.
This reactor will be a single purpose machine designed l-“,pecnfically
or the purpose of producmg large amounts of heat under-conditions -'
that will permit conversion to power for naval vessels. £
Research and development work is well advanced, and detailed en-
rineering design of a ship propulsion reactor is scheduled to begin
during 1950. Engineering work is under way to develop the novel
equipment and components required in a complete nuclear power
plant to adapt them to the special conditions to be encountered in the

= generation of power from nuclear energy.
o .

o - Research on Other Reactors -

[y

:  The four reactors descrlbed above are under construction, are being - "
designed, or are in an advanced stage of development. A number of



| Probablry |

© oinmuch earlier stages of investigation or study.

! :lsl i:ﬁl be deswned and bullt '

‘ ¢ mt(’rmedzate Nary reactor. Late in the year, effort was

29 2 ip on. studies by the General Electric Company toward an

‘_.PI’ d date gnerg , Hiquid metal-cooled nuclear reactor for ship anl
e e pwpulsmn This study will benefit from experience with

1
% ri L
. :ublnﬂ s intermediate power-breeder reactor which will serve as pro-._.-

Zediale o for & number of features of design.

Yeuy 1otdP
Tepo qeneous Teactor. Another possible new type of reactor is La]led
‘gn ang g fogene()us reactor.. All reactors constructed in the Umted
! begiy, £ Far, except for- one small experimental unit at Los Alamos;”

. puilt upon the principle of embedding fissionable fue] ele-
e fult, P s other solid materials used for reflecting and moderat,mg_

Wer by e, - Scientists have studied and restudied the questmn of
‘eediyy pether they could design a feasible and practical reactor in whith
'S rexe. e, moderator and coolant were all mixed together—hence, the térm]
hl.u_ign- = mogeneous’ Teactor.” o
‘Sing These studies are being carrled further, since they present‘ th
“Or hag teresting possﬂnllty that the nuclear reaction, the removal of energy,\
D the } 4 the reprocessing of nuclear fuel could all be put together in one’
rediate ::;ended unit, and productlon of fissionable material, for exam]:lle,,
hen be might be carried on in continuous, instead of “batch,” operations.
[m?roved research reactor. Studies are being carried out on the de-___ _
of an improved research reactor by North American Aviation,
Inc. The goal is & unit, designed primarily for research and train-
Tectrie ing, which can be built at a much more modest cost than any of the ]
e of g actors discussed here.
fically Aireraft Reactors . e imed
Vitimar— During the second half of the year, the Afomic Energy Comm
pooled efforts with the U. 8. Air Force, the National Advisory Com- ;'__'
" mittee for Aeronautics, and the Navy’s Bureau of Aeronautics in a
perative program for developing aircraft nuclear propulsion.. The
AEC’s part of the research is bemg carrled on a,t, the Oak Rldge'
ional Laboratory.
en ast fall, a committee composed of the techmcal dlrectors of the -
= ratories working on the aircraft nuclear propulsion program was
~— ned to give technical guidance to the program. .
= In this program, the Oak Ridge National Laboratory is engaged =
= primarily in making shield measurements with the research reactor

there, and in developing materials that will resist high temperature

md intense radiation. The Laborat,ory is also begmmng an over- all
8udy of the proposed reactor 1t.~,e1f o Ee L




~" the remainder of the site was being carried out with the assistance

R e ACTIVITIES AND DEVELOPNr. >
These AEC activities follow a coordination of the work of Varigy,
agencies toward the use of nuclear power in aviation achieved thl.ougl'l‘
" the Ad Hoc Committee for Aircraft Nuclear Propulsion,
. The present course of action is 1n accordance with the Tecommeng, .

* tions of the so-called Lexington report, prepaved in 1948 by the
" Massachusetts Institute of Technology under contract with the
- Commission.

REACTOR TESTING STATION

In the interest of public safety, 0pe:gt-ional economy, and security
* the Commission in the fall of 1948 determined to establish in g Temot{;
location a Reactor Testing Station capable of accommodating o .
ber of the newest and most powerful reactors then under design
Accordingly, with the cooperation of the U. 8. Army Corps of Engi:
neers and the U. S. Geological Survey, more than 70 possible locationg
- in various parts of the country were surveyed on the basis of g

factors as isolation, accessibility, availability of water supply apq
favorable meteorological conditions. -'

" As a result of the surveys, the Commission last March announceq
‘that it had selected a 400,000-acre site in the Snake River plains o - ¥
southern Idaho—including 173,000 acres of Naval Proving Groung ¥
property near the town of Arco—as the best location for the ney

station.

vfr.

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 1, when custody of the Naval Proving Ground was formally trans-
ferred from the Navy to the Commission, work on roads, water lines,
wells, excavations, and utilities was under way. Ownership of the
Naval Proving Ground property, including shops, warehouses and
other buildings, is to be transferred to the Commission early in 195,
in accordance with authorization contained in the Independent Offices
Appropriation Act for fiscal year 1950, . =
At the end of 1949, a survey to determine the precise boundaries of .. F=

" of the U. S. Bureau of Land Management and the U. S. Army Corps
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. o o

The Commission is now preparing to build two of its new nuclear -
reactors at the Idaho Testing -Station—the Experimental Breeder
Reactor and the Materials Testing Reactor. N,
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com m{ﬁees ) |
Ugh - o pecial committee has been appointed .by the Ida}}o Qpera.tlons
o A 5P advise on chemical and metallurgical processing in the de-
e, L - iznt of the Reactor Testing Station. . '
the A “’}OPH'R« 1949, the Reactor Sa.fegu_ard Committee of the Atm]'mc
t Duﬂ, (Commission represented the United States at a three-nation
el ce on reactor safeguards and related subjects held in the
= “m.f el?i{jngdom. Topics included : environmental and meteorologi-
€ Lot Jies connected with handling radioactive wastes; studies of bio-
ity : 15;5 tolerances:to radiation of plants, z%.nima.ls, and human beings;
ote P iop-hazards as a result of nla%functlon of reactor structure or
um.. e 1 ’:ﬁ ﬁ,blé,-accidental eITOors o_f operation, and sabotage. .
g = wF§11ding5 of the committee helped fix -standa.rds .for locatl.ng
ngi- 3, Station, and have been of fundamental importance in determin-
tong i, ultimate design characteristics and locations of reactors now
sueh ngrammed,-
and %
ced Test Milton Eeactor Site . |
sof Z 1nthe fall of 1948 the Commission concluded that location of the
und ‘# ) mned Intermediate Power-Breeder Reactor in the Schenectady area -
hew “ gould substantially enhance the value of the General Electric Com- -
s contribution to reactor development by encouraging maximum
gilization of the company’s specialized facilities and manpower. .’
- gfter consideration of seven sites in the Schenectady area, the West.

: fiiton location was selected and acquired. Preliminary development
laho s under way when the year closed. ' E
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BIOLOGY AND MEDICINE

ﬁgmlc Lrlerﬂy Commission continued to sponsor research on
i 1and biological appllcatlons of atomic energy.
“,dlcﬂ-m of its general program for medical research, and ’ro aSSISt
As P]ymg technical information useful in civil defense planning, -
it sg;i; musg,lon has put new emphasis upon diagnosis and treatment-.
eradmmon injury. In the field of biology, research includes soils,
£ ¢ diseases, radiobiology, aquatlc blo]ogy, genetlcs, animal pathol—
é’n and physmlocrv
ess In research in all. these ﬁe]ds was reported in some detaﬂ :
= '"tha Surth Semiannual Report submitted to the Congress in J uly
maig ‘and work with isotopes was oovered in.a special report issued -
i ; Qctober. . These’ ﬁndmgs, and a flow of mformatlon distributed - 7
meessmnal cireles through many sc1,ent1ﬁc and teohnloal reports
é :Qe Pp- 161-—169), are the results of the research work of some 1 250
: ,ﬂentlsts in various medical and biological fields. : e
‘22 During the fiscal year 1950, the AEC is investing about 19 mllhon
: @ﬂu-s in biological and medmal research, distributed 10 million dol-
= s for 1nvest1gatlons in major Government- owned mstallatlons. 2"
¥ yiltion dollars in three major.university-owned, atomic energy labora-
<28 yries, and 7 million dollars for research in _pmvate industrial, a.nd
E dmtional institutions and m other (Jrovernment agenoles. -

b o i

MEDICAL RESEARCH

: The AEC sporsored medical research in the genera] field of acute
"3 ndistion effects and their control at the Brookhaven National Labora- -
§ ory; the Argonne National Laboratory ; and the AEC projects at the
g Luiversity of California, Los Angeles; University of California,
§ Berkeley; and the University of Rochester In addition, research
wtracts involving direct attacks on the problem are active at New
: 'iﬂrk University, University of Chicago, the Army Medical Center,
§ 2 the University of Oregon These mvestlgatlons are begmmng
‘ﬂm fruit. .
Fﬂr some time it has been realized that with the deprossmﬂ n the :
cells and antibodies that occurs with radiation injury, indi-
agls are markedly sensitive to infection.” The result of infection
_;*38 evident i In the Japanese V1c1:1ms at leoshlma and Nagasaki who

S L
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showed extensive ulceration and blood poisoning in many inﬁﬂﬁoﬁ"’”
One highly important advance has been the demonstration g4 th"_». =
Atomic Energy Project, University of Rochester, that the antil:,i(:si;ie
_aureomyein, which helps coutrol infection, has decreased the mO:
tality rate in rats and dogs exposed to lethal and near-lethal dose,;
of radiation. Aureomycin appears to prevent invasion of the blog d :
stream by many disease-producing organisms. Attention is now als “eonc
being directed to the effects of penicillin, streptomyecin, and other I
antibiotics on the acute radiation syndrome which develops in people N
exposed to lethal and near-lethal doses of radiation. -~ T
~ Cooperative work on antibiotics carried out at the Argonne Nationg) - 3
Laboratory and the University of Chicago and supporte-d'jom’é]y-by
“AEC and the Army, seeks to determine the effects of antibioties'sy -
“‘animals exposed to acute radiation with particular emphasis on (@
bacteriological studies, and () tendencies toward bleeding et with
in this condition. In the same laboratories, work supported by he
AEC has pointed up the remarkable effect achieved in reducing the
mortality of experimental animals when a radiation-resistant shigj,
such as lead, is placed about the animals’ spleens at the time they iy,
exposed to acute radiation. « -~ - ' ' L

. At the University of California in Los Angelessimilar striking . =
ductions of mortality have been obtained by another method. At the -
. time the experimental animal is exposed to radiation, it is deprived of - .
" normal air and inhales an atmosphere consisting almost entirely of -

- nitrogen gas. Animals exposed to an ordinarily lethal dose of radiz- %=
~ tion under these conditions have survived the exposure. o

This type of research is now being supported at a level of approxi- .
mately one million dollars anpually, and is expected to continue at
this, or a higher, level in the immediate future.

Research on chemical and radioactive hazards assoclated with han-
dling essential materials in the atomic energy enterprise continues to
receive 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 3 million -
.~ - -dollars a year. ' S R e

- Inaddition to the above, the AEC is currently sponsoring investig
. tions at several universities at a level of approximately $100,000 s

" year on the problem of radiation cataracfs—a blindness caused by -
. opacity of the lens connected with radiation exposure. |

Ehldgnc

BIOLOGICAL APPLICATIONS = . ..
) The program on the effect of atomic enefg’j?.-;aﬁ T PI‘Odu.cts' on th&
_:various forms of animal and plant life was expanded in both AEC:

. b T Cee L .
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.nd through the support of work at colleges and universities.
advances have been made during the year towards under-
mechanism of the biological effects of radiations. For
e of genetic changes from radiation is directly
_' ﬂﬂm% to the amount of oxygen available to the cells or organism
: relat® ted, a discovery which finds an echo in the work described above
"rradﬁﬁng— animals exposed to radiation when they are deprived of
f; wnceen during the exposure.

i "g% the Hanford Plant the toxicity of fission products to aquatic life
;".Z A ghown that many lower forms of life, such as plankton (which
e many forms of life from protozoa to jellyfish) tolerate very
5 vigh evels of fission radicactive material. There is a species difference
e ore than tenfold among fish in their ability to tolerate radiations.
B m@mmgy building and animal experiment farm has made it pos-
%;;lrblé-{géxpa.nd_fwbrk_jgvit-h_ _labomt-ory'a_nimals and with large animals,
'ht_hét.oxicity of fission produets. - T
17 At Osk Ridge 2 laboratory was completed this year for work with-
3 gomestic amimals. The laboratory operated by the University of
3§ Tennessee is studying the effects on cattle of the dust outfall from the
;o bomb tested at Alamogorde in July 1945.- Radioactivity of the -
arious tissues and organs is being determined, the pathological effects, . '
i any, are being studied. : o
““In the field of agriculture, important research contributions hav
¥ joen made on the rate of uptake and utilization of nutrients from ferti- -
2% ¥ijors which may mean a saving of thousands of dolars to the farmers
= of the eountry. They have found that certain forms of phosphate are " .
rE é_é_-j-;!,aprlj*utiliZed by crops, and that soil acidity is an important factor -
} itheutilization of phosphate fertilizers by certainfarmerops. -
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FINANCE

The Commission has put into operation some. improved metho
‘of cost control and financial reporting. A budget has beep pre
pared for the fiscal year 1951, which 1s based on accrued costs 311&
_performance. The 1950 budget has been converted to such a cost by
" Periodic reports have been prepared which compare costs of the C(,m;
‘mission’s activities and programs with budget estimates. The ;..
formation needed to provide a firm beginning balance sheet for ty,
current fiscal year has been developed, and financial statements simjl,,
to those used by industrial concerns are being prepared, :

As a part of continuing study given to the integration of budgetin

and accounting within the Commission, early eonsideration had beey
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 enly feasible but had become essen-
~ tial. Integrating the budget and the cost accounts with the genera)
- accounts posed a technical and administrative problem so long as the
long-term commitments of the Commission were financed througl
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
was substantially improved over the previous year’s, it was iiperative
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 appro-
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 2 cost basis,

THE COST-PERFORMANCE 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
o |

N Tl LA
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nds on the basis of obligations and expenditures, recorded by
o fu -lass and functional or organizational breakdown. Under such
abfect L] an obligation is incurred and recorded when some evidence
8% ’Ste;]]e’dication of funds to a specific purpose occurs. The obligation
of th wally liquidated by the payment of funds. In budgeting, stand-
8 noér;verhment practice has been to budget for the obligations to be
ord ed in a given fiscal year and to relate such obligations to the
i "“rg or services to be acquired, or to the agency’s functions or or-
' n'gabional pattern. This type of accounting and this type of budget
'ﬂamz{reﬂlel' and can be related. Neither takes into account receipt of
‘@iﬁﬁﬁals or services prior to payment, nor to any change in the use |
. “assefs ‘after the payment occurs as, for ‘example, the use of

“July 1, 1949, the Commission had installed an accounting system

, o the accrual basis as described in the Fifth and Sixth Semiannual_‘_‘_-_____
Reports- In such a system, cost.is incurred and is reo?rded when -

coods OF services are used, not-when the obligation is incurred or
-ghen the payment is made._ This 15 the most. satisfactory way to ac-
ot Tor the activities of AEC or any similar enterprise. Under
‘this system, the cost of lumber, for example, is charged to a function
when the lumber is put into a specific job. : It is usually impossible,
%t the time the lumber is received and paid for, to be sure how it

=% il be consumed.

_fw_dccbunts-f? Budge :

A difficult early finangcial problem experienced in the AEC was;__
the inability to tie ‘together cost reports’ and budget estimates.
When the accounting reports ‘were on a cost basis, it became logical =~
t put the budget on a cost basis and integrate it with the accounts. -

In this way the budgeted ‘cost for each program, subprograni ‘and
~ tegory is established;and the actunal cost experience is matched with
* kmonth by month. In this way the AEC receives the full benefit’
F ofbudgetary controls. - o o ERES
#  The budget on cost basis is the true performance budget no
% fnding favor in Government. The usefulness of such a budget ‘was
‘&ressed in the reports of the Commission on Organization of the
Executive Branch of the Government. For the AEC; such a system
bas been established by budgeting for the cost of .each ‘program, sub
4 Program and category under operations and constriction. .Programs,”
§ ®bprograms and categories are no longer presented on a basis of
' Yldual obligations, and the confusion in distinguishing between -
85 and obligations is thereby eliminated. A fter the cost has bees:.

mated for each division' and subdivision of the. Commission’s
~Mvities, the sum of the estimated costs is converted to a single tota

A tbligitions, by taking into account other transactions which al




require obligations. In the main. {hese transactions are changeq .
inventory, in working funds and in unliguidated obligationg S
creases in these items are added to costs, and-decreases are dedugy
from costs so as to arrive at the total obligational authority necesm:.
In addition to presenting the budget estimates for 1951 on a cogy basig
the Comniission has restated the budget for 1949 and 1950 oy 4 C-(;-n;’
parable basis. The Commissjon’s accounting system provides f{n:
~ recording depreciation as a cost, but since the Commission request
'_ _funds for replacement of fixed assets only when such a replacemeps iﬁ
“actually required, the costs used in the budget estimates do not incjy, d:
depreciation.
To illustrate how the Commission’s budget estimates are presengeg
under the the cost-performance budget, the form used for setting fort},
the Commission’s budget request is reproduced here.

. ACTUAL, ‘ ESTIMATE, EsTimarg
ACTIVITIES PREVIOUS YEAR | CURRENT YEAR BUDGET Yiag
l AREsp
_—_____—_-'-\-n-

Operating program costs: :
Source and fissionable materials. .. ______ :
WeaDONS . oo
Reactor development . . ___
Physical research__. ... ... ..
Biclogy and medieine___. ... .. ____
Community operations________... .. ...}

- Program direction and administration . .

* Plant and equipment costs:
- Production faeilities___ .. __._____.
Research facilities __ . _______.
- Community facilities___ ...
Administrative facilities_ ___ .. ..____._.
Multipurpose facilities__ __....ooooaon.o.

Cost of reimbursable work performed for
other agencies. .. - ____._ ... __.

Total costs incarred ... _._______
Increase or decrease in stores inventory. ...
Inerease or decrease in cash working capital
Increase or decrease in unliguidated cohli-

gations. . _______._ ... _____... [
Transfers to or frorn other agencies without

reimbursement. . ... .. _..- :

Toetal obligations ... ______ )

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

. last section of the form—and comparing them with the corresponding
amounts in the approved budget. '

P Ty L s et

integrated accounting and budgeting, it expects to refine and improve
the system as experience shows the way. Several years will probably

E
%:
B
:
3

its procedures to routine, o

ACTIVITIES AND DEVELOPLE-NT-.-:-
8

‘Since the Commission to an extent is pioneering in using this typeof ~~

be required to put the system on a smooth operating basis and to reduce




a
gm™
mated costs of the Commission’s activities during the fiscal

S Ir“ . 1(;49 and 1950 reported in the President’s budget for the fiscal
Ucle =1 are as follows '
©Ssary, (Millions of dollars)
st bdap.. 3 Fiscal yeur
a QOD':_ 3 : 1849 1950
€8s fq SO $203 " $358
eq‘lﬁ'st; “{:ﬂ?gggsgquipment--.- _________________________ S E__SS _3-?
hent jq d e e e $631 $698
1Dclude ; Totas-
| with the installation of a modern industrizl accounting system,
esented d development of a common basis for budgetmﬂr and reporting, those
g forty, nsible for managing the atomic energy project are now beﬂ'mnmg
"g'et information of the type generally considered essential for effec-
—— '"'ufﬂ financial administration. In addition to periodic financial state-
uae, ents on current operations of each AEC office and its contractors,
EAD the Commission receives reports comparing operating costs as m--'__- .
ST curred with the budget estimates—information not available before. -
PROPERTY ACOOUNTING AND MANAGEMENT -- -
_— i finencial appraisal of the Commission’s physical facilities, con- -
————  ducted with the assistance of public accounting and engineering ﬁrms, o
was substantially completed during 1949, This survey was prellml- .
- pary to establishing accounts and procedures to provide better con-
1ol over the Commission’s plants and equipment. LT
T The AEC has improved cost controls and cost accounting for 1ts'
D eonstruction projects. Beginning in July 1949, all operations offices
have 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-
type contractors had established accounts and procedures for inventory .
:f control over stores. Monthly inventory reports will provide infor-
. mation on current requirements and the size of stocks on ha:nd ‘and’
— Y a]so serve as a basis for inventory control.- E

Reduczw g Ewcess Property

Invantor} reports will help solve the problem of excess property
* The Commission has considerable excess property, some held over
from Manhattan Engineer District, some held for construction -of:
- Sandby plants, and some left over because of eutbacks m constructlo




" or modifications in design. Approsimately 17 million dollars Worty
of AEC property was declared excess during the fiscal year 19{'9
 Of this amount about 25 percent was utilized by AEC installatioﬁ ~.
~ about 25 percent transferred to other Federal agencies either dil'@ct;:
‘or through the General Services Administration, and about 59 De ‘
cent was on hand as of June 30, 1949. -
During fiscal year 1949, the number of motor vehicles owned by 4
. Commission was reduced by 15 percent. The Commission hag Ovle
7,000 passenger and cargo vehicles which are (Government-owneg bsr
are operated and maintained for the most part by its contractors, Int
cluded are four fare-collecting bus systems. With the cooperyt; 0‘
of the Bureau of the Budget, the Federal Interdepartmental Muton
Committee, and the General Services Administration, the COmmi;
~ sion is advancing toward its goal of providing safe and economicy

g cost.

service with a minimum investment and low operating and maintenaney - $
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S over 2 e Atomic Energy Commission’s chief r espon31b111ty n civil defense
ed by = ‘-'iﬁtters is to provide to the appropriate agencies, and to the pubhc, __
3 g

4 VI
0 py. 1 AEC AND CIVIL DEFENSE PLANNING

In- Faob 4ach technical data as will help in planning in case of an atomic war, -
: },{ethodsﬁ techniques, and areas of knowledge, of interest in this work, .

seularly knou]edge about the effects of atomic weapons, are de-
. glbped by the AEC in carrying out its primary functions. .
“The AEC has been deblgnated by the National Security Resources
~ Bosrd as @ participant in wartime disaster relief, over-all responsi
pility for which was asmgned to the Government Serv1ces Adn:ums—
3 tration.

" Within the. Atomlc Energy Comm1ssmn, the Division of Bmlogy
iﬁdMedlcme is responsible for coordination of civil defense activiti
“Z2 -gpd for necessary liaison outside of the Commission. Other AEC
=& jivisions are responsible for preparation of information and for tech-
2% 1ical consultation in their respective functional areas '

TRAINING IN RADIOLOGICAL MONITORING

8 Training is one of the most important aspects of the national civil -
¥ defense planning program. With the approval of the National Se- -
3§ eority Resources Board, the AEC has developed plans for two training -
H wurses, to begin early in 1950, which will deal with radlologlca] mon-
3 itoring and with the detectlon and treatment of radiation i injury.

2 (ourses in Monitoring

o~ 3 The first course, in radlolomcal momtormg, will train 1nd1v1duals
= 3 todetect, measure and interpret the levels of. radioactivity which
= 3 might result from an atomic exp]oswn This’ type of acthty :18
g mtirely new, so far as civil defense is concerned, and requires. them
3 teaching of teachers” who then can further dlssemlnate the necessary
= information. N
~ Courses will be offered at the Brookhaven National Laboratory, at :
Onk Ridge jointly by the National Laboratory and the Oak Ridge In- - i j5E =
itute for Nuclear Studies, and the A tomic Energy Project at the Uni- S
“E!’Slty of Cahforma in Los Angeles Quallﬁed teachers wﬂl be 1

o+




vited to attend courses, after which they can establish Programg for
training individuals who would be responsible for actual MONitoryy,.,
To provide instruction materials, the Commission is preparing 5 hilnEi
 book and is arranging for other teaching aids ineluding motioy, Dic.
~ tures, lantern slides and documents.

M edical Courses

- The secbnd teacher training course is designed {o instruct ph_\_vsie;.dns
nurses, dentists, and allied professions in the medical effects of atOmié
explosion. The disease state which results from acute OVereXposyp,
“to-radiation is relatively new in medical education. and many pliy.
sicians, nurses, and dentists require training in successful detectiop
and treatment of the injuries and illnesses.

-. 'The first medical courses will open in March at three locatic.ns:
- Atomic Energy Project, University of Rochester; the Atomie Energy
"~ Project, Western Reserve University School of Medicine; and ¢y,
Argonne National Laboratory. In April, similar courses wil] y,

.., -- University of Alabama School of Medicine; University of Utgy
School of Medicine ; and the Atomic Energy Project of the University
- of California, Los Angeles. These courses will run for approximately

-one week and will cover modern methods in diagnosis and treatment
~ of atomic injuries. Graduates of these courses will be expected t,
- initiate similar courses in their own home areas.

EFFECTS OF ATOMIC WEAPONS

blast effects on personnel, () burns, (¢) ionizing radiation injury,

(d) shielding, (e) medical care for casualties and refugees, (f) radio- CE

logical safety, including instrumentation for the detection and meas-
urement of radiations.

Documentary Material

1SL000¢

mission have conducted research and published information on several
of the above subjects. Some 160 documents issned by the MED or

the AEC are useful in civil defense planning and operations and are - -
unclassified or have been declassified. The majority of these have’
been published in professional and technical journals. Most of the '

8

 initiated at the Johns Hopkins University School of Medicine; the -

The Commission’s khowledge concerning the effects of atomic weap- _.
- ons In each of six areas, listed below, is being constantly augmented =
through research and development programs. The areasinclude: (a) = -

Both the Manhattan Engineer District and the Atomic Energy Com- __-§
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3 dica} and biblogical work will be included in the volumes of the

Wy nal Nuclear Energy Series.  (See Appendix 7.)

ﬁﬁﬁdﬁi@nal classified papers have been made available to those of-

“h 415 and ‘agencies entitled to such information. In addition, sev- <
ol pundred other classified studies provide background information,

ers assified medical papers, about 90 percent of the total issued, are

“ncl . . AP i
l;rlrulﬂ-rljf' ‘gent to 1,200 hospitals and institutions in all parts of the
Ite S :

ntry- o . .
fo; bibliography of pertinent unclassified documents has been pre-

h ared and forwarded to the National Security Resources Boa_rd for
dgsu-ibution to State and local civil defense authorities. An up-to-
f'.'“?ﬂste revision of this bibliography will soon be available for purchase
-~ srom the Government Printing Office, Washington, D. C.
The process of compiling material that will be valuable to those con-
cgrnga'--“fith defense against atomic attack goes on continuously. As
reported in the Fifth Semiannual Report of the Commission, the De-
partment of Defense and AEC have jointly sponsored preparation,
under the supervision of the Los Alamos Scientific Laboratory, of a
pook on the effects of atomic weapons. This volume is now complete
and is being reviewed for declassification and publication. Two
F 7 papers, based on its material, already have been forwarded to the -
v 2 ¥SRB for distribution by that agency to State authorities for use in
7% vil defense planning. One paper dealt with the medical effects of .
_. atomic explosions, the other with blast damage to butldings and other
structures. -
. The volume itself, first proposed by the Weapons Effects Classifica-
" tion Board established by AEC to advise on classification of weapons .
“ effects data, 3s designed both to aid in establishing limits on the un-
3 classified areas of weapons effects information, and to contribute to
- military training and to civil defense planning. The basic scientific
® .nd technical data on which the weapons effects book is based are - -
drawn largely from voluminous classified or unclassified reports with-
in the Commission and the Department of Defense. IT possible, the
=  fnaltechnical volume will be published in its entirety as an unclassified
—  document. If it is impossible to declassify for public use some in- -
o formation deemed vital for military training, the volume will be.
- published in classified form and an abridged version will be prepared,
~-  unclassified, for general use. S

. OTHER ACTIVITIES USEFUL IN CIVIL DEFENSE

: Throughout the atomic energy program are a number of projects
and activities of value in general civil defense. For example, the -
_Cﬁmmission and contractors have— ‘ o
éf)'l-‘-:Reviewed the hazards that might exist'in AEC insta'_llati'@:;iis;f.ji};
- ®vent of an atomic disaster or attack and considered the best ways of



eetmg them. Special studies have been made of Oak Ridge , Hap.
ford, and the Washington Office.

 tion instruments for use in event of an emergency.

Begun organizing in the Commission’s major installations gy
of emergency monitoring personnel trained to make rad_ut-ion
hazard surveys.

Collected (and are continuing to collect) all available data oy the

' _ effects of atomic explosions on man, animals, plants and phyglcal' '

g structm es,

for protectlon or treatment.

measures and in trainming others for such purposes.

protective construction.

I
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ACTIVITIES AND DLVELOPMENTS :

Studied, selected, and begun assembling types of radiation deteq.

Oupg

: _:'_I{Larrled on research on the effects of radiation on hvmn' Mattey N

- and 1ts constituents. This is being done in AEC ldbOI«,LLOIlec: in o
umversﬂws, hospitals, and in other research laboratories. Such' S
~ research 1s essential in the Commission’s eflorts to develop methﬂds 3

Arranged for training programs in the medical and blologlcal
sciences as they relate to atomic energy and health physics. Sy - -
“trained personnel may well prove useful in radiological defense -

'Sponsored in cooperation with the Armed Forces, special trajy.
ing courses in the medical aspects of atomic energy for selected
Army, Navy, Air Force, and Public Health Service officers at Qg -
Ridge, Los Alamos, and four AEC regional training centers,

Participated on the Interdepartmental Workin g Committee of the
National Security Resources Board on underground structures and

try of
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letec. i
“oups "-'..INFORMATIONAL AND EDUCATIONAL
thon % sERVICES—PUBLIC AND INDUSTRIAL
3 _
n the 3 . _
vSicg) } The Atomic Energy Commission took steps during the lz'lst year
: (0 OPEN BEW cllal}ne.ls, W1th1n. t.l.le 11.m1ts 1nnpoos'-jjl_‘~ by tl.le requirements
atter of pational SBCI.lI‘Ity, for Prowdmg 111for1.nat-1ona1 serwce?t.o the p}lbllc
es, in '-':-.and to industrial, technical, and educational groups. New ad-V}sory
Suel, = mittees and working comm?ttees were estabhs_henad-. Addltl()?la,l
thodg I:'I:milﬁng courses open to industrial engineers were initiated. A.SS}st-
.~ gnee was given public school systems in a number of teacher-training
. - s, . :
]g:lcal mgrir:l] ust, a three-man advisory committee from the electric power
Such In AugUSLy X
fense industry was appointed to study t-he'AEQ reactor—@evelopment pro-
gram, to search out areas of mutual interest to the industry and the
i Commission, and to make recommendations for continuing coopera-
Tain- tion. The Commission believes that the activities of this committee
ected may point up ways and means by which cooperative arrangements may
> Ouk be worked out with other industrial interests that do not directly -
°Ts. ke part in the atomic energy program. :
f the In September, a working committee of representatives of engineer-
s and ing societies, and of the business press, was appointed and cleared un-
der security regulations, to examine classified technological informa-
tion and determine whether 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- -
oy 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-
o lished & policy of holding monthly press conferences in an effort
= to keep the public better informed about atomic energy activities.
= Press seminars were held, at the instance of correspondents and of
— ‘members of the American Society of Newspaper Editors: in Minne-
il tpolis by the University of Minnesota in January; in Washington in

Yarch; and in San Francisco-Berkeley by the University of Cali- .
h fornia. in September. In addition to its regular semiannual reports,
4 te AEC issued special reports on isotopes, and on handling radioac-
1 "ve wastes, and supplied background material to civil defense agen-
5

:g"%‘ Jointly with the U. S. Geological Survey, the Commission in
o | T




ACTIVITIES AND DEVE LOPMENTS

May issued “Prospecting for Uranium.” Two booklets were issyeq
one describing how to do business with the Commission was isspeq to

assist smaller business concerns; another to assist contractors* (g..-
~_entific and technical 1nf0rmat10n—f0r the public and within the atomi,
energy enterprises—is handled through an extensive program dis.
cussed on pp. 161-169.)

Cooperating with various State and city school systems and schog),
of education throughout the ecountry, the Commission has aideg : n
the -establishment and conduect of In-service training courses and
workshops for teachers, intended to acquaint them with the facts apgq
implieations of atomic energv, and thus better to prepare them {g,
presenting the subject in the classroom. To date, some 20 gye}
teacher-training programs have been conducted, of varying periogs

o‘f duration—from a few days to 20 weeks.
7 All such programs have been sponsored, financed, and operated by
- ~individual colleges, universities, school boards, or teacher assocmtmns
... Teacher-training programs in which the Commission has aided iy.
clude those sponsored by such groups as the New England Schog
‘Science Council, Harvard University, the Rhode Island College ot
Education, Keene (N. H.) Teachers’ College, the Board of Education
of the City of New York, the Board of Education of the City of
Baltimeore, the Board of Education of the City of Chicago, the Uni.
versity of Illinocis, the State University of Jowa, the University of
Nebraska, New York University and the Reno, Nevada, Classroom .
Teachers’ Association.

TRAINING COURSES |

those connected with work in development of nilcllear reactors. To
help provide the combination of skills required for men who 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

3
1

g _open to engineers of industrial firms and is planning others,

- . Nawy courses. Nearly 300 persons participated in four courses of
< © 17 to 28 weekly lectures at the Bureau of Ships, Navy Department,
< Washington ; Babcock & Wilcox Co., Alliance, Ohio; Allis-Chalmers.

Co., Milwaukee, Wisconsin; and Westinghouse Ele,ctrlc Corp., Pitts- =
burgh, Penna. These were briefing courses aimed at acquainting
- officers and civilian engmers employed in the design of ships—and,

*“Contracting and Purchaging Offices and Types of Commodltles Purchased” and “A

e Guide for Contracting of Construction and Related Engineerlng Services.” Supermtend L
Cof Doeuments, Washington 25, D C., 10 cents each. .

Among various training courses sponsored by the Commission were




SiATIONAL AND EDUCATIONAL SERVICES

;';allstl-ial concerns, the executives—with installation of reactors”
g shippoard. A new Navy course, to start in January 1950, will .-

Sheq "’BI' de representatives from the Chief of Naval Operations, the Joint
ted o E.-:fs_-;of Staff, and the Atomic Energy Commission. Additional =
{Sei. o o5 are planned for early presentation at the Portsmouth Naval _
tomie E{’u.l}ard, Portsmouth, N. H.,’and at the Electric Boat Company,
tdis. :hilt’  Comn. | S
Grotoli> > . _ :
‘hoglg fak Ridge course. To give more highly specialized training, the -
ed iy ytomic Fnergy Commission Reactor Development Training School
3 ang B ;315 been established at Oak Ridge National Laboratory. The school
8 ang 5 Im accept engineers from industrial organizations who will remain
o for 4 their companies’ pay rolls, employees of other atomic energy labora:
Sueh 5ories or other Government agencies, or recent college graduates’
“Tiods - =mged by Oak Ridge National Laboratory who, after training, will
L “3gavailable for transfer to other reactor groups. The industrial par
efl by ticipafiéh is in accord with proposals made to the Commission by
_‘t"-“_‘s- rofessional and engineering groups. The school will operate con:
‘f’d i~ 3 ﬁnubusly ; courses will last 9 months each year, stm-ting in Séptéﬁibéf? _
School 3§ 3050, and 90 students will be taken at a time. A. small pilot group of .
3ge.gf : .ﬁainees will start a course in March 1950, ' ST
Cation = _
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VIII

ORGANIZATION AND PERSONNEL
LABOR-MAN AGEME_N T RELATIONS

‘Since its appointment in April 1949, the Atomic Energy Labor Rel,.
+ tions Panel has handled 6 labor-management cases in atomic epg,

installations. All of these were resolved without either work St()ppage
or formal recommendation by the Panel. :
. .A difficult case during recent months arose at the Oak Rld '5
“National Laboratory. Concermng negotiation of this settlement, the
~ . Commission on October 12, 1949, wrote Mr. William H. Daws Cham
.man of the Labor Relatlons Panel as fol]ows— .. _ N

'We Jearn wn:h great gratification of the 1atest success of the Panel in Sett]lng

" the dispute 2t the Oak Ridge National Laboratory. The admirable way in whiey
" the Panel has taken hold, effectively but Wlth self- restramt, iz a source of great
- reassurance fo us all, : - z

During the last year, virtually all operating and maintenance c.of{_
- tractor-operators and recognized unions at AEC installations accepted
- -a major recommendation of the President’s Commission on Lahor
- Relations at AEC installations—to avoid all interruptions of vital
' opemtions during negotiations and bargaining. A report of the
* Atomic Energy Labor Relations Panel on its work between April and
- November of 1949 is included in this report as Appendlx 8. The
~ full report of the President’s Commission was included in the Sixth
Semiannual Report of the AEC. )
A stoppage of construction work at Oak Ridge occurred on Decem- §—
ber 7, 1949. ‘The stoppage, which involved a dispute about employ- ~ E.
ment of non-union workers by one contractor, was ended the follow- = §
ing day with the assistance of the Federal Mediation and Concilis- "§
tion Service and the Atomic Energy Labor Relations Panel =8

AEC PERSONNEL SECURITY REVIEW BOARD

During 1949, the AEC Personnel Securlty Review Board reviewed :
12 personnel security cases, appealed by individuals or referred to it= =
_ by the General Manager, and submitted formal recommendations to.
~ the General Manager concerning the disposition of each of these cases.
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Board a,lso reviews and makes recommendatmne on queqtlons of
nnel security policy and procedures which are referred to the
P? Od by the General Manager.
’ ;e former chairman of the Board, Charles Fahy, resigned effec- :
T December 15, 1949, after having been appointed a ]udrre of the .
; 3 “f red States Court of Appeals for the District of Columbia. He

L E I !beell succeeded as chairman by Ganson Purcell, of Washington, .
C., former ehalrman of the Secur1t1es and Exchenge Com_mmsmn

D

T Rela. | FEDERAL EMPLOYEE PERSONNEL MANAGE’\[E\TT
Shergy - - _
Gppege _ ﬁc \ersonnel p011c1es and procedures were issued durmg 1949
Rld“ - eqrry OUt the general principles contained in the AEC Federal
ent tll?nz Fip oyee Personnel Pohey (reprinted in Fifth Semiannual Report,”
5, Cl’mir- Appendlx 10}, The. most important of these is the Policy and Pro-
cedure for Recrultmeng Selection, Promotion and Transfer of Per-
sat onnel issued in° September. This is designed to assure that
in z,t;;:;‘ appc,mtment;s to-alltypes of positions in the AEC are made on merit
of great - p,mclples. and to provide transfer and promotion opportunities that
] sill make full nse of the demonstrated skills and abilities of individual
ce cofi gmpﬁ))’ees ;“"" _ _ .
wecepted = The. Pohcy a.nd Procedure for Review of Employee Grlevances,
1 Labor in July, emphasmed informal adjustment of grievances at the -
of vital y 'sory level. " Provision is made for formal review of any griev-
of the 3V an . 1mpart1e1 adwsory board, at the option of the employee.
pril and Decisions of Managers of Operations in grievance cases are subject
8. 'The ip final review by the General Manager. The procedure represents
e Sixth i attempt to estabhsh 4 single channel of review for a]l types of - :
mpIO} ee grlevances. o o
= New pay scales in line with those set. forth in the Clasmﬁeetlon Act i
* of 1949 were made effective on October 30, 1949, for all Commission .
‘§  employees occupying | positions paying salarles up to and including
< §1.000 per annum. A plan for the ad]ustment of salanes abov
g $11,000 per annum is under consideration. .

= 4 Incompliance with provisions in the Independent Oﬂices Appro—_
o § rpristion Act for 1950, personnel offices throughout the -‘Commission -
o 4 were reorganized and the staffs curtailed: “The number of the per- =~
. En_mel staff is now limited to 1 to each 115 AEC employees served

the personuel offices—a total of 44 personnel staff for AEC through- L
ot the country | | |
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SAFETY AND FIRE PROTECTION =

- AEC fire losses during 1949 were far below comparable Nationg)
"-avérages. Community losses were 74 percent Jower and '11«1(1{18&3&1
“losses 98 percent lower. No significant ‘interruption of Productig,
~processes was suffered because of fire.

Accidents and fires in atomic energy operations resulted, »q T _
previous years, from causes normully encountered in industrial ope,, § . 57
tions and community activities rather than from hazards inherent S B g
the nature of nuclear production. Thus, no serious radiation INjirieg
have been reported from contractors haridling radioactive isotopes 4,

- fissionable materials. On the other hand, sertous injuries were causeg

y unsafe practices on scaffolding, improper operation of oy,
vel_x"igles, disregard of safety regulations in operating machinery, and’
“eareless handling of office equipment. -

- The main effort has been to provide hazard-free facilitieg and -
buildings. Additional standards of safe practice were issued during' - 3
"-* the past year in the planning of new buildings; and occupancy of pey -
~"_ “buildings reduced many of the hazards formerly presented by tempg.”
" rary or inadequate work places. Guides and national codes for - 3
building construction and fire protection have been issued for thy
communities. National Board of Fire Underwriters’ classification -
for municipalities has been adopted. .

A

Contractor-AEC M eetings : o _. 7 FM

Joint meetings of contractor and AEC s-,.afé{':y and fire Pprotection B : Hj
personnel were held in May and October of 1949. These meetings o ,
proved effective in developing accident prevention measures, in em. :Isn)

phasizing contractor responsibility for reduction of injuries, damage,
and fire losses, and in reducing detailed controls by AEC. Cominis
sion and contractor personnel are collaborating on guides for evalus-
tion of accident and fire risks, measurement of performance, dis
semination of information, safety  education, and engineering - §
‘standards. . Clim

— g
o “Injury Reporting -
::} " During the year, an audit was made of a]lm]ury records to assure

e  uniformity and accuracy in reporting systems and improvementt

in reporting procedures have resulted. This audit revealed thal
injury reporting was fairly consistent with the American Stand. -
ards Association method. Record system. improvements include
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ﬁ.Obemr,}ons and in Government, traffic, laboratory, and community
" yetivities moved downward during the year 1949. However, construc- -

3 . 3gainst 5.07 for the first 11 Months in 1948 Sevemtles of injuries de-.

o '_f standards for ﬁu, experience summaries. To decentralize
v rds somewhat, fewer reports are being sent to Washington and -
h_e recotaltlon is being given to statistical data at the field offices. .-
! I or PrOQTess has been made in the cost records and in 1educt10n.
F Tt st of preventwe work,

e was an over-all decredse in the number of perbonnel adm1ms—~
" the safety program for the Commission, largely through
:moval of detailed control at contractor-operated installations, Gen:
IW 10 increase in accidents has occurred where it has been found~.
dtlaﬁble to remove detailed control. AEC safety engineers are no :
JongeT required at each of the Oak Rldge plants. :At Brookhaven, the--i
AEC cafety engmeer was removed at.the same tlme a safety enginee
1stalled on the stafl of Associated Umverswms, Inc. At Dayton
nd Berkeley, California, AEC safety engmeers have been re-
20 ";"'Ma,ssachusetts Institute of Techno]ﬁgy now has'a safety en-
i oar on its staff; and at Los Alamos the total AEC safety engineer-
g ,staff has been reduced from 17 to 11. "At Qak Ridge and Hanford
“safety and tr affic engmeermg functions in the town 51tes have largely
been turned over to the municipal authorltles

Fire Prevention Costs Reduced _

Although the fire preventlon staﬁ' has been strengthened the over-.
all operating costs have been reduced an estimated 25 percent chleﬁy._ :
g5 a result of installing automatic fire devices, developmg mdustrlal
employee fire brigades, and other orgamzatmnal changes. L

Sofety Performance

~Over-all, accident frequéncy and severlty rates in manuf&ctunng-

tion contractor frequency rate increased from 5.72 lost-time accidents -
per rmlhon man-hours in 1948 to 8.55 in 1949. This increase resulted -
rom a-decrease in major construction and an increase in the per-
wentage of accidents experienced among smaller and more dlversmed
tonstruction contractors. - e T
The total lost-time industrial casualty experience for ‘the ﬁrst 11
months in 1949 was 4.64 lost-time injuries per million man-hours as:

868145“‘—5{!—-—-—4
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_ The number of occupatmnal fatahhes “was :r'edflced fror.n 11
to 5 during the first, 11 months in 1948, representing a rat'lo of
in 19 r 100,000 workers as against the national average occupational

: 45 P ate of 29 per 100,000 employees. The total number of lost- .

. fatalY rdents for all operations for the first 11 months of 1949 was 508 .

3 L time CIred with 611 for the first 11 months of 1948, o

E 0P wn of Oak Rldge completed 1,422 days without a trafc fqtal—- }

£ The t© affic aceidents in other AEC communities have contmued to______

i ! iower than in other towns of similar size. S
be




1X
SECURITY

In December, the Atomic Energy Commission named an ad"iso'ry o
panel to assist in a survey of the organization and functions of j 2l
- Becurity Division. The panel has been asked to submit recommey,.

dations on the following matters: :

a) The functions of a Division of Security.

b) The manner in which the functions of a Division of Secuntv 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 thy -
consequent relationships of the Director of Security to the Other
staff and line organization.

"c) The special qualifications desired in a Director of the DlVlSlOIl of. "
- Security.

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

“The work of the panel is expected to take about two months. Tt
is under the chairmanship of John 5. 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-
: vestigation. The other members of the panel are:

- Davip LUuRe HopKins, banker, Baltimore, Maryland, vice-president, Board of _
Trustees, Johns Hopking University. : !

Dr I’avr. BE. KropsTrea, Director of Research, Technological Institute, horth-
western University.

J. ArtHUR MUuriix, president, Glenvale Products, Detroit, Michigan,

PERSONNEL SECURITY CLEARANCE

During the year, 87.561 requests for investigation of atomic energy - ¥
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 AEC. This latter figure includes not only those ..
cases which are in various stages of analysis or review in Offices of

*The post of Director of Security has been vacant since May 1948, when Admiral .
John Gingriech resigned to return to duty with the Navy. During this period tke WO?_‘F. E
_of the Division has been carried on under an Acting Director. '
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otions and AEC Headquarters. but also those cases in process of
er:[_ ation by the FBI. It is believed that this fisure, while pos-

il.we.s .]Ebject to further slight reduction. represents the approximate

Slh]}b:r of cases which may be expected to be pending at any one time -

nulﬂming the continuation of present personnel clearance criteria and

ﬂssll:lme of employment. ' |
fﬂ'q ecurity clearances of AEC personnel, and of contractor and licensee

SO bnnel who will have access to restricted data, are initiated by the -

e ity divisions of the Offices of Operations and by the Security

.secuiatvions office of the Washington headquarters, Under the General

'_ ﬁﬁager’s directive '(GM—SO,_ effective April 15, 1948) complete proc- -

essing of personnel clearance cases was delegated to tl'le- field office

ianagers, except in those cases which, followu'}g analys.ls, were eval- .

msted 8¢ containing substantially derogatory mforrr.ls%tmn about the

ercon involved. Such cases remained the responsibility of the Gen-

eral Manager. . . e

At the time that GM-80 was issued, it was anticipated that a further -

4 jelegation of authority to field office managers would be made, em- -

o powering them to initiate the Administrative Review Procedure and

.o deny, or to revoke, clearance in those cases where substanti-ally de-

3 ropatory information had been received—the autho.rity whl.ch was

- - gpecifically reserved to the General Manager—and this intention was

" gtated in the Fifth Semiannual Report. : : ‘

;.- Fxperience has shown that the present limited decentralization pro-

: ides for efficient personnel security clearances and that it is not de-

- sirable at this time to delegate further authority in this area to the

* eases and holds to 2 minimum the possibility of conflicting interpreta-
" tions of the criteria for determining eligibility for security clearances.
~ Under 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. o
Other aspects of the security protection of installations, materials;
documents, and personnel, as they relate to physical research, are dis-
cussed in Part II of this report (pp. 172-176).
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THE TASK OF RESFARCH

§ | (echn®l®
' The atomic energy enterprise calls for bold moves, for rapid Progres. st wit
It is especially important that our progress be rapid in the fig] 4 :: an do?
 basic nuclear science. It 1s no secret that our great structype search'
‘ nuclear technology has been built on an extraordinarily slim foung, 3 calues ©
tion of basic knowledge about the atomic nucleus. Only in time 0' fi { undel
grave national emergency would anybody even have thought f x. . bett_;er_
pending 2 billion dollars on a project whose scientific basis wyg racticd
flimsy. It was a magnificent gamble and we won. DBut the tin, for | strong b

strengthening our foundations is here and we should proceed wiy all
possible vigor.

. The chief goal of science is not to develop weapons of war; it i not
. to develop new or improved industrial products; not even to fing
. cures for human disease. The primary goal of science is to ungey.
~ stand nature. Its purpose is not to invent but to comprehend.
‘aim is not to produce gadgets but to discover knowledge. Tts mgg
valuable and important products are not atomic bombs, radar, ¢
penicillin, but new facts and new laws concerning the behavior of
the natural world. | | OB

How do new discoveries in science get applied to solving the pro},.

lems of everyday life, to advance human welfare or national security{
The development of new applications of scientific knowledge is net

the main task of science as such, but the task of technology. Tech. In stath
-nology has as its primary aim the bringing of the results of science to oTess ga
the direct service of man, for such specific uses as may be deemed a ;ent. (
the moment to be important or useful or profitable. the first
I do not wish to imply any derogatory comparison between science of the 1
and technology, or to suggest which is the most important. There is : of know

no use entering an argument about the hen and the egg. All T wish '-
to point out is that there is 2 hen and there is an egg. | e b A
Science and technology are similar in the instruments and the tech- 2) & pr
o niques they use, similar as to the type of training required for the zvil{)r
- workers engaged. Science is almed at new knowledge; technology progre
= toward new devices. Technology builds its aims for the future on - 2‘;‘}5}‘[
C_‘: . science’s achievements in the past. After electromagnetic waves were . devise
- - discovered in a science laboratory, wireless communication could be < 8) A pro
= developed—and not before. After Faraday discovered electromag- Gover
netic induction, the tools and techniques of a modern electric industry Further
- could be developed. After the discovery of nuclear fission, an organ- the Act
ized effort to develop an atomic bomb could be initiated. - powers
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, "fuiuré.st.ferigt-h and progress of technology depends on the pres- |
st;éﬂgt'h of science. If all our efforts and funds are poured into
Lology while science starves, then the tech_nology f’f ton}orrow -
wither and die. In other words, the most impractical thing we
= 8 ;'1'03'1'5 to give our whole atfention to what we call pl‘act.ica.}_ re- .
cﬁﬂrch ~ Even if we disregard—which we should not—the intrinsic .~
. 'of science itself, the essential intellectual and spiritual values
uefierstanding nature; even if we are solely interested in building -
ol unter industrial or military technology of tomorrow, still the most -
a;i,tﬁcai, indeed the only way of assuring that aim is to maintain a
rong basic science today. e

- —Lee A. DuBrmer, president, California Institute of Tec}i;_:
‘nology, and member, General Advisory Committee to the
United States Atomic Energy Commission, in an address_a't:

ot
d Bgrkeley, Calif., Nov. 16,1949.
v R R I | -
) OBJECTIVES OF THE AEC RESEARCH
¢ | PROGRAM .
= In stating the purposes of the Atomic Energy Act of 1946, the Con-=-",
o gress gave front rank to research and accompanying technical develop-
t ment. Of the five major programs provided for in Section 1 (b),
§  the first three were designed to further the atomic energy enterprise '
e of the people of the United States through the acquisition and use
3 of knowledge— I

1} A program of assisting and fostering private_ research and development to
encourage maximum scientific progress,

4) A 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 reciproeal basis of information concerning
<> L. the practical industrial application of atomic energy as soon as effective and
= gnfarceable safeguards against its use for destructive purposes can be .
o devised. -

"3) A program of federally conducted research and development to assure the -
Government of adequate scientific and technical accomplishment. . . -~
Further particularizing these purposes, the Congress in Section 8 of
the Act, titled Research, directed the Commission “to exercise its
- Powers in such manner as to insure the continued conduct of research .
-3 development activities in the fields specified below by private or
- publie institutions or persons and to assist in the acquisition of an ever- -
#¥panding fund of theoretical and practical knowledge in such fields” -



RESBARCH AND PROGRE&S
The Research section of the Act further dirvects the Cﬂmmisggf) )
conduct, through its own factlities, activities and studies of the 1y, 0
specified . . . above” Ve

The specified fields included nuclear processes; the theory 4
duction of atomic energy; utilization of fissionable ang radi
- materials for medical, biological, health, or military PUrposes; yy

tion of these materials and processes entailed In their Productigy, ?;a.
~ other purposes, including industrial uses; and the protection of heq] ¥
during research and production activities. _ th

‘In each of the previous Semiannual Reports to the Congreg,
Commission has summed up the general advances made in regg,
The Fourth and Sixth Reports also extensively reviewed reseaycy,
development programs and their results in the fields of utilig,
of fissionable and radioactive materials for medical, biological, he
‘and industrial purposes, and of protection of health during reg
and production activities. ' _

The following sections of this Seventh Semiannual Report, Presen
a similar extensive review of the programs set up by the AEQ 4
so far as they can be publicly stated, the results attained in the physicy
research programs dealing with nuclear processes, the theory 44
production of atomic energy, and the utilization of fissionable gpg -
radioactive materials for military purposes. This report obviously |
does not cover all research in nuclear fields; private research, not sup.

* ported in any way by the AEC, is not reported. Within the AEC pre.
gram, work which involved restricted data necessarily has beep
- omitted. | -

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 ¢ontinually emphdsized 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 Comrmis-
sioner Henry D. Smyth to Senator Brien McMahon, chairman of the
Joint Committee on Atomic Energy. He wrote, in part—
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I am discussing only the military security of this country and am conflning myselt
to results that might be obtained in the next 10 years. Though I believe the
Commission should suppert activity in the general field of science which might
not bear fruit for a much lunger period, I chall exclude that.

The weapons whose production now concerns us have developed from discoveries . -
made in the realm of abstract science in 1939-—just 10 years ago. I do not believ®
that anyone 11 or 12 vears ago could possibly have foreseen this development
Similarly, we cannot foresee what may happen in the next decade, but we B
start from certain obvious facts, : .

The weapons which we are producing invelve principles of nuciear physics. This I8
a subject on which ovr knowledge is still extremely fragmentary. These weapons .
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5 OF RESEARCH

n itions ature and pressure as have never [ >
F0 2 el conditions of tempera : , Cknowledge is scanty. It is Lardly
et STC p the earth. In all these fields, our nw- e & ahc:_dvnf;mics including
eved O ihe further study of nuclear physics, of gas dynaui > .

able thil : - ipment, and of high temperarures an
el 7D f explosion, of electrical eguipment, N .
ge-dé'ﬂmn:fﬁfonot %roduce information that would be of fundamental value in
ﬁmsurf’g“’n' and manufacture of future weapons.

dest

1Y rri ‘hich they are made.
e Weapons we must have the materials of w hich they ai .
Jer t9 I-}fl(zfg?ge:md 1I:}he Oak Ridge plants use enu_rely-nm el pJSU(IﬂCt]OIlr p&-oif]
th thg%'tgdmetallul‘gical and chemical problems Wli;lqh th]fi}:ﬂf“(;‘ui Ii)éﬁiigﬁeée n
s5eS: ill present open up fields of research in which
:;9 pas% aunn%gsl,s‘ pIn such pﬁmtters as the: chemical sepa{fité_on [;rogeﬁfgs‘:a‘iﬁi
y 1 5 i ; intense radiation, an :
most iitle known metals in the presence of in 2 : 1e
avior ?ifis]éoiered isotopes, we can hope for vnry__little advance w1_th0ut basic
Be“:gin the chemical, metallurgical, and radioactive fields.
ar

i i i iszh car more concerned with peace-
! The biologlcal' ansd m’fgligagshietlxdifnaf rrsnfei?uhrﬁeafr?lia Ilgevertheless, if we are to
= ications. § is 8 as : i
- gme 8PP tlilceagr?oteetion of workers In our plants, and parnlcular:ly,. if we aljelf?;;er‘]:
wq‘er gsibility of attack involving radioactive mgtteru}ls, it is essentia ad
‘.:-ﬁmmeléj (l]n‘iow what the effects of radiation and radioactive substances are an
e 5200

| shat way people can be protected against them.
B Lo

- entline these are the reasons why it seems to me unrealistic to separate research
.m u
{he pilitary position of the couniry.

of

0

the other parts of the atomic energy program as if it were not relevant to-

b@L 0006
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- MEN, MACHINES, AND LABORATORIES
° FOR PHYSICAL RESEARCH

physical research program of the national atomic energy enter-
=i makes progress only as men of talent and training can be en- - -
fﬁ%'wwork in it, and the unique machines and special and standard -
whoratory equipment placed at their command, ) '
Employing the broad authorities granted by the Congress in the
ytomic Emergy Act, the Commission depends upon different means of .
jrawing on the talents of American men of science and technology, -
gaining new talent, and furnishing the necessary equipiment,

TR

THE LABORATORIES

B
=
-
-
*

For carrying on both applied and basic research, the Commission
paintains eight major installations at which the land, buildings, and
muipment are completely owned or leased by the Government and all
wsts of staff and supply are reimbursed to the university or industrial
-2 ntractors who operate them. 'This group of installations includes:

Mitagipsriss

#

P~

st Ri e

":._ 139NNE NATIONAL LaBORATORY, operated by

the University of Chicago in Du
S pige County, Illinois.

I MWEHAVEN NATIONAL LaBorATORY, operated b

¥ Assoclated "Universitleé, Ine.,
'%g Upton, Long Island, N. Y.

f_%;iwm.Ls ATOMIC POWER LABORATORY,

_ - operated by General Electric Company at
“Hihenedtady and West Milton, N. Y. .

 ALAMOS SCIENTIFIC L.ABORAT

ORY, operated by the University of California at
Zus Alamos, N. Mex. '

= .
SHUND LARORATORY, operated by Monsanto Chemical Co., at Miamisburg, Ohio

%k RIDGE NATIONAL LaBoraTory, operated by Carbide and Carbon Chemicals
, at Oak Ridge, Tenn.

&

1A LABORATORY, operated by the Sandia Corporation at Albuquerque, N. Mex.
£ _

e
-4
-]

g RIINGHOUSE AtoMIc Power Divisr

oN laboratories, Bettis Field, near Pitts-
<th, Pa., operated by

Westinghouse Electric Corporation,

-f'{llr other installations are maintained on university campuses with
idings and equipment financed in large part by the Commission
S with staff and supply expenses wholly reimbursed. These are:

- 51 Lona




~ 'RESEARCH AND PROGREQ‘

AMEs LABORATORY, operated by Towa State College, Ames, [owa, .
ﬁcal perst

RapiaTioN LABoRATORY (including Donner Laboratory eof Medical Ph}'sieq techl 1 nun
Crocker Laboratory—DMedical Physies) operated by the University of Céllif() :11?1 P og!t an onlke
at Berkeley, Calif. H {ained peop
T . ) na ¢
ROCHESTER AToMIc ENERGY PROJECT, operated by the University of B“ChGSter ese‘II'Ch a.
Rochester, N. Y. {biological and medical reesarch onlyl. v it 1in reactor ;
: ; ; not
- UCLA. Atomic ENERGY PROJECT, operated by the University of Californig at L, cﬂ»us -f()r a 4
'_ Angeles (biological and medical research only). e q ddlt]OIl 1o aix
' ; . . ) : The table b
But such installations, with plants and staffs financed in the maiy b, ot in the A
~ the Government, constitute only a part of the Nation’s resources Whie, miameH ¢ in
" can find use in the atomic energy program. Exclusive of reactqr g, 3 se b Jogical
| - t

velopment, about 15 percent (4 million dollars) of the COIIHHiSsiom
physical research budget during the fiscal year 1949 was for Wm-}}
carried on by scholars on the staffs and in the laboratories of p,,. - . -ances and 4
~ universities, research institutes, industrial organizations, and Govery. . iacl aded also .
ment agencies other than the Commission. By contract with thep, for k& 530 graduate
salaries and operating expenses, the Commission has drawn into (e« § - EC training
program a considerable volume of additional talent and equipmen” ¥, _
It is expected that by 1951 expenditures for these relatively smay - 3 -
contracts will have more than doubled. _ i

Basic research is being conducted thraugh these contracts to 4y
increasing extent. The research is usually conducted through tje
contribution of a part of the institution’s manpower and equipmey;
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. i -

Examples of the establishments at which physical research is done on
developmental problems are the Battelle Memorial Institute, Colum- .
bus, Ohio; the Brush-Beryllium Corporation, Lorain, Ohio; the
Sylvania Electric Projects Company, Inc., Bayside, Long Island, X, bz - -
Y.; the National Bureau of Standards, the United States Geologicsl ¥ The 5.400 t
Survey, Washington, D. C.; Washington University at St. Louis:* g~ laborato,ry anc
Columbia University in New York; and the Massachusetts Institute = & oy the Commi
of Technology at Cambridge, Mass. development ¢

: : - - ects directly :
MANPOWER AND MONEY FOR RESEARCH - E - Another 500 a
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~In all, about 8 million dollars is likely to be spent for physical re:
search this year through off-site contracts, compared with about 23
million dollars in the 12 major atomic energy research laboratories.
These sums pay only salaries and laboratory operating expenses, plus
occasionally the cost of some minor equipment. Construction of fa-
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4nd major equipment is budgeted separately. Scientific and -
5 sersonnel engaged in the 31-million-dollar physical research
pumber about 2,150, almost a fourth of the techpic-all):
sople employed in all operating phases of the Commission’s
= ond development program.
=0 actor development, the operating budget for this fiscal year
== gnother 12 million dollars in off-site contracts. This is in
o on to about 21 million dollars in Government-owned Iaboratories.
At table below shows expected dollar costs and scientific employ-
.* '{hﬂ.n the AEC programs in the physical sciences and reactor de-
Ll ent in fiscal 1950, compared to the corresponding figures for
remp-l:]ogical and medical sciences. The 27 million dollars for work-
lhe.t-)ée-the_ 12 -major' laboratories includes basic research funds in
ﬁggﬁ snd universities totalling 6.5 million dollars in the physical .
s and 4.3 million dollars in the biological and medical fields. *
ded also among the 2,500 scientists in this off-site group are over.
g}gdﬂate students working on ‘the university contracts. (The :

‘l.EC training program is discussed in Chapter V.)

Heney and manpower for research and development, estimated, 1950

R . (Approximate figures)
: B PHYSICAL REAcTOR Dmvm.-t BIOLOGICAL AND TOTAL
p . BCiENcEs OPMENT  MEDICAL BCTENCES
¢ _
Num- Num- Num- Num-
Mil- Mil- Mil- Mil-
e Yions of | DTS OF | yions of | DTS Of | 1jons of | DEIS Of | yjop oy | DEIS of
{ dollars tists dollars tists dollars tists dollars tists
B e~ i T
. “E somior Government-owned )
t =3 gomic energy laboratorios. 18 750 T2 800 7 300 46 1,050 - -
t 3 (gsjor university-owned ' .
somic energy laboratories. 5 ittt I O 3 350 8 950 -
3 offsite industrial, | '
H ; __lﬂmtional. rescarch, abd | . . .
_ fovernment setivities_ ____ 8 80¢ 12 1, 000 T 700 w 2,500
o VT 31| 2150 3 i 1,000 17| 1,350 81| 5400

¥ The 5,400 total of scientific and technical personnel among these
jeboratory and off-site groups is more than half of the total employed
the Commission program. Of the others, nearly 4,000 work on the
elopment of new weapons and on research and development proj- -
rectly associated with the production of fissionable material. .
=3 dnother 500 are on the Commission’s staff in Washington and in the .
gerera] field offices, - a o
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‘ment costs, 41 million dollars will probably be spent this year. Oft

In addition to the 81 million dollars for operating physical resea
25 million dollars is being spent during this fiscal year on the oot
structlon of new phvsmal lesmu,h fumhtws and equ1pment Am‘

Ames, $123,000 for the stalt of a new research reactor at Argo
4.5 million dollars for work on the bevatron at the Berkeley Radiatior
Laboratory, over 2 million dollars on the cosmotron at Brookhaven
and about 5.4 million dollars for permanent buildings at the Oak Rl =
National Laboratory.

For the construction of reactors and associated plant and eqm

8.5 million dollars is going into the new Reactor Test Station at Idal
nearly 3 m11110n dollars for the Intermedla,te Power Reactor a

Argonne. New lftboratones at Bettls Field for the Westmghousa all
contract are costing over 3.5 million dollars. , _ _ 1_.111"
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ATOMI,C ENERGY RESEARCH

lder the broad program for physical research outlined in the Atomic

fnergy - Act of 1946, the Nation’s investment of money, scientific man-

i -and resea,rgh equipment is directed tow ard ﬁndl ng out—

' atolmc nucle1 are put together and What forceb operate within

" Ty noa




of flight of those that glance off.* Thus, one can calculate with d¢
curacy the size of the target. When target atoms disintegrate under -
direct hits, something is learned about what they were made of.

CHaRGED Parricre BOMBARDMENT

It is conceivable that if all the necessary observations and cross-
section measurements could be performed, one might gain an undér-
standing of what happens inside a simple nucleus—of the*'bssi
structure and the forces at work. An atom of gold: contalmng 19‘7
nucleons, or one of uranium with 238, is too complex to be examingd
in detail within the foreseeable future. But an atom of deuterium wifh
just 2 nucleons, or an atom of tritium with '8, is a bétter. ob]eﬁt for
close observation. Common hydrogen, with but 8 smgle proton in its -
nucleus, makes an obvious target for bombardment” and the . detaﬂed_ ""
study of results. "

INFORMATION ABOUT LIGHT NUCLEIL -

Proton-Proton Reactions

L)

At Berkeley Radiution Labumtory, blrthpluce of the hlgh-energy
particle accelerator, two machines are in use co study one of the sim:’
plest of all interactions, that of protons with protons. The. target
bombayded is hydrogen, sometimes as a pure gas, sometimes in a solid -~
substance such as paraffin, The projectiles dre 82 million electron volt ~
(Mev) protons from the linear accelerator and 350 Mev protons from
the 184-inch 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 Conlomb’s 1a.w, :
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 same nucleus reaches the magnitude of 40 pounds. '

*The probabilities thnt certain ones of these various events will happen, with a given
target and projectile, depend upon the so-called cross-sections. . The “ecaptute eross-section”
of lithinm T for protons of 1 milllon electron volts (1 Mev) energy, is nctoally the
apparent size of the Htblum nuclens for this particular event. If Mthiom 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-sectlons Is stated in terms of a new pnit
of measuremcnt called the barn. ‘The barn 1s defined &g an area of 10— squoare centimeters,
an aren chosen because it 1s of the order of magnlitude of the aren of many atomic nnelet,
Thug If Uthum 7 were snid to have a capture cross-section of 2,6 barns for 1 Mev protons,
this would mean thut the effective target each nucleus presented for thils particular event

would be 2.5 x 102t squarc centimeters (0. 000,000,000,0600,000,000, 000 ,002,6 square
centimeters}.
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The Particles of the Nucleus

ntl_StS who study the nuclei of atoms speak in terms of the fol-
. antities they are able to detect and measure: .

4 irhe pucleus of a ‘hydrogen atom is called a proton. This particle has
A4 sitive -electric  charge equal pumerically to the negative electric
i charge of the electron and is se small that it takes 2.72X 10 * to make a
g 53 and. The puclei of gtoms of other substances contain a number of

ggotons equal to the atomic number of the element.

'Ih;' auclear particles which have no electrical charge are called neutrons.
They weigh approximately the same as protons. 0. . Lo

yueon e

The word “nucleon”_‘means either a proton or a neatron.

- pet Particle

One of the radiations found shooting ont of certain radioactive materials,
pamed the beta particle, appears to be the same kind of electron that is
found in the outer structure of alt atoms. It has a unit negative charge
equal and opposite to the positive charge of the proton and is nearly
- welghtless, having less than 1/1800th the mass of a proton.: =

osifron

" ‘lLike the electron, the positron has a unit charge of electricity but is
- positive instead of negative; i. €., it has the same charge as the proten.
It is evanescent, dissipating itself in a flash of radiation as soon as it
*  encounters an electron, which disappears with it. . .~

- .y&?@ﬂ - Clmm e

Predicted from theory as a particle necessary to explain the forces of
nuclear structure, the meson was observed for the first time in 1936 in
the violent nuclear shattering caused by bigh-energy cosmic rays in the .-, . .
upper atmosphere. Several varieties exist, both ‘positive and negative, .
their mass averaging about one-sixth that of the proton, '

Yeutring

A nearly weightless particle, without charge.  Like the neutron, the - -
- peitrino was predicted on theoretical grounds; but it has not yet been
.- Observed, as the neutron had not been observed before 1932 and the
. meson before 1936, R S

These are not particles in the same sense as those above, but flashes of
electromagnetic radiation emitted by the nuclens when it has excess
Energy. - These flashes are often called photons, .- = ;. - : R




56 RESEARCEHL :.A'fo *PROGRE

NUCLEAR PROCESSES

P An atom is so small that about a hundred billion billion of them are
‘ R contained in the head of a pin. The nucleus—the object of study in E
- A ' nuclear science—is some 10 thousand times smaller than the atom. I
an atom were expanded to the size of a concert hall, its central nuclevs
would be smaller than a housefly. The nucleus constitutes nearly a
of the mass of the atom and, consequently, the mass of all things.
piece of solid nuclear material the size of & child’s marble would Welg
more than 200 million tons, _
The most generally used method for finding out about a.ton:uc nucle g -3

is to bombard atoms and observe what happens to them and to th
bombarding particles. True,there are ways other than bombardmen
for studying the nucleus: measuring the electric charges and weight
of nuclei and nuclear particles by projecting them through ‘magneti
fields, or measuring the magnetism possessed by thesé partlcles ‘an
determmmﬂr their poIarlzatlon—that is, the way'the individual axe
Budment re.mams tha

work horse of nuclear mvestlgatlon
The nature of bombardment experiments dlﬁe-rs depending upo
whether the projectiles used are charged particles or neutrons (whick;
carry mno charge). AEC laboratorles and oontractors thai: ha.ve"

nia; Los Alamos Laboratory ; Argonne Laboratory ; Brookhavan L
oratory; and Columbia University, for example—-ca,rry on progr_ ;
of charged particle bombardment. 1’zutron research is concentrate

at Qak Ridge, Argonne, and Los Alamos, where nuclear reactors ard
available, although particle accelerators at other laboratories &
much used as secondary sources of neutrons. - (Brookhaven Laborato '

is now building & nuclear reactor.)

T R S I T e e e o gt e

Measuring Bombardment Effects

SR e

In bombardment, the hits, misses, and near-misses a]I supply mfor- 2
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”
i : (a particle axriving from outside) is a matter of chance, such large

(Continued on page 58.)
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s qen the incident protons are above a certain energy, however,
hitg o of them are able to approach the target protons so closely that
Are ;nl. .1]e understood cohesive force of the nucle.us comes 1nto play and
Ngrlg © rotons no longer beha.‘ve like gimple electrified bodies. _
ICTN '0-119 object of the experiments 15 to measure the i'orcr-e. that hol-ds
dey F . geleus together and to try to get a better mathemzitjlc.al deserip-
H g-;e ] {it. A tentativereporton progress concludes that “itis apparent
£ oon? resent theoretical concepts must be modified, and perhaps new
(hﬂtel;t,s introduced, before a satisfactory mathematical description of
_ S::(I‘)rbmn—-—proton force wiil be at hand.”
Y08g. '
1(1&1-... .
nsie gtudios of Hydrogen 3 and Helium 3
Lir112(‘1 ydfoge 03 or “tritium,” the artiﬁcial radioactive isotope oif_ hydro-
with o (half-life about 12 years*), has an unstg.bl? nucleus which con-' -
t for - jsins & proton and two neutrons. ‘By the emission of a beta particle .~
n ity 3 pritium decays into helium 3, an isotope of helium with twe protons and
alled o0 NEULTOLL, which occurs in natural helium in the proportion of about
' e pert in a million. When H 3 transforms itself into He 3,. the
"2 panges that occur in such characteristics as the magnetism and spin of
55§ o three nucleons can be measured. In addition, there is special
=2 . rerest in He 3 because it is the only known stable atomic nucleus that
<3 wnteins more protons than neutrons. For these reasons, and because
‘5% of the relative simplicity of the nuclei, physicists and chemists have
'T8Y =& uoht to produce H 3 and He 3 for use in research. Argonne Labora- .
(S -5% oy announced in September 1948 that it can supply some guantities
argel =R both isotopes to scientists outside the atomic energy project, and -
solid - 3 1th are now in use in studies-of nuclear structure. R
avolt g Important information has been gained at Argonne, Los Alamos, . -
from & pd other AEC laboratories. Studies are being made of interactions =
BOWR B tween protons, deuterons, tritons, helium 3 nuclei, and alpha par- *
C_Tt Loo 3 deles (or, in other terms, nuclei of H 1, H 2, H 3, He 3, and He 4,
slaw, 3 Deuterons are bombarded with tritons, and tritons with deuterons, .
pa';:tl!- ostudy reactions in which these two particles first combine then split -
be ;:: ato an alpha particle and a neutron. As the __gnergie-s of the bom-
4wding particles from a Cockeroft-Walton accelerator increase
5 ovard 100 thousand electron volts (100 Kev) the probability of the
a Eiven metions occurring also increases (the. triton’s cross-section ' for
als the duteron capture is higher). But when energies of the incident par-
aptured " 2
.n“f«::’n; *The half-life 18 8 convenient mensure of the instability of radioactive nuclef, 1. e., nuclet
licnwtol'l- &fe ungtable and “decay” into other uwsually more stable isotopes, at the same time
~ nueted. o particles and energy. It is the period of time in which one-half of the nuclef

Jrotonss
nr erent
sguale

F. In the next similar period, one-half of the remainder will decay, leaving one-
_?Wl. &nd so on, ] e —

S L TR

i
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cles are .raised still highef by using a Van de Graaff g e-nei;g:;; "
capture cross-section falls off sharply. s tﬁ

Graaff generator, tritium was bombarded with high-enel.g; N e
ions. The scattering of protons by tritons at various angieg T
“anergies was measured to derive data fundamental to the ulldergtaa“d
“ing of nuclear forces. At higher particle energies, the I'eact.i(,u;-l-fif

which the proton is captured by the triton were studied, Ip .. 0

S R A . s ) One
these reactions the resulting combination became an “exciteq 4 105

parﬁicle which converted itself to the stable state by emitting Tadiggy

7 energy in the form of 20-Mev gamma rays. =~
7. Ina secbnd_ reaction observed, the proton-and-triton "Ombina{i_'

" . split into a neutron and a nucleus of helium 3. This latter rEact-iﬁn__
was of interest because it proved reversible; that is, helium 3 boﬁn._'

barded with neutrons yielded protons and tritons. |
“Tt was possible here,” the report of the experiment states “.Sinee
rood measurements existed on this reaction going in either directioy,
ta'verify a well known theorem of statistical mechanics which relates '_
he reaction probabilities of such a reversible system; this wag
‘time that an experimentally adequate check of the ‘principle of
detailed balance’ had been made for a nuclear reaction.” .

Tritons and protons. In a series of experiments with g v

" Mass of the neutron. These reactions permitted more accurate detey.
" mination than ever before of the size of the mass difference betweep
~ the neutron and the proton, and consequently of the mass of the ney.
;7o trom itself. Results obtained in other laboratories confirmed theg
" findings and did away with previous discrepancies.

HIGH-ENERGY BOMBARDMENT

.~ In the bombardment of light elements, the stream of particles, its
_ehergy closely controlled, is a deft implement for studying simple
nuclear structures. But there is a more heavy-handed approach to
the bombardment of the nucleus—the way of the atom smashers. In
. the proton synchrotron (“Bevatron™) now being built at the Radis- &=
" tion Laboratory, Berkeley, the protons in their race around the 400- - F -
" foot acceleration track will attain an energy of 6 billion electron vols ¥
- (Bev). Each proton will travel 300 thousand miles—farther than = §
* from the Earth to the Moon—in less than 2 seconds, and will approach
" the target at 184 thousand miles per second, 99 percent of the speedof ¥
< light. With this machine, it may be possible actually to create outof ]
. energy a heavy nuclear particle, say 2 proton.. s

osmic Rays

" But even such s machine will not equal the forces of nature.’ The

most energetic bombarding particles that man has ever observed are



| The chﬁicully is that they are dlﬁuqe and
y uncontml]able. '
J with cosmic rays, scientists take instruments to mountain
nd them up in balloons. By the latter means they are able.
;‘;haitlt_udes Whele the primary particles from outer space have

Phem"' swn is ﬁnancmg a limited amount of this hlo'h-tdtltude ro-

rch through arrangement with the Office of Naval Research (zee
L griptions of AEC-ONR research contracts in Appendix'6). -+ -
ond way of improving the chances of observing cosmic ray
sions 1s to leave the instruments in the leoratory but to enlarge'
prove them. Brookhaven Labomtory is adopting this course..
jmong other new instruments, it is building a large cloud cha,mber;
el ¥ will compress target gases to 300 times the normal pressure of
e a{;mosphere. (On pages 74 to 77, some of the instruments used
10 detect, observe, and count the results of nuclear bombardment are
i mered and descrlbed) . N

Rg.eulfs with Today’'s Machines

" However, the main line of development of h1gh-energy bombard—l
t research lies in the big machines that supply streams of partlcles-
any varieties and of controlled energies.: Late in 1946, the 184~
eh synchro-cyclotron at Berkeley began to produce deuterons at
0 Mev, and since then it has been used to “produce 4:00-Mev alpha
mrticles and 350-Mev protons.: These energies are greater by ten-,
fold than any available before. Before particles of these energies
were available, such reactions as those brought about by a proton com-
mg into a target nucleus and causing the ejection of -one or two -
 neutrons were almost the only basis of our knowledge of what hap-'
pens when energy is pumped into a nucleus. With the advent of the
big machine, it became possible to see what would happen when ener-
ges tenfold greater were used.

3 _The .phenomena observed -in such high-energy - encounters have
- proved_ to be most complex, and only the broad outlines have been -
®rked out at the present time. It has been found that there isa wide
ation in the amount of energy which different nuclei can accept
d that there are many ways in which the hlghly excmed nuc1e1 can
?osethem energy. (Continued on p.68.)




Particle Accelerators f0r Researc)

"The first bombardment of atomic nuclei was performed with g mak

shift piece of laboratory equipment, not much larger than a she, ;me'
in which Rutherford used the 5-million-electron-volt alphg Pal'ticlx’-
of natural radium as projectiles. The newest particle accelerator Ilu%
being constructed, will be a precise scientific mstrument 11p féet_ iw
diameter which will accelerate particles, with 1,000 times the Bnerg;

available to Rutherford——5 billion electron volts and more,

" The first machines used to accelerate nuclear projectiles gave them g

-'_é_inglq pulse of electrical energy, as does the Van de Graaft generaty,
pictured below, which gives 5-Mev energy to protons. Later, ways

were devised to impart electrical impulses in series so that partigles
gained greater and greater velocity. The linear accelerator (oppgsite)

‘thus can give particles 32 Mev by 30 successive thrusts. One cyclotroy

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

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

Cut-away photograph above shows the 5-million-volt Argonne Van de G_raaﬂ' w_
electrostatic generator which can give ions nine-tenths the velocity of light. The
electric charge is built up on the innermost shell or “cap” and insulated against °

discharge by nitrogen gas held within the outermost shell (7 feet in diameter) 3
at a pressure of 150 pounds per square inch. The jon beam of this machine b~

much less energetic than that of some other accelerators, but it is copstsat
extremely well defined, and thus very useful for certain experiments.
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of the early successful particie accelerators that used a series of stages to
energy of bombardment particles, instead of imparting all energy
Léaga'ﬁingle stage, was the linear accelerator. The picture above shows fhe inside
ga40-foot linear accelerator at Radiation Laboratory, University of California,
-;i':i-mi]lion-volt Van de Graaff aecelerator, similar to that shown on the pre-
suding Dage, shoots protons into the first of the series of “drift tubes” which,
ﬁephntograph, make a diagonal from left to right, The protons reeeive addi-
‘energy each time they cross a gap between two of the Lubes, moving faster
ter until they leave the accelerator with 32-Mev energy.

[T 1]

~ m

I

¢ decices that impart energy
the protons in fhe linear ac-
tor are shown at the right.
‘M drift tubes are in the center
¥ ¢ the cylinder, or envelope, in
. 2w left foreground. The posi-

"2 wely charged protons, inside the
T avelope, are drawn at accelerat-
2 mgvelocity past the gaps between
4 tetubes by alternating electrical
S%ds. A negatively charged
-4t tube attracts & proton; a
__.;iﬁi‘lltl”vely charged -tube.repels it.
=@h dritt tube is alternately
4 negative, and then a posi-
lectrical charge by the
devices along the right
the ‘envelope. These are
-hequency radar transmit-
#ach connected (with a drift -
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THE CYCLOTRON

Accelerates: protons
deuterons

o and ulphu P“"icle
- ELECTRODE DEE

© accelerates particte

on each hali

-revolution HIGH VOLTAGE 04,
feeds alternating {‘i:}dlkto“
vollage 1o elecirode dee 'H

MAGNETIC FIELD
between poles forces particle ; - :‘:ﬁ%?::” TANK
1o follow spiral path which Db;': Molec

of particle;

Uy,
uct m otigy

10N $OVURCE —m
producas nuclear particles in
center of cyclotron

oTE T > DEFLECTOR

WER
MAGNETIC POLE

The cyclotron accelerates part.icles by usmg altemating electrical flelds, ny dOes"-'"
_the linear aeeelerator, but instesd of accelerating in a straight line the eyclotroy

employs a magne=t1c field to force the particles te travel in a circular orhit, " The" e

diagram above tndicates the parts and. principles of a cyelotron. Instead of
' “drift tubes,” the eyclotron has two “Dees” (or sometimes only one), in whicy
‘alternating electrical fields accelerate particles. Particles start at the centey
(see dingram), move toward the exit polnt in an expanding spiral as velocity
increases, Below is shown & small cyclotron at Y-12 in Oak Ridge. The circulap
portions are the dees the magnet is vert:cal to the plane of the dees. . S




EARCH PROGRAM:

increase the efficiency of particles as nuclear projectiles, the Radiation
poratory puilt the eyclotron above which bas magnets with faces 134 inches
In this cyclotron protons reach energies of 350 Mev, The yoke colls
"_'ag the magnets are encased in the comical hoods; the dark box-like structure
eronslng between the hoods contains vacuum pumping equipment. Evacuating
qses from the “snvelope” of all accelerators is essential since mqlecules"fbf'
45 deflect and impede accelerdting particles. The pump shown exhausts gases
all the molecules left within the envelope between the 15-foot magnets
3, if compressed to sea level pressures, fill no more volume than the head _of
Spin. To protect people from the radiation of the cyclotron, 10-foot blocks
coticrete are used as a shield (below left) and the cyclotron is operated from
emote control room (below right}). : ' R T

T
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The partlcle at,eelemtm shown on these two pages are designed to Dl‘miuee
particle energies 10 to 20 times greater than those of the 1844nch (“'(‘Iotrm]._
proton energies of 3 to 5 billion electron volts in the Cosmoiron at Pl‘()ﬂkhave]]
(model pictured above), of 5 to 7 Bev at Radiation Laboratory (facing Dage,
below). The Cosmetron will be 75 feet in diameter (the dark gircle within the
model building), the Bevutron 110 feet acrogs. Both machines will be of the
type known as “proton synchrotrons” and will supply, for the first time, ampe
controlled beams of particles which rival the energy of some of the cosmic rayg. -
They are at present under construction and working models are testmg then-
operatlng pnnclplt,s. _ . .

At the left, workmen are
moving into place one plate
for a Cosmotron magnet,

The proton synchrotrons use

. magnetic fields to eoniro!

projertile partiéles, but dif-

ferently from the same way

" eyclotrong do. The field of

a cyclotron magnet operates
at constant intensity. It
forces particles to move in
u c¢irenlar orbit, but perﬂlit&
their increasing velociy tﬁ-_
" swing them in an expanglnz
spiral, In the proten sy
chrotron, the magnetic field’s
.. ‘intensity is held low when
partlcle velocity is at a mini-
mur; then increased asVe‘-Oﬂ‘
ity rises so that the partl
continue in a constd.n"
tu.al path
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High-Energy Iission

‘One major effect from high-energy bombardment has been the fissiy

of bismuth, lead, gold, and other elements that cannot be split by Jess
_energetic particles.

Careful examination of the fission products provided by high-epe,,.,
bombardment of bismutl, including the identification of about 5¢ iso.
topes and measurement of their yields, disclosed that such Producig
are quite different from those of the uranium fission process. Ip the
slow-neutron fission of uranium and plutonium, the most frequent),
- occurring mode of cleavage is asymmetric; that is, the nuclens Splifs
% into two fragmerits, one of which is considerably larger than the Other
In fast-particle fission on the other hand, symmetrical cleavage is mog{
often found.

“Noutrons in the Nucleus

-1t has long been known that the more protons a nucleus contains, the - .-
“ miore neutrons it must have, proportionately, for stability. If sy
‘cleus contains relatively too few neutrons it will be radioactive, emi
ting a positron when it decays; if it contains too many neutrons it wijj =
again be radioactive, emitting this time a negative electron when jt
decays. Stable light elements are found to have equal numbers of
~ protons and neutrons, but the heavier elements contain increasing pro.
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. The spilling out of a few surplus neutrons at the
instant of fission would not be surprising. But when we find a ura-
_riium 285 nucleus fissioning with slow neutrons in an unsymmetrical -~
.- fashion, with one produect nucleus considerably heavier than the other,
" and we further find that the two products are equally unstable, we =
: = know that a re-shuflling of nucleons has taken place. The lighter prod- -
uct has a smaller excess of neutrons than does the heavier. T
% Butin the fast-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 could redistribute themselves. It appears then that-

. ':*Thug stable heljum 4 has two protons and two neutrotis In the nuclens; halfway #P-
:* the table of the elements a typlcal nuclens—a stable 1sotope of sflver——has 47 protom

: and 80 neutrons, a neutron-proton ratio of 1.28; and, at the top of the inble, irrantum 238
~-’has 92 protons and 143 neutrons, a neutron-proton ratio of 1.55. . o




ergy _induced ﬁqslon t‘ﬂ{f*% p]ace much more rapidly than ]ow—
hlgh  fission. : : . : :

sﬂ " ijer way in which ﬁssmn induced by high-energy particles differs
: no} w-energy fission is that in the first case neutrons are “hoiled
by Oﬂw nucleus when it splits. At Berkeley this was found to be
OE a5 true for uranium as it was for bismuth and other lighter ele-

. 2 I d the decidin
;g iso. ,ﬂellfﬁ' the energy of the 1n01dent particle seeme to he e iding
.

[nutfilts fathg:ultS of these expenments W1th high-energy fission are a mine of
1ent]e formatlon for the theoretical physicists and mathematicians who at- |
Split); eIIlPt to understand how the nucleus is put together and how its ener-
Oﬂler, ;les can be released and controlled. An incidental but important

pensfit has been the productlon of some 150 varieties of neutron-
jent isotopes of the common elements, which are of ‘great interest
research workers 1n other laboratories.

(s, t, : . : D
a., n}:: Fission is not the only type of break-up of atomic nuclei subjected -
emit- - 10 pombardment by nfillion-electron-volt particles. All sizes of pieces. "
t will - .may be chipped off them, and the term “spallation” is applied to
len it is chipping process. Spallatlon reactions in a target struck by
rs of -Mev protons may produce as many as 100 different products
* pro- {some of which, of course, are the result of high-energy fission).

- =After uranium has thus been bombarded , early ever;y one of the lmown :
1t ex;_ 'ements may be found in the target. ‘
'S the n occasion, the Berkeley workers have found among their bom-- :
ility. rdment products elements three places higher in the atomic scale -
*tive, " ZE¥ than.the element being bombarded They have been able to explain’
t the “ZEEthis phenomenon only by assuming that a three-proton chip—in

ura-- .. other words, the proton part of a lithium atom—has been knocked off
Tical ‘one target nucleus and immediately taken into another target nucleus.
ther, . Spallation, like fission, has produced substances never before known, .
} We ~many of which are of great value to research, It is not yet known
rod-  just how the reaction occurs or what its entire sm‘mfic;mce or use niay

be. It is a new fact, and most facts of this type sooner or ]a.t,er ha;

v the found application. -

rela-

> too

neu- T he M eson

that 2=

R niclear structure—the questmn of what ho1ds the nucleus together.
‘otons” Wha.t__ls the cohesive force that overcomes the tremendous dlsruptma

n285 .
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ifordt._the disruptive force that attains the magnitunde of 40 Poun d;
where only two protons arve involved? The high-energy particl, Y
celerators are trained directly on this problems. Two years ago oa: .
of them achieved a major break-through by producing the {neSOlE
‘One working theory is that nnclear eohesion may be brought ab(;:{'
by an “exchange force™ operating between nuecleons. There ig ay
analogy in chemistry, where an exchange force apparently exlﬂain;
the stability of certain molecules. The simplest type of Chemicai
molecule that illustrates this phenomenon is the so-called “hydl‘ﬁgen |
molecule jon” consisting of two protons separated by a short distance = -
and sharing a single electron between them. The positive electyioy =
_charges of the two protons would force them to fiy apart it the .
- exchange of this electron back and forth from one to the other did.
ot result in a net binding force holding them together, ST

The meson theory. In 1935, a Japanese physicist postulated the'éi
_stence __o_f a particle to perform a similar binding function it thess
‘nucleus,. He named it the meson because he supposed its mass to be
"-_:i;itermédiat@_‘__ between that of the electron and a. _nuc]eon. In thig - -
theory, a neutron is composed of a proton plus this negatively chargeg
meson. - A neutron and proton in close proximity to one another aps <
attracted and held together by the rapid exchange of the meson between
them. The analogy between nuclear binding and that in the hydm;_--‘-’_:
gen molecule ion is a very rough one, but physicists immediately e
begun seeking for mesons both in cosmie rays and in the radiation near
art'iﬁc:ial' accelerators and soon found in cosmic rays something very
like the particle postulated. Cosmic ray research accumulated a great
deal of information about mesons during the following 13 years and
was cimazed in 1947 by a series of brilliant researches in England

~ that established the existence of mesons of two different masses—
pamed pi and mu mesons—through studies of specially prepared
photographic plates exposed at high altitudes.

During all this time, of course, workers with the more powerful
particle accelerators were looking for evidences of mesons around
the targets they bombarded, since laboratory production under con-
< trolled conditions would make the gathering of information incom- -
" parably easier. Snccess came at last in carly 1948, when it was °
- demonstrated that the 184-inch Berkeley machine was hurling particles -

fast enough to make mesons. )

Trapping the meson. When protons and alpha particles in the cycle-
tron spiral outward around its track and finally strike the target with.
~an energy close to 350 Mev, a large number of processes occur. The ..
-bombarding particles are scattered with a great variety of energies i’
~all directions. Also spraying out are the “secondary’ protons, dev

s 7§'
3
4
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an .j{etﬁod of trapping mesons, and the record of a catch. In tlhe diagram: when -
'O- e beam of high-energy particles, from the 184-inch cyclotron at the Radiation
ly ‘Laboratory, University of California, strikes the target, mesons that are pro-

duced will follow ecircular tracks (dotted lines) under the . influence of the
ar e B .

“powerful magnetic field—the positive mesons cireling in one direction, the nega-

ry five In the other. A block of copper (not shown), with hollowed-out channels © -
at saped like the tracks, allows mesons but no other nuciear particles to enter the -
d staek of special photographic plates. The photograph shows the resuit, ‘A_
d ;';égn_tive heavy meson, entering at the upper-right-hand corner, travels through o
the photographic emulsion until it is captured by an atomic nucleus, whereupon
:1- its energy causes the ejection of several nuclear particles. 5
1 terons, alpha particles, and heavier nuclej produced by the reactions 3
ii in the target. A great deal of intricate work went into the task of. -
- frapping the tiny and short-lived meson and proving that it existed

E The device to trap mesouns, as it is now used, consists of a block of-

-wpper in which there has been & cut a channel 1-inch wide and in th

hape of a half-circle of 4-inch radius, - ‘Long experience and close -

== ulaulation has made it possible for the experimenters to be sure that.
the negative meson is the only particle with the mass and charge

- * rquired to make it follow the curve, of this hollowed-out track under I
b j%einfluence of the powerful magnetic field. Against the exit end of
e i the channel in the block, they place special photographic plates,

._...
LA

_ -'%ﬁacked | edgéWise, so_that particles emerg_ingf_y__s_'j_l]___xpake tiny mMicros-
£ %pic tracks in the photographic emulsion and some will actually stop
: e. In‘this way the tracks of mesons are recorded. 7
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 possibility that there may exist particles of mass intermediate be-

~ RESEARCH AND PROGRE
Mass of the meson. One of the first things to be discovered "‘bou{
the meson, thus located, 1s 1ts mass. British cosmic-ray expcrimentelm
earlicr had worked ount the necessary relationships between the mas:
the energy, and the lengths of the track in the emulsion, ang ha\({
thought that the mass of the heavier, or pi neson, was betwepp 400
and 400 times that of an electron., Using machine-produced Mesqng
under far casier conditions, the experiments at Berkeley have refingg -

tIus figure to a narrow range between 970 and 282 electron Masgeg -
. "The first thing to be noticed about.this result is that it does not agy,,

" at all closely with the original postulation of the man who Predicteq

' mgsons: that the particle should account for the weight diﬁer&nce

-~ between a proton and neutron. This sitnation recurs frequently: 4y,

ory predicts facts and lights the way for new experimentation; expep;.

ment, in its turn, finds fact and often shows that the predictions Werp:
partly right and partly wrong ; theory then is reconstituted on the hagig’
of known fact to make new predictions and lead to further experimentg

Two kinds of mesons. The British high-altitude observers had founq
that only one variety of meson, the heavier pi meson, was direetly:
produced by bombardment and that the lighter mu meson was a prod
uct of pi-meson decay. Experiments at Berkeley and Brookhaven
have confirmed this fact and given more precise measurements of
the reactions involved. The life-span of the average pi 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 elec-

‘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 controlied by electronic circuits, which ean distinguish
between different kinds of mesons and reveal many other facts about
them. The new Brookhaven cloud chamber, when in operation, wil -
further increase ability to observe mesons. STy
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 very 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'a somewhat more
" adequate conception of their rele in nuclear forces'than. existed 8 . '

decade ago. The picture is far from complete. Knowledge is scanty :
concerning nuclear seattering of mesons and the probability of their
capture by nuclei before they come to rest. Again, there is th
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Caen the pi meson and the proton. A few events recorded in the
-
Mentg tl o5 esposed to cosmic rays indicate that this may be so.
1 my P .
nd hyy 3 ana Rays from Mesons?—An Hypothesis
cen 30q .' pservers at particle accelators study the energy radiations, as well
esoy. (1’ o Pﬂrtlc]es, emitted from targets under high- -energy bombardment.
l;eﬁnﬁd -t];er],e]e} , for example, the gamma radiation coming out of a block
't ASsey, 2 fc,,,rbon bombarded by protons has been measured through the range
_eda:gl‘&v i of energies from zero to 345 Mev.
ﬁ‘e;cmd " " Charged particles hurtling into a material target lose Velocltv be-
ty - i;ce é ause of the “friction™ or “drag” exerted upon them-by the atomic
. e- & forﬂ?s around the nuclel. The energy that they thus lose is given off
s Is::l' 2 a51-3;(11(1,1:1011. This is the way common X-rays are produced when
he basl"e = gst-moving electrons strike the target provided in the machine.
imen t: “The gamma radiation produced in the Berkeley experiment behaved
* qecording to the known laws for X-rays until the bombardment energy
1 foung ‘T';g reached about 180 Mev. - More low-energy gamma rays were produced
lirectly % then high-energy ones. As the observers continued to increase the
a prod. i pombardment energy, however, they met with a surprise. They found
khaven £ at an unexpected number of gamma rays of high energy were pro-
nts of % duced. By the time the bombfwdment energy reached 340 Mev, 100
M is of 3 (imes more high-energy gamma rays were found than the X-rays laws
* which predicted. To date, the most probable explanation of the phenomenon
1e elec- pictures the high-energy protons as knocking mesons out of the target
econd) arbon and those mesons then decaying with productlon of gamma
Brook- ys. If this hypothesis can be substantlated it will tie this new
VS, em- ebservation neatly into man’s present knowledge about the nucleus.
telding o L PERRI
ngll)li-‘i]l ResrarcHE wrre NEUTRONS :
_nf: ‘,? : ;; 3 The neutron is the particle most effective in penetrating the nucleus;
1 having no charge, it is not repelled by the electrical fields that surround o
(the it. Only nuclei of a particularly stible number and arrangernent of
rticles the nuclear components can keep the neutron out. Many nuclei are .
‘he ex- not stable, and wandering neutrons are continually causing dlsrup-
ing of tions and transmutations among the natural elements. >
sted to The effects of neutrons of all energies upon atoms and materlals

must be known for atomic development, because, unlike the protons,
deaterons, and other charged particles, neutrons can have violent ef-
fets at low energies. It is a “thermal” or “drifting” neutron that
most readily splits uranium 285 and plutonium atoms and releases :
tomic energy. One of the greatest problems of the nuclear scien-
2 tists is to produce neutrons of various measured energies so that they =
: may make experiments and learn more about the way the neutrons -
behave, and their effects upon materials. (C’Ontzmwd o p. 78.)
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Detection Instruments

The nuclear particles studied by science—protons, neutrons, eleetmns’
positrons, mesons—are so small they would have to be magnified hyy,.
dreds of millions of times to be visible to the naked eye. They travy
at tremendous speeds—thousands of feet per second—and the invisih),
events in which they take part are measured in millionths of a secong
Yet the properties and behavior of these particles must be studied
for the development of nuclear science and atomic energy. In th,
-, typical experiment, the nuclear scientist deals with very large num.
" bers of particles and needs to identify them, estimate their numbers,
~ and measure their energies. For these purposes he depends mainly %
upon ionization tubes and the kind of electronic equipment pictured gy =~ Fi-
pages 76 and 77. Tlowever, he is also able to observe single particles -
“-and make records of individual nuclear events. The picture recorg

. below was obtained on specially prepared photographic plates iy

- which electrified nuclear particles produce visible tracks by lonizing
(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, 1s actually not g
long as the diameter of the period at the end of this sentence. Ejx.
perimenters search many plates with microscopes to find such a track,

The picture above records a nuclear event caused by 270-Mev protons acceler-
ated in the 184-inch cyelotron at the Radiation Laboratory, University of Cali-
fornia. A neutron (leaving no trail because it carries ne electrical charge)
strikes an emulsion atom at upper left, producing a negative hem-‘y__me_so!?__ﬂ_oﬂﬂ-
two heavier particles, probably protons. The meson moves to the right, st

in another emulsion atom and giving up its energy by knocking out angther.
T heavy particle, probably an alpha particle. S I
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Like 'ph'otbgrap_hlc _._-:.emutsidn,-*thé"-CIbnd "t*'l'i'z_ijmber also makes possible picture
rds of events in the invisible world of nuclear particles. This instrument,
mgmmmed above, consists of a glass-topped chamber eoptaining moist air or
gax;-whi‘:h- can be suddenly cooled by mechanical expansion. The resulting super- L
laﬂr'a'u-:_otil vapor condenses on the ionized trail of a moving electrified particle
ng it ¥isible, like the vapor trail of a high-fiying aigpiane. The above cloud

gmber photograph shows a meson descending at the right and decaying with the

j@missioh of an electron, and also an electron of lower energy entering the cham-

T e

‘4t the bottom. The magnetic field surrounding the chamber helps identify.
s particles; it is this force that causes the second-mentioned electron to spiral
rest in the vapor and provides the observer with a measure of its energy.
st cloud chamber ever built is mow nearing completion at Brookhaven -
ory (below). Its advanced design, employing a 70-ton steel yoke magnet
¥apor pressures up to 300 times that of the atmosphere, wilt permit more -
nt studies of cosmic ray and other particle bombardments than ever before.
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A singlé sample of radioactive material may give off miilions of wuelear par.

iﬁ -:.i.-ticles every second. In both research and production operations throughoyt

g "“‘i% .the atomic energy program it is essential to have instruments that wil] couny,
":?,";] i or otherwise measure quantities of radiation. _Evacuated tubes of the kingg -
; _ diagrammed ahove are the most commonly used detectors. Energetic particleg - 3
= or rays from outside ionize atoms of the gas in the tube; that is, they kngak =

-off electrons so that the atoms are no longer electrically peutral. The jopg
move to the electrodes, resulting in an increased flow of current, or a Beriey
of pulses of current, in the electrical circuit to Which the tube I8 connected, .
These current variations are amplified so that they. can be recorded ’l‘he p]mto_-' ;
graph above shows the use of & ‘portable model of. the wellknown Geiger
counter, the dial of which registers the intensity of the radiation coming from
the material contained in the chemical apparatus., Such relatlvely simple devices
are used for the detection of radiation and the protectmn of perso_nne.l 'hel:e '
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as well as the numbers, of emitted particles must be known in

L. ‘There are many varieties of “spectmmeters" for this purpose.

-qpewest is the geintillation spectrometer, shown above, left, at QOak

tory, which both counts and measures the energies of particles by

fAashes of light that they cause in certain erystals. The Argonne

TR peutron spectrometer, above, right, mechanically chops a beam of

: truns into bursts so that the celocities of the various neutrons can be analyzed -
% of etectors. The complex pulse analyzer, shown below, makes Dos-

rie
e deptification 6 Tadioactive isotopes by sROWInE the energies of the

- veions dlpha particles that they emit.

+




7 RESEARCH Anp 'Pno
SOURCES OF NEUTRONS
- The neutron is difficult to contro], because—

a) Being electrically neutral, it cannot be slowed down g .
. up by electrical and magnetic fields. The only way to chdn&e%
" motion is through collisions.

. movements by thick barriers or, for lower speeds, by vl
small thicknesses of certain elemeuts such as cadmium and
which capture it readily.

bo

¢) It is evanescent, with a half-life of 30 mimit-es_ or less.

~ Broadly speaking, there are two ways to prodﬁce neutrons: ( a) klloek
- ing them out of nuclei by bombardment, as in a radium- be“lhum
source, and (%) producing them by nuclear ﬁssmn in a reaci;or

xVeutrom from Bombardment

the alpha partlcles emitted by radium were allowed to strike g tyy

-.'~:1_a.r1ety of energies, rangmg up to abotit 5 Mev and averaging betwee,

_,_'-_--To get neutrons of other energies, & large number of techmques have

" been developed. Expemmenters in A,EC laboratorles have, among
other thmgs— : : :

_ a) Used a Van de Greaff generator to bombard deutermm with trit-
ium. The reaction between the “tritons” and the “deuterons” pro-
duces alpha particles and neutrons with energies ranging between
'13 and 19 Mev. . Countlng the positively charged alphas givess
measure of the number of the neutrons being produced.

b) Bombarded trn‘,ons with protons, again using the Van de Graaﬁ

. getting a reaction that produces neutrons between 50 thousa nd elec-
tron volts (0.05 Mev) and 1.7 Mev.’

' c) Used a cyclotron to bombard deuterons Wlth deuterons. thus getting
-.Some of the desired neutron energies between 6 and 13 Mev.

time getting neutrons of 28 Mev.

b) For the same reason, it can only be contained or St“pped;n. ..

The ﬁrst neutrons observed in the labomtorv were produced “’hm :

“of beryllium, causing the beryllium atoms to emit the neatral particleg - :
“The radium-beryllium source, still used today, gives neutrons with, -

d) Bombarded tritons with deuterons, again with the cyclotron, t,hls_'_-

: An advantage of the Van de Graaﬁ O'enera.tor over other types Of

u.:i\a;l.i;ii’jf
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4 gow with 2 “multiplication factor of 2.7 In other words, the original _
% fsion would cause 2 more fissions; these 2 would cause 45 and the sue-_ .
- 3 wsive generations would run: 8, 16, 32, 64, 128, etc. The tenth gen-
3 tion would have 1024 fissions, the twentieth more than a million, the .
4 irtieth more than a billion. In 90 generations, a billion, billion, bil-

: _ﬁfside reactors to determine neutron effects. But.the neutrons inside

;&gjideve_ldpmenf workers in atomic energy need to know the effects

Anergy of 't-hé_"iparticles striking the target. In some energy
-"th"iS._mﬂa-IlS that-the energies of the neutrons knocked out of
705 - t can be controlled, and one can sometimes take advantage

tarfact that tuese neutrons emerge in different states of energy
of theding upon the direction of their flight—whether it is in the same
Hos 85 the particle beam from. the Var.l de Gr.a.:-z,ﬁ,.or at right
esitf‘jt: or in a backward direction. This techmqge 1S most suc-
230 getting neutrons of around 1 Mev. '

- Wholesale—The Chain Reaction

T.The-se key facts ix'lw'olving the neutron brought about the develop-
pent of atomic energy : deve

it was discovered that a “thermal neutron” (2 neutron Withﬂen—
wgy the same as that of the atoms surrounding it) would split the.
eus of the uranium 235 atom, and release energy. Lo

it was deduced on theoretical grounds that the uranium nu- -

. “when spht, -would eject two or three neutrons, and thus perhaps
’ ﬁssioil- otber atoms of uranium. The possibility of the chain reaction
sis plain to see. : '

i [p s sufliciently large block of pure fissionable materisﬂ, if each _ﬁ‘ss'it.)n—_ :
4 jpg uranium atom were to emit just 2 neutrons, and each of these -
7§ aused another atom to fission, then the nuclear chain reaction would

3 on atoms will have fissioned. Each one of these generations would
tmuire about one-millionth of a second and 90 generations less than

A xe ten-thousandth of a second,

Inreactors the multiplication of neutrons is controlled ; the over-all
wer generated can be held constant. - Some of the excess neutrons
swallowed up in control rods containing boron or some other
iron-absorbing material. Other neutrons are put to use—at Han-
for manufacturing plutonium; at Oak Ridge for producing i
active isotopes; and at Oak Ridge, Los Alamos, and Argonne,’
research work requiring large quantities of neutrons, . . S
"t all of these places, as a general rule, materials are “irradiated”

* reactors have a wide range of energies.” Frequently, research -

“Butrons of selected energies.
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r‘tﬁﬂg Neutrons

~ qhe Argonne neutron c’hopper , dmg*ram opposite, illustrates
oo of the problems f aced by the research workers who need____
ort monoenergetic neutrons (neutrons of the same enerrry) out of”
w08 mixed lot that streams from an opening in the concrete shielding -
fe reactor. ‘In the picture, three degrees of shading-are: used to

Present fast, 1ntermed1dte, and slow neutrons, although in actuallt,y
_ ﬁere are thousands of variations of energy in the beam.  The first
- sotating disc-chops the beam into separate bursts of neutrons. It isa

nge “disc.” .To stop the very penetratmg neutrons, it is 16
“1es thick and’ of high-strength steel. It is 4 inches in diameter,
n at 40, 000 revolutions per minute by a 3-horsepower motor, and
_actuahty, by six slits instead of the one shown for ﬂlustra- 2

‘Each of the separate bursts, as it travels toward the second revolvmg
dlSGs stretches out as the neutrons of highest energy take the lead and

the others, with their various slower speeds, lag behind. Conse-
'éntly, the second dlsc can be timed to chop from the extended burst :

d 1,000 electron volts S
' neutron chopper is on]y one of a vamed class of 1nst,ruments

yond that a system of mtrlcately wired detectors that can tlme the
rival of neutrons of: varymg speeds. Brookhaven Laboratory as
kmg on a modlﬁed version of the neutron chopper. =~ < .=
ere are sevara.l ‘other principles used to sort monoen rg_tx
autrons from the wide spectrum of available energies. Certain crys-
| tals when placed in a reactor, beam will reflect neutrons of different
energies at different angles and spread them out in orderly fashion,#
_ in somewhat the way a prism spreads out the visible spectrum of light. -
-~ Argonne Laboratory, which has a spemal interest in the behavior
of fast neutrons because it has been developmg the design of a fast-
neutron reactor, has used many ingenious ways of sorting out high-
energy neutrons. Samples to be tested under bombardment have been
W{ﬂppgd in: cadmmm of a thmkness calculated to let only the fast

has been placed in the neutron beam i 1ssu1ng from the reactor 80
t-ﬁssmn Would oceur ‘within it and produce fast neutrons. S

TR
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Polarizing Neutrons

The energy of a neutron is not the only characteristic it possesge
that affects its interaction with target material; its “polarizatigyy_
or the way its axis is tipped, so to speak—can sometimes be impol‘tant
Neutrons and other nuclear particles are like the Earth in that t-he‘;
spin and possess magnetism, and consequently have “north and sout],
poles.” Modern physicists have found means of ascertaining whiy
-way these poles are tipped. Such problems as determination of the
magnetic properties of various types of steel can be solved Morg

asily .if the angle at which a neutron pole is tilted after bouncing
‘off the crystals in a sample of target material can be discovapeg
But the neutrons in an ordinary beam are tilted at random, in ali
* directions; and thus there can be no coherent information obtaineq
- ‘by‘observing their positions following the collision. What is needeq
is.a polarized beam, in which the neutron axes are all tilted tpe
same way. R oo o | _

Argonne Laboratory has achieved such a polarized beam. Npy.-.-
trons, like light, will bounce off & properly prepared surface if the
angle at which they strike is far enough from the vertical. The Ar. R
' -gonne experimenters prepared a polished and magnetized cobalt miy.- E
" ror (photo opposite), which would reflect some of the neutrons. Whep
‘a2 beam from a reactor strikes this plate at a slight angle (close to paral.
* 1el), the neutrons reflected all have the same “tilt”, and the result is g
~ reflected beam that is 100 percent polarized. B

‘Newtron Detec#brs -

An ordinary Geiger counter will not react to neutrons, but if its.
tube is filled with the right kind of gas—boron trifluoride is one—the”
instrument will register the presence of neutrons, since as the new-"
trons enter atoms of the gas, the latter give off charged particles—- ¥ -
ionizing radiation—that can be counted. B L

One of the difficulties experienced with this type of detector is thst -
the quantities of ionizing radiation produced by a given number of
= neutrons are not the same at various neutron energies. The instru-
. --ments are able to detect neutrons'of a single energy more accurately
““than when energies gre mixed: . A comprehensive study of the detec-  §
“tion and measurement of neutrons is under way at the Commissions .
" Mound Laboratory, Miamisburg, Ohio, where the object is to develop .
new counting methods that will be both rapid and accurate. =y

All told, much time and ingenuity have been expended on instrd- g
ments and techniques that will give quantitative answers—that will =
Sa080] actually count—because the nuclear sciences are based upon numbers.

‘When an investigatqf_"_'_ trains.a beam of particles upon & speci:
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ﬁmor that polarizes neutrons. The puclear particie called the neutron is 80, g
sl that it would have to be magnified about a hundred million times to be
- :ﬁjﬂﬂe yet it is like a tiny model of the Earth, in that it spins and posseeses
- ensm and has “north and south poles.” Sowetimes for experimental work,
= of neutrons are required that are polarized, with their axes pointed &ll -
the same Way. This is accomplished at Argonne Laboratory with a highly
E poiished and magnetized cobalt mirror, shown above refiecting the experimenter’s .
papd. . Neutrons emerging from the nuclear reactor (background) have their -
axes oriented in all directions, but those that are rcﬂev_ted from the mirror are

190 pereent pu]arized

t;;be tested he needs to know how many were absorbed and how_'_-
many got through. . S -

4 techmque of measuring abso'rptwn of mutmm. Neaﬂy all of
$§ ihe instruments built to answer this question depend upon counting
" the number of atoms struck and made radioactive by the neutrons.
. However, a technique developed at Qak Ridge and Argonne is entirely
. different in principle. The problem to be solved was to find out how
many neutrons were being absorbed by a specimen of material placed
ina reactor. It was found that this question could be answered quan--
titatively if the specimen were oscillated regularly in and out of the
4 neutron field inside the reactor. This procedure affected the level of_ ;
'.'.operatlon of the entire reactor. From the magmtude of this effect
it was posmble to compute how many neutrons the spécimen had ab-~
d.. Measurements of neutron absorption have been made on
more than 70 different elements by this techmque.

Pargllel plate counter. Invest1gators also need to be able to mea,s-”
e ac(,urately the anbles of ﬂlght of neutrons when they are deﬂected
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from their course by target materials. Brookhaven hae devige 1
“parallel plate counter” to answer this need. The neutrons, ha{i
passed beyond the target, enter the space between two plateg one g ' gon!
which is of glass. They strike the other plate which has beey (:0:1'[0f

_ with the rare.metal indium. The indium emits beta particle 4, awk
.- gome time after being struck, producing tiny visible “sparkg” “‘hi}ll erdy
n be photographed. The result is a pleture showing where tfl; spec

“neutrons struck. From this, the angles of their flight are caleulagy d men

the s
S nun
NEUTRON . CROS8 SECTIONS
A variety of neutron energies 1s needed in the measurement of nen The
tron cross sections: that is, the measurement of the probabilitjeg that
':[1

neutrons of any specific energy moving into any particular Materiy]
will pass through unhindered, or be deviated from their course, o ,, i coll

__bounced about, or be absorbed—and if the last, which one of the Iany rant

“possible resulting nuclear reactions will ensue. | gin
- To cover this field of investigation completely would require ¢}, and
easurement and tabulation of these various cross sections for every refle
sotope of every element at every possible neutron velocity from ti tor!
“slowest to the fastest. The investigations actually being carried oy tab!
“concern themselves with the isotopes and the neutron velocities of app

most immediate practical interest in atomic energy development. The
rogram again further divides itself in accordance with the different -
acilities available at the different laboratories. Uranium reactors -
re a tremendous source of slow neutrons, and programs for measyy.
-ing slow neutron cross sections are under way at Oak Ridge and st
_ Argonne. Measurements involving fast neutrons, on the other hand, =
“are carried on where there are powerful particle accelerators, as at -
Berkeley and Columbia University. -
Even when reduced to its essentials, the program for the deter- =
mination of neutron cross sections engages a substantial part of the
available manpower at every large AEC laboratory and accounts for
‘a sizable share of the Nation’s budget for atomic energy research and
- development. Typically in the past, the kind of background research
-involved here—the painstaking collection and tabulation of related
measurements that are finally printed in the handbooks of the . 2
engineers—was the work of many decades. Today, it is being done
- systematically and rapidly. It is speeded by: (1) the development
- of better experimental techuiques, (2) the advancement of ielear -
theory, and (3) the promotion of basic research. ' R
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t of Instruments and Techniques

| pﬂ_fez«apme’“
\“(ilna -3 such devglopm;nts &l‘e;’c-Qntinllally lightening the task. The Ar-
) 0% - "."Bemmnt,c opper;’ for example, now makes possible a close
e glt‘cﬁon of nentron energles that would .have saved much difficult and
o gwk“"_“rfl exp;r;)mentatilcfn for the wartime d(-ave.lopers of atomic en-
rick, f it had been av al]a.]:ale- to them, :Agam, the refined velocity
the § 4 et meters.;}ow in use in Columbia L=n1_versit-y’s physics depart- B :
1 - pent bave facl 1.t.ated the stu dy of certain fission reactions and brought - . =
¢ success 111 measuring directly the seattering cross gections oaf 8

r of substances important in atomic energy development

gl

Aamtance of T heory

=

]eu‘ .

«hgt .. ___._v.- By . . . .
tial 'Iﬁ-mg'eaﬂ:}&; stagels{ of a scleniflﬁc development the facts and ﬁgurés T
r be collectedl?y the wor ell‘S m routine research may appear to be e.ntirely..?-
any n}ndoma earing nore ation to one ano_ther,_but sooner or later they be- s
- gin 0 f‘?‘m m‘;a?_mgfﬁl patterns. At thlf: point theory comes into use
the snd, by o?mu a 1}?:;:’ tne undeﬂymg principles which the péttefhs may
ery ,g_ﬂ'ect, sav es muck abor. For e_}fample, when work in various labora- -
the - Wories had compiled the cross sections of all the elements in the periodic
o for the capture of neutrons of one sel ' ) e
ut : that th . one selected energy, it became:-
of _ sppurent that there were regular hills and valleysin the h. and that ™"
“uhe recurrent low poi - e graph, and that -
Che ghe .pomts,. standing for minimum absorption of neu- .
ent “trons, were occupied by isotopes containing certain definitely inter_"
ors '5"Pl.md numbers of neutrons and protons. The builders of the war-
ur- E =8 sime reactors that produced fissionable material have stated 'tha;. .
- at E 3 mowledge of these “magic numbers” would have saved the v
n 3= months of experimentation m many. .
d, 3o perir 1. The benefit to today’s reactor des: L
at * i, of course, considerable. I o eSIg_n_‘?I_‘S 5
" Mathematies is tl | ' _ S e
. 3 o Laberatones Leaia{;nf;;%; z(::i nucligr tl;eory, and all of the Na-
- . ~ ; ! WOI- -]ng eams Of matllemat,. .
the ¥ These teams develop the formulas that descri 1cians.
; ; . escribe nucl
for and translate them into numerical quantities which tgir Plﬁen]gme.na.
nd Ilil:results of experiment. Once experimentally verifiec{ Ehch with
~ch are then used to : S ormu-
ed perimentation. The sﬂfsgljftd fil;llre results and guide further ex-
e onte Carlo system used in atomic

he l energy laboratories is typical of the new mathematical techniques
4 statisti )
‘ dettezsrf;?ii T}fthog. The Monte Carlc-o system is used, for example,

i s particalar I‘e'?cs ectlr}eness of the shielding structure planned for. .
. traces the COﬁrs(e 00;‘.. - make the calculation, the mathematician
“ ofatoms i (] of a Sl-ngle hypotlfetlcoa-l neutron through the maze
he shield to its final destination. Sheer chance determines

: how ; '
il often this neutron will collide with a shield atom and which way
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it will rebound In the mathematlcal ’%OhlthD thez eforo the distung '
“between collisions and the direction of travel after collision are detep.
“mmed by means of “random numbers,” like the numbers that coyjg be
obtained from repeated spinning of a perfectly balanced roulett,
“wheel (hence the system’s name). As the resuit of these chanee cal.
“licians, the neutron may bounce about within the shield unti] j is
taptured by an atomic nucleus, or it may escape quickly to the outsid,
r.it may follow any of an infinite number of courses between these
“two extremes. By following the behavior of a great many such hy po-
i hetical individual neutrons, the mathematician can determine the
statlstmal behavior of the group—that is, all of the neutrons that wil]
_strike the shield. Any desired accuracy can be aohleved by mcmasmg
~ the number of individual calculations. o
~_ Ever since the earliest days of the atomic enerorv pr03ect there has
been & ne_e& to solve very complex computational problemq. such aggpg-
mv_olv"d in bomb de51gn. pile construction, therm:ﬂ dlﬁ’usmn, electm
AagTieti 3t
np a single problem may mvolve some tens of thousands of mdmd 5
al opor&tlom, and in some Instances the number is larger. To tdbkle

E’Zectmnw oomputers. One development carried on during the war .at'

eATmy’s Aberdeen Proving Ground was the construction of an

el ctronic digital computer, the so-called Eniac. Its success has pro-
“wdod oox_lmderable stlmulatlon in thls new field.

'oompleted ‘during 1950. Construction of oomputers based on this
prototype is already under way at Los Alamos and Argonne. Thus
these AEC laboratories will have at their disposal the most modern
means of scientific computation and will be a,ble to handlo problems
not possible with existing computers. - - =i : e

‘To further the development and utilization of mechamcal comput-
< J_ng devices, the Commission has assisted, throngh contract, in finaric-
_ing the 12-hour-a-day operation of Harvard University’s Automatic
" Sequence Controlled Digital Calculator, more familiarly known 8s
““the Mark T Computer. The problems turned over to this computer
" are selected by a committee of Harvard scientists and have ranged i,
~scope from the detailed 1nvest1gatlon of the force constants neoessary
to blnd the neutron and proton together to studles in heat radmtam

. R T AR el



ble to stellar (ana also to atomic weapon) problems. Between
jcabi€

j .;pPl stremes of the small and the great, the machine has .helped in
Ctey, et © eneineering and medical research problems—having dealt,
4 -_’_f_y!mng ot-hBar things, with the propagation of flmmes, the principles of

oot tinings the electromagmetic radiation from systems immersed In -
anl ' '

fon

- 'Rgsaa'rch With Neulrons

3 he long Tun, the greatest assistance to technological development
~¢rom the discovery of new truths about nature in the course-of
én al research. S

pmwnreactaons The reactions of neutrons with single pro-

e hag i nder study in a number of laboratories, including Argonne,
5 are mokhﬁven, Oak Ridge, Berkeley, and Columbia University. At
‘Ctro. 1) yeley, where very high energies are used, one of the results obtained
%01"' R given further support to the meson theory of nuclear cohesion. -
i'l_"g'{_ 'k’; observed that when the incident neutrons have a mean energy of
ackle -

ev, one feature of the neutron-proton collision is the frequent

desk ﬁhﬂiige of identity between the two particles. The particle which

‘peti- ijfdachedf as a neutron leaves the scene of the collision as a proton,
nght ) the proton, which was a hydrogen nucleus in the target, recoils
. hiﬁn"ihe collision as a neutron. In effect, the two particles appear to .
arut rforming, upon collision, the “exchange” which the meson theory .
£ an ulates as oceurring within the tightly-packed confines of the atomic A8
o ‘The forces between a neutron and a proton when locked together . Yerd
P e mucleus are most easily studied in deuterium ( H 2) which con—_' : iﬁ; sk i
elee- wins oné of each. Precise calculations concerning such a “two-body - s
£ the  woblem” are possible. In preparation for such computations, Colum- L s
il be 3 physicists have measured with a new accuracy the cross section of
this _;fi;_;btdn for a low-energy neutron, and are now engaged in a second
Thus ‘=¥ meparatory experiment. '

ern % “Combined work at Brookhaven and Argonne has recently permitted

slems Z yexperiment-——the measurement of the angle of reflection of incident. =
Fertrons from a “hydrogen mirror’—which has provided data for a -
aput- “% w¥ calculation of the limit of distance within which these elementary

‘mrticles act upon each othier. The figure obtained is about one ten ket
t dousand billionth of a centimeter. o S el

Y scattering of neutrons. Neutrons that pass within this distance
¥atomic nuclei are either absorbed by them or deflected more or less
=hom their original paths. This scattering gives useful information
3 nuelear dimensions, magnetism, spin, and other characteristics..

S TEININTRLN
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¥



still under investigation.

AR NEUTRON DIFFRACTION

" many years to study the structure of materials. But X-raysand ele,.”
. trons do not satisfactorily show the presence of lighter elements iy "=
" the diffraction patterns that they form. Neutrons, on the other hang
. do this very well. L |

Studying the radioactive decay of the neuntron at Oak Ridge. A bheam of

_ designed to register the resulting particles—electron and proton——on two count

8 o S RESEARCH AND-PRQG ES&
At Berkeley, extensive measurements have been made of the seatterly,
cross sections of nuclei for neutrons of energies ranging from 4 Mey
to 90 Mev. It appears that as energies increase nuclel of low atom;,
nuniber display an increasing “transparency,” allowing some of th;
neutrons to pass completely through the nucleus. This phenomeng, s

< When a beam of slow neutrons strikes a crystal, the neutrong are
scattered in certain preferred directions determined by the origiy, al
angle of the neutron beam with respect to the crystal and by the 3
arrangement of the atoms or molecules which' compose the erygg; -
The pattern thus formed is characteristic of the struc-t-ur_-e of 8 givey -
-erystal. _ .
* Diffraction of X-rays and electrons has been used similarly fo,

neutrons from a hole in the concrete reactor shield at the left enters the
horizoutal vacuum tank. If a neutron decays at this point, the apparatus 18

ers which are timed a millionth of a second apart. When the neutron beam_
emerges from the tank, it passes behind the warning sign and is absorbed il'$
heavy boron “beam catcher” 10 feet away. - = = . -0 L



ok Ridge Laboratory, because its nuclear re‘wtor prov1des 4 plentl-

'_illg' GOUECe of slow neutrons, has developed an extensive program for
"Ie_‘f L ; nvestlgatIOIl ‘of crystal structure through neuntron diffraction.
Me  F 1 __ (be. echnlque has been found equally applicable to the problemb of

nuclear physicist, the chemist (including the organic chemist),
Ly o ihe metallurgist. Neutron diffraction has been applied to the
T .tion of the hydrogen atoms in ice crystals and in the crystals of -
}oca of the heavy metal hydrides. It can also be applied to the loca-
son of relatively light atoms like oxygen in oxides of heavy metals. -
ava s gold-oopper alloy system has also been extensively mvestlgated
na)
the

STRUGI*URE'_.'A@; LIFE OF THE NEUTRON

tal, . _ .

ven bout 15. years ago, when it was found that neutrons are a little
for haﬂe} than. protons, it-was ‘suggested that they should in fact be "
or.

able and should “decay" spontaneously into protons. This proe-
«s would involve: ‘the neutron emitting a beta particle (an electron). . .
fpon ejecting the negatively charged electron, the neutron would be-
ome 2 partlole of somewhat smaller mass which carried a positive
irge, that is to say, a proton. From theoretical considerations, the
fulf-life was predicted to be approximately a half hour. Present
predictions are that it should be somewhat shorter.
eutrons are 8o hard to handle that their radioactive decay has not h
n observed in the laboratory. However, at Oak Ridge evidence of
eutron. decay is now being sought in an apparatus which registers
incidences, as recorded by the simultaneous operation of two coun- |
ars, between the emitted beta particles and the resultant protons. - ©
‘In this experimental arrangement, when a neutron decays the_
a_mltted beta particle is' registered at once on a proportlonal counter;
the proton. which remains, being pomtwely charged, is accelerated by ;
nelectric field and after a time of flight of about one-millionth of
gecond it registers upon a second counter. Thus for both counts to be:
gistered at the same instant it is necessary to delay the operat,mn of
first counter by one-millionth of a second. By this means, the’
ime required to accelerate the proton is used to 1dent1'fy itsa lighter-
rticle than a proton would arrive at the secondary oounter too soon’
toactuate it mmultmmously'wmh the ﬁrst and a heawer ;partlcle Would'
3 arrive too late.” - Ll : :
1 Results thus far of this experlment‘hswe been eneouraglng Comc1~ '
=3 dences have been observed, which seem 16' ‘depend upon the presence
=% of neutrons. Further work must be done, however, to make sure of ...
S the trustworthiness of the results and to deduce a fa1rly aocurate valus.
-:iar the half-life of the neutron.

!ec-..
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Mesons and Neutrons

At Columbia University, experiments are being conducted to thrgy
Iight upon the newer theor abont neutron structure: the theom that
pictures the neutron as being—ut least part of the time—a POSitiy,
proton with a negative meson attached to it. If this theory were vy; d,
it would appear that the proton in the neutron should have an atty, '
tion for electrons even though the particle as a whole were electrig, dall
neatral.

A beam of slow (low energy) neutrons was projected through SOme
~ liquid bismuth, and it was found that negative electrons apparent]y
. were attracted by neutrons. Although much remains to be doye, this
result gives support to the proton-meson idea of neutron structyre,

i

NocLear ExciTaTIONS ‘

Atomic nuclei that have captured neutrons, or that have beep dis-

‘rupted by high-energy charged particles, contain excess energy and
are said to be in excited states. Some rid themselves of their exceg -
energy almost immediately by em1tt1ng energetic radiation in the form
of gamma rays; others remain in the unstable condition- for widely
‘varying periods of time and emit various combinations of bets g
alpha particles and gamma rays when they decay into more stable
states. These latter are the artificial radioactive isotopes that have
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 1nf0rmat10n about the
nucleus is the observation of its behavior when in the excited state,
Some of the kinds of facts obtained may be illustrated by studies under
way at Berkeley of the nuclei that emit alpha parmcles.

¢

Alpha-Radioactivity

A decade ago only 24 nuclear species were known that emitted alpha
particles in their decay, and these were all among nature’s radioactive
families, starting from wuranium, actinium, and thorium (radium
being the most active and best-known member). Since that time,
some four or five other natural species have been found. - Today, ! how-.
ever, there are more than 100 alpha-emitters, most of them man-made—
some by neutron irradiation in reactors, the majority by ‘accelerater™
bombardment of heavy nuclei with high-energy charged particles.

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




'The manner in which a nucleus emits alpha partlcles is related to
Le'energy that it contains. By measuring the energies of emitted
shas, research workers are able to discover the relative energy

:; ~sontent of the radioactive nuclei above lead and bismuth in the
va “periodic table—and thus to arrange the successive mem'bers of
id these families on energy-content basis. Having done 13h1s, 'they
ic: ind certain hills and valleys in energy-content trends, which give a
ly ;Plcture of the relative stability or instability of the structures of
" the. interrelated nuclei. ’\Iapplnrr out these regions, they are able
Te .40 predict the radioactive behavior and properties of isotopes for.
tly ~which they may be searching and also of istopes that will be formed |
2 in nuclear reactors not yet constructed. The reactor des1gner is "~

vitally mterested in this information.

. b) The manner in Whlch a nucleus emits alphas 1s related to its stmc-
sure. For heavy nuclei that contain even numbers of both protons.
‘and neutrons, the theory expressing this relatlonshlp is well sub-
stantiated and has been used to calculate the sizes of these nuclel.

nd ).The phenomena of alpha-radioactivity and the theomes buﬂt
s around them have been used as guides for finding new isotopes
-m and “extinct” istopes of elements that once existed upon earth’
1y E Many new alpha-emitters have been found in the region of .the’
or g artificial elements above uranium, and seven other 1sotopes of
>le plutonlum besides Pu 239 have been 1dent1ﬁed -
ve 'i% ‘ ' ?
R Beta-Radioactivity B
he  Most radioactive isotopes decay to a less excited state by emitting a
te. .7} beta particle, either a negative electron or a positive positron. The
‘er Y radioactive nuclei of carbon 14 and oxygen 15, both end as stable
4 isotopes of nitrogen: I

. Carbon 14, the radioisotope with 6 protons and 8 neutrons in its nu-

3 deus, emits a beta particle, an electron with one unit of negative
ha 'F charge. The consequence is that one of the neutrons in the nucleus -
” ]
m - _'ftwe unit charges—the nucleus no longer is ca,rbon 11; has beoom

e, i ':ml:ro?'en Its weight is the same as before: 1
B Epositive charge has increased from 6 to 1.

Urcygen 15,8 radioisotope with 8 protons a,nd 7 neutrons in its nucleus
tits a positron, with one unit of positive charge. The effect is the
4 overse of the above: one of its protons has become a neutron., Its-..,
weight is the same as before (15) but its positive charge has been
rEduced from 8 to 7, so it is now. mtrogen 15, a stable 1sotope
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One of the conclusions that seem to follow from these observed Luct
is that a neutron is a combination of proton (positive charge) ﬂng
electron (negative charge) and that it transforms itself into a Protoy
by getting rid of the electron. Dut as soon as the energies involyeq
in the reaction were measured this theory ran into trouble. In tryp
forming from an excited to a stable state, the nucleus reduceg it
energy-content, and this reduction can be measured. 'Jl‘heoreticaﬂF
the emitted electron should carry just this amount of energy. But:
usually, it carries less.

The neutrino. To account for this discrepancy, there has been pogt,. =
lated an uncharged particle, the neutrino, assumed to be emitteg by
- the neutron along with the electron and to carry the missing energy
“This particle has never been observed: and, in fact, its postulateg
properties—close to zero mass and no electrical charge—make its o,
servation next to impossible. | o
~~ Nuclear physicists today are continually making more precise gh.
'servations of beta decay and keeping a lookout for the neutrino, 1, }
experiments conducted over the past year, serious errors in the megs. -~ F
urement of the encrgies of emitted beta particles have been correcteq, '
1t has been found that the samples of material used as beta-particly
sources in many previous experiments were too thick, with the congs. - :
quence that many of the emitted particles lost part of their energy by -
absorption in the sample before they could emerge from it. SR
By using thin enough source materials in a solenoid spectrometer, . B
energy measurements have been obtained at Columbia University: :
that agree closely with the electron-neutrino theory of neutron strue-...
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 measurement. The two radioisotopes mentioned 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 sams
change. Most radioisotopes have half-lives somewhere in between.
.- For many reasons, it is important to know half-lives accurately.
“Those ranging from a few seconds to a few thousand years can be
‘measured fairly easily, but there is difficulty in measuring the very.
“short half-lives. Brookhaven Laboratory has constructed an instru-" 1
ment to measure those that are extremely short. The sample of ms-
terial is placed on the rim of a rapidly rotating disc. As the sample
rotates through a strong beam of neutrons, a small amount of radio-
activity is induced in it. It next whirls past two Geiger counters. H
e the induced radio-activity has a very short balf-life the second counter

- will show a Jower count than the first, since some of the isotopes’




: S tegrated in ihe time that it takes the disc to turn from one
9. - to the other, It is then possible, knowing the speed of rota-
f"ﬂﬁ ¢ the disc, the distance between the two counters, and the number

)?‘th gio# ints registered respectively on the counters, to calculate the half-
_ﬂaned fe ¢ the radioactive material. The more accurate determination of
g is" half _life of carbon 14 is the object of another serjes of Brookhaven
a.]]tg' e Jies being carried out in collaboration with the Massachusetts In- |
¥, - of Technolooy and the University of anesota :

gmgle bombardment experiment’ sometimes ¢an throw. con31d—

gy. sble Jight upon the nuclear structure of target atoms. At Berkeley,
teq gor example, deuterons were discovered coming out of a bombarded
ob. srget- This was surprising, because the bond between the proton and
4 eutron in a deuteron is relatively weak and the experimenters at firs
ob. : hﬂd difficulty in understanding how 1t could Wlthstand t,he violent
In , “Fiuptive forces of the hombardment T AT
*as- srheoretical explanation was soon forthcommg in terms of a “pick-
d, @n__process within the nucleus, The internal energy of a nucieu‘s '
icle “ 45 normal state causes some nuclear particles to move- Wlthm ‘bhﬂ

1Sg- 3 nucle“S at high speeds. ‘When an incident high- energy neutron passes

by mto and through a nucleus there will be a possibility of its joining?

or .¥ith a proton moving with compamble speed and dlrectmn, and the

ity ;

be-

an = f:

of =& “ngular dlstrlbutlon,” or the direction of emission of the partlcles
=% Sometimes, agam, two distinct product particles are emitted, one after:

Ve .= e other, and it is important to observe whether the direction taken ;

in =¥ by one of them is related to the direction taken by the other. =~ _

€n =%+ At Johns Hopkins University, this kmd of mformatmn is being

ne = ﬁhtamed about three light nuclei. - - o '

11, )

¥ Lithtwm 7. 'When a target of ithium 6 is bcrmbarded by deuterons,

be :'1’;'13 transmuted into lithium 7, with the yield of protons plus gamma

Yy :-g :madiation. At Johns Hopkins the angular distribution of the emitted -

 protons has been measured and certain conclusions drawn about the_
nucleus. Confirmation is being sought by performing the same
kind of measurements upon the emitted gamma rays. The prepara-’
tion of lithium 6, the target required for this experiment, has peculiar
difficulties. Li 6 is a rare isotope of natural lithium, and the experi-
-menters had to build a special isotope separator to obtainit. Further-
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more, Li 6 is extremely reactive with the oxygen In the air, and there
fore the target must be prepared and used in a vacuum.

Beryllium 7. The Johns Hopkins investigators have been yh), to
" show that beryllium 7 has an excited state very similar to thgy of
lithium 7. They produced the beryllium 7 by bombarding borgy, 10
- with protons, causing the emission of alpha particles. They foung
“ that these alphas are emitted in two groups of differing energies, ang
* are now preparing to measure this difference.

Owxygen 16. . Also at Johns Hopkins instruments are being prepay, q
to study the excited state of oxygen 16 because observations mgg,
elsewhere have given rise to two alternative hypotheses about t,
. behavior of this nucleus. It is hoped to determine which is coryegt,

SEPARATION OF ISOTOPES

‘One of the original approaches to the study of the atomic nuclens,
“early in this century, was through the use of the mass spectrographio
‘separate, weigh, and observe isotopes. e
With the discovery in 1939 that uranium 235 was fissionable, the
_separation of this isotope from the other isotopes of uranium became L
a practical problem on a large scale. It was solved at Oak Ridge ag
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 ag
tools of research are the most valuable contribution of atomic science
to human welfare vet 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 . E-
"7 . required element does not exist. e
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. The
 three methods scaled up to production-plant dimensions during the =
“war for separating uranium 235 from natural uranium were gaseous
.- diffusion (used at K-25), electromagnetic separation (used at_'Y—lfgss

e .

... ~and thermal diffusion. Research designed to improve the,_sé' meﬂl
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1o develop new ones is under way at AIC laboratories and in
"" cersity laboratories under AEC contracts.

e égmmagﬂemc Separation

| The instrument developed for electromagnetic separation work at |
- 12in Oak Ridge is the calutron. It is basically like the mass spec-.
oraph only much larger. The mass spectrograph separates only =
mmutest quantities and is used to measure the mass of the separated
hiopes, the calutron can separate nsable quantities. :
SDY__lo laboratory at the Oak Ridge National Laboratory began ;A
gareh project in I\ovember 1945 to improve the electromagnetic -

nut th, oss of separating uraninm isotopes. This program has improved
y e ' of th d has be
Orrect ' ﬂe,xzbﬂlty and efficiency of the separation process, and has been B
gpiﬁld@d to supply separated stable isotopes of many elements for .
_ gthér "AEC research install-tions and for universities and other quali- -
3 fod uSers throughout the:country. The isotopes of 37 chemical
ucleus, é olements have been succes’fully concentrated and are being used as

aph to = ;eseaI‘Ch tools in ever-increasing number.
- #E- . Between January 1947 and September 30, 1949, 190 shipments to

le, the =¥ s outside AEC installations resulted in 40 reports of research

‘eCaIne 3 ork published in the “Physical Review,”-and new reports were

dge as sppearing every month. The 459 sh1pments to AEC installations

wer. ] "made possible mvestlgatlons that led to a large number of reports.

of the - ‘Research is in progress at Wesleyan University, Middletown, Con- . - -

pes as 2% acticut, on several special problems involving electromagnetic separa-

cience tion methods. One problem is the attempt to isolate certain stable -

active - jsotopes that have never been found. This search led to dlscovery

occur =¥ of platinum 190, and demonstrated that three other isotopes sought—

tools. j'__"':-" % lad 202, tungsten 178 and palladium 100—either do not exist or are

would 3 exremely rare. The work at Wesleyan also includes research on new

f the -l sources for electromagnetic separation work and very precise
3§ measurements of the atomic weights of several heavy isotopes.

of an 3

neral, 2§ Thermal Diffusion

otope E= 3 ' '

> tiny =3 The thermal diffusion method of isotope separation has its limita-

Sm(]i‘-’» - nons, but it is the preferred method for a few of the lighter elements

WOTK.

i34 that exist as gases or that have stable gaseous compounds over a suit=?
3 able temperature range. | e
Yale University is conducting research work on the separation of
'Y terare isotope helium 3 from ordinary helium by the use of thermal
diffusion columns with helium . gas under pressure. This method is E
:‘é Apected to produce helium 3 that is 1000 or more times as concentrated -
2 Qin the naturfd gas. Jdn research on neon 1sotopes, the Yale laborator ;
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“recently prbduééd a sample of neon gzi.s enriched in neon 22 o 934 .

To
percent as compared with a normal of 10 percent. Work 1s also in Pro. 1940%
“pressto separate the light argon isotope argon 36. and ¢
At Columbia University, a new separation method has been deviseq cake
“that uses chemical exchange in thermal diffusion columns to ¢y, nucle
centrate the isotopes of some of the lighter elements. The method by heavi
thus far been applied to carbon and nitrogen isotopes, and will be ey. ' had ¢
‘tended to others. S jum.
R , | | Of
. New Separation Methods erties
_ ‘ ’ ) . tlon._‘
Research is under way at the Oak Ridge Y-12 laboratory, Los Al,. poth
mos, Oregon State College, and elsewhere on new methods of separat. - - g sma
ng stable isotopes. In most cases, these methods are directed specig. - padio
ally at certain isotopes that are exceptionally difficult to separate by - : isoto]
the more widely used techniques. ' _ . ent o3

"RESEARCH IN CHEMISTRY b e



beo'ln with, there would have been no plutonium in the early |
',S,___nor, mdeed any explmtfztmn of nuclear fission—if physicists
hemists had not for years been seeking knowledge for its own
7 AbOUL the transuranium elements. With the new techniques of
sleaT bombardment, they had been attempting to produce atoms
=l _vier than uranium, elementsthat did not exist in nature. They
d developed theories about whiit these elements, including pluto-:
_"m should belike—their physical and chemical properties. - o
]'%f course, they had mo practical knowledge of plutonium’s prop-__:
rties: In the then recently ifvented cyclotron at the Berkeley Radm—_‘ :-
4 o Laboratory, they ‘produced an isotope of plutomum and, using
. - poth theory and empirical methods, were able to extract chemlcally
f;maﬂ amount of this new element from the large quantities of other
;.nau}actwe substances with which it was intérmixed. By using thls__
ﬁéwpeﬂf plutonium, observable only by “tracer” techniques depend-
.-..ent on its radioactivity, they were able to determine more definitely
“some of its chemieal propertles. Usmg this knowledge, they then
were able to extract it more eﬂiclently, obtain larger quantities, and
determine its chemical pmpertxes more rigorously. With this infor-
mation they were at last able to undertake the much more difficult
8 jobof preparing and isolating a small amount of the isotope of inter-
gst, Pu 239, and to demonstrate that it actually was fissionable. |
" This accomplished, the second stage of the task began. It was . . _
- pecessary to study plitonium chemlstry again in much greater detail -
“in order to carry out the enormously more complex job of separating 7
- it on an industrial scale from the uranium a.nd intensely radioactive -
' ﬁSSIOIl products. ' o
‘It is characteristic of the functlon of basm research that some of the.
chemlstry worked out at this stage was not used for the plutonium.
‘separation process but later became extreme]y important for the solu-
tion of prahlmns_natioreseen at that time. Such problems will con-.
tinue to arise. A broad program in nuclear chemistry therefore
includes not only basic research for which there is a foreseeable objec- -
tive, but also much in which the discovery of new phenomena and -
gathering of new information is the only 1mmed1a.te goal; R "

CHEMICAL SEP &RATION

- The Job that the chemist is most often called upon to do in a,tomlc
3 energy is to separate, or extract, one material from another, or more
_;-often, from a mixture of others. Chemists have many ways of doing
- this—selective solvent extraction, distillation, precipitation, 1on-ex—_;
change, and hqmd hquld extractwn, for examp]e. S o
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_The differing chemical properties of the elements, the basis fq;, all
-f'these separation methods, are intimately related to the differ;y,
“arrangements of the electrons of their atoms. Hydrogen has 1 Sug}gi
electron outside the nuclens, helium 2, lithium 8, carbon 6, irep %,
gold 79, and =0 on, up to uranium, the heaviest. natural element With
93, These electrons are arranged in layers or shells; and the elemems
chemieal properties depend almost ent]rely upon the number of glg,.
trons in the outermost shell. When successive elements are built up y,
addition of outer electrons, there are falrly sharp changes in Chemlcal
propertzes from element to element. o
i Bub there ar¢ two areas in the perlodle table where Successive
ements are built up, not by additions to the outer shell, but rathe,
y" ?arlous additions and adjustments to the inner shells, One of. these
as 48 occupled by the “rare earth” elements, beginning with lay.
" ”um, number 57, and ending with lutecium, number 71. The other
such | area comprlses actinium (number 89) thorium (90}, Protactiniuy, i
(91) , uraniom (92), neptunium (93), plutonium (94), americiyy . .
- (95), and curium {96)—all of these bemg radloactwe and the Tast -
- four, of course, man-made. ~
In these two families of elements, the members are so much ahke
chemlcally that there is some dlﬂieulty in separating them one from
another in pure form. The elements in both of these families, par.
tmularly the latter, are of importance to atonuc energy development,
. The chemical work involved in the provram ‘has been from the start
very difficult. SRR

» O}wmzstry of z‘ﬁe Heavy Elements

" Greater understandlng of the chemical charactenstlcs of the heavy- = L

-;'-element transition series is a prime objective of the chemical research SL

program. K.nowledge gamed about actinium, protactinium, nepta- =

lium, americium, and curium assists in dealing with the chemistry of

_thorium, uranium, and plutomum In fact, the main impetus that led

fo the isolation of curium, achieved by the Radiation Laboratory,
Berkeley, was the desire fo study 1ts propert&es and thus help establish

In 1869, the known chemical elements were first arranged in the above rows and
columns, a pattern which is descriptive of their characteristics and ensbles
yrediction of their essential properties. At that time only about 75 of the ele- -
i o ments were known, Since then science has been isolating, identifying, and study
ing the missing elements; ‘one. after another. Cireled in black are the final

“mo gaps to be filled. | Promethinm {(Pm) was discovered at Oak Ridge Labﬂm
;?'tory among the ﬁsslon products ircm nuciear reactors Technecmm (TC) alae
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- the common properties of the whole series. Leaders in these g, "
" have been Argonne, Los Alamos, and Berkeley. DBrookhavey, hag res
' cently undertaken a program of study of the magnetic Propertieg si
the heavy elements. _
" Since available samples are often as small as a fow millionthg of
* gram, their chemical properties must often be studied by tracer methB:
ods based on their radioactivity. AREC laboratories have Succeedeq
during the last year, in preparing protactinium and americiyy, ir:
" metallic form, although the tiny quantities available and their inteng
radioactivity made this a very difficult task. The work wity the "
.- ‘heavy elements, particularly americium and curium, has involy, q
- detailed studies of methods of separating them from each other 4,4
“from rare earth fission products, and has resulted in some markeq
advances in the technique of ion exchange. L
~ Log Alamos chemists have succeeded in separating a small quantyy  °
of americium (atomic number 95; atomic weight 241). "The materiy]
has about three times as much alpha activity as an equivalent weight ¥
of radium ; and although its gamma radiation is not as penetrating, thy
" work still calls for lead shielding. Chemists must handle this sup.
“stance through gloves in enclosed boxes through which streams of ai;
.. are constantly being drawn. Some of the Los Alamos americium jg
_ being converted by neutron bombardment into curium to provide
- . samples of that element for study. o
_ 4 e :

Phutonium Separation

. Everything learned about the chemical properties of the heavy-
¢ " element transition series helps in solving one of the most pressing
.~ problems of atomic energy development: the improvement of the
-+ processes used for extracting plutonium from the uranium slugs from
"the production reactors at Hanford and the development of the
~ processes that will be used in connection with future reactors, The
. processes originally installed were hurriedly developed; improve- F
" ‘ments will increase the efficiency of the production of fissionable §
material. B o
- Plutonium separation constitutes probably the most difficult chemi-
cal problem ever undertaken on a large scale. The plutonium in the
“uranium slugs is extremely- dilute.” Created along with it during
reactor irradiation are a multitude of other elements, the fission prod-
2 ucts. Therefore, the chemist is faced with the job of separating and
~isolating a small amount of a single chemical element from over 40
- . other elements. o
>+, The plants and laboratories of the Commission accordingly are
S ;. -engaged in constant study of the changes which plutonium undergoes
N -~ under various treatments—hew plutonium:can be dissolved, how it

HmM e e e e uBaes i



P;tated from dﬂnte solution, how solutions of plutonmm
& um"compounds in water can be extracted into solvents other
tet, “gnd how plutomum metal can be made economically and

W iily from plutonium salts.
R only must the chemist study the chemical actions of plutonmm '

] - he must know exactly what iron, aluminum, iodine, lanthanum,
. ne -dy«n:um:m1 samarium, calcium, barium, tin, and some 40 or
4, = ents will do when treated by the method being studied.” .
15: ere avaﬂable co]lectlons of data listing precisely what\each

,15' - ar; £B would still bé great difficulty in selecting processaﬁ for:,
4 _Eh‘w;epmuon wof plutomum. The reason is that the material does

behave ‘the same in the presence of other subst,ances a,s 1t
always predlctable. R

always
when alone, nor is its mteractmm

.W of t}w Rare E’arths

¢ ther farmly of “tra,nsxtlon elements, » the 14 rare earth e,lements

between “Janthanum (57) ‘and Tutecium (71) , are important in:the .

gfomic energy program because they are prominent Among g the fission ™

roducts created in wranium slugs along with plutonium in a produc- -

ion reactor. ~Most chemists knew very little about these rare earths’

§ . 1940, They occur together in ‘nature, and—Dbecause they were so.
hard to separate and had not been of any grea,t practical lmpo_rtanca

of, and the development of separatmn methods for, the rare earths:
| Their most successful method has been a refinement of the ion-exchange ’
process. - In this process, a solution containing rare-earth elements is
dllowed to flow downward through a long thin vertical tube which is
packed with resin, This solid resin removes the various elements
_fom solution by the process of ion exchange. After the rare earths
absorbed on the resin, a weakly acid sodium citrate solution is
d through the column. Under the action of this solution, the
ip 0T the resin upon the rare earths seems to be loosened, but to a
___\iﬁghtly different degree for each rare earth element present. As the
-wlntion passes down the tube the rare earths begin to be carried with-
1, but at different rates, so that the solution as it emerges from the’
bottom of the column is found to carry one rare earth for a time, and
38 then another for a tlme, then a third fora tlme, and soon. By collect-
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g theqe fractions In- dlﬂ'erent vessels, chemists achieve a S@Pmatlon
~pf the component rare earth elements. _

"' ined
" Remote-control chemistry. The material that is put thr()utrh this ;?Ile of
process, being the product of a nuclear reactor, is strongly r, dio. In th
active. The chemist, therefore, cannot get close to his work; he g ent, t
he Sepa,rated from it by several feet of concrete. The thin g}ass colugy, to guic
mentioned, together with the containers of fluid, pipes, valveg, mor:e 1

| all the other necessary apparatus, is sequestered within magg,. ~ ¥ e

crete walls of a “hot cell.” The operator works by remote contro] =
nd views his work through mirrors and pemscopes, even though the - - i hree

" quantities of material that he handles and the- pleces of equlpﬁlent,"
that he uses may | be tiny. o _ B

Last of the mssmg elements.. .From the pomt of view of pure scl
the exploration of the rare earth fission products has been, an exXcitin
‘advance. . In some cases, the radioactive varieties that come gut of -
-reactors are the only samples of the elements that have ever hegy
ilable for study. Osk Ridge Laboratory has been’ mterna,tmna]}v :
" aceredited with the d1scovery of element 61, promethium, isolateq by
“the ion:-exchange process from reactor products. This laborat -
also, is the first produ cer in any quantity of technecium (43), the Dther
of the final two missing elements'to be discovered (see chart p. 99); .
. The successful application of the ion-exchange method to the seps.
ration of rare earths has led to its use in other fields, notably the
separation of certain biological compounds known as nucleic acids - ef
and the separation of other very similar compounds or elements, the & - theore
o purlﬁcatmn of which by other means is extremely dlﬁicult o

SPECTROSCOPY oF HyproGeEx IsoToPes : ¥ and st

; One of the most important problems regarding atomic and molecular g~ - is resp.
' forces, one which interests physicists and chemlsts a.hke, is how a.toms__ o L
interact to form molecules. SR
Because of the many electrons Whlch usually form pd.rt of.an a.tonf
shell, the interaction between atoms presents a problem which so fur
has been solved only partially. Much ‘of the experunental evident
comes from a detailed study of the a,bsorptwn spectra obtained when .~
molecules absorb light. * The: information thus ‘obtained has made it
+ * possible to unravel many general features of the structure of mole-
- cules, and to obtain a knowledge of the forces acting between atoms.
s:... - In most cases, the expemmental difficulties and the complete impos-
¢ - gibility of making basic theoretical calculations put a limit to tt
> “-knowledge that can be obtained. Only for the. s1mplest ‘of moleclL
-.. -1is it likely to be possible to get a, fairly. complete and a,ccurate provd
- of the structure and the mtemtomlc forces mvolved eat o
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e simplest of 111 molecules is that of hvdrogen, which contams "'_
two electrons. By studying this molecule, knowledwe may be. -
;:ed that will help to understand by analogy features in the struc-

igh ¢, : rﬁ'éf more complicated molecules.
¥ radi,  the study of the hydrogen molecules, a complete theoretical treat—
he Ty, though difficult, is possible if there are enough experimental data - -
coly mide the theory. The molecular spectrum of hydrogen contfuns :
valy. re than 10,000 lines from which data may be secured. _
mas&i\'e . : ]
u(:f:ttr }:)I 'fﬁr(’e ! SOfoPes (}we Asngmncﬁ |
1ipmen$_ The mterpretatlon of the me aning of these lines is in many ‘cases -
ey difficult and might be hopeless were it not for the fact that - _
Stienea . '_vdmn-en'-lemsts in three isotopic forms, ordinary hydrogen (;E{), :
chiti:;&’ - terium (D), and the radioactive form tritium (T). L
out, 0% The' interatomic forces among the three isotopes are practlcaﬂly
ar been aentlca} but their masses are dlﬂ'erent—-deuterlum bemg twice and
ionaliy 2 gritinm three times as heavy as ordinary hydrogen._ A_combinatior
ated b of the three isotopes makes it possible to obtain six different kinds
ratory of hydrogen molecules (H2, D2, T2, DH, TH, TD), and the spectla
e other of all six molecules may be studied. Because of the differences in-
99). mass, these molecules vibrate and rotate in different ways. Fach
e sepa. gate of vibration and rotation, combined with a ‘particnlar motion
oly the of the electrons, gives rise to a line in the spectrum. The spectra are,
¢ acids therefore, different for the six molecules, and the differences can-
1ts, the & theoretically be predicted from a knowledge of the masses. and of
#4  the type of electron motions. SRR
~ The actusl procedure is to produce the spectra of the six molecules
and study the differences between comparable lines; From this, the
' type of electron motion can be deduced. The electromc structure
lecular is responsible for the interatomic forces.
atoms -
atom’s  | Success with Photographic T eckm'qae |
so far Tritium has become availableé only recent]y Fortunately, only very
1dence mall quantities are necessary for this work. The first step—photo-
'a:;i“?:_ “graphing the spectra of the hydrogen rmolecules containing tritium

nd measuring them-has beenlargely” successful. The work has .
. a-cooperative effort of Argonne Laboratory and the Johns Hop-
kins University. The former has facilities for handling and puri- -
fying the radioactive tritium, the latter the necessary spectroscopic
facilities as well as experience w1th the analogous molecules containing
- deuterium.
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Hicrr axp Low TL\rPLmTURL ResEARCH

If a powder consisting of tiny insoluble particles is droppeq ; mto
a glass of water, the particles may be seen, under high mafrmﬁmtlo
to be dancing about as though they were being kicked or pushed, AS‘
a matter of fact they are, by the motion of molecules (H, O) of the
water. The incessant motion of atoms and molecules constltut;es ﬂle
phenomenon we know as heat. o
- Absolute zero (460 degrees below zero, Fahrenheit) is the tempem :
ture at which constituent atoms or molecules of all substances are iy a
ate of frozen immobility. As the temperature rises, motion starts; -
buit for a long distance up the thermal scale, the energies possecsgdfﬁ_
"by the primary particles of most substances are too Weak to breaj
fhe cohesive forces binding them together, and the substance TeMaing
solid. At different temperatures, depending upon the strength of the
" cohesive forces pecuhar to each substance, the atoms or molmuleg
get enough heat energy to loosen the cohesive bonds and obtain em)\lgh-
freedom to slide by one another. The substance “melts” and ASSUmes
- the hqtn& state. "At stlll higher temperatures, the cohesive forces
are no longer ‘able to hold the primary particles together at all; the
substances “evaporate” and assume the gaseous state. At even hlgher
temperatures—say those of the sun or of an atomic bomb—the co-
_ hesive forces of the molecules themselves are broken; only separate
- atoms can exist, and even the atoms may be stripped of their electrong
and reduced to bere nuclel. LT _ e

Chenusts and physwlsts in t,he atomlc energy program sometimes
need to know the behavior of elements 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
- than ever before employed in a machine—and the physicists who
must caleulate the behavior of an atomic weapon—where the temper-
* atures are comparable only to those found in the centers of the stars—
“must seek the highest experimental temperatures attainable. At the
other end of the scale,_b_oi;h physicists and chemists find, at temper-

_ The chemxstry of ato:mc energy calls for extremelv small measurements—of tune."'
- We:ghts quantltles -The mercury device, top. opposite page, developed at Co-
lumbia University records time intervals in billionths of a.second for measure
ments of radioactivity, The Argonne quartz fiber balance, center, will show
- weight differences of a billionth of ap ounce: (an elaboration of this instrument,
developed at Mound Laboratory is described on page 108). The ﬂuorophotometez.- :
-below, at Battelle Memonal Institute, is able to measure quantltles of uranju :
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" atures close to abqolute zero, elementary 111f()rmat10n dbout m‘itella]
- ¢lose to their “rest” et‘tte _

High-Temperature Work.

' The United States has been .behind other countries, nUtany Ger";
many, in the study of high-temper ature chemical reactions, L&ck of
xperience in this field was a serious handicap during the" “Wa.rtmm :
“tomlc energy Work and studies were uutmted in 1943 b) the‘U R
—sity:of California. - el
ne-afihe: greatest problems‘of high- temperature Work_1 ﬁn
arials-which can be used to contain the chemical pI‘DCESS—-—IIlatemn]B
“known as refractories. Most molten metals are very corrosive at hig h
tempera,tures and few containers are known Whlch can mthstana the
. attack.” - ' - T
- The wartime search for satlsfactory new refractorles culmmafgd n
:‘the discovery of some cerium sulfides which had been prevmusly
unknown. Methods were developed for fabricating crucibles of fhiz
material and of various other metal sulfides found to have d&suub]e
ywoperties for use as high temperature containers and constructmn :
materials. .
Chemists have made extensive use of thermodynamlcs in solvmg
high-temperature problems. Using thermodynamlc prmclples, they”
ake the results of experiments at room temperature, and even at .
temperatures approachmg absolute zero, and use those results to predlct '
sehavior of chemical systems at very high temperatures. I
Information gained through such application of thermodynamlcs-ls
combined with such data as that gained from observation of the -
‘behavior of matena]s on the surface of the sun and the stars, and with
- obserw,tmns on; earth nf the geo]oglcal procesees which have taken

:'-'pred1ct10ns of the behavmr of matenals under yet untried ccnd1t10ns,
- such as those -that wﬂl prevall m the interior of high- temperature
nuclear rea_ctorq C 3 L

Protectlon for radlochem;sts—Materlals that have been bombarded by neutronL
. .mszde a-nuclear reactor, or by charged particles in an acceleratcr “hecome. radl
ti:ae. emitting «lpha, and beta particles and gammw TAYS. . Alpha partleles
cinnot penetrate the skin but alpha-emitting substances are highly damsaging if’
they get inside the body.. The rubber-glove box at the top, opposite page, 15
signed to prevent this being tightly sealed and ventilated by a strong current
~=of air. Beta particles are moderately penetrating, gamma radiation highly so.
, leferent degrees of radiation protection are represented by the Argonne “eave” :
" .and the Haﬂford “jumor cave, »-illustrated below. Some “hot cells" “use thwk
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Low-Tempemtwe Work

Among the most interesting experiments performed with materig)
at Jow temperature have been those at Los Alamos and Argonne deal.
ing with isotopes of helium. Helium 4 and helium 3 have been foung
to have very different properties at temperatures close to absolute zero,
The rate of flow of liquid helium 4 through a small opening decregge,
5 s the temperature is lowered—until the temperature reaches withiy, 8
ew degrees of absolute zero. But below this temperature its behayig,
bruptly changes. Instead of becoming more sluggish, heliym 4 :
“Eenters the so-called fourth state of matter in which the elemey;- F
e es a super heat conductor and a super fluid. It is able to leak -
?th ugh openings so small as to hinder the movement of gaseous pay.
- ;tmles and actually creeps up and over the walls of its container, -
- "Helium 8, the rare isotope of helium,is chemically almost the same - -
.~ as He 4, but scientists wondered if the fact that it had only ong - °
- neutron, instead of two, would make a difference in its behavior 4 -
- low temperatures.. Recent mvestlgatlons have indicated that, eyey .- -
> within one degree of absolute zero, He 3 dlsplays no signs of super. ¥
- fluidity.
* In order to ma.ke these tests, Argonne sclentlste produced He 3 that
was isotopically pure to a degree of 99.9 percent or better. Previoys |
xperimenters were attempting the. same type of study with dilute = §
“solutions of He 3 in He 4. Argonne manufactured the pure He 395
- decay product of hydrogen 3, which is created in nuclear reactorsby .- -
neutron bombardment of 11th1um When lithinm captures a neutron,': o
©1t breaks down at once into a mixture of helium 4 and hydrogen 8. . -
~These can be readily separated since tritium will combine with oxygen -
“to form a kind of water in which the common hydrogen atom is
" replaced by a tritium atom, while helium remains as a gas. ~Tritium
_“emits a negative beta partmle and thus changes into helinum 3

. Refrigeration. Obta,mmg temperatures near absolute zero is not an '- s
easy or a safe process. Liquid hydrogen is the most frequently used - .Tr
refrigerant for studying temperatures from 16 to 36 degrees (Fahren. o
heit) above absolute zero. However, when liquid hydrogen becomes - §
.. contaminated with oxygen or air, an explosion may result. Inrecent -z
- "work, neon has been used instead. Liquid and solid neon can provide ~F°
_refrigeration in about the same tempera.ture range as liquid and solid o =
iydrogen and is considerably safer, since neon is an inert gas whmh z
: does not combine ehenmcally wu:h other elements.

INSTRUMENT DEVELOPMENT—THE MICROBALANCE

=+ The most-used analytical tool in chemistry is the balance, the deli
% cateinstrument that weighs samples of material and provides g antl:




]f,s Atomlc enervy Work th;h radiolsotopes has made new
on the art of weighing. Quantities as small as one:
m—one twenty-eight millionth of an ounce—need to be deter— |
d{{ courately. The material to be weighed is often dangerously
nﬂ . ive. And,to add to the complications, the mat,erlal sometimes - -
guarded from exposure to air.
Mound Laboratory, operated by the Monsanto Chemical -
. AEC contractor, undertook some time ago the development .
' ;:bﬁ_]ance that would answer all these needs. During the war a
had been developed at the Metallurgmal Laboratory, Uni-
; __'_Chlcago, which depended upon the torsion of quartz fibers.
bW sting of these fibers would register the weight of samples so
2"\ as to be virtually invisible. This principle was adopted and
roved upon at Mound.
= The torsion fiber, beam assembly, and pans of the new balance are
e of fused quartz, contammg fibers as small as one twenty-five
andth of an inch in diameter. The weight of the whole quartz
== tain is only about one fourteenth-hundredth of an ounce, and the
oad paced on either pan may not be much greater than this quantity.
ysjor improvements in the quartz-fiber system were made possible
by the development of improved methods of making the fibers and
fusing them into more uniform beam assemblies than had been made.
pefore. The twist of the torsion fiber that balances the load is .-
measured to one part in a twenty~thousandth of a revolution.. An air--
tight shield permits maintenance of & vacuum or inert gas atmosphere
ground the balance during the Ioadmg, weighing, and unloading of :
any number of samples. _ -
These improvements in the qua,rtz ﬁber torswn balance have made i
it useful for microchemical investigations involving frequent weigh--
ings and have made the work safer for personnel. The principles
3§ developed for operatinw the apparatus inside the air-tight radiat;idh"
- shield give promise of proving useful in the future for other Worlr
¥ requiring remote control and radiation protection of operators, -

. METALLURGY IN THE FUNDAMENTAL ‘SCI'ENCES;?

_Metal]urgy, the science of metals, has become a field of v1ta1 import ~
in the atomic energy program. Particularly in reactor development
 intensive research has been necessary to perfect metals and alloys of
metals that can perform adequately under the temperatures, pres-
sures, and radiation to which they are-exposed. Success of develop-
ment at nearly every point depends on 1mprovements in available;

: metals.




; " Thus the Commission’s program in metallurgical research’; m
- sarily aimed at urgent practical goals. But, asin any field of
development, the most direct path to achievement of desireq T ‘B-I_
may not always be through applied research and development, Py la
damental facts about the nature and behavior of metals myg; be 5
vestigated first. "Then technological development and i Mprove, !
4n the use of metals will follow more surely and more swiftly, .
he Commission’s program of basic research in metallurgy mcl d |
the following: strength of metals, diffusion in solid metals, them
dy:mnnc research, corrosion, and effects of radiation. -
ere the nuclear physicist deals with the subatomic. P&I‘tlelg
ttai' such as neutrons and protons, the metallurgist, like the chem of T
deals largely with the behavior of whole atoms. The bound&r}, b&' 3
tween the fields of chemistry and metallurgy is less easily dt‘-ﬁnal_ o
__ Both sciences deal with the methods by which-atoms combine to torm B
* larger aggregates. " Chemistry deals with molecules.in whmh tw(, Dr':' ¥
: more atoms combme in deﬁmte numemnal ratms o

D_NATCBE OF MEI'AIS

Tha concept of the molecule zs not needed nor in most, cases can i
be nsed, by the metallurgist. --Atoms ‘of metallic elements combingy,
- a much broader linkage patt,ern, regular and symmetrical to be sore,
“but without close-knit molecular units. In the simplest crystal lat- -
_tice of a metal crystal, the ba,sm pattern is that of a cube with an atom 3
at each of the e1ght corner positions, and this relative spacing con.:""
tinues in all directions.: The :commonest forms of combinations of
metal atoms are simple modifications of this cubic pattern.
-+ In-a molten metal no such regular lattice system exists. The atoms
- oceupy 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 paints, growth
proceeds in the pattern characteristic of the metal until further ex-
pansion is stopped by contact with other growing clumps or the walls
of the containing vessel. The final solid, therefore, will be composed .
of many small crystallites or grains, each with the characteristic lat.-
tice pattern; but the lattice pattern of. 'sepa,mte g-rams Wlll be
" differently oriented with relation to each other. . =7 :
._The main distinguishing propertles ‘of metals are. thelr ablhty to"
" undergo a plastic alteration in‘*shape without cracking or breaking—
= the quality called malleability—and their high electrical and heat
¥ conductivity. Electrical and heat conductivity are high because in
* the type of atomic binding peculiar to metals, electrons are free 0.
move through the atomic lat,tlce carrymg electru,al current and hes
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‘StrENGTH OF METALS
streng*'h a,nc_l pla'stic.ity are related in a more compleg way both to
tomic lattice bmding and the more gross characteristics of grain
the & tallite structure. In theory, metallic structure should provide
o '}erably greater strength than is actually the case. Many at-
"SItS have been made to explain this discrepancy, but the answer is
tel? P ot clear. Currently the most acceptable explanation is that
ll Illstrength is less than theory indicates because of imperfections
actu” as dislocations believed to be present within the metal lattice.
gno¥ oup under AKC sponsorship at the University of California
_wtacking this problem by controlled experiments on “creep” of high
- a.itv nickel. The term “creep” signifies very slow extension or
urt;hing of a metal under stress at elevated temperatures.
str;(] measure this property, a carefully machined specimen is sus-
nded vertically in a furnace and subjected to a load tending to
geretch it. The actual total stretch may only be a few thousandths of
;n inch, and measurements are usually made to an accuracy of at least
o ten-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
specimen. Furnace temperatures must not vary more than one-half of
one degree from the control point, since température 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: ' -

a) A rapid stretching or elongation which continues for a short time _
{minutes or hours).

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

¢} Finally, a rapidly increasing rate of stretching until failure occurs,

The mechanism by which creep occurs is still a subject of controversy.
Creep occurs in single erystals 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 suberystalline 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. '
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DIFFUsION IN SOLID METALS

A fundamental fact in metallurgy, perhaps hard to visualj,,
that considerable movement of atoms is possible within a meta) latt;
Some of the most important properties of metals, such a5 4.,
growth, recrystallization, and age-hardening are affected by ti_
through-the-lattice movement of atoms known as diffusion. Foy 1
ample, if a smooth flat block of copper is placed on a similar gy,
flat block of silver, and the pair are heated to a fairly high tempe
ture but still below the metals’ melting points, silver atoms wilj
into the copper block and copper atoms into the silver block, A
this net interchange, or diffusion, of silver and copper atoms g,
the metal blocks solidly together. This technique, actually ygegq
fasten metals together, is known as diffusion bonding or diffyg
welding. Heat is necessary since the rate of diffusion of atong
greatly accelerated by increasing temperatures.

If two similarly prepared blocks of copper are placed together g
heated, similar bonding occurs. This indicates that copper atg
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 metallyr
processes in which finely powdered metals are first compressed un
high pressures and then heated to high temperatures for “sinterin.
In sintering, metal atoms simply diffuse across the compacted parﬁ
boundaries and establish a continuous solid body. In none 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 |
organization of the iron lattice as the metal is cooled from high temp
atures. This so-called phase change is made possible by the diffus:
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.

Besearch 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 .
search Laboratory, studies are under way to determine the relat
rates of diffusion at metal surfaces, 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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for the diffusion of thorium in tungsten. At that time, metal-
only'sts lacked certain high precision techmiques such as radioioso-
11|r£~"tra cer methods, which now can be used to advantage. The General
12 sric group i1s now measuring the rates of self-diffusion in silver
e

adioactive silver atoms, They have found that the rate of

psing T . . oy1r .
?ﬁ'ﬁii on along grain boundaries is at least one million times greater
d prough the grains themselves. Since a metal sample with many

nt . )
(hé rains has far more grain boundary area than one with fewer,
8 8

r grains, the total rate of diffusion may therefore be expected
::rbg:fa.ster in a fine-grained sample than in a coarse-grained one.

. diffusion rates. The Research Laboratory of the Sylvania Elec-
ic Products Company at Bayside, Long Island, is also study-
.o diffusion phenomena as part of its fundamental program sap-

rted by the Commission. This group has developed a new method
for measuring the rate of self-diffusion of atoms. Certain metals
do not have suitable radioactive isotopes to use in measuring self-
diffusion 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
g temperature at which diffusion, ind therefore bonding, oceurs.

As diffusion occurs, a neck is formed at the junction of the wire
and the block. By measuring the thickness of this neck after various
heating times, the rate of diffusion can be calculated.

Efiect of grain orientation. Carnegie Institute of Technology, also
vorking on diffusion at grain boundaries, is trying to determine

DIFFUSION OF SILVER THROUGH COPPER

| T— —

Radioactive
silver
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~ Grain
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whether the orientation of adjoining grains has any effect gp th
of diffusion at the boundary between the grains. The eXperimep
technique is to measure the rate of diffusion of silver atoms jpy,, tla
boundary regions between large column-like grains of copper i, “'hi‘l
the exact orientation in space of the lattice pattern has heey me;
ured. Several methods are being used to trace the course of diffug;,
In one method, a thin layer of a radidactive silver isotope ig eleCtr:
plated directly on one surface of a cast piece of copper Prepareq ;
the form of foil five-thousandths of an inch thick. The plateq Spec
men is then heated to a temperature at which diffusion wil ocey
When the specimen has cooled, a photographic film 1s placed agyjy,
the unplated side of the specimen. As is shown in the diagrai
(p. 113), radiocactive silver will penetrate down the columnar gpy;
boundary and will be closer to the film at these regions. The fij,,
exposed to the radiations from the radiocactive silver, will be darke
where the silver is closest to the film. The relative amount of diffug;,
at the grain boundaries and through the grains can thus be measure,

o [‘at

Tre Hear-ENERGY APPROACH

Stepping almost directly into the chemist’s field, metallurgists ha:
recently begun more extensive use of the so-called thermodynamie g
proach to find answers to unsolved fundamental problems. In th
approach, attention is focussed on the varying heat-energy conte
of metals under different conditions. For examplé, 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 me
the iron, without any further change in temperature, requires near
80,000 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 a
change in temperature. Similarly, heat energy must be taken fre
water at the freezing point to change water to ice.

Chemists have known for a long time that heat-energy chamges ;
along with chemical reactions. And the chemical reactions that occ
in processes of refining and alloying metals are no exception. T
is the point where the metallurgist borrows techniques from the chel
ist. Reactions which occur in liquid alloys or liguid metallic solutio
can be studied 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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temperatures. While the same thermodynamic principles ap-
r

fiquid metallic solutions, experimental methods must be devel- |
p Pﬁio meet the problems imposed by higher temperatures.
0

hre
! st the Massachusetts Institute of Technology, three different meth-
of attack are being directed at this general problem. One' method
peing used at the Carnegie Institute of Technology) involves
s easurement of electromotive force in an electrolytic cell. One
. ht say that this means measuring voltages in a series of batteries,
glements of which instead of being those of a normal storage
thﬂtery (lead, lead oxide, and sulfuric acid solution) are the lignid
3;315 or alloys to be studied and a mixture of fused melted salts. The
wchniques in use at MIT have been extended to study three-metal
: ms such as cadmium-lead-tin, cadmium-lead-bismuth, and cad-
mjum-lead-antimony. Previous studies have been largely limited to
nlrc,_,mmponent systems. _
A second method involves measuring the vapor pressures of metals
over their liquid alloys. Here alloys of cadmium and zinc are being
studied..
The third approach, which uses liquid alloys of iron and sulfur,
utilizes the reaction of sulfur with hydrogen to prodiice hydrogen

salfide (H.S). : -

, Attacks on the Problem

Heat-of -Formation Studies

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.
A special 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 Centi grade above
shsolute zero, or 452 degrees below zero, Fahrenheit) had to be
provided. : .

L3

Yetallurgy of Solids

The thermodynamic approach may also be applied to metallurgy of
wlids. A research group at General Electric is ‘working on measure-
Dents of the energies contained in metallic grain boundaries. For the

st time, the energies required to form a boundary between two
) [ ]
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crystals of the same metal have been measured. This quantj
mines in part the rate at which these boundaries move wiey Ster.
grow under the influence of high temperatures and, combjy, edgrst!ns
the diffusion data previously discussed, should contribute much to“ 1th
understanding both of metal surfaces and of the boundary illteer
between metals. Ak
Scientists at MIT are using somewhat different techniques ¢4 atty,
this same problem. Their objective is to measure the degree of Ordck
that is, the regularity, in the metal lattice at the grain boundarieg e,

X-RAY STUDIES

The question of order or degree of lattice perfection is alsg pe
studied at Carnegie Institute of Technology by advanceq 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 g,

ing
ray

- atomic structure of metals. If we recall that normal sunlight ey, 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 erystal tgj
the place of the grating lines and reflect the X-rays. The angles of
reflection depend on such things as lattice spacing and regularity. Iy
a typical experimental setup, a beam of X-rays strikes a crystal at ,
known angle. Within the crystal, the rays are reflected (at the same
angle) onto a photographic film. X-ray pictures on film can then be
interpreted to reveal information on the atom arrangement of the
erystals through which the X-rays pass.

ResearcH ox CORROSION

Corrosion is a general problem in use of metals. Its severity varies
with the environment to which the metals are exposed. Since corre-
sion is generally accentuated by high temperatures, it is of prime con-
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 no,
it conditions are altered slightly, these answers no longer apply, and
the work must be repeated.

The second, more fundamental, approach is through a long-rangt
research program which will reveal the basic nature and underlying
causes of corrosion in metals. The principles thus learned can then
be applied to the specific problems at hand.
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the Office of Naval Research already has under way a well
Sinfﬁeed comprehensive program on corrosion fundamentals, AEC
ot entered into extensive work in this field but has tried to select

Z
Ot h 3 1 3 3
haSi?ed areas which appear most relevant to direct corrosion problems

M, gtomic energy program.

0 (ortain LYPES of corrosion are accompanied by a flow of electric
nt a.nd

are characterized by voltages known as “electrode po-
> 1¢” which exist between metals placed in current-carrying solu-
feotl® " For instance, if a number of metal strips such as copper, silver,
tion® and zine are immersed in a salt solution, and a voltmeter put in

t:ct with any two dissimilar strips, a voltage will be shown on the
c?,?tmeter' ‘These electrode potentials vary with the metals and solu-
¢

0 involved, the temperature, and other factors.
s ’

cwggz‘on of Zine

The work now being done at Carnegie Institute of Technology on
{he corrosion of zinc is a good illustration of the- neefi for the com-

lete understanding of this corrosion process. Historieally, coatings
of zinc on steel, commonly called galvanized steel, have been used for
pany years to minimize the reaction of the steel with water and pre-
cent the formation of rust. The traditional explanation for the pro-
tective action of the zine is that zine, being more active chemically -
than 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
graluated. 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 zine coating appears to have lower activity
than steel and 1t is the steel that corrodes. Full-scale basic investi-
gations of this type of phenomenon will give information which will
iead to a more complete understanding not only of the corrosion char-
acteristics of zine 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 stvength and light
weight. The future uses of titanium and titanium: ,lloys 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,
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ErrecTs 0F RADIATION

Another topic of major concern to the Commission’s materials g,
gineers is the effect of radiation on metals. Again a double—bam_ne}ed
approach is being taken to obtain answers to the problems.

In the first place, samples of many different materials are bejy
put into operating reactors to determine the effects of radiation o
their hardness, electrical resistance, dimensions, strength, and othe,
properties. This empirical cut-and-try approach is being supple.
mented by basic investigations into how radiations induce changeg
Part of this basic work is being done in universities and other ¢,
operating institutions by the use of cyclotrons or other nuclear particle
accelerators to irradiate metal samples.

Atom Displacement

Since the displacement of atoms or distortions of the atomie latticq
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 in metals by such operations as
rolling or hammering at low temperature, and it may be possible to
establish a relationship between 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 conductivitiesin
ceramics, and studies in mineral engineering involving radioactive
tracers are examples. '
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\pPLYING THE RESULTS OF RESEARCH

P regoing sections have presented in broad outline the Atomic
The 7 éommission’s program of research in the physical sciences.
Energyhout this program, a balance is maintained between basic re-
Thro}lllgand developmental and applied research, The national in-
o ;learly requires strong concentration on directed research that

| develop needed material and equipment in the fastest, surest way.
" is equally clear that it takes pure research to penetrate beyond

it L
th:tfrontiers of our present knowledge and allow us to open new fields

or development. ‘ . .
Much of the knowledge that has been gained in basic research has

ween channeled directly into process and development work. 'Th.is
qork is, of necessity, largely classified. As far as is possible, within
ihe limits of security, the following sections report some of the prog-
g5 in putting research results to use, including exaraples from ma-
jor operations areas: reactor development, production of fissionable
paterials, and military application. '

-

RESEARCH AND REACTOR DEVELOPMENT

Nuclear reactors are the machines in which atomic energy is put to
work, and their development—for the better production of fissionable
materials, for the production of useful power, and for use in re- -
sarch—is a major effort of the program being forwarded by the
Commission. Because the field of effort is so new, the design of a
new reactor always 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
ilso have three fields—chemical, mechanical, and heat-transfer en-
gineering. The work of all 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 nuclear physics; they determine properties of rare

N : : 119
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elements that hold promise in reactor design; they open up 4 e

branch of chemistry and chiemical engineering in separating valuay
materials from the mixed output of reactors. Engineers devig, " ¢
trol systems that meet the new requirements of reactor operatiop, al?‘
heat-transfer specialists work in a new realm of more rapid ra-tés o
transfer at higher temperatures.

Control of Neutrons

The Nation-wide program for the measurement of the neutrgy ang
other cross sections of materials, already described, s basic to Yeactg,
development.

An important application of these data lies in the choice of shielq.
ing for reactors. The material of the shield must have a Aigh capturg
cross section because the purpose of the shield is to absorb neutropg
and thus keep them from escaping to injure people and eontaminaté
equipment. Shields must also stop both the gamma rays origing.
ing in the reactor, and secondary gamma radiation induced in the
shield as a result of the neutron bombardment. Hence, in this cag
gamma-ray-absorption cross sections as well as neutron cross sectiopg
are measured. . |

All the other components of a reactor—the moderator, coolant, strye.
tural materials, and reflector—must have low capture cross sectiong
so that the neutron losses inside the chain-reacting core will be sma]]

APpPLICATIONS OF FUNDAMENTAL PHyYsics, CHEMISTRY, Merariorgy

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 reactions. 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 ocour; the
changes that occur in the properties of the chemical elements under
reactor conditions—thelr corroston, electrical conductivity, heat con:
ductivity, and reactivity with other elements.
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pLl .
o Jties of metals and other materials. The materials used for tl‘le
proP’ o. coolants, moderators, fuels, and the rest—how they will
-‘trucwrnihat changes of state they will undergo, and how their strne-
behavegll pe affected by the nuclear and chemical reactions involved.
T “;?en necessary to determine “conventional” properties—weight,
th, melting point, hardness, c-c;mduc’civit-},-*2 etc..—-of many mate-
JJs not in common use or of everyday n1ater3als n ranges bey'ond
conventional applications. These newly determined nuclear, physiecal,

d chemical properties constitute new material to be added to engi-
nd €
ieers’ handbooks.

i1 €
streng

F
.

Rgggarch on Fissionable Materials

Nuclear physicists are working in Commission laboratories to find
the best methods and techniques of using uranium 235, uranil}m 233,
qand plutonium as fuels. At the same time, they are studying the

ossibilities of breeding U 233 from thorium and plutonium from
T 938 o

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 0.023 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. .

Metallurgy of wranium. 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 Argonne,
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. o

Metallurgy of Beryllivm

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 experiments which showed
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that beryllium was a possible moderator comparable tq grap}
“Early beryllium work was carried out at the University of Ch?“te_
and later by a group at MIT. ' leag,,
The status of beryllium is now far different from thgt in 1
Although the metal remains difficult to work because it is exceed 9,
brittle, special techniques of casting followed by extrusiop 1.03 1
fairly large bars which are successfully machined to intricate shy o
Powder metallurgy techniques have also been developed for Prodyc:
of many shapes of large size, and information has been obtaip, dlﬁn
the physical properties of the metal under many varied COnditioon
In general, beryllium can now be considered of e-llgineering use.
fulness. Research continues, however, to improve even furthe, th‘
characteristics of the metal and to produce it more cheaply. ¢

Research on Heat Transfer

The problem of removing heat from a reactor is particularly g
cult for mobile units because of the necessity for small size ang high
power. The heat-removing mechanism must be extremely effectiy,
When heat removal is mentioned, most people think of water, whicy
has worked so well in conventional applications. Not so well knowy
is the fact that molten metals such as sodium, potassium, lead, bis.
muth, tin, and pessibly magnesium, are much more effective thay
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 charae-
teristics, be suitable for circulation at high temperatures in a piping
system, and be as cheap as possible. All this must be over and ahove
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 wide range of tem-
peratures between a low melting point and a high boiling point.

Research on Reactor Materials

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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m”urgical research at Oak Ridge National Laboratory. Here, a red-hot billet
l::t out of the furnace is being ptaced in the press which will extrude it as a
iong rod, one inch in diameter. '

paterials which have structural properties at least equivalent to .
gandard materials and which are also satisfactory from the nuclear
gandpoint.  Studies of several reactor materials are being carried out
by the Atomic Power Division of the Westinghouse Electric Cor-
ration, under contract with the Commission. The work includes
mvestigation of corrosion, fabrication, and radiation effects.

Such metallurgical investigations are programmatic, almed at solv-
ing specific reactor problems. Underlying them is a broad base of
AEC-supported fundamental research into such areas as rates of
{ diffusion of one metal into another, thermodynamics in metallurgy,
we of radioactive tracers in minerals engineering, and development of
new methods for measuring thermal conductivities of ceramics. Pro-
} mams of this sort are generally carried out at MIT, Battelle, and other
. universities and research institutions throughout the country.

4

]' Processing of [uel Elements

' During the operation of a nuclear reactor, fission products are
i . . . - . . .
s created within the machine. These radioactive materials are the ashes

5 of the reaction, but unfortunately they do not drop out at the bottom
they are intimately mixed with the fuel. The fuel has to be removed

from the reactor and valuable materials separated from the fission

1 products by chemical processing, a procedure in which successful de-

velopment and improvement is of utmost importance to the future

. of reactors.

Fuel elements have to be processed and refabricated after only 2

¥
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small percentage of fuel is consumed. Accumulat.ion of fissioy Prog
ucts wastefully absorbs neutrons needed to sustain the reactioy

A small portion of the fuel in use by an opel;at-ing reactor is hey,
processed and refabricated practically all the time. Partly ygeq fllegl
is constantly being withdrawn and replaced by reprocessed fuel, gy q
the very small amounts of fuel actually consumed are restored from 4
fresh supply. .

There are two major processing difficulties. First, the Processiy
even the repairing of processing equipment, must be controlleg e,
motely by men protected against radiation behind concrete wali, s
much as seven feet thick. Second, it is necessary to purify large vol.
umes of materials to a degree far beyond standards of industrig] Proc.
essing. ' - | |

There are additional difficulties involving the containers used f,,
these processes. They must be small enough so that there is no pog;.
bility of accumulating critical masses of fissionable material and st
ting off chain reactions. Again, they cannot be allowed to becomg
contaminated with radiocactive reactor products to the point whep,
their radiation would alter the chemistry of the processing.

At Hanford, only plutonium has been separated. Uranium 238 apq
nonvolatile produets of fission are stored. Disposal of waste byprog.
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 han.
dling and processing late in the war. Their early investigations were
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 radiocactivity 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.

.
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Handling Radioactive Wastes

The safe disposal of radioactive wastes is a problem throughout
the atomic energy enterprise, and all of the major laboratories aI.ld
production installations of the AEC are studying one or more of its
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The Mound Laboratory at Miamisburg, Ohio, has under-

ﬁpéots ' overall study of the entire subject, dealing with methods

?}I;ing wastes of all degrees of radicactivity. The Commaission
o h[-mﬂ, assisted in its work by the U. S. Geological Survey, the U. 8.
isbel.n?{ealth Service, and the U. S. Bureau of Mines, and also by the
"l.)hc gty of Tennessee under contract. In October 1949 the Com-
Golve” jssued a special report, “Handling Radioactive Wastes in the

1aiOn
i‘fm{;c Energy Program.” *

RESEARCH AND PRODUCTION

The production of fissionable materials—the fuels of atomic
gy—is & large and diversified industry. It is also & new industry,
enflrnearly all of its key processes are in an early stage of development.
ughout the production chain, from the acquisiti_on and treatment
£ 18 materials to the fabrication of finished uranium 235 aI_ld plu-
onium, the variegated manufacturing operations are continually
imprOVBd by the knowledge gained in fundamental resea.rch.

The application of research to production is an aggressive and con-
inuous effort.  All of the key installations—the raw materials offices
ip Washington and Colorado, the feed materials processing head-
quarters in New York, the Hanford plutonium works, and the K-25
ganium separation plant at Oak Ridge—maintain teams of tech-
picians who operate as liaison agents between the manufacturing
plants and the research laboratories. These specially assigned scien-
tists and engineers are expected, not only to find the answers to pro-
duction problems that are giving trouble, but also to critically study
production processes and operations, develop original ideas for their
mprovement 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 publi¢, for security
rasons, Often, in fact, their very existence must be kept secret. A
few examples, however, from the various major operations, will show
the kind of work being done. ‘

I

ProsocTIioN oF PLUTONITM

The Commission has carried through a 3-year program for the re-
habilitation of the war-built plutonium-producing reactors at Hanford
d, at the same time, has built new and improved facilities, both as
—— . . ‘ ) .

*Superintendent of Documents, Washington 25, D. C., 15 cents.

HOODES
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replacements and for increase of output. Today’s program of dey
opment (see Part I), includes additions to present facilitieg a o
long-range effort to perfect designs for new-type reactors tq

2
: : e
at new high levels of efficiency and productiveness. Berat

URANIUM AND PLUTONIUAM
4

The transmutation of uranium into plutonium involves some o
most complex chemical and metallurgical problems ever solveq
industrial scale. Present knowledge is far from complete.

f the
On an

Uranium

Uranium production in the atomic energy program is a long, con.
plex chain of manufacturing processes that starts with uranium-hegy.
ing ore and ends with eylindrieal rods of the purest uranium mety
ever prepared in quantity. Impurities that would capture neutropg
are intolerable. After the processes of ore treatment, purificatiqy,
and reduction to metal, which are difficult enough, comes the probley,
of jacketing the uranium shugs to protect the metal from corrosion by
water and air in the plutonium-producing reactor.

Uranium, at the start of the nuclear energy program, was a rels.

~ tively unknown and little used element. While considerable quantities

of uranium-bearing ores had been mined, they had been processed foy
their radium and vanadium Ccontent; the uranium was generally
discarded 'as waste material.

Even after the war the metallurgy of uranium was in about the same
state of knowledge 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 properties 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 wranium 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 purpases 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 ti 30 elements normally found in ura-
nium are concerned. =

This will for the first time permit study of the chemical and
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Properties of uranium and the effects of impurities and alloys

@ . yranium. Future development of reactors will require
J”"!,ﬂﬂg Jlloys with certain specific properties. Uranium offers
mheat-t}eating possibilities than do most metals. It has two
errma.tion points at which a rearrangement of the atoms takes

osfo By comparison, iron has but one usable transformation point,
phac® pper has none. 'The uranium transformation points are consid-
s0d ©

ring the gnrface of a piece of ura-
o O microscopic examination at the
elle memorial Institate. Uranium,
:;ore gtomic energy development, was

s litie .
e after the war, knowledge of its
petallOTEY was no better than that con-
rming jron and steel in 1870. And to-
ay, the gualities of the high-purity
petal aré still not well understood.

gsed and little known element.

erably below the melting point, and thus allow for full development
of the heat-treating potentialities of the metal.
However, the physical and chemical properties of uranium present

many difficult problems, which have tended to impede advancement -

i uranium metallurgy., The noncubic arrangement of the atoms
auses the metal to have different physical properties in different di-
nctions—to expand -more rapidly in one dimension than in another
vith increasing temperature, for example. Similarly, the two rear-
nngements of atoms (transformations), while offering heat-treating

passibilities, give uranium three structural variations while iron has .

aly two and copper only one.

Corrosion problems. Uranium possesses great affinity for OXygen;
kence, to avoid trouble and prevent loss due to oxidation, special pre-
autions must be taken when processing or studying the metal. - All
wlting and casting, therefore, is done in a vacuum. Fabrication work,
vhen possible, is done at low temperatures to avoid rapid oxidation.
Other precautions involve Working the metal in an inert atmosphere,

#rapid manipulations or jacketing of the metal to, reduce the oxida-
ton pertod. -

Better slugs for reactors. Research performed at MIT, .Battelleg :

bgonne, Schenectady, and Hanford is primarily responsible for the
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betier understanding that exists today about the behavior of Urap;
rods (or slugs) under conditions of controlled fission of I;“Um
isotope. This information has contributed vastly to our bettey %
tion of this scarce metal, and has resulted in higher yields ¢
nium per unit of uranium, with consequent large dollay
Much research remains to be done to attain the fuller understyy ;-
that will be prerequisite to the attainment of conversion efficien, n
common to non-nuclear reactions, and short of which atomic fue] cCies
not compete econcmically in the field of power generation wiy, Can-
ventional fuels. on-

g
ut.lli;ﬂa‘
£ plug,
Sa-V‘lll 5

Graphite research. Graphite is the neutron-moderating materig) Useq
in the Hanford reactors and also the material forming the matrix iy,
which the uranium slugs are inserted. As a consequence of reSearci,
into the.chemical and physical properties of graphite, therma] ene, '
reactors of greatly improved design and performance characteristig
have bee_n made possible. This work has also led to a better under.
standing of reactor operation.. It has been found that there is a ¢l
correlation between the behavior of graphite and uranium when gy,
jected to conditions resultant from the controlled fission reactig
that takes place in nuclear reactors. This knowledge has led to the
adoption of technical and operating procedures that have made posgi.
ble higher rates of production, longer life of existing piles, and im.
proved design of new piles.

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 so
intense that they have a blue-white glow.

Inside the aluminum jacket, the irradiated slug is no longer ura-
nium alone. It isstill 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, certum, arsenie, silver, tin,
and cadmium. '

Remote-control operation. Extracting plutonium from this shg
is a far more difficult undertaking than separating, say, a magnesium-
aluminum alloy. The first step is comparatively easy, though some-
what ¢ -1~ Yicated by the fact that the chemist must do everything by
remot - _crol if he wishes to live to run another batch. The jacketed
uranie.: slugs are dumped into a tank, and a solution is added which
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11 dissolve the jacket but not the uranium. A..fter it has d(.me its
k. the solution is drained off and the uranium, along with all

WO irities, is dissolved with another reagent.

i lmtll}le separations plant, longer than a football field, concrete walls
In ot operators from the radioactivity of the chemical processes
r?ti on. The corridor beside the process equipment contains banks of
111;01 panels, gauges, recording instruments, levers, and switches,
Oltltthe. entire process is actually completely out of sight of the

bu rator. -- .

Further along in the separations process 1s a glass-fronted cz}b-

. .t containing a fair-sized glass vessel filled \_Vlth \.vha't lf)oks like

e soup. The greenish solid swirling about in the liquid is a com-
?]nd of plutonium in a final precipitation process. This 18 t-h(?- sohid

that can be filtered off and converted into metal by “conventional”

metallurg"ical processes,

plutoniwm @ poison. The highly radioactive fission products have
peen S0 thoroughly removed that a glass window is now more .than
gmple protection, because plutonium itself emits only alpha particles,
which cannot penetrate the skin. Outside the body it is perfectly
parmless. But let some plutonium enter the body—through the lungs
or mouth, for example—and a very small quantity can be a deadly,
dow-acting poison. This is the reason for the glass-fronted cabinet,
and the elaborate ventilation system that causes an intense inward
draft when the front is opened. :

Research on separations problems. Development of separations proc-
esses in industry has traditionally been costly, requiring the coor-
dinated 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.
When separation of plutonium and uranium became a factor in the
mtional 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-
velopment work, and cost analysis. : '

Thus one significant aftermath to the rush of wartime development
work is the continuing operation of a more costly process than would
have been instituted under easier circumstances. As reported in
Chapter I1I, the Commission has made every effort to assemble the
body of scientific information in chemistry, physies, metallurgy, math-
4 ‘matics, and engineering necessary to develop a better process.
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Today’s problems. At the end of hostilities in 1945, it was recognizeq
that the wartime separ ation process was not only high in cost, hy;
that it was inadequate in these respects:

@)~ Large volumes of highly radioactive liquid wastes were beip
aecumulated The construction and maintenance cost of adq;.
tional storage space, ever increasing, demanded that steps be takep
to concentrate the wastes more economically and recover for bepe.
ficial use many rare radioactive fission products.

5) The process did not recover valuable umounts of uranium containeq
I the wastes. )

At the present time, with gradually increasing knowledge of the
chemistry of plutenium, uranium, and the fission produets, and wity
the development of new process and equipment techniques, the Com-
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 Nationa}
Laboratory, the Knolls Atomic Power Laboratory, the University of
California Radiation Laboratory, and several other AEC installations,

Probocrion or Urantoar 235

Of all the methods of isotope separation developed by science,
the process of gaseous diffusion has proved the most successful for
the extraction of fisstonable 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 factors 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 EK—-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
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. through tens of thousands of specially developed porous bar-
dlﬁ!fsihe total area of which is measured in square miles. Control
rife?;;e process 18 ]argejly automatic, in\"OlVing 2 Dlyriﬂ.d Of electrical
:nd e]ectronic mechanisms,

(}Pé rating {mprovements _
Determining the optimum operating conditions in a’ plant where -

(here aTe dozens of ways in which the equipment can be intercon-
ected and where there are thousands of controlled t.emfperatures, oas
nres%ures’ and flows, is exceedingly complex. Computai':lonal met.hods,
eploying the most advanced statistical and mathematn‘:al techmqu.es,
pave now been developed to the point where it is Rosmble to spe.c.lfy
uickly the optimum operating conditions for projected production

Jgns oF equipment replacement and improvement programs.

The practical application of this work has yielded importar%t in-
creased production at Jower costs. A recent exam_ple is @ new piping
system for interconnecting two of the diffusion units, K-25 and K—.QT,
in such 2 way that an installation costing $500,000 is now increasing
plant output by an amount equivalent to $1,000,000 per year.

Study of new diffusion cascades has recently led to the process
design for a completely new plant addition (designated as K-29).
This new addition, now under construction, will incorporate greatly
jmproved equipment, and will place the separation of uranium 235
on the most economical and efficient scale yet reached. Moye recently,
gnother addition (K-31) has been projected and preliminary research
design work is under way. o : '

+

Barrier Improvement

The fundamental development which makes the gaseous diffusion
plant possible is the porous barrier through which the uranium jso- -
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 will yield a very significant over-all improvement in plant
performance. o

The development and evaluation of better barriers at K25 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 -
desired production rate using the old-type barriers. '

Equipment Decontamination

Since uranium hexafluoride is extremely reactive, metallic equip-
hent exposed fo it gradually becomes coated with deposits of ura-
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nium reaction produets. To protect the health of those 1'epail-in{_, th
equipment and to recover the valuable uranium 235, it hag b%;
necessary to develop processes for the efficient removal and recovey,
of these residues. "

Several processes have been evaluated in an installation which Was
established both to handle the current turnover of equipment, ang ¢
serve as a pilot plant. Engineering design is In progress on pro.
posed permanent facility for this operation.

Fluorocarbon Research

Because of the high chemical reactivity of uranium hexafingrig,
it was necessary to develop an entire series of fluorine-carbon com,
pounds, similar to the hydrocarbons, to be used as lubricants, cooliy
liquids, and plastic materials in the gaseous diffusion system, Theg,
materials, while very satisfactory for the intended use, have the dray.
back of being quite expensive to manufacture.

Further studies on the potential applications for the fluorocarhoy
plastic, fluorothene (described in the Fifth Semiannual Report),
have resulted in the development of “fritted fluorothene,” a chemn;.
cally inert filtering medium. This plastic filter is easily fabricateq
and has the remarkable property of being inert to strong acids, alkali,
anhydrous hydrofluoric acid, and most other strong chemicals,

A

I fnsmﬂumemlts

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
the number of operating units could be reduced 75 percent.

b) Over-all reliability of the instruments was improved by replacing
all glass parts with metal.

¢) Mechanical refrigeration was substituted for liquid nitrogen cold
traps.

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 is
radiation detection devices which can be used to show the presence of
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ym contamination. A recently developed instrument, called
BI:llsamps‘:m,” is seven times as sensitive toward uranium as the
the to.) the standard, project-wide, alpha-survey meter. The sensi-
“fou,' i,s constant for the life of the instrument, and the calibration
tint '}ear over its entire range. The Commission has found this de-
js IF ufficient interest to enter into a production contract for its

: 5

- Ce Of N )

" pufacture by a commercial instrument company.
#

Is ptopic Concentration

gignificant advances have been madg in the te.chniql%es of determin-
'ﬁg the ratio of uranium 235 to uranium 238 in VAT1ous samples. of
:,ranium. Installations in other parts of the atomic energy project
frequently use samples n_)easured at K-25 as comparative standards
for their own determinations. '

An extended study was recently completed on the re-evaluation of
the uranium 235 content of naturally occurring uranil.lm with a much
higher precision and accuracy than any V.al}ua previously reported.
Knowledge 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 has 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.

¢) Methods for the determination of several trace elements in ura-
nium.

#) A procedure for the determination of small amounts of oxygen
in tank nitrogen. '

¢} Precision studies of the spectrochemical determination of trace
elelments in uranjum. ' -
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7) An X-ray absorption method for the determination of uraniyy, .
water solutions.

g} A procedure for rapid identification of a number of uranium com.
pounds on the basis of their crystallographic properties.

Oritical Mass

Since large quantities of enriched uranium 235 must be handieg
under many different conditions in the operation of the K-2j plant.
it is extremely important to know how much uranium can be plaeeq
in a container under various conditions before a chain reaction wi
take place. A series of critical mass experiments carried out at K.o;
during the last 2 years has resulted in data which makes it possible to
define safe operating limits, without sacrificing economy by the arhi.
trary use of extreme safety factors in the design of equipment.

General

In a plant such as K-25, where there are thousands of duplicate
units operating in series, it has been possible to 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 bearings—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 FeEED MATERIALS

The chains of plants that convert raw uranium into the atomic
energy feed materials—uranium hexafluoride gas for Oak Ridge, fab-
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 were
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
urarium 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 pos-
sible processes which could replace the batch methods now used
for its production. Recently this work was completed with a success-
ful pilot-plant demonstration of an economical continuous process
which will substantially reduce feed material costs in a full-scale plant.

kY
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FPROCESS CONTROL

L3
n _ ]t,hOUgh most of the feed materials processes are not new, the
A ..a] specifications that must be met at the plants are extreme.
. cher®? nces of laboratory purity must be produced on an industrial
gubst As any deviation from specifications might result in serious
9031& Jties when the materials enter subsequent processing, it 1S esseri-
dlﬂicg]at purity be closely controlled by chemical analy51s from raw
leq e erlﬁls to final products. Such purity control requires analytical
unt, ma termmatwns of greater precision and of a more specialized nature
ced fh an 7€ COMIMON in commercial laboratories.
vil] ’
-25 |
' to Hew Brunswick Laboratory
bi- 7o handle this work and to assist with analytical prob]ems through-
qut the industry, the Commission put into operation in June 1949 an
gnalytical laboratory at New Brunswick, New J ersey, administered by
the AEC New York Operations Office, which is responsible for the_
ate rocessing of feed materials. It is the only major AEC-owned labora—
re. tory directly operated by the Government. _.
res The New Brunswick Laboratory must analyze a host of materials, -
‘as many of them purchased from independent suppliers. The results of
of analyses determine payment by the AEC for materials supplied and
le- materials produced in AEC plants. It is desirable, therefore, that
ver snalyses be performed by an agency acceptable to contractors and -
ire suppliers. —_— :
his The Laboratory has four branches . : -
a) General Analytical Branch. Analyzes uranjium and thorium raw
materials as well as various special products for use’in productlon e
nic program. -
tb- b) Special Problems Branch. Develops methods for use in analysis
3e- of materials. Analyzes materials beyond the scope of the General
1ts Analytical Branch.
He :
v:: ¢) Radiochemical Branch. Analyzes ores, soils, water and other ma-
terials for minute amounts of radmm uramum, or thorium by
ng radiochemical means. ' )
3;5 d} Spectrochemical Branch. Performs spectrochemical analyses of
)S_' various types of materials of interest to production and reactor
od programs. Develops spectrochemical methods for analysis of these
;S_ materials. - '
85

868145°—50—10
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New Analytical Techniques

An essential service of the Laboratory, useful throughout ty, at
energy program, is the development of methods of meas1tre-ln(er?tI

. N . . . d bef(
The determination of amounts of uranium in soil has beey ace
plished by measuring the amount of fluorescent light emitteq b (
uranium in a sample of the soil which had been fused wity Soﬁi-
carbonate and sodium fluoride. In this manner some ordinary
have been shown to contain about 7 millionths of an ounce of Uran
in an ounce of the soil.

Uranium and thorium form a series of radioactive elementg by
disintegration of one radioisotope into another. In its radioch
istry branch, the Laboratory isolates these naturally radioactive
ments and determines their concentration in various types of sam
by means of radioactivity. New types of ultra-sensitive instryme
capable of determining one-billionth of one-billionth of an oupe,
radioactive material have been developed to meet the needs of
Commission in its health and safety programs and in research
ores.

Certain elements may absorb neutrons or may serionsly affect
corrosion-resistance properties of metals projected for use in the
actor development program. The New Brunswick Laboratory hash
investigating methods of analysis for materials to be used in this |
gram and has developed and correlated chemical and spectrochem
methods for practically all the elements in question. Specially sta
ardized samples have been prepared and distributed to the differ
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, tak
but four hours, based on the use of solvent extraction. Heretol:
the determination of thorium was a long drawn out procedure tak
as much as 4 or 5 days for completion.

Raw Mareriars Proorss DELEVOPMENT

The world’s uranium supply today comes from a few relatn
highgrade deposits of rather limited extent. New discoveries of ¢
ilar richness may result from the present intensive search; but
best prospects for uranium sources that will meet expanding requ
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e lie in large low-grade deposits—deposits that contain less than

d of uranium per ton. In the past, these deposits were of little
s P° nt put attention is now turning to the large low-grade sources
i“wressl’ chales, phosphates, and lignites. A similar transition has
s k:d the history of most metal mining. As demands increase, de-
aI"ts once considered worthless become important sources of supply.
po%lesearch and ingenuity are required to develop economical methods
minl'ng and processing most Jow-grade ores. In the case of very
for ade uranium deposits, the mining itself does not present a prob-
]ow-ggcause most of the deposits will be mined for other constituents
l;n:he ores, and uranium recovery will be a byproduct operation. The
Dcentration, or extraction, of uranium from low-grade materials is
wnew problem, however, one of major importance to the Nation’s
:lomic energy program. It holds the key to increased domestic pro-
duction a8 well as increased supplies from foreign sources.

U. 8. RESEARCH WITH ORES

The Commission has aggressively pursued this problem with the aid
of several industrial econtractors, universities, and governmental agen-
ges—notably the Carbide and Carbon Chemicals Corporation, the
pow Chemical Company, the Battelle Memorial Institute, the Massa-
chusetts Institute of Technology, and the U. 8. Bureaun of Mines.

Gﬂl'lding uranium ores in preparation for experimental research at Qak Ridge
j‘iatlonal Laboratory (¥-12 site). The extremely low concentration of uranium
T domestic oil shales and low-grade carnotites necessitates the use of large
Vantities of raw materials in laboratory experimental work.
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The AEC and certam of the contractors mentioned above 1,
sisted for example, along with the United Kingdom, ang the
African Government, in certain research problems relatmg to t
traction of uranium from South African gold ores. There arg
way technical discussions on this problem which may leaq ¢
stantial uranium production from gold ores.

Intensive research and process development is continuing
grade deposits in the United States. Results from various re
projects indicate that uranium extraction from low-grade dq
deposits may be technically possible and that the problem is to
a satisfactory product at reasonable cost.

Production of uranium from Colorado Flateau ores, the only P
domestic source of uranium, is being increased by expanded oper
and also by better metallurgical recovery. KEfforts 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 attemnpting to deévelop 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 fo
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 lnvolves specialized «
ment and facilities.

For reasons of national security, only a small part of the res
story on weapons can be revealed, The following examples wil
an indication of some of the types of research carried on.
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amb go_m,wtdtz‘-om _
B sht be assumed that the physical processes which take place in
tomic bomb must be necessarily more difficult to under-

t mis-
1 jodmng ator I —_— . 1
$n 4 than those in such well known phenomena as the burning of coa

n explosion of a TNT charge. Actunally, nuclear reactions can be
o ﬂ:zd «ith assurance and mathematical precision.

explosion of an atomic bomb produces tremendously hi‘gh tem-
The s of many million degrees, and under these conditions the
pert tu;orming all material bodies are completely broken up into bare
ato™” nuclei and free electrons. These nuclei and electrons are com-
tively simple physical entities, in contrast to the co.mplicated
ules involved -in various reactions of ordinary chemistry, and

Ezlif'cbehaﬁor can be treated by exact methods of mathematical -

Th: z.it,uation is very similar to that existing in a,stronon-lical sciences
<here, paradoxically, we know more about the properties of matter
. the central regions of the sun and distant stars then we do about
ﬁe properties of material forming the core of the earth only a few
thousand miles under our feet. Here again the difference lies iI.l the -
fact that, where the central regions of our globe are compamtlve-ly_'
wol (around a thousand degrees) and are thus formed from matter in -
s molecular state, the matter inside the stars is completely broken up

 into nuclei and free electrofis by the extremely high temperatures of

many million degrees. - Also, where geophysicists cannot be quite cer-
gin sbout the basic question of whether the earth’s core is solid or -

iguid, astrophysicists can calculate the physical characteristics of N

matter inside the stars.

Since the temperatures inside the stars are of the same order as <7}

those developed in exploding fissionable material (both being due to -
progressing nuclear, reactions), physicists use the same mathematical
methods to interpret the events occurring in atomic explosions that
ssrophysicists employ in analyzing stellar formations millions o
light yearsaway. -

Criticar. AssemBLies at Los Avamos

Animportant research problem is the experimental determination of
the smount of fissionable material, called the “critical mass,” needed
fr a chain reaction to occur. This amount depends upon such a
nriety of conditions—including the type of fissionable material, the
ometrical shape, and the surrounding media—that experimental
Gtermination is essential. This is accomplished by the gradual assem-

by of material under the conditions of interest until the emission of

utrons indicates that the chain reaction hag started and therefore
that the critical mass has been reached. :
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The Los Alamos Scientific Laboratory has engaged in these g,
and measurements since 1943. During the war, critical assep
were restricted primarily to tests of the specific types of materjy),
geometries immediately useful in weapons. Other critical assen]
were made, however, that were not of specific weapon design by ,
of more fundamental or general interest.

The Water Boiler

For example, a controlled chain-reacting system of uranium eny;,
in the U 235 isotope as an aqueous uranium salt solution was asser,
to verify predicted effects of using enriched uranium in ¢
reacting systems. The success of this assembly was such that g g
shielded thermal reactor of essentially the same design was built |,
"This reactor is called the “Los Alamos Water Boiler” because it
U 285 in liquid solution. It operates at several kilowatts of power
has numerous experimental facilities for irradiations and emissio
neutron beams, which are used extensively for laboratory ney
investigations.

Prompt and Delayed Neutrons

A controlled nuclear reactor maintains a*self-sustaining chain ;
tion with the aid of both “prompt” and “delayed” neutrons, :
of the neutrons are emitted promptly, the instant when fis
oceurs, while about one percent are emitted with an average dela
several seconds. These delayed neutrons allow the chain rea
of a nuclear reactor tq be controlled. In a bomb, the reaction
not depend upon the delayed neutrons, but proceeds using only
prompt neutrons.

The Dragon

In 1944, a very important critical assembly called the “Dragon”
made to simulate an atomic bomb. In this assembly & piece of
riched uranium was allowed to fall through a hole in a larger qua
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 nuc
explosion; however, it contributed greatly both to the knowledg
atomic explosions and to our fundamental information regar
delayed neutrons.
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rhe Fo8 ¢ feeactor

1946, the Laboratory undertook the construction {?f a reactor

2 7 jutonium metal rods as the fuel elements. Th.}s is k‘no.wn
g fast reactor because it uses fast neutrons to maintain the fission
'st’.h ¢ :nstead of the thermal or slow neutrons used in all other exist-
chal® Ic,I;ors. 1t is a small shielded unit, cooled by circulating mercury
. maerating at powers somewhat higher than 10 kilowatts. Nu-
s OE jrradiation facilities are provided, and fast neutron beams of
" l}es averaging not far below those produced by fission are avail-
o During construction, many critical assemblies of value to the
' tor development program were made using plutonium in varicus
rer? ¢ arrangements and in different media. The fast reactor is the
:;tjt;cone known using plutonium, fast neutrons, and liquid metal

COO] a'[lt.

Ezimimtion of Hazards

In keeping with the war urgency, the critical assemblies were origi-
nally done By hand but with full awareness of the hazards 1_nv01ved.
Cempreliensive safety rules were established, the ru]e}s assuming care- -
ful procedures and cross-checking of decisions by senior personnel but
pased almost entirely on personal judgment and responsibility. The
end of the war permitted a complete change of philosophy regarding
the critical assembly procedures. Reliance is now placed on mecha-
pisms rather than entirely on human judgment, and all assemblies
are operated by remotely controlled machines. If these machines or
any associated equipment fail, personnel are not endangered. The
mechanisms are equipped with automatic tripping devices which cause
the fissionable material to be rapidly disassembled to a safe arrange-
ment 1f 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.

Ezperimenting at o Distance

All personnel are at considerable distances (a minimum of one-fifth
mile) from the assembly laboratory, but the assembly is observed at
il times by the use of television transmitters and receivers.. An
&periment to be performed is first described in detail in writing, then
ubmitted for approval to senior staff members. The experiment is
Performed under the exact conditions described and with a technical
safety man in authority who presides at each approach to critical
onditions. The complexity of such experimental arrangements,
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using servo-mechanisms, television, and hydraulic actuatopg Yec
a highly coordinated scientific and engineering program, T

The changeover in operating procedures during 194 ang
resulted in an almost complete stoppage of routine critica] assery
for about one year while the new remotely controlled laboratgy |
built. Now, however, any accident which inadvert,enﬂy aﬁv(
prompt criticality to be reached would not endanger the pery,,
Manual operations would still be much faster and lesg complic
but would carry with them a hazard to human life which cypy,
tolerated in this country in peacetime.

Objectives of Tests

The critical assembly group at Los Alamos is now concerneg
three main programs:

) Testing of specific configurations for planned assemblies of fis
able material. '

) Determining the safety of fabricating and storing fissio
materials.

¢) Studying the behavior of critical systems which will lead to |
understanding of the basic prineiples 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 researct
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 contriby

these peacetime programs.

ExiweTor Proving GROUND

One of the novel AEC research facilities is the Proving &
on Eniwetok Atoll. Its most unusual feature is its location—
miles from any other AEC installation, on a few coral islands i
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.



'  appears that periodic tests of atomic weapons will be made
It . wetok, and that construction of semipermanent facilities is
o ld for both economy and efficiency. Accordingly a contract has
_i'f‘f 1; :;-ith the engineering firm of Holmes and Narver, of Los Ange-
gssist in planning and to design and construct semipermanent
s gtilities, and communications in the Atoll.
45 part of the program for periodic tests at the proving ground,
anent test division has been organized at the Los Alamos Lab- -
'P:;; This division is responsible for coordinating the scientific
dtechnical activities at the proving ground, for formulating the Lab-
fory’s experimental program for full-scale tests, and for directing
levant research at both Eniwetok and Los Alamos. '

an
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AEC MANAGEMENT FOR RESEARCH

Research in the national atomic energy program reaches int,, ne
every State in the Union and is controlled centrally but de%ntral'l.
in administration. The Atomic HEnergy Commission finapee '
manages this diverse and wide-spread enterprise; assists cnntrac;
in handling personnel matters; plans or authorizes constryey;,
assists in the distribution of scientific and techmnical informatiqy |,
maintains the necessary security control over it. ’e

In this section, and in those that follow, this report recountg
development of administrative elements of the program,

The growth and development of physical science research iy -
atomic energy program during the last 3 years can best be underg,
in the light of the requirements of the Atomic Energy Act of y
and of the organization as of January 1, 1947, when the Commjg
assumed responsibility.

The Act of 1946

Section 3 of the Act provides the following guide to the Ato
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 e
expanding fund of theoretical and practical knowledge in such fie
To this end, the Commission is autherized and directed to make
rangements (including contracts, agreements, and loans) for
conduct of research and development activities relating to—

a) Nuclear processes.

5) Theory and production of atomic energy, including proces
materials, and devices related to such production.

¢) Utilization of fissionable at}_d radioactive materials for medi
biological, health or military purposes. '

144
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o (lization of fissionable and radioactive materials and processes

) ed in the production of such materials for all other purposes,
ding industrial uses.

. inclu

_. P rotection of health during research and production activities.
L

. ch DY the Commission. The Commission is authorized and
Rf" ied to conduct, through its own facilities, activities and studies
d;fge types specified above.

0

ris Heritage from MED
The principal Government-owned research facilities under the Man-
jatta Engineer District at the end of 1946 were these:

ciston Laboratories at Oak Ridge, Tennessee; operated by the Monsante Chemi-
d@mpaﬂy.

1gmos Scientific Laboratory, Los Alamos, New Mexico; operated by the

o 4 ity of California.- :

guivers

ponne National Laboratory, Chicagoe, Illinoig; operated by the University of
{‘;]jcago, with a board of goverhors representing 25 midwestern universities and
pesearch institutions. ' _

istion Laboratory at the University of Califorria, Berkeley, California {only
nstain buildings and equipnient were Government owned).

grockhaven National Laboratory, Patchogue, Long Island (—this was under con-
graction at Camp Upton and destined to be operated by Associated Universities,
in¢, representing nine major eastern universities), ' :

Il Atomic Power Laboratory, Schenectady, New York; (under construction
i to be operated by General Electric Company).

Deyton Engineer Works near Miamisburg, Ohio; (under eonstruction and to be
werated by Monsanto Chemical Company),

Busides the Government-owned facilities, a large number of other
agitutions and universities held contracts from the MED for research
ad development work that contributed directly to the program.
Prominent among these were : Battelle Memorial Institute, Columbus,
(hio; Columbia University, New York; Towa State College, Ames,
lowa; Massachusetts Institute of Technology, Cambridge, Massa-
tusetts; National Bureau of Standards, Washington, D. C.; United
Sutes Geological Survey, Washington, D. C.; University of Roches-
&, Rochester, New York; University of Washington, Seattle, Wash-
dgion; Victoreen Instrument Company, Chicago, Illinois; and
Fashington University, St. Louis, Missouri.

The major research programs as the MED turned over operations
c}uded those for weapons, physics of reactors, development of ma-
als for reactor construction, radioactive isotopes, metallurgy,

i
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fundamental nuclear physics and chemistry, cer
biology.

The framework in which a peacetime rescarch prograpy con]
built was established. However, many of the scientific facilitieg 1y,
temporary, housing was often poor and inadequate ag ip manv‘vcr
communities, and the scientific and technical staff had fay),,’ f\ru
around 8,000 during the war to between 3,500 and 4,000 §ip., :fn
time the AEC has replaced and expanded scientifie Tacilitieq b
erected permanent housing ; it has filled out and enlarged the g Cien:li%
and technical stafl.

ATES, ang rad;
f

Tae AEC PATTERN oF RESEARCH MANAGEMENT

Research is so much a part of all undertakings of the national atom
energy enterprise that its management is an integral part of i
entire administrative fabric. The Commissioners make major det,.
minations of policy and, through the General Manager, contro] tll
entire scientific effort. Advisory committees assist in many phyg
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 tagk
The managers of field offices let and supervise authorized contrae

The management divisions of AEC—the Office of the Gener
Counsel, Finance, Organization and Personnel, Security, and Publ
and Technical Information Service—all support or service resear
programs. -

Control of laboratory programs is centered in program divisio
for which each laboratory performs a major portion of its wo
Assignments of research undertakings are made through field off
managers (management of 1&b§mt0ries is discussed in Chapter VI
Argonne and Schenectady answer to the Reactor Development Din
sion; Los Alamos and Sandia to the Military Application Divisie
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
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 pati
for dissemination of technical information in the atomic ener
program.
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Division of Research includes six branches and two extension

The The Physics and Mathematics Branch develops and super-
pll>= rograms of fundamental research in AEC installations, and
W cide organizations, involving investigation into the fields of
in O os and mathematics, including general supervision of the AEC
pose ;ship program in physical sciences and the nuclear physics

o am jointly financed by the AEC and the Office of Naval Research
P i dministered by the ONR.

The Chemistry Branch develops and supervises programs for .fnnda-

ental research in the field of chemistry, as well as investigations of
";1 emical process development and chemical analysis in AEC instal-
;atioﬂs- In addition, it develops and supervises the program of funda-
pental research in chemistry financed by AEC and carried on by out-
ade organizations, and is responsible for broad supervision of the

nmission’s 1sotope research and production program.

The Metallurgy Branch develops and supervises programs of funda-
pental research in AEC installations and outside organizations in--
«olving investigation in the fields of metallurgy, ceramics, and related -
mgt,erials. '

The Technical Cooperation Branch coordinates and manages in-
erchange of information, visitors, and special research materials
ond equipment between the AEC and British and Canadian atomic
energy projects under policies approved by the Commission, maintain-
ing active liaison with the program divisions on all pertinent matters.

The Materials and Information Branch supervises the transfer of
mique materials and equipment among research installations and
the public and develops the program for dissemination and use of
technical information in the atomic energy program. In connection
with the work of this branch, an extension office is maintained at Qak
Ridge, Tennessee. ' _

The Budget and Administrative Branch is responsible for budget
formulation and control of research programs and internal adminis-
mtion of the Division. '

THE RESEARCH TRAINING PROGRAM

{

Since the war, it has been recognized that success in carrying for-
vard the Nation’s scientific development depends to a great extent
" providing adequate numbers of well-trained scientists. To meet
this need, as one means of fulfilling its obligations for advancing
domic energy stiences under the Act of 1946, and upon the recom-
. Medation of the General Advisory Committee, the Commission estab-

lishe 5 fellowship program in January 1948. The National Research

i+ wri ot D s rsprns. it s,
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Council of the National Academy of Sciences undertook it

. . . . a[ln]' .

tration—selecting fellows, approving research projects, evaly 1;113.
A : - a

the fellows’ progress and their findings. ing

Tur FELLOWSHTP PROGE \M

During its operation, there have beeu nearly 500 particj
the fellowship program at a total cost to the Governmeng of aby
$1.200,000, This fall, the program of fellowships for the 1950_1“
academic year was substantially moditied as a consequence of fellodl
ship rider in the Independent Offices Appropriation Act for 195{? .
The rider provided that any person receiving an AEC feHOWShi.
award must undergo a loyalty clearance, whether or not his Particy],
research project requires him to have access to secret infOrmati(,nr
Under previous provisions, security clearance was required for fellow;
only when their project involved restricted data.

The Commission—through the National Research Council—-_had
granted fellowships for the 1948-49 and 1949-50 academic yearg in
five categories: predoctoral research fellowships in physical ang j,
biologieal sciences; and postdoctoral fellowships in physical, Mmedieg)
biological and agricultural sciences. In the 1950-51 academic yey
postdoctoral fellowships will be offered, through the NRC, only fo;
advanced training in fields of research closely related to the nation
atomic energy program, in which access to secret atomic energy dat,
is needed. Predoctoral fellowships will not be offered at all througy
the National Research Council for reasons arising out of the fellow.
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 quickly
examination of proposed projects and selection of fellows could begin.

Pantg n

H

*The applicable portion of the Aet: "SEC. 102—A, No part of any appropriation cor-
tained in this title for the Atomic Energy Commisslon shall be used to confer & fellowshlp
onh any person who advocates or Who is a member of an organization or party that advocates
the overthrow of the Government of the United States by force or violence or with respect
to whom the Commission finds, upon investigation and report by the Federal Bureau of
Investigation on the character, associations, ard loyalty of whom. that reasonable grovnd
exists for belief that such person is disloyal-to the Government of the United States:
Provided, That any person who advocates or who is & member of an organization or part?
that advocates the overthrow of the Government of the United States by force or viplent
and accepts employment or a fellowship the salary, wages, stipend, granf, or expensed for
which are paid from any appropriation contained in this title shall be guilty of a felony
and, upon conviction, shall be fined not more than $1,000 or imprisoned for not more that
one year, or hoth: Provided further, That the above penal clavse ghail be In addition ¥
and not in substitution for, any other provisions of existing law."”
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fulfill previous commitments, applications for renewal of exist-
- Oonsecret- predoctoral fellowships, and postdoctoral fellowships
S l;clicin»e, will be accepted by the National Research Council, sub-

i i the loyalty investigation as required by the Appropriation Act,
Lenuoned abOVe. , _

Yew Requirements for Fellows
Complying with the Appropriation Act, signed by the President on
sust 94, 1949, the Commission established procedures for FBI in-
r;;fjgs,!;ions. of all AEC fellows and for the screening, analyzing, and
gvie“’iﬂg of the investigative reports.

onsecret research. In cases where the fellow would not have access
0 restricted data, and no derogatory informatior} is _found, a fellow-
ship-type approval is granted. Where the investigation has reﬂec-ted
gome derogatory information about an applicant for a nonsecret piece
of research, the reports are reviewed by a panel. The panel applies
he same criteria used by the President’s Loyalty Review Board estab-*
iished under Executive Order 9835. After reviewing the panel’s
rcommendations, the General Manager decides whether fellowship
,pproval should be granted. '

Secret research. - If the fellow is to have access to restrictéd data, the
pvestigative reports are evaluated in accordance with the Commis-
sion’s criteria for determining eligibility for clearance for AEC and
wntractor employees. '

¥ Now in Secret Work

Of the 421 who now hold AEC fellowships, 30 are engaged in re-
sarch work which requires them to have access to secret atomic energy
dta (they already have received full AEC security clearance) and
M1 are in nonsecret work. All save 77 of these fellows in nonsecret
vork were appointed before August 24 when the Appropriations Aet
vent into effect, and hence they have been required only to sign a
kyalty oath and noncommunist affidavit, as has been required of all
fllows since May 22. The other fellows, appointed or reappointed
ifter August 24, are of course subject to loyalty investigations as
deseribed above. S

Under the NRC program set up for the 1950-51 year, about 75
2w fellowships and 175 renewals will be offered. The cost of this pro-
gam will run between $600,000 and $900,000, depending on the number
of new awwards made.” The AEC will continue fellowships in health
Physics—it, will offer about 20—which formerly were a part of the

PO PG
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Research Council’s predoctoral program, and will work g,
nate system of administration. These fellowships alwgy,

quired full security clearance and will continue to do so.
[}

t an alter_

Oraer ResearcH TRAINING PRocRaMg

The modification of the fellowship program will not affee th
search work which graduate students are carrying on at ARC N
tories. At present there are 32 such students at Brookhaven, A

and Oak Ridge.

Tabory,

- Oak Ridge Institute of Nuclear Studies

“~

At Oak Ridge, the Commission has an operating contract wiy, &
Oak Ridge Institute of Nuclear Studies (ORINS) to assist in meg; ¢
its obligation for the training of scientists. A

The Institute, a non-profit educational corporation of 24 Souther

~ universities, utilizes the facilities of the Atomic Energy Commigsig,

at Oak Ridge in a program of research and training in the nygle,
sciences. In October 1946 the State of Tennessee granted ORINS .
charter of incorporation, and in April 1947 a contract was entep,
into between the Institute and the Atomic Energy Commisgiqy
Since that time the Institute has expanded its facilities and its servie
to the Atomic Energy Commission research training program,

Organizatiohally, the main governing body of the ORINS in a copy
cil composed of one member from each of the sponsoring institutions
The council elects a board of directors, composed of 9 members, whig
is charged with administering the property and affairs of the Institut
ORINS has four divisions. .

University Relations Division. A graduate training program throug!
which graduate students may complete thesis research is operated i
the Oak Ridge laboratories of the Commission. In another majo
program university faculty members are encouraged to carry out ]
Oak Ridge laboratories research of interest to the laboratories an
to the scientist. :

This division also administers a program which enables Oak Ridg
Scientific and technical workers to continue graduate edueation whi!
they are employed. The University of Tennessee provides the teact
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 tras
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W techniques in the nuclear sciences, A prime responsibility
ngivjsion is to assist universities in taking over this type of

is

" poininé i f ial traini in the use of

i most pressing demand for special training was in 3

| ?otopes for research. The Atomic Energy Cominission was
pd C.‘ls{, Jegitimate requests for radioisotopes, radiatlon instrument
= . . . .

pretlh's rere producing counters and other esseritial scientific

ufacwrers W ; :
ith great speed, but-too few research scientists knew how

: )
¥ n;enrigioisotopes to their work with safety and efficiency.
1o 8PP ugh a series of 11 courses, 368 scientists from over 170 labora-
o5 in this country and abroad have lf)elen trained. -Some colln.eges
gniversities now offer courses in radiocisotope techniques and in a

;e“‘ years such courses are expected to become standard in college

mn-icula-

M,-Mz Division. A study of the treatment of cancer .amil other
galignant diseases, with special emphasis on the use of -radlatl.or.k :.amd
ﬂdjoactive materials, i1s being undertaken by the Me-dlcal D1v1310'n.
Trenty Southern medical schools are cooperating. This program will
pelude training additional medical personnel in new techniques devel-

oped 8t Oak Ridge.

gducational Services Division. The American Museum of Atomic
Energy is operated in Oak Ridge by the Educational Services Division
s » public service. It is open to the public at a nominal charge.
Within certain limitations, this Division provides atomic energy dis-
plays and other educational material to universities, academies of sci-
“ace, and other public or educational organizations.

Further Programs

Another program operates under the auspices of the Associated Uni-
rersities, Incorporated, which makes facilities of the Brookhaven
Mational Laboratory available to certain scientists doing private re- -
mrch on projects of interest to the atomic energy program.

Busic 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
rsearch in university and college laboratories currently at an annual
e, for research in the physical sciences, of about 6.5 million dollars.
hese contracts are for two sorts of research : |

868145°—50——11
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a) Basic research to solve a particular Problem such ag o h
with reactor design or isotope separation. The Commisse' deay;,
the services of specific scientists under these contracts g, (ion et
pays the full costs. Usuy};

b) Basic research of the typical university sort, unde rtake
to the general fund of knowledge applicable tq atoﬁliz
development. The Commission shares research eq sts ofﬁner:
projects to an extent arrived at by negotiation, the,

PRI UL A R ——
o = - -

Many of the university and college scientists now Bngaged on
contracts helped staff the wartime atomic energy project, thb
clude some of the Nation’s leading workers in fields related t, T &
energy. When AEC determined to support unclassifieq ba:ic
search, it sought the assistance of these men. The problay wag
to enable them to undertake additional research, of interest to
progress of the atomic enérgy enterprise, without depriving lhl:
students of essential training. - | . _
Inquiry revealed that many of the scientists could take gp N
projects if the handicap of lack of financing were removeq, AF:
funds in limited amounts would correct these deficiencies, ang incre
the volume of basic atomic energy research. From' the llniversit,
viewpoint, and that of the national interest also, a method of eqpy,
had to be established to assure that contract research work woglq o
encroach seriously on the major university task of training more acie
tists. The procedure adopted stipulates that the AEC will recer
proposals for basic research through the management of universiti
“and colleges where capable scientists are willing to expand or
 continue a research program, provided their projects are such th
" thav mioht ha of interest to the develonment. or use of atomic enere

T, L L ka8 W i ¢ e b S B . . - e T
- padk A R i
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" nee of the proposed proj ject to atomic energy development; (o’)
P"rta need of the AEC for more individuals trained in the field of
3 _-'“'-'f?uel‘ﬁ I olved; (d) financial condition of the university involved and
&z a7 atlollShlP that additional funds might have to program expan-

lh"ra](g Jikelihood that information affecting the security of the
9"“’ n will be developed and feasibility of providing the safeguards

ht become necessary.
‘b‘[, mlg

ONR CoxtracTs

1947 when the Commission became responsible for advancing
energy research, V1rtuaHy the only Government assistance

mic
" -ven universities 1n the vital field of nuclear research came

W‘vthe Office of Naval Research. The funds available, even for

f limited support, were diminishing. More than two years ago,
refore, AEC commenced contributing to the support of this work.

fodsy there are 63 ONR-AEC research projects in physma,l sc1ences R

Amencan universities,

’()NR and the AEC are currently agreemg on which spemﬁc projects .

ipnuclear physics should be supported in whole by ONR, in whole by

,and jointly by ONR and AEC. By the last quarter of calendar '

1949 AEC had contracted for research, or transferred to the
of Naval Research for contracts, the following sums: in physics

reh, & total of 6:3 million dollars of which 5 million dollars was - -
gministered by ONR ; in chemistry research, a total of $400,000; in™ *
getallurgy, all handled by AEC, some $1,100,000; in mathematies, . %

::;_* dout $200,000 of which AEC administered all except about $14,000. -
"3 the total is about $7,900,000 of which AEC directly administered
B dout $2,900 000 and ONR about $5 000,000. :

FINANCING RESEARCH

The Atomic Energy Commission’s total operating and capital out- -
Ay its three basic research and development. programs during the .
“f§ mrthat ended June 30, 1949, was approximately 128 million dollars.
“$Misamount covers research in physical science, biology and medicine,
~ §ol reactor development but does not cover research of the process-
_mprovement, type which is included under the weapons and source .
4w fissionable materials programs. Of this amount appromma.t,ely.
_“R¥uillion dollars was spent on research in the physical sciences. In *

Yparison, according to a report of the President’s Scientific Re-.
~funh Board, all other civilian agencies of the Government were
- Ependmg in 1947 a total of 20 million dollars for basic research and
l’fill:ulhtzzun dolars for apphed research and development projécts.

BETATR T O -l
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The patterns followed by the Government for financiy -
.o - , ! Smigjj
civilian research and large military research progray, h
modified somewhat to fit the needs of long-term atomie I.QS;\:Q \
review of the background of the research contracts takey, Ovdrch‘ :
Commission may indicate the reasons for modification, - o by 4
The contracts for nuclear research had their beginnings o
when the newly organized Office of Scientific Research ayg Dln 19
ment was given an a.ppropriation to carry on such work, OSIEEEIO’
few precedents for the kind of operation in which it wag ¢, ha
The urgent need for certain research and development work y 4
- central idea of the project. OSRD did pioneer work in the atﬁ t}
to devise methods of financial control that would protect the y 4!
interest in the proper expenditure of funds without unduly ; P u}?]
upon the primary objective. gu
-~ When the Manhattan Engineer District of the War Departm,
i *- took over the atomic bomb project on May 1, 1943, the outstang;,
.- OSRD contracts were continued although they differed greatly fy,
:* " the standard Army contract. Some of these contracts werg lat
. taken over by AEC. The experience of its predecessors hyg pe
invaluable to the Commission. The changes in financial provig,
. and accounting that have been made in putting the present Projs
. on a peace time basis are chiefly owing to the changes in the ngpy
" of the project itself. Some of the financial and accounting pr.
lems that plagued the administrators of the project in the beginnj,
as outlined in the official histories, can now be considered set),
 Others, such as determination of indirect costs, provisions for adequ;
“ accounting and financial reporting, vouchering procedures, and fir
¢/ 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.

oy

Financian Aspecrs 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.
- sgearch by contract, the first problem to be met isto develop contra
" “that are appropriate for the particular varieties of research servi
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 W
under way in research laboratories, cost estimates often cannot be m:

R R T
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y'dr accurately and this must be recognized in writing the

: ct.
g gairt type of contractor as well as the type of research work to be
g 1 4 affects the contract used. The Commission’s research con-

ot firms, independent research institutions, and other Govern-

dusmﬂgencies. Of these, the group of universities is probably the
t: o of contractor that is peculiar to research in nuclear science.
“‘rmnn'y years, some groups of industrial firms have ope}'ateq coop-
oﬁve']aborafzorles, but the chrporatlon of a group of universities t.o
ate A national laboratory is a postwar addition to the economic

ot social scene.

Two Txpres oF CONTRACTS

According to their payment provisions, the Commission’s contracts
research fall into two broad types. Onme type provides for pay-

The second type of contract provides for reimbursement of current
at, or cost-plus-a-fixed-fee, and is generally financed by monthly
'd?mces of funds. _ -

fie Lump-Sum Contract

isto predetermine as closely as possible what the actual cost of work
performed under the contract will be. Representatives of the Commis-
gon make a comprehensive examination of the individual situation,
perticularly when the prospective contractor is engaged in similar
vork outside of the contract. By their nature, lump-sum contracts

sith & fair degree of accuracy. ’

The use of this type of contract for research operations requires
that the contract negotiators include both scientists and accountants
qulified to judge and to determine the reasonableness and accuracy
of the cost estimates. Such contracts are generally limited to basic
rsearch projects of relatively small cost, where the contractor and
the Commission have agreed to joint financial support of the work.

The Cost-Type Contract

_The intention under a research contract may be to pay a contractor
his actual cost, to pay a share of the cost or, less frequently, to pay
M feeinaddition to cost. Educational institutions and research founda-

forme .. . .. .
oré include individuals, universities, groups of universities, in-

gent of 8 predetermined sum, which may be paid in installments.

are most effective where the course of research activities is reasonably
predictable and the cost of the work to be performed can be estimated

Inletting a so-called lump-sum contract, the chief financial problem'. Lo

1 by .. e e R et L TRttt o
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tions generally have a policy of operating without profit apnq
have entered into cost-sharing contracts with the Commissi(msg
basic research in which they and the Commission have a Partioy ?
interest. ir
In addition to having a substantial independent interest ip —
research activities undertaken under Commission contracts, lmi?m
sities and research foundations stand to gain experience and know.p
in the field of nuclear science. They stand to gain partic:.ﬂa,r]y
undertaking work, located on their own grounds, that is closely 4
to their own programs and that may result in their being'ful‘nish&d
research facilities not otherwise available because of the large |
-Unlike these institutions, the business concern in undertaking an
atomic energy contract may be giving up an opportunity to mgj,
profit through the use of its staff and equipment in some other activy 3
The payment or nonpayment of a fee is, therefore, one of the qUeStiom;
to be considered on its merits and settled when a contract is negotiateg

er.
ow
in

lled

ConTrACT MANAGEMENT

In general, research contracts are negotiated by AEC operationg
offices within the framework of the broad policies establisheq j,
Washington. A research proposal accompanied by a budget of e
mated costs may be sent to the appropriate Washington divisiop of
AEC either directly or through an operations office. If the proposy)
is approved, the responsible operations office will make a contrag
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 facilities
the detailed budget is the responsibility of the Operations Qffice. The
form and content of each individunal contract is determined during the
negotiation. An attéempt is made to obtain consistency between
similar research projects conducted by similar organizations. Since
the Operations Offices, strategically locatéd 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 fixed 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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FinaxciarL Provisions oF CONTRACTS

. gnancial point of view, one of the most important pz}rts of a
'" is the cost-reimbursement provision. The Commi.sm'on staff
i Jertook a study of contract cost provis.i.ons.' The existing con-
";, ore tested against the Commission’s cost-reimbursement policy
§ wes first stated m July 1047, namely, that all contractors with
4 ‘j‘,dl y abursemenbtype contracts shall be reimbursed for the neces-
a ﬁu:; direct and indirect, incurred in carrying forward the provi-
# ftﬁeir contracts and that such costs shall be determined by gen .
y o,ccept-ed accounting principles consistently applied. -
“a{iaveloping financial operations within this broad {ramework, the
B ission has recognized that the contractors and the agency have a
o interest In arriving at an accurate determination of allowable
oot costs. -The Commission is interested in getting its assign-
carried forward with dispatch and in paying each contractor
is justiﬁably due him, at the same time. making sure that it is )
g out its responsibility as a trustee of public funds. The educa-
4] institutions and other organizations taking part in research
i inmmsted for their part in having the record show that they have
' 5 grn value for payments to them. '

W perhead Costs

3 (ertain overhead cost provisions of limited applicability developed
Ay the Office of Scientific Research and Development and continued by
g Manhattan Engineer District for nonprofit contracts, were de-
gred to eliminate a possible profit to the contractor by providing for
yfund of any excess above the contract’s total costs and expenses
,jﬁna] settlement. As pointed out by the President’s Scientific Re-
weh Board,* the fact that OSRD recaptured approximately 18-
wllion dollars in overhead costs through voluntary contract renegoti-

£ &x indicates the magnitude of the overhead problem, particularly °
waniversities.

fince the amounts of excess overhead accumulated by some con-.
xirs were substantial, and since the early contracts had not pro-
Q¥ for audit of such items by the Government, the need for revision

te contracts in this regard for peacetime operations was apparent.
g¥s were therefore taken to improve on the early overhead arrange-
Such improvements required keeping the amount of over-

b ._ Beport of the Chatrman of The President’s Sclentific Researck Board,” August—
-~ 1845, Vols, 1-5, Government Printing Ofiice, Washington 25, . O.
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head reimbursements more in line with the indirect costs actualiy

ing incurred under the contract while continuing the Protectiop o‘
the contractor against Government disallowances of costs Whey
expenditures had been made in good faith. This was partj cmaﬂe
important for nonprofit educational institutions o as to protect theq,
~ against incurring any loss that would require them to draw upog

- their normal educational funds. _

In drawing up new cost-type contracts, or in extensions of‘exiétin
contracts, a cost-reimbursement provision that would possibly solye the
. difficulty was worked out. The proposed contract provided that the

" Commission would reimburse the contractor for all costs incurreg by

it in carrying out the terms of the contract, and that costs were t4 |,
-, determined in accordance with generally accepted accounting priy,.
. ciples applicable to operations of the type performed under the e,
. tract and consistently applied. It also provided that at such inggp,
‘. vals as might be mutually agreed upon, but no less often than gpe,
“ " each year, the Commission would review with the contractor tp,
" amount of the costs and expenses including (#) overhead computed iy
" accordance with generally accepted accounting principles consistently

‘applied and () all costs and expenses, not otherwise reimburseq
"which are actually incurred by the contractor in good faith arising

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
"7 " by the Government. ' T o

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 topic of discussion
in the conferences held with committees of business officers of educs-
tional institutions and study on this problem is continuing. =~ -

‘-_-’~_ . ] { ; ':.:.,_:".'.' .. * [ .
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RESEARCH ACCOUNTING

__-; The early decision of the Atomic Energy Commission to apply
industrial . finance and accounting methods to the atomic energy
" project as a whole, as described in the Fifth Semiannual Report W =
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Congress; met with immediate approval from industrial contrac- |
Y rerally. For research, however, the matter was more com-
x ged The educational and research institutions with which the
‘ -wte-slsign had contracts generally did not have the same type of
nting system as the industrial concerns. . Many of these. iI-lSti-

.+ ng received most of their funds from grants and appropriations
-u uh(;d not been accustomed to account for the use of the funds in'a

o that would fit into the financial reporting of the atomic energy

m a8 g whole,

In December 1947, the public accounting firm that had been engaged - E

: 3 view the Government and contractor accounting under a typical
wrem}e research contract taken over by AEC confirmed the opinion
| ¢ the type of contract negotiated under the urgency of war condi-
. s did not provide for the use of accounting records and procedures™
ot would be classified as adequate under normal conditions,

#

pfindties Under Contract

' Jn reviewing operations under this form of contract, the public ac-~ -
gutants had attempted to determine whether the financial and ac-
qunting provisions of the contract had been carried out, and whether
he practices In use were satisfactory or unsatisfactory for continued .
They found that, with. minor exceptions, the accounting opera-
gons of both the contractor and the Government met the provisions
2 o the contract, but that the contract itself needed to be revised if gen-’
‘3R ol and cost-accounting information were to be required. For ins-
gince, the contract provided that the system of accounting to be em- -
poyed by the contractor should be that customarily utilized by the
A witractor in the regular conduct of its business. The accountants:
A sund that inclusion of this provision kept additional accounting work .

¢ s minimum, but that the contractor’s accounting system was de:. ;%4

% sged to furnish only the information required for its own account- -
A mgobjectives. The Commission’s requests for information in addi-
§ bon to that normally furnished under the contractor’s system, there- = -
kee could not be met and were objected to on the justifiable basis that =

ey were not authorized under the contract. B R

ounting system and in the Government’s method of auditing. = The

ry controls over materials and property, the practice of transferring

Thers were several deficiencies in the typical research contractor’s -

wistanding faults were the incomplete cost records, the lack of mone-" - " ;

e materials and facilities without monetary control, and the dupli-

ation of gudit effort. ' R '
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- and maintenance. To obtain meaningful data concerning a¢,

* terms of each research activity or program of the Commission. g;

- members, financial data grouped by such divisional classificatiopg

The Basic Policy

In putting the atomic energy program on a 1ong~term, Pencer:
basis, one of the chief problems was to devise a system for proy; & t
the internal management, the Congress, and the public, the fin
data each of these groups needs, and to provide such datg in
standable language.

Tig

LA
ancinl

Undg,,

The most common financial question asked about a research Pro; - onb
ect
to that ad v

has generally been “What is the cost?” Getting the angwey
question has been no simple matter. As an examination of th, ear] fer
operations showed, it was impossible under the system that p d b;i j  sal®
used to determine the cost of a particular research project, |
Educational institutions customarily set up accounts for thejy

o . : . var,. _ Al
ous organizational divisions such as physies, chemistry, and ge

. . . . . mic o cﬂl y
energy research, however, financial information must be Teporteq iy

- S A L ne J work
one university may have its science organized into three departmeng, .
and another into ten, depending upon such factors as educationg] enp-

phasis or the particular interests or capacities of individual faculty

could not be consolidated and compared and would be of little ygg in
managing the atomic energy work.
To provide a solid basis for budget estimating and control, the g,

¢

" count classifications used by the various organizations, for the researsty, . :fl;::s 1
conducted for the Commission, needed to be in accord with the re. .

search activity classifications used by the Commission. For instance, ¥ ° La

the Commission needs to collect costs for the work on a particulgr  gieal

particle accelerator under one account classification, and the workin % 1n f:

the general area of pure physical research in other accounts, even
though a single university division may be conducting both types of

~.50-Ca
work., For the Commission’s purpose, its own functions rather than o <
the organizational divisions of its contractors are meaningful units ealle
for classifying costs. . , '  Of t
The Commission has recognized, in its finance policies, the close R ¢
interrelation of providing funds for research, controlling research 8 il
objectives within budgeted amounts, and controlling costs generally. ' <

As has previously been recognized in industrial research organizations, - & _is fo
an adequate cost accounting system interrelated with budgetary con- as d
trol requires (@) measuring costs for comparison with the budget,
both by specific objective and in total; (b) identifying costs with
organizational units with sufficient accuracy to fix responsibility for
control by those responsible for the various research activities; and
(¢) providing information for controlling pay roll, materials, and
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head and their subclassifications before the identity of such costs
by consolidation.

- . introduction of the comprehensive accounting system and the
i ."'-"base-d budget has put greater emphasis on participation by. Tre-
Lﬁt directors in cost planning as related to program planning.
_ I_#r'-:gommission has attempted to follow good business practices with-
d ﬂﬁehampering the contractors and without imposing any unnecessary
f canced toward the goal of combining scientific freedom and financial

CosT TRENDs 1IN PHYSICAL SCIENCE RESEARCH

year 1949 to over 81 million dollars in fiscal year 1950.

One of the more significant developments is the large increase of
cork performed outside the Commission’s own laboratories and in-
gallations. In fiscal year 1949, such work made up 14.5 percent of
the total.physical research program, and in fiscal vear 1951 contracts
or work outside Commission-owned laboratories are expected to reach
gearly 32 percent of the program. While the work in Commission-
orned laboratories by major rédsearch contractors will remain fairly

this very important field.

In fact during this initial period, the Commission’s capital require-
ments as related to operating expenses may exceed those of many
wealled heavy industries. In 1949 the three research programs—
physical research, reactor development, and biology and medicine—
alled for an outlay of 70 million dollars for plant and equipment.
0f this amount, 27 million dollars was for physical-research facili-
s, In 1950 the total capital cost for the three programs will be 76
aillion dollars of which 25 million dollars will go into facilities for
physical research. About half of the total cost of research facilities

mearch equipment.

5 The Atomie Energy Commission and its contractors operating the
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g trols or objectionable requirements. The Commission feels it has-

AEC physical research operating costs, exclusive of depreciation, |
‘mexpected to increase from approximately 26 million dollars in fis- _

«ustant, work in the laboratories of educational and research insti- .. -
wtions under the much more numerous smaller contracts will increase .
aistantially. This indicates a real growth of scientific effort in. -

Large-scale enterprises generally require a large investment in phy-
geal facilities and the atomic energy program is no exception to this. .

sfor construction of research tools such as reactors and accelerators
8 distinguished from more conventional laboratory buildings and

§ SIENTIFIC AND TECHNICAL INFORMATION SERVICE

Yamic energy enterprise are both producers and consumers of scien- -
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tific and technical information. The technical informatig,, 2
required for the program includes all of the familiar eleypg . ¥ite
braries, journals, reports, indexing, and abstract Services, cat fitg. 1.
and publication. As a consumer, the atomic energy prograp, col
and selects from the world’s scientific and technical hteratu: e
portions which are relevant to its purposes. As a producer, iti the
back into the body of scientific knowledge its own research, ﬁlldl%
‘that are unclassified or can be declassified. Ny
Confronted with the necessity of making rapid selections of D
~ lar information from the tremendous mass of scientific Publicat;
the Commission has found many of the standard bibliographic,] pona,
tices slow, cumbersome, and ineffective. Hence, research intg th, wl‘ae,
in which information can be more quickly selected, organiy 3
put to use is a major aspect of the AEC technical infoi'ma:iou
© program. _
- As a producer of information, the Commission is required by the
Atomic Energy Act of 1946 to maintain “a program for the c0ntry)
of scientific and technical information which will permit the disgar:
nation of such information to encourage scientific progress?” The
key terms in this requirement ‘are control and dissemination. Ty,
system of control must provide for the restricted dissemination gf
~ classified information to scientists and engineers Working in the e,
~terprise and for an effective method of disseminating. unclassifig
and declassified material to the scientific and technical community 4
large. . .
 The job of accomplishing this dual purpose is complicated by de.
centralized research and reporting activities. In 1949, 350 contractor
“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. '

k.

arficy.

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 sb-
_ stracting service, an index entry in a catalog, a chapter in a treatise,
and ultimately part of the contents of a technical 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

e AR

i to set up a special system of communication within the atomic energy
i:% program. - : ]
5§ onoooasl o Classified research reports must be limited in circulation, yet they &

SRR gy
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; ("50 be available readily to all scientists within the project who
> orking on the same or related problems. At present, most pf
:!-eports are circulated as individual documents. The Commis-
_.-;Owever, has established a classified scientific journal in the
_ﬁﬂ"’.éf metallurgy and ceramics, and may extend the scope of this

| § ; i of circulating information within the enterprise.

Wd Lists Set Up
ﬂ‘ﬁt classified reports are prepared in multiple copies by the in-
1151 AEC laboratories and are distributed directly to other Com-
. son installations. This avoids the delay of processing all reports
ngh 8 central office, but it requires a system of safeguards to inS}lre
only authorized persons receive copies. This direct, though lim--
o distribution is controlled by standard distribution lists. The
Division of Research, in agreement with other divisions con-
aﬂe&, Pl‘e'pa.res these lists, which contain categories of distribution
gefine the scope of each. Each category appearing in the Stand-
Distribution Lists—isotope separation, reactors, metallury, ce- =7
ATICS, ete.—1s accompanied by. a scope note which spécifies what ac-
3 jrities shall be included, what excluded. The listing of a name of 8 il
g Jaboratory, office, or agency under any category constitutes au- i _
‘3 yarization for the distribution of reports in a given category and the = ;
[ nports are automatically sent to the addresses listed. = o

thiracts Circulated
Asthe second element in the Commission’s pattern of scientific com-. -
gmication within the enterprise, “Abstracts of Classified Research -
wl Development Reports” are issued semimonthly. Authorized re- .
fpients of this publication are kept informed currently of all classi-
bd rescarch in  progress throughout the project except for certain o
fisly classified reports and reports of limited interest which are
last year, 1,630 classified documents were abstracted. - Each copy
JMYACRDR is numbered and assigned to a definite recipient. With o
WU regard to security requirements, these abstracts are an indis-
msible tool for digesting and bringing together the diverse re- i
alis of the classified research program in atomic energy. Copies™
¥cassified reports are stored in the more than 30 classified document
=3 %us maintained by the Commission. AEC libraries and document
3 %ms contain more than 500,000 research and development reports in
Zgmnzed collections. The Washington headquarters maintains a g
& Wplete collection of all reports produced, and the document room  * =




‘ - Ridge.

" document collections. For each individual report there ig gy

covering about 38,000 reports. . .

164 ' RESEARCH AND PROGR;:
. 3

maintained at Oak Ridge serves as a distribution center for Supply:

collections elsewhere, These collections are not files, byt highpl Ying
ganized repositories in which research reports take the Place ¢ \J 0;.
nary technical books and journals. Ord;.

Cataloging Reports

AEC catalogs all reports received and distributes cards ¢, oth
er

. . . an
card, a report number card, and sufficient subject cards for 4 ct;]lzr

plete subject index to the report. During 1949, AEC catalogeq 8,08
reports and sent 2,485,886 cards to 68 document rooms. The pe ’

cataloged included 4,678 that were new and 3,407 which re(luireﬁnr?

- cataloging or had accumulated in the backlog from the war Yearg,

This wartime backlog has now been eliminated and cataloging of e
search and development reports is on a fully current basis, A m.
plete catalog of AEC reportsnow contains approximately 200,000 cards
Scientists use journals to maintain their awareness of Clrrent

progress in their specialties, but such journals must be supplementeq
with handbooks, compendia, and treatises. The Commission ig pre. -
paring a series of such books as a classified part of the. Nationg]
Nuclear Energy Series. There are at present about 60 classifie]
volumes scheduled for inclusion in this series. At the close of 1949,
manuscripts for 26 of these volumes were on hand of which 12 we
in the final stages of editing and preparation for printing in Quk

7

Ewxchange of Information 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 - 4
Services that need certain categories of technieal 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 receives
and distributes to appropriate research laboratories technical informa-

" tion developed by military agencies. This exchange of technical it-
formation is expanding to the mutual benefit of AEC and Department_
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"UNCLASSIFIED INFORMATION

0 Commission’s unclassified information services for the men

jeation and dissemination. The basic element is the collection

’_..'-Pu journals and books which ave likely to contain information
of ¢ to the projects being carried on by the Commission and its

R} olova

iractors.  Throughout the enterprise there are active technical =
: .os serving laboratories and research installations. Many of

i

3 g Commission’s major laboratories are far from university and in-

od along with laboratories and production plants. .

"To the extent that research projects are located on university

es or at established industrial centers, project personnel are -

§ ampuses or ¢

ble to use ex1 ting libraries, A new technical library is established ™

'bvthe Commission only in conjunction with a new major installation,
" ip keeping with the policy set forth in the section on library facilities
in the report of the President’s Scientific Research Board— '

1 trained personnel, These two facts, in combination, add weight to the con-

on * * * that large laboratories are better than small isolated units.. ’
(uly in the large laboratory can the expense of adeguate library resources be
over research operations extensive enough to make library cost a rel- -

E atively negligible item of overhead.

| Thus, major technical libraries supported by Commission _fuilds are |
jcated at Oak Ridge, Knolls, Westinghouse, Brookhaven, Argonne, "
Les Alamos, Sandia, and Hanford where they service major labora-

twries, and at Washington for the use of the headquarters staff.

Piblication Encouraged

s

4 The Commission sponsors a considerable volume of unclassified re-
§ sarch and also maintains a program for declassifying research results

vhich no Jonger require security control. The unclassified and de-
dassified reports have been released to the scientific and technical pub-
beinvarious ways. Asa major method of dissemination, the Commis-

8n encourages project scientists to make their own arrangements -

for publication in established, privately-supported scientific period-

ing in the program supplement the regular patterns of scientific

X HERT L AN IR R
PP N S B FRPIRLEIS TH PR .
- whe b - M-y - -

.a] centers, and research libraries have had to be built and 3

_thosé materials of frequent reference to be physically accessible to the
rch worker, the technical library has to be located in or near the laboratery, - .
flowever, provision of adequate library facilitles Is an expensive task calling .-~ .
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“declassified and made available to the general scientific and technicalll
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[ jor publishing t
b «8S selected anc
Y 9‘pl-)e.a,r'ecl in 1§

The Commission’s policy in this regard is supporteq b
whelming number of project scientists who do not, Wishy
Commission or any other part of the Federal establishmep )

8

responsibility for publishing their contributions to Tesearch S“”“eth" l:d and projected 2
tunately, private scientific societies are unable, at the pre%n't Unfop ¥ '
publish all results of the greatly f?xpanded volume of fEdem}tll’_IIE, a3  Science Abst
ported fesearch. ¥ sup.

The National Research Council will shortly organize g confe
editors of the leading scientific journals to formulate thej, v
the extent of Federal responsibility for the support of Scientilﬁe .
lication. The Atomic Energy Commission will weigh t}q rec Dub.?
this conference before attempting to estimate the extent of it Sul?
tion to extend financial support to such journals. oblig 3 ]exjsting abstract ¢
W' cts”? do not cox

@ ch requires fast
de'; and (¢) nuc.
pedicine, agricult1
-mentation, metall
iNuclear Science A
. issue is indexe
welly. The use «
chines allows prey
« type for separate
¢ charge to all scier
ogram, and on an e
sools, research inst:

1 1t]10urgh the Comt
ot W’ ific papers, it ha
¥ .id of nuclear sci
has become a
' son publishes the

Distributing Reports

In the meantime, the Commission is reproducing and distriby 3
the unclassified and declassified AEC reports which have po 1. S
published in the regular scientific journals. These reports are n :
able on an exchange basifs to universities, learned societies, research
stitutions, ete., and are sold to individuals or institutiong unable
enter into exchange arrangements. . 4

As a final method of disseminating unclassified scientific and techps:
cal information, the Commission has established the “Nationa] N !
Energy Series,” described in the next section. 3

The following table summarizes the unclassified and declassifel

uclegs

Reports published in scientific journals ’

Reports distributed by the Technical Information Branch (Oak Ri&ée)___ %:
Reports to be included in the National Nuclear Energy Series____________ 1, 158

nical Informatio

The General Mana
i of technical infor
Jsists of represent
plogy and Medicin
mctor Development
d the Division of I
xhnical Informatic
iiractors. These t
feness of existing -
ans for the extensio
In addition to thes
frarians in AEC ins
aference which mes

community, . o | . eetings has been th
As part of its general policy to encourage private publication of ity 1 of Classified

ifie - . ission invi ids from priveig - e
classifi d resealch results, the Commission invited bids £ P B ssa1ane—50— 12

National Nuclear Energy Series

The National Nuclear Energy Series developed by condensation ¢}
separate writing programs originating at Chicago, Berkeley, Lo
Alamos, and other project laboratories. _Each site planned to writg
scientific accounts of its research programs. By November 104%
arrangements were completed to combine all the separate program
into one over-sall series covering all phases of the project. The class
fied volumes (approximately 60) will, of course, be available oniy
within the atomic energy project. The remaining 50 volumes will b
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=¥ .blishing the Series. The McGraw-Hill Publishing Com-
3 firmS fo 5 selected and has already issued eleven volumes, the first of
pnnfh ! peared in 1948. (See Appendix 7 for description of pub-

ic

ohi ) :x?d projected NNES volumes.)
fishe |

» Science Abstracts

eyl _
.\ﬂdﬂlough the Commission is not a major publisher of ux}cl@siﬁt?d
Al ific papers, it has established a major abstracting publication in
o 8nu}d of nuclear science. “Nuclear Science Abstracts” in less than
;heﬁis has become a valuable tool for research workers. The Com- _
2 on publishes the abstracts to meet such problems as the fact that
sisting abstract services like “Chemical Abstracts” and “Physics
e P;actS” do not cover unpublished research reports; (b) program
A bs:‘;rch requires faster abstracting services than existing abstracts
coide; and (¢) nuclear science cufs across many diverse _ﬁel(_is su.ch
<o medicine, agriculture, geology, ceramics, industrial sanitation, in-
gmmenta,tion, metallurgy, chemistry, and physics. : R
sxpclear Science Abstracts” is issued twice monthly at Oak Ridge.

Each issue is indexed, and cumulative indexes are prepared semi-

anually. The use of mechanical sorting, collating, and printing - .

pachines allows preparation of cumulative indexes without setting
qew type for separate cumulations. The abstracts are available with- -
aut charge to all scientists officially connected with the atomic energy '

program, and on an exchange basis to universities, hospitals, medical -

«hools, research institutions, scientific societies. .

Technical Information Committee and Panel

The General Manager has established two advisory bodies in the
field of technical information. The Technical Information Committes
consists of representatives of the Research Division, Division of
Biology and Medicine, Division of Military Application, Division of
Reactor 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
contractors. 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. -

In sddition to these formal organizations, technical and reference
Ibrarians in AEC installations have organized an informal librarians’
eonference which meets twice a year. One valuable product of these
Weetings has been the preparation of a “Manual for Servicing and
Control of Classified Research and Development Reports.”

B68145°—50——12 o '




o

Y

L

iy .. -;?r - g 1- L _': T s T T ‘r..‘i B ¥

168 . , Y ' TGS 7 FOR RESEAR
. ] ESEARCIy anp .. WK ﬁ‘ME

Research in Techniques o little over 5,00

e ‘ﬂsln March 1949 usi
The proper utilization of research results requireg ¢ oo B i 9.000 docume
_graphical controls consisting of catalogs, indexes, bih); SCtive il i,alrll ’
stract reviews, and services. The volume of techniGafl)f="_1“’~]311ie,s 3
from the national research effort is now so great that]nf i3
| systems are rapidly becoming outmoded. This situatiqy, ;he Do
-~ particularly serious where specialists in several research 25 bopgd
~ quently need, to join forces to solve common problems, fieldy g4

g ction O f Material

Joint Congressional
.. Finergy Commissio:
1{01- departmental p
" Abstracts,” index
bove, the program o
for preparation of

- contractors. How
production and diss
will reproduce such

r copY prepared by t
gidge printed 25,000,

- Rapid Selector

| The Commission has attempted to develop new techpj
"~ cedures for the storage, recording, selection, and dissemipgy;
formation. The Commission has jolned with the Depa on of§
Agriculture in developing a machine known as the Rapidl'tmem_

- The selector operates like a research worker looking through 3; g
in a library catalogue, but at much greater speed. With propey caf
entries, the machine will scan up to 120,000 subject entries Pe: Y cof -

* compared to 15 or 20 entries which a fast worker may examjy, e -
same time. Moreover, it will reproduce an abstract of a docu;; "
the spot, or, if properly set up, the original document, saving timeu'
spent in searching the shelves of local libraries or in waitip ior -_

‘information to come from distant places., ¢ 3

A 2,000-foot reel of film used in the present selector provides g3
{for text and code for 60,000 abstracts or an equal number of text ,H '
As many as six different coded entries may be made for each abstg

- or page, or a total of 420,000 entries on the entire reel. j

First use of the selector by the Atomic Energy Commission wil)
for the maintenance of records of new research with radicisoto

In addition to the Rapid Selector, the Commission has develogg
typewriter composition for texts to be printed by ‘photo-offset menig
and it has utilized business maghines for the reproduction and
accumulation of indexes. ’ ' '

CONTRC

Commission has c
Jsic policies underlyl
», guided by the pe
pas determined that

e the common defer

sthholding from thos
wirests of the United
bam to the detrimenf, o:

widing adequate infc
fthe goals of this Na
g manner consistent

crecy classification

fepends upon a balan
ica} interests and the v
igh its dissemination.
its consideration of p
mized that the essen
v, as in other fields,

fnowledge and enthus
entum in all technic:
mmission’s organiza
gFlists, technicians, and
Enation. '

Indexing Machines

The business machines used for cumulating and printing indes
* are also used to control the receipt and distribution of classified dog
ments. Under the old system the initial logging record was made}
hand and troubles caused by human error were always present. 3
took one typist a whole day to type out all receipts for a large standig
distribution. The tabulating machine requires only about a half hot
“The largest number of documents transmitted in any one month.
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g a little over 5,000 and this required the use of extra per-

948 e Tn March 1949 using machines, the library section was able

ﬂ“;jp almost 9,000 documents with fewer personnel.

W,-gducfwn of Material

o Joint Congressional Committee on Printing has authorized the
ic Energy Commission to maintain a field printing plant at Oak
e for departmental printing. This plant reproduces “Nuclear

B' 2008 Abstracts,” index cards, bibliographies, and reports. As
% above, the program of decentralized research and reporting pro-
des for preparation of reports for project dissemination by the
.sus contractors. However, when a contractor lacks facilities for

reproduction and dissemination of his reports, the Oak Ridge.
gt will reproduce such reports for project distribution from a
r copy prepared by the contractor. During 1949, the plant at
(sk Ridge printed 25,000,000 pages. :

CONTROL OF INFORMATION

The Commission has continued to give careful consideration to -
o basic policies underlying the control of information. 'The Com-
gission, guided by the pertinent provisions of the Atomic Energy
Act, has determined that information should be controlled 50 as to
promote the common defense and security by— '

¢) Withholding from those whose objectives may be:inimical to the _
intérests of the United States, information which could be used by
them to the detriment of this Nation’s secumty :

}) 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 demoecratic traditions.

The secrecy classification to be applied to any item of information.

' thus depends upon a balance between the value of that information to

mimical interests and the value expected to accrue to the United States

¥ through its dissemination.

In its consideration of policies in such matters, the Commission has
meognized that the essential assets of the United States in atomic
Hergy, as in other fields, are the ability and experience of industry,
the knowledge and enthusiasm of scientists, and the maintenance of -
omentum in all technical fields. Many of these assets lie outside
the Commission’s organization and depend to an essential degree upon

wientists, technicians, and mdustrmhsts having free access to a.dequabe '
'”mformmon
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_“Nation’s over-all program. In forming this judgment, the (
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The importance of accountability to the public must be ¢q
; . . Inoc].a
the people must be able to judge the action of their rePresentar: ¥
 and officials, and to pass intelligently on policy. The Comm?tly
- believes that information about a public enterprise of such magn_SSl
. as the atomic-energy program should be withheld only for'mlt“de
soundly based upon the common defense and security. 430n
- The essential factors in appraising whether particulap item
" information must be kept secret depend in part on a technicg] j: 0
- ment as to the pertinence of the information to the objectiveg of thi;
" sion looks to key technical personnel associated with its a-CtiVit(':es
- also depends on many factors of nontechnical nature sych N '
. example, matters related to military operations, civil defense,

mission must obtain the views of competent authorities in itg o%n

informsation.

R | . . UNCLASSIFIED AREAS

SR The Commission has had under continual scrutiny the boundarjeg

-~ between, on one hand, restricted data or classified information angd, . §

°  on the other, that information which can be “published without gq.
versely affecting the common defense and security” (Sec. 10 (b) of -3
the Atomic Energy Act). In 1948 the Commission established cer- "3

. tain “unclassified areas” in which work could be performed generally -
free from security restrictions. This had the effect of considerably 3

- reducing the extent of Commission research activities covered by j

- secrecy regulations. (See Fifth Semiannual Report.)

The experience of, the last year has shown that this procedure has 3

been successful. Many laboratories now submit technical articlesin 3

. these unclassified areas directly to various publications. By meoni- "3
toring these papers, AEC has verified that this process has not re- 3
leased information which could be considered “restricted data.” By 3
thus enabling scientists and engineers to publish certain kinds of re- 3
search work, AEC has assisted dissemination of material that does
not require secrecy. At the same time, by reducing unnecessary classi- 3

. fication review, AEC has been able to concentrate maximum effort 3
on keeping secret information whose release would: be contrary 3

to the public interest. :

The use of unclassified areas has helped to remove unnecessary 1‘5‘
strictions on some research and development work in AEC labors- 3

AT
N - . . N . t 1 1. . HS.lder “
likewise, in determining information-control policy. Tu g gg¢ ed,

y 2
-]

S, for 3

: oo ( : > X . . la
" protection, or international relations. In this judgment the Iémﬁt

.| organization and in other agencies. . The Commission TecogNizes thy 3
.".. control of information requires constant exercise of judgment i
the last analysis, by every individual concerned with Classi}j od
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' *A. Jarge volume of work has been done under procedures 1}01:
Qs'nti_a,lly different from those existing in any university or in-
897 .l laboratory. Of more than 1,250 t.ec.hnica-l papers released
- O plication during 1949 (not including the Natlons.tl Nuclear En-
Geries), only about 40 percent were formally revz.ewed thrqugh
declassiﬁca.tidn system. The other 60 percent were in uncl.ass.lﬁed
° and were sent directly to professional journals and periodicals
: ;;s:;e laboratory or individual author.

INTERNATIONAL COORDINATION ON SECrECY POLICIES

| ﬁé specitic “Declassification Guide,” drawn up to ass'%st operaifion _
k- ger the Commission’s policy on control of technical information,
_‘nd held in common by the United States, United Kingdom, and
» da, is & document agreed to by the three countries. On Sep-
mber 26 to 28, 1949, the Third International Declassification Con-
nce was held in Chalk River, Ontario, Canada, to assure continued :
mrd‘mat_ion of secrecy policies and practices. Consideration is now S
wing given to possible revisions in secrecy policies which roay be =
gsirable in the light of the Russian atomic explosion. A preliminary = ::
geussion of these matters will take place at a meeting of declassifica-
son representatives of the three nations-scheduled to be held at - -
garwell, England, in February 1950, _ T
ment of the three nations on the categories of technical in- .
frmation to be released, or declassified, has minimized misunder-
andings. It has resulted also in reasonably uniform standards of. T
grecy for the fund of information shared by the three nations, = 2%
through their joint wartime effort and through the Technical Coopera- - .t
on Program. , | ‘ T TR

INTERNAL ORGANIZATION

During the summer of 1949 the Commission created the post of R
Director of Classification whose office absorbed the Declassification . = .4
Branch of the Public and Technical Information Services, The .
i ice of the Director of Classification is responsible for Interpreting -
% Commission-approved rules and guides, not only for declassifica- _ 27
_:__’,. wn, but also for the origina] classification of new information.
88 This change reflects an increasing interest in the problem of secrecy -
308 % ¥ell as a recognition that classification (assignment of an appro- =
f Fule secrecy category) is as important as declassification (release.
3l P the restricted data category). As in the previous organization,
3 =hnical guidance is provided by expert consultants, principally the -
i “umittee of Senior Responsible Reviewers and a large group of = * -
isible Reviewers, The conscientious assistance given by. these
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experts in their continual review of the technical aspects of &ecl
fication has been valuable to the Commission in maintainip o A58,
of information in accordance with the general policies adopteq bI}trol
Commission pursuant to the Atomic Energy Act. . ¥ the

PROTECTION OF CLASSIFIED DOCUMENTS

The protection of restricted data is the responsibility of the
Energy Commission under the Act of 1946. The Commission adop
the regular Government classifications of fop secret, secret, anq cted
fidential, to indicate the degree of importance of information, 4 v
number of classified documents have come into existence undey th
Commission ; together with those originated by the Manhattay Engi.
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 Security_

AtOmic

Tor Secrer CONTROL

~ Soon after the Commission assumed responsibility for the atonj,
energy project, it was apparent that improved procedures for ty,
_ 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. As the first
step, & project-wide inventory of top secret documents was ordered

88  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

LIRS

and a Top Secret Control Office was established as a branch of the

a document as top secret. The number of persons authorized to .

n

e o -

T -
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or keep such documents is held to the minimum consistent with

jve . -
fﬁcmv dministration, and these persons are so authorized only if

£ f ; . N . .
E 3 500(11, Juties Tequire them to have the information contained In a
» thel

.fic document.

spect
Secrer aND CoNFIDENTIAL CONTROL

: Besgarch and development reports comprise. a subst.antia_l portion
the documents in the secret and confidential -classifications.. At
of time the Commission assumed responsibility, it was not known
;r many such documents existed nor where they were 10(.:at_ed.
ence, an inventory of these reports was ordered at all Commission
insmllations.
This inventory revealed over 700,000 of these research and develop-

pent Teports throughout the project, varying from some 2,000 at the -

gmaller installations to over 200,000 at one of the larger plants.

T, this inventory figure, compiled as of December 31, 1948, there -

gre added each month approximately 15,000 new reports. Because

of the volume of these documents and the importance of the data ., -
3 they contain there is‘a tremendous problem of internal control and

gecountability. This problem is magnified when these documents -

gretransmitted from one installation to another.

In 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 . -2
shich reports are transmitted, so that each individual report may
be properly controlled, and information may go only to those persons

who require the information. : _

Inaddition to the documents classified as top secret and the research -
wnd development reports classified as described above, there are hun-

dreds 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
sefeguards. :

Records are maintained locally by offices of operations, or by in-

dividual offices or installdtions, which give the rumber, disposition,

and location of these docunients.

' PHYSICAL SECURITY OF RESEARCH OPERATIONS

A5 of the close of 1949, some 900 research laboratories, institutions,
tnd consultants were under contract with the AEC to conduct scien-
tific research, some aspects of which must be safeguarded in accordance

1Y

__¥ith the Atomic Energy Act of 1946. These range from the extreme =
. ®eurity importance of the Los Alamos Scientific Laboratory, employ- .-
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" ing hundreds of persons on research and development of atomic weg,
ons, to the individual scientist in a university laboratory. Obvigyg,
Los Alamos requires elaborate safeguards, whereas the indiv 1dua}
scientists may work with none or with relatively few restrictions,

To monitor the safeguarding requlrements of a research Program,
of such magnitude and diversification requires some 3,000 seeupi,
contacts and inspections a year in practically every state of the U Nioy,

SAFEGUARDING SECRET RESEARCH

In order to devise a practical security system for a labora.tolfy at
which research of a classified nature is to take place, it is first neceg.
sary to determme just which aspects of the research are secret ang,
therefore, must be safeguarded. This determination requires expert

scientific judgments. When it is made, the laboratory buildings op -
areas in which the secret research is to be carried on are physically -
segregated by fencing, walls, or other barriers; and access is contro]led
by guards or special receptionists.

An estimated 1,500 guards are employed to safeguard AEC ang
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 mvestlga.ted and cleared. Itis 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 hmlta,tlons placed on the extent
~of their access. -

The devising of practical safegnards for atomic materials is & com-

- plex business because many of the materials are almost continuously
in use 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
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- rapidly, must be made with speed, safety, and security. In :
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éhzﬁ;{ist- include & number of other practical safeguards for the
o atory areas where they are in active use. :
o T . o

PRrROTECTION OF SHIPMENTS

Pl-otectsiom~ of shipments of vital materials and transfer of
‘et papers between laboratories and other installations is a con-
“a:mg problem. Safeguards must not only be provided against -
B S e, theft, and damage, but also against the possibility of

,gpionﬂgea L . . dgdl .
-« toxic and radioactive substances injuring the public.

e

. Thousand " . .
N yxic and dangerous but which have a short “half life” and-

%ﬁ'on to firearms of various types required for the protection of

¢ materials and documents, therefore, many AEC couriers must

oloo be equipped with portable Geiger counters and other radiation  -"':

cnitoring and special equipment, and trained in their nse.

Although thousands of ton-miles of special security Shipments are - BEre

e,;,gjdl;lc'ted monthly between AEC installations, it is significant that =+
1o date there has been no known theft, loss, or compromise with respect -

1o such shipments, and no instance in which the materials shipped '_

aused injury to any person,

§  PERSONNEL SECURITY IN RESEARCH

.

%  Before persons may have access to restricted data or to exclusion .’
) areas where the most secret work is carried on, -the_-y must be investi- . -,
guted as to character, loyalty, and  associations, Under the
 Atomic Energy Act, individuals who are to be employed by the Atomic.

~ Energy 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 report, the Comm:ission o

must determine that permitting such an individual to have access

to “restricted - data” will not endanger the common defense and -
. scurity. L o \ S

.. . Tven on unclassified research projects the Commission, as a precau-
§ fGovary measure, may often require the principal investigator (or . : -
other suitable monitor) to be cleared, to become familiar with the -~
Umn.mission’s program, and to have a working knowledge of the classi-
- festion and declassification requirements. Such projects, while un-

o

dassified in their conception, may lead into areas involving restricted
data, Adequate security clearance enables such research activities to

- et t:he needs of the AEC and still safeguard restricted data. How- | _
¥, In research projects where the chance of restricted data being:

BOO0RADY

-mile shipments of special elements which are not orily K
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discovered is essentially zero, no security 1.'equil'ement,s' Are IMmpe,
The AEC’s program for controlling visits to exclusion areas, g,
signed to prevent unauthorized persorls.from access 1o restricteg dat.
or to areas where classified work is being peﬁ:o_rmed,.permit.s vi
with minimum delay between the AEC’s various sites whey, the
research employees are engaged in related ﬁel.ds of endeavor, The
correlation of such data through visits, symposiums, and througy, the
distribution of reports is controlled so as to retain compartmentg];,,
tion with respect to production and weapon information and activitie&

Sits




§ [gE ATOMIC ENERGY LABORATORIES

- gtomic energy laboratories—the National Labor}ator_ies -and
: other great establishments which carry out the research projects
3 ethe atomic energy program—are the heart of the industry’s scien-
E | :ifﬁc offort. Founded by the Manhattan District, expanded and reor-
f ized by the Atomic Energy Commission, they constitute one of
the greatest efforts toward organized basic and applied research in
ihe Nation’s history. . o N

They are remarkable in that the facilities are owned and financed by

Federal Government, but operated by private contractors—famous -

versities and- leading industrial concerns which have established
ad conducted excellent research programs on-their own, ‘

LABORATORY HISTORY

The Manhattan Engineer District brought together more than 7,000
ientists and engineers who successfully attacked one facet of the
stomic energy problem after another, culminating in the bomb attacks

o Hiroshima and Nagasaki. - When the wartime assignment was _
cmpleted, many scientists turned to other work more to their Liking. :

Within & year, the research program, which had commanded the atten-
tion of roughly 5 to 6 percent of the Nation’s research scientists and
“egineers, lost more than half its staff, and among those who left were
many of the Nation’s ablest scientific workers. L
With the establishment of the Atomic Energy Commission a year
Iter, it was clear that the pace of atomic weapons research had to be _
3§ rnewed, and that applied research must be supported step-by-step by
~§ fmdamental advances in science. Without such support, a weapons
research program would be futile even though the pressure for prog-
ress remained high. . - o

The Commission could not, of course, reassemble for peacetime work L
sch an array of scientific talent as had carried the war program to =~

fecess,  The wartime urgency was lacking ; many of those formerly

inthe program preferred other kinds of work; and many were train- -
mg the scientists of the future, a task also of major importance to the

Nation’s welfare. -

-@& Inthe face of severe handicaps, especially the shortage of scientists
8 vhich developed during and after the war, it was necessary to recruit

il
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| emphasis now goes toward improving the quality of the-

- posed largely of younger scientists and engineers, They rebrad

-+~ the number of scientists in the biological and medical fields I;_'
- creased from 2 to 8 percent, and the proportion of engineers pg
- 30 percent to 45 percent. '

: AND S teh. 11
substantially a new atomic energy research tegyy Bet "I 110 to III;:d r(::,sea
‘and July 1948, the program recruited enough resear }‘;Veen Jubl of &Plli’ e oede
ment personnel to increase its total from a ligi]e .. 204 deglk sct? y 1mp

ame time, to cl

. ¢ 3
than 7,000, approximately the number assembleg o o 5000 to} urce on wh
0

fOI‘ war

MED. As of July 1949, nearly 9,000 scientists apq Work &
were at work on AEC research projects. (Seq ta‘g’f:arch g USH be appro]

Lrch, and an o]
orZy laborator

_ Bcientific and Engineering Stafing in AEo Pro . qarying degre:

jects 3R disgiplines. S¢
Fiscal year . Btart Lioss l New gl ! 011533 concenira
7, 000-8,000 | 3, 500-4,5 N —— . Some, such
1946——"-"——“—— ] ) y ’ 00 - hd 't
Cled7 Tl L. 3, 500~4. 000 500-1, 500 1,000_?"3% 3, 5a poth unlvers1‘
1948 ..o %’ 388_‘_%: ggg ggg:i. 330 3, 5004' 300 | & %ol devote an over
1949° 71T T + 000-7, 1000 | 3 ooodr 300 | 7 ooy T
1950 - .o._- g 500-9,000 |- ______._.___| =2 000-2, 500 | § goqllThe Rgi:;ﬁoans .

g Bl AETO-. SRR
—_—  of the national I

' . : . =3 hese condition:
The new team contained fewer “big-names” i the
: of scienice ang uid hamper accc

approximately the same fields of science as under MED, exeard ir h‘;z ;31}1‘:0;;1":
pands of the
Gon aims to simj
e as Keeping st:
srative matters
weentration on sc
. ) :

LABORATORY MANAGEMENT

There is little attempt at uniformity in the organization or e
of AEC laboratories; this is a matter of policy on the part g
atomic energy program. . The administration of laboratories prgl . :, -
very different problems which are related closely to the d this, the_ At(?ll.l
search carried on in each. An effort directed toward the defilR" . broad-polici
ment of a new military weapon can be highly organized aoil” .. research, an
trolled to prevent diversic .. of effort into unimportant byways. w hange of qul
this type of work is carried on, as during the wartime prograntg mOTEOver, arrang
patterns are followed. ' = : @e PUrpose, an

Discoveries in pure science, however, do not come through #
technique. The essential feature of a strong basic science laba
is the freedom of individual scientists to pursue the problem
seem most promising and interesting. Often the sidelines will bgg” _ _
fruitful than the main line of investigation. Many of sc 0 other openings
greatest basic discoveries have come in this way. 2 A be put to 8

For this kind of progress, programs cannot be mapped of® rot need their

LA

&Admim'strati.

ince to laborato
This system ope
sty to reassign s

" ahead and rigidly adhered to. Administration, and budgetstEgy =

trol,_ must take these things into consideration, and operationigy

- . 13
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e mof applied research not only will not work for basic research,
i ay actually impede progress. | .
pa the same time, to challenge the trained minds of scientists—the
4’; ate Tesource on which progress depends—programs of applied
:il:rch must be appropriately leavened with the opportunity for
research, and an optimum apportionment must be encouraged.

P mic energy laboratories not only, combine basic and applied re-
p to varying degrees, but also include work in many different

- atific disciplines. Some laboratories, such as those of Knolls and -
j

st inghouse, concentrate exclusively on applied research and de-
rdoPment' Some, such as Ames and the Radiation Laboratory,
eley, both university laboratories partly financed by the Gov-
devote an overwhelming majority of their projects to basic

k. THe Radiation Laboratory includes important biological re-

teams as well as those that work in nuclear physics, and this is
s also of the national laboratories.

d to match, The type of direction suitable for a planned

Under these conditions, trying to establish uﬁiformity of manage- -
gent would hamper accomplishment. The Atomic Energy Commis- ’
gon, acting on the advice of its associated scientific and industrial -

lors, has insofar as it is possible left detailed administration

g the hands of the individual laboratory management. The

v

(ommission aims to simplify accounting procedures and such operat-

pgroutine as keeping stated hours, making reports, and such other

Jdministrative matters as scientists find tend to interfere with "

deir concentration on scientific problems.

Poicies of Administration -

Beyond this, the Atomic Energy Commission has been able to estab-"

fsh certain broad policies on such matters as salaries, provision for

umple basic researc'  and provision of travel funds, so that the essen- ~
tal interchange-. . information among scientists may be facilitated. -

§ It has, moreover, arranged periodic conventions of atomic scientists

 frthe same purpose, and assisted distribution of papers on scientific -

fndings.

Assistance to laboratories is provided in recruiting scientific pér;' .

mnel. This system operates in two ways. Laboratories are assisted,

¥irequest, to reassigri scientists, who have outgrown current assign- . -,

muls, to other openings within the program where their expanding

'ﬁ!ities can be put to greater use. Also applicants to laboratories,
thich do not need their services, may be referred elsewhere within
ﬁleIZ‘I‘Og'ra.m.
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An Aid to Recruwitment F o
Of special interest as a recruitment policy is a program inaugurat E

at Los Alamos during the summer of 1947. College students, mOS’;d dri
at the graduate level, are employed during the summer Moyt ¥ ot
The students become regular employees of the .Ijaboratory — 4
quire clearance in the usual manner. In addition to perforg; ﬂ]as.
- important service, they learn a great deal &b()}lt the nature of t cu__ﬂ]

" Laboratory. Upon returning to their classes in the fall, the, . q

Y are Qak
Jii
to €
. mOS
rig,l&
- mis
and
rest:
thre
Pt

able to report a great deal which is not elassified about their eXper;
ence, and in many cases these students hope to obtain full-time Posi-
‘tions after completing their schooling. This plan also hag th-
advantage of providing the Laboratory with an excellent oppo rtunjte
‘to judge the quality of these individuals as prospective Permanep
employees. Also, in cases where permanent employment is COtery.
plated, university work may be oriented to provide the best Possiblg
‘preparation. | L
' This program has been of such value to the Laboratory that it b,
" been gradually expanded. Sixty-nine students, representing 33 ).
 Tleges and universities, spent the summer of 1949 at the Laboratory,
- Chosen from among 403 applicants, all but 9 were at the gradygag,

o i L 4 e B S e o e e
R ST P e e i A
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- beez

h 'é ;- " level. They were a highly competent group. 2:3
MR - - Similarly, Brookhaven had 14 science students employed during the beel
E .. summer months of 1949, . sigr
il L - | -~ borr
aE ] R THE CONTRACT AND AEC POLICY . ' . app

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

L
i i “ 7 are written on the basis of reimbursable costs, sometimes with, some. qua:
; ... times without, an operator’s fee. Thus, the Commission authorizes L its
B~ salaries for scientists at the “going-rate”, so that scientists are in gen- " the

HEIE  ~  eral paid on the basis of the salary they could command for their qua
L 5 “. services elsewhere. This results, largely, in a scale of pay thatis & . (he
} ~ commensurate with that paid in industrial laboratories throughout is ¢
i . thecountry. Contract provision is made similarly for adequate travel - yea
#RY  allowances. S S B tra

i | . : : ‘ - i

Provision for Basic Research . - ) o E’b

The same contract device is used to assure that a proportion of basic I
research shall be carried on in those laboratories where it is appropri- ‘higl
ate, and where it will assist in the work of the Commission. The - Tty

rogme  proportion has varied, and will continue to vary, from laboratory ¢ &



P rory, With 1f;he:k type of project handled there and with its man-
> ¢ and background. It is not, of course, always possible to
?clea-r line between what is basic and what applied research, but
! wf gome 60 million doHars devoted to research and development in
iy imajor laboratories, about two-thirds was for work which prob-
o 1 can be called applied research, and the balance for what may be
::,;ed gc basic. At Ames and Berkeley, for example, at least, three
- ers of the research could be called basic, whereas at Argonne and
- Ridge more than half is on the applied side. N _
| V1 iially, the prime concern of the Atomic Energy Commission was
cbnﬁeﬂtmte the immediately available facilities and. staff on the |
 urgent problems—particularly in production of fissionable mate- -
1. and improvement of weapons. Of equal concern to the Com-
is5i0D. and its principal advisers was the necessity of supporting .
gtimulating fundamental, or basic, research—first of all, to help
re the-levels of fundamental research activity so seriously reduced - -
aghout the country during the war years, second to increase its
sapport and VOlI-lm?. S T
Consistently, in its reports of the last 3 years, the Commission has
peen able to show progress in its developmental and applied research ™
ams. Processes have been improved at Oak Ridge and Hanford, - - &
qd in preparing ores and feed materials; marked economies have - "
beezi accomplished as a result; a more effective weapon has been-de-
signed and tested; assembly line methods have been worked out for- - -
wmb manufacture. These are the end-results of both basic and -
gpplied research, and of engineering development. :

and

-

LABORATORY PERSONNEL .~

Laboratory management has many aspects—the provision of ade- *-
2 qute equipment and supplies, the apportionment of types of_i'esearch,, =
3 s direction and administration—but there can be no question that -
the productiveness of any laboratory depends most heavily upon the - .
qulity of the scientists it can attract, and upon providing them with .~ =
the climate most conducive to their best work. Scientific research - .
8 Bcreative work ; it cannot be measured by the yard, or by the man-"
mar. The Commission has attempted, through getting the best con- . - *
metors and lak: atory directors, through adequate provision of scien-~
tific equipmeny and of housing accommodations where necessary, and -
iy encouragement of a favorable climate for research, to make its
£ Woratories attractive to men of high calibre. L
3 Ithas certain obstacles to overcome. The Govermment is not always' - -
k!ghly' regarded as'an employer among the larger scientific commu- ,
%7, and the security restrictions which are a necessary part of the

R TE LR =T R Iy
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" -stomic energy program impose certain handicaps. For examp]
prevent general publication of research results on whicp,
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depend for fitting together the various segments of knowleg 1entigty

oG " A definition of the complex of conditions which compose free d
" research and which the Commission fosters in its laboratorieg ig foung
~in questions such as the following: -

g)

" they separately uncover. £€ whigy,

The contractor method of operation helps to overcome the,
cles. And, as pointed out, the Commission takes many
. to assiure working conditions which will attract the best Scient; !

ese o
0sitiv,
Positive Sten,

- Some Key Questions

Gm of

@) To what extent may individual staff members determine on the
- - basis of their own interests and enthusiasm the research Programg
" to be followed? '

What opportunities exist for staff members to advance conting.
ously in their fields of specialty ¢ -

To what extent are scientists provided with opportunities to report
on their research to other scientists, within the same laborgtg
‘as well as in others, to compare results and in general to have
the benefit of the new ideas which may result from such exchangesy

What administrative arrangements are made to permit and ep-
courage individual scientists to work at the times of day and for

the numbers of hours per day which will produce the best pe.
search ? “ ’ SRR

To what extent are scientists freed from duties and responsibil.
ities considered to be nonscientific, such as administrative duties,

preparation of budgets, and various other matters generally re-
ferred to as “red tape™?

How much leave is granted to scientists for vacations, sicknes,
further education, attendance at meetings of professional socie-

ties, consulting to other laboratories, temporary employment else-
where, etc. ¢ '

How are research expenses accounted for and justified, and to

what extent does research budgeting divert scientists from re-
search : - : -

As an approach to the industry-wide problem of attracting and suc-
cessfully 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 Dr. F. Wheeler Loomis, chail‘l_mn: L

' RESEARCH AN[SII;I%(;QR .
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o department of physics, University of Illinois, to conduct this

;' _.'indy' studying the Commission laboratories, and reviewing other

_After

' ries’ policies, the committee made recommendations on such

o
tr:;-s of personnel policy as tenure of staff members, methods of

g » administration, transfer of scientists from one project to an-

"~ axchange of information among scientists, vacations and sick
b insurance and retirement plans, travel expenses, and the pro-
- 2on OF educational opportunities: ‘ '
» recommendations of the Scientific Personnel Committee hav.e
. ted the Commission stafl members in discussing personnel poli-
with research contractors and in some instances in determining
Shat expenses should be reimbursable. Many of the Loomis Com-

‘_ gittee’s recommendations as to the interchange of employees, travel

, opportunities to attend professional society meetings, and
vision of educational opportunities for younger scientists are in

- offoct in the laboratories. : :
- de’? and benefit 3tuda'és. Toward the end of 1948 the University of

(elifornia, at Los Alamos, conducted a salary survey for scientists and
agineers in industrial and Government laboratories throughout the
quntry. Data from a representative sample of laboratories showed
qverage salaries paid on the basis of education and years of experience.
The data were used as a guide in establishing salary levels at Los

B ilamos and were also made available to other Commission contrac- .
¥ s A more up-to-date survey is currently nearing completion at -
* Los Alamos,
" To provide the Commission and its contractors with similar guid- * -

anoe in deciding upon employee benefits in research laboratories, a -
srvey among approximately 30 large representative industrial labora-
sories is nearing completion under the joint sponsorship of the Atomic
Energy Commission and the Burean of Labor Statistics. Up-to-date
facts are being gathered about the practices for research personnel
rgarding retirement and insurance annuities, vacation and leave poli-
ties, payment for overtime work, hazard pay, payment of travel ex-
penses, attendance at professional society meetings and other related
matters, : '

B Fflanning research. Scientists in university research enjoy great lati-

tde in selecting areas for study, and in purchase and use of equipment

k2 vithin the scope of alloted funds. The university laboratories in

*hich most pure science has been developed have generally recog-

f;; ' tized this principle.

In_dustrial laboratories, on the other hand, have generally had rather
Becific assignments. The director and his staff plan programs to

LR
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" use their abilities on the solution of practical problems as well as gy
~ basie research. '

~ science are those who are able not only to stay abreast of progress in

~ford in cooperation with 5 universities in Oregon; Washington, and
 Idaho. Programs are under way at both Los Alamos and Sandia, iv

b PROGR;IB; _'. gc U
carry out assignments, delegate parts of the program tq Yahop. Lesenl
groups. This method has been characteristic of researcy d.ﬂltor). contT
toward better electric lamps, television, finding oil undergmuﬁlzected pysics
countless other applications of science. It appeals strongly ¢, ng ?ﬂginee

* tists who gain much satisfaction from seeing the practica] beneg o Comt
their work. , _ ts of gps

In Commission laboratories, different practices are follgy i | r ‘;ense

= freedom of individuals to plan and carry out their owp reSeI; the ib}' the
- Brookhaven and the Radiation Laboratory allow maximum freg dl'el,_ ial 1
The success of these institutions in recruiting and retaining outst 0 ? ewice

ing research scientists is undoubtedly due in part to this. Hugd. , 300 s¢

" Primarily concerned with basic research, these two laboratorieg . u prof

.. have important and specific research problems of a practical nat esearc!
_- assigned to them. -- _ tire inars

" The two National Laboratories at Argonne and Oak Ridge have he

. larger proportion of their personnel and facilities assigned to Sp&ciﬁ: : ong. SCi¢
- projects, and there are fewer opportunities for basic research, n & Los.
" each case, however, there is a substantial amount of basic Tesearch ries, have
growing out of the interests and abilities of members of the staf {hese iDS it

~ As a general rule, in the different laboratories, there are few ind;.
viduals who have no responsibility for applied research, just as thep,
are few with no opportunity to participate in basic research,
Maximum progress depends upon a blend of basic and applieg
research in such a way as both to attract @igh—gmde people and ¢

Promoting professional growth of scientists. The greatest experts 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. : g '

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-

cooperation respectively with the extension division of the University
of California and the University of N ew Mexico in Albuquerque. |
© Scientists benefit through opportunities to meet with other scientists &
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® cparch problems of common interest. Most Commission re-
¥, ontractors provide such opportunities. Meetings of the Amer-
pysical Society, American Chemical Society, and other scientific
W ineering socleties are usually sprinkled with representatives
_ ;ﬂ Gommission installations. In some cases, individuals attend at
Br°  expense on leave of absence. More often, at least a part of
[ I se is borne by the laboratory ; in many cases total gxXpenses are
py the laboratory. '
is] information meetings’ are organized by the Commission
ywice a year. The last meeting in Oak Ridge was attended by
37 300 scientists from other laboratories, These meetings parallel
iw.c professional society meetings and permit discussion of classi-
g7 inars to provide scientists with an opportunity to discuss their
‘ ,held at Brookhaven, have attracted much favorable attention
scientists. Similar meetings organized at Argonne, QOak
,Los Alamos, the Radiation Laboratory, and other AEC labora-
§ i have attracted many of the Nation’s outstanding scientists into
Binstit-utions.
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APPENDIX 1

aromic ENErey CommissioN, PriNcIpaL StAFF, aND MANAGERS

230”‘56 Energy Comunission_.__-

Wrgl Manager— . __
y General Manager- .

to Commission_.______
pirestor of 1 nielligence_ . .___
poecutive Officer, Program Coun-

p;rector of Classification________
Wﬂz Counsel o __

{ontroller — oo

Pirector, Division of Research__.

Director, Division, of Production._

Directory Division of Engineer--
g,

Direcior, Division of Military
Application.

Director, Division of Reactor
Development,

Director, Diviston of Bzology and
Hedicine.

Director, Division of Organiza-
tion and Personnel.

Director, Public and Technical
Information Service.

Director, Division of Security____

SO,

ﬂ.S- OF Opmnoxs OFFICES

Davp E. Litientaar, Chairman.
Gorpox Dran.

Susmxzr T. PIKE.

H. D. SuyrH.

Lewis L. STrauss.

Carrorr, L. WiLsoN.

CARLETON SHUGG.,

Roy B. S~arp.

Warrer F. Corey.

Davmp B. LaneMUIR.

James G. BECKERLEY.
Josern Vorrg, Jr.

Linpstey H. NoBLE (Actmg)
Kenwvers S, Prrzer.
Warrer J. WiLLiams,
Geore G. Browx. -

Brig. Gen. J aMEs MCCORMAC#:, Jﬁ. o
Lamnci; R. Harsrap,
Dr. Sﬁmms WARREN,
Frrroaer C. Walrzr.

MoRrsSE SALISBURY.

Frawcss R, Hammack (Acting)_._
I 1
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Managers of Operations Offices: _
Chicago (Iinoi8) e A. Tamdaro,

. Hanford (Washington) -——-—- F. C. ScHLEMMER,
Idako S —— L. E. Jounsron,
New York (New York) ——.——- Wietr E. Kmiary,
Oak Ridge (Tennessee) .. Ricaarp W. Coox.
Raw Materials (Washington, Jesse C. Jomnson,

- D.0).
Santa Fe (New Mexico) e CarroLL L. Tyigg,

- Schenectady (New York) _.__ James C. StEwagr.

- Maj.
Brig

&~ Rea
~  Rea
% Maj
Brig
. Brig
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APPENDIX 2
ME\MBERSI_-IIP oF COMMITTEES

ETATUTORY COMMITTEES

Joint Committee on Atomic Energy—381st Congress

tor BalEN McMaxon (Connecticut), chairman,
- resentative CanL T. DurmraM (North Carolina), vice chairman,
g gtor RICHARD B. RussgLL (Georgia).
tor EpwIN C. JouNgoN (Colorado).
tor ToM CONNALLY (Texas). )
qenator MriLakp E: TybiNes (Maryland).
. tor BoURKE B. HICKENLOOPER (Iowa).
tor ARTHUR H. VANDENBERG (Michigan),
ator EUGENE D, MIiLuarin (Colorado).
=3 genator WwWiriaM F. KNnowLAND (California),
' resentative CHET HoLIFIELD (California).
Bepresentative MEeLvIN PrICE (Illinois).
resentative PAUL J. K1ipaY (Texas),
gepresentative HENRY M, JacksoN (Washington).
pepresentative W. STErLING CoLE (New York).
Representative CHaRrLEs H. Ersron (Ohlo).
pepresentative Carr HingHAW (California).
Representative James E. VAn Zanpr {Pennsylvania).

-~

WizLiax L. BorDEN, executive director.”
Hagorp BERGMAN, deputy director., =

Military Liaison Committee

Reserr LEBARON, chairman.
Hsj. Gen. KENNETH D. NicHOLS, United States Army.

4 Brig. Gen, HrrsErT B, LOPER, United States Army.

B Rezr Adm. RarpH A. OrsTIE, United States Navy.

4 Rear Adm. ToyM B. Hiwr, United States Navy.

Maj. Gen. Davip M, ScHLATTER, United States Air Force,
Brig Gen. RoscoE ., WiLsoN, United States Air Force. .
Brig. Gen. ALvIN R. LUEDECKE, United States Air Force, executive secretary.

General Advisory Committee

Dr. J. RoserT OPPENHEIMER, chairman; director, Institute for Advanced Study,
Princeton, N, J. _ T
Dr. Outver E. BUCKIEY, president, Bell Telephone Laboratories, New York, N. Y. -
Dt. James B. CoNANT, president, Harvard University, Cambridge, Mass, :
Tr. Lre A. DuBrivee, president, California Institute of Technology, Pasadena,

Calif. ’
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Dr. Enrico FErMI, professor of physics, Institute for Nuctear Studies, Uniy ersiy,
of Chicage, Chicago, 111 .

Dr. 1. I. Ragl, professor of physics, Columbia Umversits New York, N. Y,

Dr. HARTLEY ROWE, vice president and chief engineer, United Fruit Cq, BOSto
Mass,

Dr. Grexy T. QEABORG, professor of chemistry, University of Californiq, Be‘-‘kelev
Calif. 7

Dr. CYrIL 8. SMIrH, director, Institute for the Study of Meitals, Lm‘rerglty of
Chieago, Chicago, I,

Dr. Joax H. MANLEY, secretary Los Alamos, N, Mex.

PATENT COMPENSATION BOARD

-CAagPER W. Oous chairmap ; of Dawson Ooms, Booth & Spdngenberg, Chl@&go
T1. ; former U. 8, Commissioner of Patents.

“IBAAC HarTER, chairman, Babcock & Wilcox Tube Co., Beaver Falls, Pa,

Jomx V. L. HocaR, consulting engineer, New York, N. X.

PERMANENT MEDIATION PANEL APPOINTED BY THE PRESIDENT—
ATOMIC ENERGY LABOR RELATIONS PANEL -

WoriaM H, Davis, chairman; of Davis, Hoxle & Faithfull, New York, N, y_.'
chairman, Patent Survey Committee, U. 8. Department of Commerce; forme;
commissioner, Board of Transportation, New York, N. Y.; former chairman,
New York State Mediation Board; former chairman, National ‘War Labor
Board; former director, Office of Economic Stabilization.

AARoN Horvrrz, lawyer and arbitrator, New York and New Jersey: Commis-
sioner of Conciliation, U. 8. Department of Labor ; former chief hearing oﬂicer
and special mediator, National War Labor Board, :

EpwiN E., WITTE, chairman of department ©f economics, Umversxty of Wis.
consin, Madison, Wi, ; former member, National War Labor Board.

f
SENIOR RESPONSIBLE REVIEWERS

Dr. W. C. JouNsoN, chairman of department of chemistry, University of Chicago,'
Chicago, 111

Dr. J. M. B. KeLLoag, division leader, Los Alamos Scientific Laboratory, Los

Alamos, N. Mex, :
Dr. W. F. LmpYy, professor of chemlstry, Umversity of Chicago, Chicago 1.
Dr. R. L. TEOorRNTON, professor of physies, University of California, Berkeley,

Calif.

Dr, FrepERIC DE HOFFMANN, secretary to Committee; asgsistant to assistant di-
~ rector, Los Alamos Scientific Laboratory, Los Alamos, N, Mex,

W:E'APONS EFFECTS CLASSIFICATION BOARD

Dr, Norris E. BraprURY, chairman d!rector, Y08 Alamos Scientific Laboratory,

Los Alamos, N, Mex,

_ Dr. Freokric pE HOFFMANN, secretary, Committee of Senior Responsible Re-

viewers, AEC; assistant to assistant director, Los Alamos Scientific Labora-
tory, Los Alamos, N. Mex.
Rear Adm. ToxM B. Huz, member, ¥¥liary Liaison Committee; director, Atomic
Energy Division, Office of the Chief of Naval Operations, Department of Navy.
Dr. JoserE O. HIRSCHFELDER, professor of chemistry, University of Wisconsing
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goltﬂﬂt to and formerly of the staff, Los Alamos Scientific Laboratory, Los

f N. Mex.

KeRNeTH D. N1cHoLs, chief, Armed Forces Special Weapons Project;

_. Hﬂj’ per, Military Liaison Committee; formerly district engineer, Manhattan
glmeel‘ District. Alternate, Lt, Col. Davip Parggr, Plans and Operatmns,

f [y General Staff.

capt ‘James 8. RusseLy (USN) Division of Military Application, AREC, Wash-
n, D. C.

.00
- »amﬂss

sultﬂﬂt’ Los Alamos Scientific Lahoratory, Los Alamos, N. Mex.

'p.Ca serve as joint secretariat to the Board.

ADVISORY BODIES TO THE ATOMIC ENERGY COMMISSION

R -Adoiso'f‘y C’Ommittee on Biology and Medicine

3 _New. York, N. Y.

t B Dl' EsNEST W. GOODPABTURE, vice chairman dean of the school of mediclne and o

professor of pathology, Vanderbilt Untversity, Nashville, Tenn,

~ pology, Pasadéna, Calif.

pr. DETLEV W. BRONK, president, Johns Hopkins Unwerslty, ‘Baltimore, Md PR

_ chsirman, National Research Council.

pr. A..Baep HasTIiNgs, professor of blochemstry, Harvard Medical School, - ,-

Boston, Mass.

Dt E. C. STAEMAN, chief of division of plant patholegy and botany, Universlty
" of Minnesota, Minnespolis, an E president, American Associatlon for the L

Advancement of Science.

A Dr JoszpE T, WEARN, dean of the sehool of medicme Western'Reserve University, .‘

~ fleveland, Ohio.

; .

Admory C’ummzttee in (J’hemwtry

son, Wis.

- Mass, .
8 DIr.JoserB E. MAYER, professor of ehemistry, University of Chicago, Chicago, Il

Dr. Guenw T, SEABORG profeqsor of chemrstry, University of Califorma, Berkeley,

-' Calif.

. Pasadena, Calif.

Adewory Committee on C’aopemtzon Between Electric Power |
- Industry and AEC -

,1; ?BII-IPSPORN ehalrman,president American Gas & Electric Co., New York, N, Y,
= D¥im0 W. MorenoUsE, vice president, General Public Utilities Corp., New York
NY

'&NN SEYMOUR, director, Drvismn of Power, and direcior, Program StaiT

= Oﬂice of the Secretary, U. S, Department of the Interior, Washington, D C '

COEOO09

Joﬂﬁ voN NEUMANN, Institute for Advanced Study, Princeton, N, J.; con-

o CARLISLE 8SMITH, chief, Documentary Division, Los Alamos Scientifie _
mbomtary, Los Alamos, N, Mex., and Arvown Kramisa, AEC, Washington,

& ; _ALAN ' GrEGG, chairman ; drrector for medical sc1ences, Rockefeller Foundatxon, _

- pr. . W. BEADLE, chairman of division of blology, California Institute of Tech- o

: Dr meemn DANIELS, professor of chemlstry, Universlty of "Wisconsin, Madi-

Ir.G.B. KISTIAKOWSKY professor of chemistry, Harvard Umvers1ty, Cambridge, -

Br. Don M. Yosr, professor of. chemlstry, California’ In:titute of Technolog'y.
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192 APPEND'Q. 3
Idaho Engineering Advisory Commitie,

, g
Gen. L. J. SvErRDRUP, chairman ; president, Sverdrup and Parce), Ine nloﬁf
engineers, St. Louis, Mo. _ " COnyyyy -ﬂ,];ec'-
Dr. H. M. CroTHERS, vice president and dean of engireering, g b f F
College, Brookings, 8. Dak. - Dakg, Btuy, § e {

W. W. HorNER ; of Horner and Shifrin, consulting engineers, gt Lou; ' tot¥

: S! BI(".
Advisory Commitice for Equipment and Materig] Oontryy ]

o>
FrepErick H. WARREX, chairman; chief, Export Control Branch, Djyig T [

duction, AEC, Washington, D. C. T oty B0

y
R. W, ALsrIGHT, general manager, Distillation Preducts, Inc,, Rgcm._gter N ?at:f'
Dr. A. O. BECEMAN, president, National Technical Laboratories, Bouth P;a X n gionel

- Cauif e, W Cate
Groree H. BUCHER, vice chairman of boarg, Westmghouse Electrie Corp - girec’

burgh, Pa. : » Pitta. .
Dr. RiceEasp S, Morsg, president, National Research Corp., Cﬁmhrldge Magg, 10:191'1
H. B. Ngar, president, Kinney Manufacturing Co., Boston, Mass, : ﬂﬁ'fon
C. 8. Reppina, president, Leeds & Northrup Co., Philadelphia, Pa. 3 BV
JorN A. VICTOREEN, chairman of board, The Victoreen Instrument Qg Clevely 3 0.5

Ohic. nd,

Advisory Committee for Idaho Processing Plants
F W. SCHUMACHER, chairman ; associate d1rector Standard Oil Development% g

Westfleld, N. J. g o
F. L. CuLter, chemical engineer, Oak Ridge National Laboratory Oak Ridgs, the

Tenn. v
Dr. StepHEN LAWROSKL chief, Chemical Engineering Division, Argonne Nationg] _ N. -

Laboratory, Chicago, Tl — Jix
Dr. JaMES MARSDEN, chief, Chemistry Division, Knolls Atomie Power L&bﬁramq _ Yor
Schenectady, N. Y. ' B LG
Dick Durrey, chemical engineer, Reactor Development Division, AEC, Washing B
ton, D. C. [ wat
&  Ne
Advisory Committee on Isotope Distribution { Tﬂg;

Dr. G. Famra, chairman; professor of radiology, Columbia University Medlcal

School, New York, N. Y.

Dr. PaTL C, AEBERSOLD, chief, Isotopes Division, AEC ‘Oak R:dge Tenn,

Dr. H. A. Bagger, department of plant nutrition, University of Californla, & GaR:
Berkeley, Calif, ' eh

Dr. HexrY Borsook, head of department of b10chem1stry, California Institute of . N
Technology, Pasadena, Calif. -

Dr. AustIn M, BrUES, director of b10}ogy division, Argonne National Laboratory, . ABT
Chicago, 1L _ m

Dr. Harorb Coprr, assistant professor of physlology, Universitv of California Medi- - G
cal School, Berkeley, Calif. F - Bro

Dr. Ropiey D. EvaNns, professor of physics, Massachusetts Institute of Tech- - N
nologv, Cambridge, Mass. a

Dr. Hymir L. Friepers, director of department of radiology, Lakeside Hospital,

Western Reserve University, Cleveland, Ohio. .

Dr. A. H. HorrLanp, JR., director of office of research and medicine, AEC, Osk - 3 Dr

Ridge, Tenn. -,
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os EPH W. KENNEDY, chairman of department of chemistry, Washington
versm"’ 8t. Louis, Mo. |
Tol r F. MeHL, director, Metals Research Laboratory, Carnegie Insntute

3 ology, Pittsburgh, Pa. :
DT F. NIME, chairman o'fN bx;logy department, Brookhaven Natmnal Labora-
ot Upton, Long Island, )

_‘_' . Patent Advisory Panel

F- Tﬂwgs AusTERN ; of Covington, Burling. Rublee, (’Brian & Shorb, Washing-
AI])[CH" Davis; of Davig, Hoxie & Faithfull, New York, N Y.: chairman,
tent Burvey Commitiee, U, 8. Department of Commerce; former commis-
gioﬂer! Board of Transportation, New York, N. Y. ; former chairman, New York
gtate Mediation Board ; former chairman, National War Labor Board former
E 3 ~ directo Office of Economic Stabilization. e
E. A DmNNER " of Brown, Jackson, Boeticher & Dienner, Chicago, Il ; for-
" per president, American Patent Law Association. ‘
) JSOTOR M. HoLMES ; of Fish, Richardson & Neave, Boston, Mass.

W. Oous: of Dawson, Qoms, Booth & Spangenherg, Chicago, Ill.; former - '
-1, s Gommissioner of Patents, , -

-

Adeory Committee on PersonfneZ Mamgemnt

8. FLEMMING, chairman ; president, Ohic Wesleyan University, Delaware, " -
_phio; member of the Commission on Organization of the Executive Branch of”
the Government ; fdrmer U. 8. Civil Service Commissioner.
' Lm;r.nca A, AFPPLEY, pres1dent, American Management Association, New York,
Y.
31.1:3 E Dobp, honorary president, American Management Asgociation, New
York, N.X. = "
A L Cravrox Hix, profesmr of mdustrial relatlons, Univermty of Michigan Ann
2 - Arbor, Mich. C
WALLACE SAYRE, professor of public admjmstration City College of the Tity of
2B New York, Schoot of Business and Civie Administration, New York, N. Y.

| TeoMAS G. SpaTEs, vice president for personnel admmistratwn General Food,e
- Corp. New York, N. Y,

¥

Ed
1

Personnel Secunty Remew Board

il

. BursoN PURCELL, chaitrman; attorney, Washmgton D. 0 former member and
chairman, Securities and Exchange Commission ; former member, President’s
- National Power Policy Committee and Economic Stabilization Board. -
(Charles Fahy, -former chairman, resigned effective December 15, 1949.)

N mor 8, F‘LEMMING, president, Ohio Wesleyan University, Delaware, Ohio;

g8 ' member of the Commission on Organization of the Executive Branch of the e

' Government former U. 8. Civil Service Commissioner.

Broce D. SmitH, director, United Corp., New York, N. Y., and Lemgh Coal &
Navigation Co., Philadelphia, Pa.; former consultant to AEC; former speeial o
sistant to chairman, War Manpower Commission., B

' ’

C’ommzttee on Raw Materials

_Dls ?::INALD H, McLAUem.m chairman; presuient Homestake Mming Go., Lead
8, ak
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EvERETTE L. DEGOLDYER, petroteum geologists, DeGolyer & 3 eNay x 3
Tex, Ehtoy, Dy
TroroLp F. PIELD, consutting mining engineer, Tuluth, Minn,
WiLBER JUDBON, vice president and director, Texas Guif Sulphy
York, N. Y. T Co, y
RoeerT E. McCONNELL, mining engineer, McConnell chmila‘r,ioﬂ1 New v
Warrtes L. Maxson, metalturgist, Oliver Iron Mining Co., Duluth, Vi ok, N Y
ErNesT H. RosE, chemical engineer, Tennessee Coal, Iron & Railroadn' .
mingham, Ala. ' Co., 1y,.
WarTer O. SNELLING, consulting chemist and director of research, Trojag
Co., Allentown, Pa. P"Wde
OrvIL R. WHITAKER, consulting mining engineer, Denver, Colo,
orypE E. WinLiams, chemical engineer, director, Battelle Memoria] }
Columbus, Ohio. Datityry,

L

Reactor Safeguard Committee

Dr. Epwazrp TELLER, chairman ; professor of physics, Institute of Nuclear_stum
University of Chicago, Chicago, Ill. .

‘Dr. MaXso~N BeNEDpICT, chemical engineer, Hydrocarbon Research Tne. .N
York, N, Y. ) P ew

Col. BExsaMiNy Horzumaw, meteorologist, Office of Director of Researeh ang
Development, U. 8. Air Force, Washington, D. C.

Dr. JosepE W. KExNNEDY, chairman of department of chemistry, Washingigg
University, 8t. Louis, Mo, : Yos

Dr. JoEN A. WHEELER, Palmer Physical Laboratory, Hrinceton University
Princeton, N. J, '

Dr. ABEL WoLMAK, head of department of sanitary engineering, Johng Hopkiny
University, Baltimore, Md,

Safety and I ndustridl Health Advisory Board

SIDNEY J. WiILLIAMS, chairman; assistant to the president, National Safety
Council, Chicago, TL. .

RosexT H. ALRISSER, safety director, Merck & Co., Inc., Rahway, N. J.

HoraTio BonD, chief engineer, National Fire Protection Association, Boston,
Masgs. ' _ _

wiiam F. Brown, safety director, Consolidated Edison Co, of New York, New
York, N. Y. . . o

BERNARD R. CaLpwerL, deputy chief of police, Loz Angeles, Calif.

Dr. PaiLip DrRINEER, professor of industrial hygiene, Harvard School of Public
Health, Boston, Mass. o

RicEAED FoNDILLER, president, Woodward & Fondiller, New York, N. Y.

‘Dr. Hyvreg L. Frrepmiy, director of department of radiology, Lakeside Hospital,
Western Reserve University, Cleveland, Ohio.

ArTHUR E. GORMAN, sanitary engineer, AEC, Washington, D. C. .

' Heeeert M. PaRkER, superinfendent, health instrument Qivisions, General Elec
tric Co., Hanford, Wash, .

Jack J. SMICE, associate actuary, Woodward & Fondiller, New York, N. Y.

Dr. ABeL WorLMAN, head of department of sanitary engineering, Johns Hopkins
University, Baltimore, Md, ) .




Security Survey Panel

Bueas, chairman; vice president for industrial relations, Ford Motor
Detrmt Mich, ' :
: __-oo me Horkixs, exectutive vice president and director, The Safe Deposit
D‘ g rrust Co., Baltimore, Md. ; vice president of boeard of trustees, Johns Hop-
| 15 puiversity, Baltimore, Md
AL B Kioparea, director of research, Technological Institute, North-
9’ ¥ rn University, Evanston, Iil.; member, Board of Governors, Argonne
_ aﬁﬂnal Laboratory, Chicago, IlL; and member of executive committee,
3| | orican Institute of Physics.
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University of Kansas _
University of Michigan T
University of Minnesota -
University of Wisconsin |
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STBIBUTION oF Isororrs From Isorores DrvistoN—Continued
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APPENDIX 5
FrrrowsaIr Boakps aAND AEC FELLOWSHTIPS FOR 1049-195q
FELLOWSHIP BOARDS OF THE NATIONAL RESEARCH COUNCY,
Postdoctom,l Research in Physical Sciences

Dr. Roceg ApaMs, chairman ; professor and head, Department of (Ihem:lstry Ung

versity of Illinois, Urbana, IlL ]

Dr. Cagr. D, ANDERSON, professor of physics, California Institute of Tec}mology
Pagadena, Calif.

Dr. Kex~eTH T, BAaInerIpae, professor of physics, Harvard University, (‘:ambrmg,e
Mass.

Dr. GEORGE GLOCKLER, professor of physical chemistry and head, Department of
Chemistry and Chemical Engineering, The State University of Iowa, lowa City.
Towa.

Dr. WiLLiaMm W. Rusey, principal geologist, United@ States Geological Sulrv.é.F
Washington, D. C.

Postdoctoral Research in Biological and Agricultural Sciences

- Dr. R G 'thsnvson chairman; chancellor, University of Nebraska, Lincoly

‘Nebr.

Dr. H. X. HagTLINE, professor of bwphysws, Johng HOpkins University, Baiy
more, Md.

Dr. G. EVvELYN BUTCHINEON, professor of zoology, Yale University, New Havey
Conn,

Dr. W. J. RoseINg, director of the New York Botanical Garden; professor ¢
botany, Columbia University, New York, N. Y.

Dr. L. J, STADLER, professor of field crops, University of Mlsaouri Golumbw. Mg

Postdoctomz Resecurch in M edwaZ Sozemes

Dr. Homer 'W. SMITH, chairman- professor of physiology, New York Universit
Bellevne Medical Center, New York, N. Y.

Dr. PauL B. BEESON, professor of medicine and chairman, Department of Medi
cine, Emory University School of Medicine, Atlanta, Ga.

Dr. Austiy M. Brues, director, biology division, Argonne National Laboratory
Chicago, Il1., associate professor of medicine, University of Chicago, Chicag
111

Dr. Sanm L. CLARK, professbr of anatomy and associate dean, Vanderbiit Unive:
sity School of Medicine, Nashville, Tenn,

Dr. HruMER Louls FRIEDELL, professor of radiclogy, Western Reserve Unlversif)
Cleveland, Ohio.

Dr. JoseprH Q. HAMILTON "associate professor of experimental medicine ap

- radiology and associate professor of medical physics, Crocker Laboratory, Un
versity of California, Berkeley, Calif.
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Predoctoral Research in Physical Sciences

HENB'Y. A. BARTON, chairman; director, American Institute of Pbysics, New
> N Y

> '.iozﬁﬁ ¢. BAILAR, JE., professor of chemistry, University of Illinois, Urbana, Ill.
IF.J o W- BoNNEER, professor of physics, Rice Iustitute, Houston, Tex.
e wnLiaM BuocHTA, professor of physies and chairman, Department of

Dfl;w'slcs, University of Minnesota, Minneapolis, Minn.

" G A HEDLUND, professor of mathematics, Yale University, New Haven, Conn.
m” Uﬁ axrEs . PRICE, professor of chemistry and head, Department of Chemistry,
I ity of Notre Dame, Notre Dame, Ind,

- Predoctoral Research in Biological Sciences

povelLaf WEHITAKER, chairman ; professor of biology and dean of graduate
Il‘s-m dy, Stanford University, Palo Alto, Calif.

* 1 gric G. Barx, professor of biological chemistry, Harvard University Medical
M S.(ﬂlo‘ﬂ’ Boston, Mass, '

~ T RoDINE. Drofessor of zoologv. The State TIniversity of Towa. Town Cifv.
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AEC Frrrowsnuirs IN Biovocicar, Prysjc AL

Mepicar SciencEs—Continued

BIOLOGICAL

Name

Field

MARYLAND

Johns Hopkins Uni-
versgity, Baltimore.

MASBACHUSETTS .

Harvard- University,
Cambridge.

Harvard University
Medieal School, Bos-

{on.

Massachusetits General
Hospital, Boston.
Massachusetts Institute
of Technology, Bos-

11

ton,
Neow England Deacon-
ess Hospital, Boston,

MIBSOURT

University of Missonri,
Colrimbia,

KEW JERSEY

Institute for Advanced
‘Stody, Prineeton.

Princeton 'Universﬁty.
Princeton.

NEW YORK
Columbia University,
New York City.
Cornell University,
Ithaca. ’
American Museum of
Natura! History,
New York City.
. PENNSYLVANIA

Unijversity of Pitts-
burgh, Pittsburgh.

WISBLONEIR

TUniversity of Wiscon-
sin, Madison.

ENGLAND

University of Cam-
bridge, Cambridge.

BWITZERLAND

Federal Technieal
Highschool, Zurich.

..................

Wilcox, P. E____

Stadtman, E. R.

Barton, D. W.___

Wolken, J........

Potter, R, Li___.

Phy;ical Chem-
istry.

Biochemistry.

Physiclogy.

Genetics.
Zoolo_gy.

Genstics .nd
Ecology.

Biophysics.

Biochemistry.

Olapp! R- E______
Goldstein, H
fSpruch, L

Cooke, W. D._.___.

Qriffith, W.C____ | &

Bersohn, R.____._

Gluckatern, R. L_
Jungerman, J. A__

Peaslee, D. C.._..

1 AND

Theo"etica
i 41,
. Toing,

Physieq)
g;gyalgic c‘;]iemln’ ht:;"
R che et N
Usiry,

Th i
Do, ! P,
Physicg,

Physics,
TIP o
e0Tetical
Physieal cheﬁm
YPerimental phyug,

Thearetical phygey

Nuclear ph
Theoretimlyglig’h
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AEC FELLOWSHIPS IN BIOLOGICAL, PHYSICAL, AND
Mebicar Scrences—Continued

Postdoctoral (Medical)

Name Fietd
. I
- LALIFORNTA
. “ of Californis, Berkeley__-_ .......... Biggs, M. W__ ... _. ‘Medieal physics and biochem-
. “{qu'ﬁi ¥ & o istry. .
F Elmlinger, P, J_ ... Medical physics.
i Foreman, H._______ ... Oncology.
: Huff, B. L. Radiology.
Masouredis, 3. P._....._} Metabolism.
" Palmer, R. F.-o..._...._| Pathology,
Prentice, T, G. oo Internal Medicine.
; Smith, AL H__...-o- Metabolism,
_; COLORADG | '
g “yof Colorado, Denver ............... Goodwin, L. D___...... Biochemistry, physiology.
- CONNECTICUT .
3 '-r'.bmm,suy, New HaVetl oo oeeememe Tait, C. Doy I Neurephysiology.
' _ ILLINGIS
L B tonal Laborstors, Chicago..—-.| Arold, T, Bon.eo oo Internal Medieine. e
R %gztf Chicago, Chicago ................ Finkelstein, P ... Proteins and enzyme systems, -
e .- | Jennings, F. Lo oocvenn.. Metabollsm .
Johnson, F. B ... ...
Redﬁeld R. B Protein synthesis,
Sheline, G. E_._..-—.... Internal Medicine, N
oo o . Btevens, K, M___.__..__ Protein systhesis. T
patrersity of Liinols, Urbana. .. oaeoooee Foraghan, W. G_____.._1 Cell tissue growth and develo;1— Lo
) - ment. o
- MARYLAND . ' _
W Hopkins Hospital, Baltimore. .._..._._. Athens, J.W___oo.__. Phyaiological chemistry.
MABBACHUSETTS . .. '
WUniversity Medical School, Boston.. .| Hoeprich, P. B..o._ - Pharmaco therapenties.
Mnset.ts General Hospital, Boston. . ... Hoffman, M. C.___.._. yj Surgery. :
Keller, E. B, ._...____. Biochemistry,
Wight, & e oeeee | Burgery. -
Jueph H. Pratt Diagnostic Hozpital, Boston._} Raben, M. 8 . _____..__ Physiology. -
o MICHIGAN _
2B By Hospital, Detroft . —oeoeeeee | Birxb, P R Internal Medicine,
" Mssoumr b
Yaington University, Bi. Lonis. ..o ._..._. Winkelmann, B, K_._.. Do.
'WEW YORE '
{almmbis University, New York City._ ..___ Geary, J R ... ... Biophysics.
: Cornell University, New York City.__ .......| Kinney,J. M Surgery. .
foa-Eottering Institute, New York City_. . Goldthwalt DA Biochemietry.
. Hellman, L. D__. Metabolism.
Taiversity of Rochester, Rochester ....._____| Bly, C. G.... FPathology.
’ ) ‘Colgan. J. W _.. Radiology
NOETH CAROLINA
l'lm-(}ray Schoel of Medicine, Winston- Atkawa, J, K./ ___.... Infectious Diseases.
Jllke Unlvers:t.y, Drurham _.oe L Sinskey, R. M __________ Ophlthalmolog'y and Obolaryn
. . _ gology
&~ _ Wrenn, F. R, Jrooo.. o Burgery,
.3 OHIO . ) ) .
g Yerern Beserve University, Cleveland. .__... levine, 8. .. oo _._ Metsbolism of fung! and bao-: ;o
: ) terial physiology.
Powell, C.P., Jr. ... Metabolism.
- OREGOR ) -
s ¥ ti's"ﬂty of Oregon Medica! School, Port- | Cathey, W.J..._...___. "Medicine,
k= Hutchens, T Teeen e Physiology. '
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Name

_Fild s

FPENNSYLVANIA

Unpiversity of Pennsylvania, Philadelphia.

TENNESSEE

Vanderbllt University, Nashville_. .. __.--

TUTAH

University of Utah, Salt Lake Clty......_.

-—-_{ Coniglie, . G

Woed, L. Lo x ieoon i | Mediolne,

—— Dhase.M.S.--..T._.-.'. Hematoldé}._'

} Modteal blochemistry. -

T

Predoctoral (Biological am:i Phys*u;al )

RIOLOGICAL .
Name Field.
CALIFORNIA
University of Califor | Baer, B. 5. ... Bacterlology-_-.
nia, Berkeley. F :1& kenheim, | Blophysics......
Forker, L. L._._| Physiology.
Qoldberg, R. C. do.
Hgn&rickson. Zoology.
Ingraham, J_..__ Microbiology.
Petersen, B. 8....| Physiolo —
Sleeper, B. I’....| Bacterfo :Eﬁr.
Btopka, W____.. Plant Nutrition.
University of Califor- | Levine, R. P....| Botany. ___.._..
nia, Los Angeles.
California Institite of | Bowen, G. H.Jr.| Blophysics.._._.
Technology, Fase- ——
dena. Clayton, R. K._| Blophysica______
Hagking, F. A..| Blochemical
Genetlca,
Kurtz, E.B__._. Botany,
Li?dsley. D.L., Genet
r.
MceKee, J. W, Ra.dlologlcd]
. Physics.
Btanford  Univeraity, | Bachmann, B, J_] Blology_ ...
Palo Alto. hejm, J. M.| Blochemlistry...
Christensen, E._| Phystology.
Funkhouser, | Biology. .
Yocum, C. 8....| Biology. .
COLORADO
University of Colorsdo, | Heaney, R, J.___| Blochemistiry.
Boulder,
CONNECTICUT . 1 -
Yale Universiy, New | Astrachan, L._..| Physiological | Green, L. W.___... " Mathematics.
Haven. Chemlistry. Bch an, V. -, Do .
Dowmont, Y, P.| Blochemistry. ‘ -
J..| Blophysics.
Pharmacology.
Physiology.
DELAWARE )
Unlversity of Dol | oo ooocumsnnmcocn|-mmmccmmmmawamnman Keyos, §. -
ware, Newatrk. )
FLORIDA
University of Florida...] Kulwich, R._.__t Attxima] Lndus-
Ty
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£#-" AEC FeL '
_ Mepical Sciences—Continued
/' BIOLOGICAL PHYSICAL
Name Field Name Field
e
hicago, | Bryant, 8. H._._| Biophysies...... Bengelsdorf, I. 8__| Chemilstry.
of C Conn, E.E__.__ Biochemistry.._| Bloom, 8. D__.__. Fhysics.
Ferguzon, M. L_| Botany..... _-- Chupka, W. A_.__| Chemistry.
Ganz, A. ______ Pharmacology. - Davis, 8. G ... Do.
Xantner, H, H_.; Biophwvsics_.___. Dye, H A . ____. Mathematics,
Bacher, 3. A..__! Physiology-.____ GrNeenma.n. N. | Geology. ’
Vietoreen, H. T.|_..__ [ [ T Griffin, E. L__...- Mathematies,
Haiperin, J.._ Chemistry.
Hartzler, A.J._ Fhysics.
Kadizson, R. V. Mathematics.
Kalkstein, M ... Chemistry.
Leighton, M. W__; Geoclogy.
Martin, R. L FPhysies.
MeNeer, R, M Chesmistry.
Miller, G E_ - Mathematies.
Montet, G. L. Chemistry.
Newlander, A.-...| Mathematics.
Osterbrock, D_ . __{ Astronomy.
Price, C. M____...| Mathematics.
Ratner, H._ Chemistry.
Do.
‘Mathematics.
Bteinberger, Chemistry.
ir, A_...__ Physics.
Mathematics. -
Physical Chemistry.
. Mathemties. A
ity of Illinols, | Koeppe, R. E___| Biochemistry__. Chemistry.
. Mﬁ ormick, M. |[.____ [ T I Do,
™ saliach, H.F ...} A0meeoememen Do.
Spencer, W. F__| Agronemy_..__- Phyls)ics. i
0.
Chemistry.
Physies.
Mathemastics.
Physies,
Chemistry.
Physics.
Chemistry.
Physics. -
hemistry.
Physics.
Do.
Do,
: - Do. -
torn Univer- {o ..o e immme| e Chemistry.
dty, Evanston.
INDIANA
Caiversity of Indiana, | Feldman, L. I._.| Bacteriology_..- Physics.
WOEU . Watson, J. D___j.__.- [+ T '
Dame Univer- | oo Chemistry.
aity, Notre Dame. Do. v
Do,
Do,
Nowyes. J.C_.__... FPhysics. .
Schillinger, E. J___ Do.
Schwarz, H. A__._| Chemistry.
Btruble, B. A _____ Mathematics.
%OI}?D]S’ % ;E:----- Chemistry.
- olickd, E.J______ Physics.
Mwdue University, La- | Garner, H. R__.| Bacteriology and| Harris, R. H._____ Chggnjstry.
lapstte. Biochemistry. | Johannesen, R. B.. Do.
Teitelbaum, C. L Do.
IOWA
Yl University of Holland, R. E._..| Ph
____________________________________ JR.E____ ysics.
lows, lows City. Malmberg, P. B..|  Da.
Nelson, B. K.__...- Do,

3
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3
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e BIOLOGICAL |

v FHYRICAT, :

Ry Namse Field Name %I\ : Nam
R - .,,'_ ——

H LOUISIAN A (30TA
LR , .

; Pulsne  URIverslty, |-ocooooemomcooooeo oo Elis, J.W______ 4  Min- | Sandhaus,
£ New Orleans. o1 Mathom g neapolis.
s Louisiana State Uni- | Krebs, J. 8. Pharmacology. p Sehnster, 1
3 versity, New Orleans. ' Thompsor

i ’ i :

H L RYLAND _ Van No
i“j i ) M. 3 i BRnlﬂ? '
Bt University of Mary- ... IR [ e Matsuda, K..____ Missourl, arnhart,
R ~ land, College Park. ) . . ) ) | Chemistry, Barton, J
p} Tohns  Hopkins Unl- | Fitzbugh, R._..| Biophysies..... Shapire, G.______ M » Farnswort

I versity, Baltimore. Goodgal, 8. H...| RadiationBiclogy . athe W
i QOreengard, P._.| Biophysics. MacEwan
- Nisonoff, A.._—_- Biochemisiry. - M.
3 Zalrudmy:
MAS3ACHUSETTS - .
> Uglversity, Buehler, 1
Harvard University, | Dietlein, L. F_._| Zoology... ... Aronson, R. F___ | pp : . -
Cambridge. Rennels, E. G._.| Biclogy....._..| Bodansky, D_____ HI;?' B TUniver- | ..
Richards, F. M.j Physical Chem- | Conroy, H _______ Cherni e TRous
istl'y. emht“-_
Ryther, J. H_/__| Biology_____.... Corley, R. 8._____ Do, “sEA
Savat, R. 8_._._. Physical Chem- | Ford, G. C________| Phvsim MW" ¥
- istry. 1o ysics. 3 Nebras- | Pitteng
Schneiderman | Biology_ _.----.. Keilson, J__.___.__ Do, 3 . H,
. H. A. Schmidt, .
) Smith, T, Coeoo|-men 40..ceomeeeee Klein, A___._____ Do, 1
Travis, Do ]|-cmm- 4 s Kolsky, H. G_____ Dy Mmer?
Woodland, F. T_|----- A0 eann Landaner, R.___.. Do 3 :
o ' Lazarus, R.B_____ Do AMoniversity, |-----e-mee-
o . Mottelson, B.R.__ Do, 3
Okrent, D________ Do'
Ordway, G. L..__. d Chemis
. Richardson, J. M _| Phygips, = . -
. Sirvetz, M. H._. __ Chemistry.
o : SBtorer, . E____._. English Ba
Ph 3t
) Van Tamelen, E. . Chag'i.;?} ralversity, {--aec—mcca-
o Wolisohn, N, 2. _.] Mathematalkswick. )
Massachusetts Insti- | MeCulloch, D, _.| Biology. ... Brettler, B. J____. Methaniodl
%ne I?If'i dTechnology, O’Mears, J. P...| Food Technol- | Devaney, J. J...__ Physics, JET0BE
m ge. ) ogy. ) . 4 )
2 Geller, Looee__._._ Mathemsciiiniversity, | Hill, B. F
Gell-Mann, M. ___| Physies. City. Korman, :
Goldring, L. S_.._| Chemistry; MeCleme
Mam, R E_____, Physics, .3 McMaster
Marshall, J, H_.__ Do. % Miller, H
0’1\161]1, B ... Meathem s Presoott, .
Phant, . ¥ 7| Commiry Waronsor
yH Fao o nem M Unjversity, [—-ecorr-a-v .
Rorschach, R, L._. Chemisg’ : v i
Bagalyn, P__.____. Physics. .
Sanford, J.E_..._. Chemistry,:
i Bangster, B. C.__. Do, =
Sehweinlor, H. C__| Phyzies.
Becrest, B. L_.... ARTnIversity, |- cucaemomo
Shapiro, M__ .. .
. ] ] Stelson, P. H____. . 3n{versity, | Aaromson,
Boston University, | Wilson, M. E..._| Biochemistry. 2 City, Achiftman
Bostan, . g Slobodian,
3 Institute | Ekstein, 1
MICHIGAN -
ge, New | Twarog, 1
Unlversity of Micbi- | Pieczur, E. A__. Botany ... __.... Brafman, ... r
gan, Ann Arbor, - Briges, C. Foo. Polyteche fooocoemoo
Moy, 8. 7. 0.7 RS
L3~ P R N CIESN of BB~
Nemerev%,\‘\;- i Do. B Rochu Ali%lebon,
’ gehamp, H. W_... : ) ; -
Shrefﬂerl_.)RAG-_-- Bair, W_:
Typer, I¥, A...---
Wahr, J. Cooemeoev Do T A
Mlichigi‘m State Col- | Sliva, Hooeeoo ol RPN« MR . | Black, 8.
ege, Lansing. : n
Wayne  UDIVEISIEY, [ocmmommooeememremodomsarommmmmnaines Gtolden, H. R 3 Bli???%f_ :
Detroit, - E B Cool, W, :
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Lonis Doiversity,
R in  Univer-
on

‘fg Louis.
SEBRASEA

pueersity. of Nebras-

p,Omaha- .

NEW JERSEY

3 R pyecton University,
princetoll,

University,
?:snrumwick.

¥EW YORE

8 gmbis University,
- ;,:York City.

University,

wium University,
% York City.

8 w Yk University,
-2 M York Clty.

3

BIOLOGICAL PHYSICAL
Name Field Name Field
Sandhaus, 8.....| Radiological | Kelber, {5 S Physics.
Physles.

Schuster, D. H__|...-. L T T, Leland, W. T.__.. Do.
Thompson, A. i Physiology_....-| Robbins, H ... Do.

Vaﬁn' Norman, | Botany.

Barnhart, M.I..} Zoology.

Barton, J_.__.__f-ccs OG0uamama -

Fa\glsworth, M. |-——- 3 [ S,

¥ MacEwan, A. | Botany.

Zsi'm'dnaya, K. | Geneties.

Buehler, H. J__.| Biochemistry.

____________________________________ Cleland, M. R____ Do.

Heller, W. R._____ Do.
Townsend, J...___ Do,

Pgtengar, T.| Agronomy.

Schmidt, J. W_.| ---. e

- - Y [, Ehrman,J, B.____ Do.

Fennell,l J.P___._. Mathematics.
Ferrell, R. A .. Physies.
Nash, J. F_._ .- Mathematics.
Peisakofl, M. P___ Do,
Pond, T A___..-. Physics.
Bmith, A. W_.__._ Chemistry.
Wilets, L e~ Physics.

AR PSR Gray, 8ocemieeanee Do,
HILRF_ ... Biophysics. - Aurora, B. ... Mathematics.
Korman, 8______ Biochemistry._.| Brown, R. H.___.. Do,
MeClement, P._| Biophysics...... .Heller, A_._.____.. Do.
McMester, K.D_{ Zoology ... . .---- Lepson, B.____.._. Da.
Miller, H, K ... | Biochemistry_--| Rosen, J. B._ Chemical Engineering.
FPrescott, B, A. .l _... [ 11 S Steinhardt, F._._.| Mathematics.
Waronson, B__..| Biology_ ... -~ Weneser, J ... Physics.

.................................... Oamac, MO Do.

Goldberg, B ..-- Mathematics,
Keck, J. (o T Physics,
MceCoy, R.E___.. Chemistry.
Peshkin, M _____.. Nuclear Physics.,
Shapiro, A. M____| Physics.

- S Cerwonka, E._.___| Chemisiry.
Agronson, B, ___ Biology_ oo .- Berezin, E_..__.. Physica.
8chiffman, G.___} Biochemistry__"| Jaffe, B. M_.._.__. Do.
Blobodiansky, B.j.-. .-do._ ... _ :

Ekstein, D, M__| Biophysics....._ Held, K. M____... Chemistry.
Twarog, B...-—- Biology.

.................................... Gier, T. P...._._.| Chamical Engdineering.

Angleton, @.| Radlologieal | Auerbach, T... _. Physics,
M. - Physics, Perry, A. M_____. Do,
Bair, W. Jeuoof-maen s ¥ T, Reynolds, H. L-_ Do,
! Rouvina, J..____.. Do.
Barker, R. P.oou|_--- d0eoeoe-_| Tamor, &.______. Do.
Barr, I A, oo |oeeen i 17 T
Black, 8. C_.__{..... P e
Brecﬁenridge, Physiology.
Cocfl, W, 8. Radiological
. Physics.
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BIOLOGICAL
PHYSIC,, _
Name Field Name T
-— Fleig —
Unpiversity of Roches- | Gallimore, J. |} Radiological
ter, Rochester—Con. GC. L Phl;l‘;ysim& ,
race, J. L. .- 10logy. X [
Kanwisher, J. | Biophysics. E Houston
W_. g1oN
Levinskas, F. | Pharmacology. P
T -1 R
Miligr, F. K....| Biophysics, e of Wash- | Re
Morken, D. 1 Radiological. 7 Wash- |_.._.
A. Physics, : ?;tle
Richmond, I. E_| Health FPhysics. 3paltit-
Rouser, G, L.-..} Biochemistry. i
Bhandley, P. _R%dio_logical
D. ysics, . n-
8imon, Gueeees o SO " SO “fwm C%
Ti%?ma.s, L. juo__- G mmeeemm N ’ Yat
1 Watanabe, T_...|--._- L' 1 O,
NORTH CAROLINA p
ty, | G
Duke University, Dur- | Anderson, N. G_| Zoology-._....- Goad, W.B.___ - guiversity, | Gre:
: Ugjamr.sit North Cohn, D.'V.. _.] Blochemistry, Alber -} Vhysics,
versity of North | .. i esius, E. L.
" Carolina,  Chapel Hayes, R. L.___If_‘ Chemistry,
Hiu, . - Do,
OHIO .
Ohic State University, | Garvey, J. S_...| Bacteriology..__| Grove, G. R._.___ Physics .
. Columbus, Madison, M. C. | Zoology-._ ... Hochwalt, C. A, | Chomie 3
R. ] _ Sherifl, R, B__. . Fremlstry,
Wood, D. Li...__ Biophysies.
Case Institute of Tech- §_ oo Fawcett, B. L. __.. Do,
nology, Cleveland. -
_ PENNSYLVANIA
Carnegie Institute of [ . _.| Achter, M. R_..__
Technology, FPitts- M%
burgh. Blewitt, T. H.____ Physics. ..
Hinman, @. W._|  "Do.,
Opinsky, &.3.___. Metallurgienl |
- Pearistein, E. A_..| Physios 3
University of Pennsyl- | Kerschoer, J.___ Z00logy .. Ferguson, 3. A___ F Do,
vania, Philadelphia. | Vineent, W.8__.4.__.. do_ e Bherard, (3. W.__. Do,
University of Pitts- | Cartwright, T. | Blophysijca.
Pburghl. Pitt.sbunéltl. E,, Jr. Lo R.E
ennsylvania BLE | o rm e crememmmcafracmr—mee—am————n wrie, R. E....__ Metallurgy,
College, State Col- . '
lege. :
RHODE 1S8LAND
Brown TUniversity, {-co--~— e —ammmm——————— Brown, N, L__.__. Chemistry,
Providence, Crowell, A. D_____ Ph
Moore, E. F_.._.. Mathetmatles, 3
hwartz, B. L. Do.
TENNESSEE A
Oak Ridge Natlonai | Bernard, 5. B_...[ Raiiologiesl
Laboratory, Oak Physics.
Ridge. Bradley, F. J..__
Brodsky, A.._.. . -
. Buck, ¥. W.___. :
Byrom,J. P..._.
Cember, H.._.__
Emerson, L. C.__
Rogers, L. R.__. r
Sanders, 8. M....
%odaro, RWMV,,-
y AITe V.- .
Univercity of Tennes- __-__-_11_' _________ Harrison, W. B__. Chemleal 38
- see, Memphis, : ;
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BIOLOGICAL PHYSICAL
Name Field Name Field
____________________________________ Tertell, N. J..___.| Physles. -
Rediske, J. H___| Botany.
____________________________________ Potter, . 8__.._..] ~ Da. \
Copenhaver, J. | Zoology....-—-—- Adair, R, ... Do.
) Adams, E. N_.__.. Do.
Yates, R. O__.-_ Bilology . ... Anstern, N____._.. Do,
. Rice, W. E.___.... Chemistry,
Willeford, B. B. .- De.
Greulich, R____. Anatomy.
/




REFRER PR R -

_.Oolumbza University: V. LaMer, Filtration of Aerosols; T. L. Taylor, Separ )
of Isotopes by Chemical Exchange, atl

_.-‘ ._Illinois Institute of Technology: H. Gunning, Studies of the Decom
... 'Organic Molecules by Metal-Photosensitization ; M. Kilpatrick, Basie Chemg S

... - Oregon State College: T. H. Norris and J. Huston, A Study of Generalizeg o
N Base Phenomena with Radioactive Tracers; J. Schulein, Separation of Deuteu
S from Hydrogen by Means of Zirconium Metal. -

~Washington State College: H. Dodgen, The Formulae and Stahility of Compl _'

‘ ' University of Kansag: J. Maloney, The Application of Radioactive Tracers §
. the Design of Distillation Columns Separating Multicomponent Mixtures. - 3 Ratio.?

University of Notre Deme: M. Burton, Research in Radiation Chemistry; X

' Application of Radioactive Tracers.

“Theoretical Physies; J. von Neumann, Development of ngh Speed Electron

T e ST (3 T L e e TR BT e i T A
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T

"oH CONTRA

gollcye: 0.M
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APPENDIX 6 gmiversity: C.
0 Combination

Researcu. ConTraCTS AND GUIDE FOR CONTRACT APPLIGATIQ  mstitute of
. . -. N A0

Imperfeetmnc
 n Corrogion o
'c properties of

OURRENT AEC UNCLASSfE‘IED CONTRACTS FOR PHYSICAL RESEARCHI

C hemistry : '
i University:
IEIect-r“ic Com
00 Fundamen

POs1tloy pusetis Institi
es of Metal 8¢
aydin, Tracer
of a Method :

qls at High Te

.., Flecirie Pro
¢ Phenomena.

of Rutheniom.

.Remselaer Polytechnic Institute: L. G. Bassett, Fundamental Iuvestigauoa

the Mechanism of Solvent Extraction of Inorganic Ions, .
sity of Pittshus

Ions in Solution ; M. Lindner, Stationary States of Light Nuclei through a SeprJlitit¥ of Califors
for Several Unknown Isotopes, '

. University of Arkansas; R. Edwards, Chemical Effects of Nuclear Transfo Al
- tion. '

- ' _,,-- Institute of

LT University of Cahforma. J. Hildebrand, Studies in Intermolecular Forces g . -
-1 Solubility. ‘Bnic Institute o

s:* J. DuMond
pon Reactions i

1ie titute o
Burion, Purchase and Installation of 2 Mev Van de Graaff Generator: Institute of

University of Pilisburgh: R. Levine, Synthesis of Beta-diketones and .‘
Ketoesters with Heterocyclie Nuclei.

University of Rochesier: E, Wiig, Radiochemistry.

nstitute of Tecl
ol

University of Wisconsin: F. Daniels, Thermoluminescence in Crystals; J. Wllla' 9 Unwersity: 1

Mae University.

. ing, Neutron Cr
Mathematics _ )
. ' : - Wl University: ]

Harvard University: H. Aiken, Operation of the Aiken Mark I Computer.

Institute for Advanced Study: J. R. Oppenheimer, Applied Mathematics ai University: W. .
klin, Institute: VW
Digital Computer.* ‘_ ic Ray Studies.?

1 December 1, 1949,
% Joint project with Department of Defense administered under contract with the AfH
Ordnance Department. '

212

biracts administe:



Metallurgy -

: Umwrs:ty C. R Amberg and V. D. Frechette, Phage Relations of Metal-
b JWd . oﬂmbmatlons

*-'3"'(‘. Instztute of Technology R. 8. Smoluchowski, Grain Boundanes and
" imperfections; J. C. Warner and D. W, McKinney, Fundamental Re-:
on Corrosion of Metals and Alloys; J. C. Warner and P. Fugassi, Thermo-
"’Ic;;c Properties of Binary Alloy Systems.

gdlﬂ‘b“' University: C. Bonilla, Heat Transter to Molten Metals.

a1 Hlectric Company: J. D. Nisbet, Development of Special Alloys; J. H

g GOm0, Fundamental Metallurgical Research.
‘“mhusetts Institute of Technology: J. Chipman and G. Scatchard, Thermo-

amics of Metal Solutlons; M. Cohen, Solld Solutions and Grain Boundaries;
X! Gaudin, Tracer Techniques in Mineral Engineering ; F. H. Norton, Develop-
¢t of a Method for Measuring the Thermal Conductivity of Refractory
gaterialﬂ at High Temperatures and on Relatwely Small Specimens. .

- gpleanit Electric Products, Inc.: W. E. ngston, Self-Diffusion and High Tem-
perature Phepomens.

l'llmmt y of Pittsburgh: W, Wallace, Thermochemlstry of Alloys,

puiversity of Gahfm niq: E R. Parker, Creep of Alloys

Physws

Wn Institute of Physws H. A Barton, Heavy Nuclear Partlcles' ' . .-‘-_'-
-"cgﬁfamsa Institute of Technology: C. D Anderson Cloud Chamber Cosmlc Ray
seudies;* J. DuMond, Gamma Ray Spectroscopy, W. A. Fowler, Proton and

hss Ratio. .

e

tamepic Institute of Technology: E. C, (}reutz {‘Jonstructmn of 145-inch Cyclo-
tron.? . -

fue Institute of Technology: R. 8. Shankland and E. F. Shrader, Research wifh
Betatron. : - '

(sikolic Undversity: F. L. Talbott, Reactions in Light Nuclei.®

fosmbia University: J. R, Dunning, Research Using 170-inch Cyelotron;* J. R.
Ilunni.ug Neutron Cross-Section Measurements.

L'nmII Uﬂt‘t’ﬁ?"&itﬂ R. R. Wilson, Research Using 300 Mev Synchrotron
ke University: W. M. Nielsen, Cosmic Ray Studles

Franklin Institute: W. F. G, Swann, Research on Energy Levels, Counters, and
lismic Ray Studies.?

‘Cont_racts administered throug_h Office of Naval Research, Washington, D. C.

R

i ek, mﬂﬂmmmﬂ—

penteron Reactions in Light Nuclei;® W. R. Smythe, Measurement of Energy- T
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ferrous Synchrotron.! - W. Lay

Nuclear Reactions.®

‘tions in Medium and Heavy Nuclei.?

'Stanford University: F. Bloch, Nuclear Moments Studies;* K. L. thnu, 3

. Angeles) J. R, Richardson, High Energy Proton and Range—EnergyE nerime

ER R RS

p CONTI

-General E'tectnc Co H. C. Pollock, 80-Mey "hnchrotroﬂ 3 of Rinn

¢ Rese

Harvard University: N. Ramsey, Cosmic Ray Studies, Nuclegr
1

Research Using 95-inch Cyclotron.® hen, AR j Nebr
" ; glow Io

Indiana Unwersaty. A G G Mitchell, Beta ang Gamma-}la of i
Studies.? ¥ Specty, " of Notre
_ Johns Hopkins University: G. Dielie. Spectroscopy of Hydrogen I of Penn
Inglis, Research in the Field of Nuclear Reactions, S0topmy ; 4, o gamma-R
Massachusetts Institute of Technology: J. R. Zachariag Accele of Pittsl
Rays, Radioactivity, and Theoretical Studies.* rators, anﬁ Slow
- National Academy of Sciences: R. C. Gibbs, Studies of Radigactimy«q of Roch

ta .

New York University: 8. A. Korff, Cosmic Ray Studies;* M. Shameg e

Studies.’ » Conmie 3 of South

Ohio State University: J. N. Coaper, Nuclear Research with Statiteop? 1y of Wash:

Princeton Umverszty J. A, Wheeler, Cosmic Ray Research:?* M, Q. White, p LE Henderst
> iy of Wisco
gerp and H.

Purdue University: R. O. Haxby. Research Using 300 Mev Synchrg
g]traSOIllc Re¢

Rieke, Research Using Linear-Electron Accelerator;* troa; '

E. Bleu]er NUCIQ.!

. Iniverat:
Rice Institute: T, W. Bonner, Studies on Proton, Deuteron, ang Neutron _on Univers.
tions in Light Nuclei.? . . 'R D, Sard,
Rutgers Unixversity. F G Dunnington' ‘Studies on Nuclear-Magnetic Mopttlil., Jniversity

St Louis University: A. H. Weber Investigation of Beta-Decay at Low B use Electr
iersity: G. ]
gon Studies;’
gultz, Design
on Isotope Be

velopment of High Power Klystrons for 1 Bev Linear Accelerator
State College of Washington: G. W. .Tohnson, Diffusion of Solids?
RByracuse Unibersity : Kirt Sitte, Research on Cosmic Rays.

University of California (Berkeley) : R. B. Brode, Cosmic Ray Research:® (R ° SUBMITY
W. F. Giauque, Low-Temperature Research? .
itomic Energ)
g of univers
%ates in certa
f such assist:
1f be expecte
or to increas

i iy be directl
University of Kansas: J. D. Stranathan, Construction ‘of 2.5 Mev Electr® R Commissi
Generator.! ) - e of arran;
sance is by «
Athe work is t

University of Ohicago: 8. K. Allison, Scattermg, Decay Schemes, Nuclear 5
Stndies ; * H. L. Anderson, Research Using 170-inch F. M. Cyclotron; )L 8
High Altitude Cosmic Ray Stmdies.?

University of Illinois: F. W. Loomis, Betatron, Cyclotron, Neutron, and R
activity Research.®

University of Michigd-n: J. M, Cork, Beta- and Gamma-Ray Spectra Stud
W. E. Hazen, Cloud Chamber Cosmic Ray Studies.’

D G %8 ndminister
* Contracts administered through Office of Naval Research, Washington, U stered under
. % ._150____50 -

——
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: ity of Minnesota: J. T. Tate, Scattering by Light Nuclei;® J. T. Tate,
W ”'Rﬂy Research;® Jobn Williams, Development of 50 Mev Linear Ion
g i .

erator .
— of Nebraska: Theodore Jorgensen, Jr., Research on Range-Energy
(M7 ¢ Slow Ions. .

tio

M;siiﬂ of Notre Dame: B. Waldman, Research on Nuclear-Energy Levels?
[

orpily OF Pennsylmnid: Foster Nix, Superconductivity of Alloys; W. E. __

Meﬂs Gamma-Ray Studies Using Betatron.? '

. orsity Of Pittsburgh: A. J. Allen, Studies on Beta-Ray Spectra, Magnetic
%tﬁ and Slow Neutron Studies.’ - .
¥

sersity of Rochester; G. B. Colling, Research Using 130-inch ¥, M. Cyclo-
\ :

™
apﬂ.
paicerst
. orsity 0f Washington: J. E. Henderson, Cloud Chamber Cosmic Ray Stud-
l:l;e; E. Hendersoh and C. L. Utterback, Construction of 60-inch Cyclotron.®

£

y of Southern California: C. M. Van Atta, Beta-Ray Spectra Studies®

,-.msgw'of Wiscongin: W. W. Beeman, 8Small-Angle Scattering of X-rays;*
I:G Herb and H. H. Barschall, Cross Section Measurements; J. Q. Hirsch-

e Ultrasonic Research;* Robert G. Sachs, Theory of Very Light Nuclei.
renderbilt University: Sherwood K. Haynes, Mass Spectrograph Studies.

guhington Tniversity: A. L. Hughes, Studies on Radioactivity; Nuclear Spectra
peory; ' B. D. Sard, Cosmic Ray Research.’ _ . o '

feeyan University: H. E. Duckworth, Research Using Mass Spectrograph.
Jatinghouse Electric Corp.: W. Shoupp, Nuclear ﬁxeitation‘Fﬁnctions.'

--":_ Teie University: G. Breit, Nuclear Theory Studies; ® C. ¢G. Montgomery, Neutron
§ moduction Studies ; ® E, C. Pollard, Protron, Neutron, and Coincidence Studies;®
g L Schultz, Design Studies for a Linear Electron Accelerator; * W. W. Watson,

spdies on Isotope Separation and Related Topies. : : '

gDE FOR SUBMITTING PROPOSALS TC UT. 8. AEC FOR SUPPORT OF RESEARCH
FROJECTS o e

| The Atomie Energy Act of 1946 enables the Commission to assist the research
werams of universities and other independent research institutions in the
Tited States in certain fields of science related to atomie energy. While projecté
mdiing such assistance must be in areas of scientific research where advance-
‘g wmimay be expected to stimulate development of the applications of atomic
4 %oy, or to increase the fundamental knowledge in this feid, they need not
3 ®wuaarily be directly related to the specific problems which are under study in
B *®varions Commission installations. _

the type of arrangement which the Commission has adopted for providing
!iaSBistanL'e is by direct contract between the Commission and the institution
:'-Eif.h__t}f work is to be carried out. Such contracts usually assist in the sup-

E
i Gtracts administered through Office of Naval Research. Washington, D. C.
t ldministered under Navy Department contraet with Burean of Ordnance.

868145° 50— 15 , :
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- visit if feasible, with some member of the Division of Research
{8 in the physical sciences) or the Division of Bioclogy ang Mediqh, m‘h‘
®

.. preliminary discussions, the project appears eligible for cousider

ST et R T e o o
E A AR S FT T g 2 e Y e N .

port of tbe work of jndividual scientists whose research proj P cienti
approved by the Commission. In the majority of cases it hyg h:Cta ay L\ 1 by Pr

- Fnergy Commission’s experience that these projects can be Conden me A !’;"d then
“gecurity restrictions. Ucted g, e P 4 nistrat
Proposals for assistance in the support of research projeetg _ ¥ jchbeis.
{nitiated by the scientist interested in carrying out the work, yy mqas:e u*"*h; gne fnstit

snterested scientist discusses such projects informally, either by letter Orca.,‘ "y ¢ physica]
Pe :

R in the bio
(When h, oy 3 ¥ 0 25, D
the project is in the biological or medical sciences). If, oy 4 _ .mtrjpliCﬂte‘

’ &
L PR
Commission, then a formal proposal is submitted. Formal prg Btiop . %3

- cover the following points insofar as they are applicable; Dosaly

1. Scope and present status. This should include a statement of the :
undertaken, its relation to the present state of knowledge in the n“'ork e By
related work in progress elsewhere. References to the literaty, €ld apq
given, if appropriate. ¢ shouq 3

9. Bcientific motivation. This should include the reasons for under : .
" project and the potential scientific significance of the results, taking 4

8. Matem‘als, equipment, and facilities. 'This should cover all itemg

~ carry out the project with a clear statement of which are alreacly :h“
and which will have to be procured. vl

4. Scientific personnel, This should cover the scientific investigators who
work on the project with brief statements of their research expetieney
publications. If the proposal calls for employing additionat scientifi
sonnel this should be clearly stated, Reprints of articles relating to the
and published by individuais proposing to- participate in it, will be welooms

5. Proposed budget. ‘This should give a realistic estimate of the total cost ot f
project and should not be limited to the items which it 18 proposed the ¢
Commisgion will pay for. (Items to which it is difficnlt to assign a canh
or cost should be listed without giving a dollar estimate.) The budget
{temize salaries and major items of capital eguipment and shouid
such items as expendable equipment, commuopication, travel, ete. The
posed duration of the project shounld be stated but the budget should be 3
pared on an annual or monthly basis. g

8. Proposed divigion of support. The items which it is proposed that tl! _
gtitution will furnish, those that the Commission would pay for, and tb
be obtained from other sources, should be designated.

1. Other responsibilities of invéstigators. A specific statement should e
cluded of all other financial support for the jnvestigations of the
scientists involved in this proposal. This should include a1l other prof§
which involve these persons, whether supported by the institution or osl
sources and should clearly indicate where Federal Government funds SPERE
volved. More general information as to the approximate financial p -:'
for the research of the entire department should also be given. E

8. Administrative information. Published and other generally availal .
formation concerning the institution in which the research is to be CsB
out is helpful. This may include such items as the latest university cad
recent financial statements, annual reports of the president and otb 3
ministrative officers. 3
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" Book Co., ander contract with Columbia University as the representative for the'____ :

APPENDIX 7

Titr Nartonan Nucnear ENeroey Serirs

The National Nuclear Energy Series has been planned as & comprehensive account -
of the sclentific and technical developments resulting from the research work . "
done under the auspices of the AEC and its predecessor, the Manhattan Englneer . |
District. The national laboratories and the major contractor-operated research .. -
institutions are preparing integrated accounts of thelr research results. The
printed materiai currently scheduled for the series will total approximately
110 volumes, ‘The 50 declassifled volumes are to be published by the McGraw-Hill

Atomic Energy Commission and its major research contractors. The 60 classified ™
volumes will be reproduced for lmited distribution within the Commission. .

The National Nuclear Energy Series developed from plans for technical reeords
of research programs originating more or less simultaneously at the Metallurgical '
Laboratory in Chicago, the Columbia University-operated-laboratorles in New
York City, University of California Radlation Laboratory, and. Los .Alamos,
These plans date back to 1944, when much basic research had’ ‘been“completed, !,
and some project scientists could give their attention fo prepaﬁng compreheusive o
accounts of their results. In November 1945, plans were made to coordinate the.
writing programs at all the installations to produce a single Series cct\*?ermgl all’_ .
aspects of the project.

The declassifiable volumes of the National Nuclear Energy Series will be
grouped into eight divisions, as follows:

Divisionw I--Electromagnetic Separation Project
DivisroN IT—Gaseous Diffusion Project
Drviston 1II.—Specinl Sepuratlons I’'roject
Dirviaon TV—DPlutoniumn Project

Division V—Los Alamos Project

Divigio¥ VI—University of Rochester Project
Drvigiow VII—Materials Procurement Project
Davisron VIII—Manhattan Project ) \‘-

To date eleven volumes of the Serles have been publish'ed.‘ These are: )

-

Histopathology of Irradiation From External and Internal Sources. Edited by .=

William Bleom, M. D.; Division IV, Voluthe 221, 808 pages. This is an ad- -
vanced treatment of the histopathoelogical and cytolog'lcal efrects.oi‘ total-body
irradiation by radioactive agents.

Pharmacelogy and Tozicology of Uranium Compounds, Edited by Carl 'Voeg'tlln
and Harold C. Hodge ; Division VI, Volume 1, 1,084 pages. A summary of ap-
proximately 3 years’ work on the toxicity of uraniomm compounds and the
mechanism of nraninm poisoning. The book also includes & section on the,
toxieity of #uerine and hydrogen fluoride, -

Engineering Devetopments in the Oascouns Diffusion Procese. Edited by Manson
Benedict and Clarke Williams ; Division IT, Volume 18, 129 pages. This volume
sets forth the research and engineering developments pertaining to novel anx- -
iliary devices developed in connection with the gaseous diffusion plant. The
work applies principaliy to speciil plant ipstruments, vacuum engineering,
development of heat-transfer equipment, and absorption of uranium hexafiuo-
ride and fluorine. oo

218
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. v TION
uncan Division III, Volume 2, 200 pages. This volume presents a comprehen-
sive correlation of absorption measurements with fluorescence spectra data.
 New esperimental techniques described represent advances in organic chem-

sty
- sliogt aphy of Research on Heavy Hydrogen Compounds. Compiled by Alice H.
B mebau edited by Harold C. Urey and Isidore Kirschenbaum ; Division III,
. yolume 4C, 350 pages. A compilation of about 2,600 references to published
documents dealing with research on the heavy hydrogen isotopes is given in
this pook. As a bibliography of such research, the veolume constltutes a useful
tool for the seientist inferested in isotope research. :

onization Chambers and Couniers: Experimental Technigues, by Bruno Rossi

. gnd Hanos Staub; Division V, Volume 2, 243 pages. The volume discusses the
modern principles of ionization chambers and counters, and presents details
of a number of detectors developed and used at the Los Alamos Scientific Lab-
oratory for the study of different kinds of radiation.

pivision V, Volume 1, 417 pages. As a description of the most useful circuits
¢or making nuclear and other physical measurements, this volume constitutes a
manual of the circuit elements and complete eircuits for electronie instraments,

Joseph J. Katz, and W. M. Manning; Divigsion IV, Volume 14B, 1,733 pages.

slements—mneptunium, plutonium, americium, and eurium—and similar topics.
For reference und orientation purposes, a historical discussion of the research
work is included, -

- e Characterigtics of Electrical Discharges in Magnetw leds Edited by' .A.
charges in magnetic fields carried on by the University of California Radiation

studies of electrical discharges in the vapors of uranium compounds. The

understanding of the theory of gaseous discharges.

Vacuum Eq_uipmen_t and Techniques. Bdited by A. Guthrie and R. K. Wakerling;
Division I, Yolume 1, 264 pages. This volume {8 a compilation of observations

of developing high vacuum equipment for use in the electromagnetic separation
plant. The requirements for routine produetion and maintenance of high
vacuum on a seale never previously undertaken necessitated considerable
ploneering work on both equipment and testing. '

The Chemistry and Metallurgy of Miscellaneous Materials: Thermodynamics.
Edited by Laurence L. Quill ; Division IV, Volume 19B, 329 pages. Ten original
papers on thermodynamic properties of the elements and several of their con-
.pounds are presented in this volume. -

tmes of the Series which will be published during 1950 under the following titles:

Pharma.colog-y and Tozicology of Uranium Compounds: Monograph IT, REdited
by Carl Voegtlin and Harold C, Hodge ; Division VI, Volume 2.

sggp'l,c Propernes of Uranium Compounds, by G. H. Dieke and A. B. F.

cironice: Ezperimental Technigques, by W. C. Elmore and Matthew L. Sands;

r};e Trensuranium Elements—Research Pepers. Edited by Glenn T. Seaborg, -

This work consists of over 150 original research papers on the transuranium

Guthrie and R. K. Wakerling; Division I, Volume 5, 376 pages. This volume.
covers most of the gignificant studies on the characteristies of electrical dis-

Laboratory in connection with the development and operation of the electro- . .. -
magnetic process for the separation of U 235. - Primary emphasis is placed on .

information included is considered to be an important contributlon to the

made by University of California Radiation Laboratory personnel in the course

The Atomic Eunergy Commission has received manuseripts for 10 additional vol-
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Bwlomcal Studies With Polonium, Radium, and Plutonium, Editeq 1, k-
Fink ; Division VI, Volume 3. ¥ R, M -
 Analytical Chemistry of the Manhattan Project. Edited by C. J. g, odde 3
_ sion VIII, Volume 1. 0 Diyy
.. Prepuration, Properties, and Technology of Fluorine and Organie Fluorg
pounds. Edited by Charles Slesser and Stewart R. Schram; Di"'isionc -4
Volume 1. . Viy, i
Radio-chemical Studies: The Fission Products. Edited by Charles ¢, o 3
- . and Nathan Sugarman; Division IV, Volume f. + Wiryen
Indusiriel Medicine. Edited by Robert 8. Stone, M. D.; Division IV, Volun
Tomcology of Uraniwm: Survey and Collected Papers. Edited by Albert ;
nenbaum, M. D.; Division IV, Volume 23.

1 4 . Installat
" The Chemistry of Uranium. Edited by E. Rabinowitz and J. J. Katz; Divigjoy § ig 1949, re
VIII, Volume 5. lon -
Collected Papers on the Chemisiry of Uranium. Xdited by E. Rabmowm 3 thael ﬁgﬁﬁ
. J. J. Katz; Division VIII, Volume 6. anq 4 ;‘me Comn
Phys;cal Properties of Heavy Water. Edited by Isidore Kirshenbaum ; D“‘islon' Panel b
; the
111, Volume 4A. & cnich colle
About 30 additional manuscripts for declassified NNEB volumes are iy an j to Tesolve

advaneed stage of preparation and should be submitted during 1950,
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APPENDIX 8

zr T0 THE PrEsipENT BY THE AToMIC ENERGY LiABOR RELATIONS
per0 PaNErL

June 1, 1949 to October 31, 1949

i OF Panel. The Atomic Energy Labor Relations Panel had its.origin in
sgeport of the President’s Commission on Labor Relations in the Atomic '
Installations.” This report, which was submitted to the President o

el 18, 1949, recommended (sec. 5} : '

gt the Atomic Energy Commission establish a Labor Relations Panel of three

Th tial members appointed by the President from nominations submitted to

gmpa;y the Commission, R _

qpat the Panel be empowered to take jurisdiction of any management-labor dis-
¢e which collective bargaining and the normal processes of conciliation have

gied o resolve and which threatens to interfere with an essential part of the

Ltoﬁlic Energy program. N

e Teport was signed by William H. Davis, chairman; Aaron Horvitz, and -

gawin E. Witte, members; John T. Dunlop, consultant, and Donald B, Straus,

tive gecretary. .
" on Aprll 26, 1949, President Truman announced the appointment of Wiliam H.

pavis a5 Chairman of the Atomic Energy Labor Relations Panel. In making ~

{his appointment, he sgid:

The establishment of the Panel was recommended by the special commission after - .
& 7 months’ study of labor relations in atomic energy installations. I have studied .-
the excellent report of the special commission, and agree with the Atomic Baergy

(ommission that the recommendations in the report should be adopted as a

wund means toward preventing and adjusting labor disputes in this importan

geld. ;‘ ‘ -
I am confliiient that labor and mansgement will seek settlement of disputes in -
atomic installations by voluntary procedures and mutual agreement, and that
they will call upon the Panel only as a last resort. Conscientious bargaining and
the use of}existing conciliation services must minimize the calls upon the Panel,
for it cansbe effective only if its help is seldom sought, and then only in the most
difficnlt chses. It is not and must not be a substitute for collective bargaining,

The Panjzl will settle only disputes affecting vital operations in atomic plants, o

lmpossible to adjust by collective bargaining and through existing conciliation
srvicesy 'The Panel will operate on a part-time basis. -

Pang=] plan is being adopted for a trial period of 2 to 3 years. It is subject to
krminafion at the discretion of the Atomic Energy Commission,

X 1 of the Panel. The Panel operates according to the policies set forth
& the teport to the President on April 18, 1949. It is “empowered to take

_. Sl ion of any management-labor dispute which collective bargaining an_d

221
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derives additional authority from the voluatary agreements of- contracto 3
unions in atomie energy installations not to interrupt production or servi
to make without mutual consent changes in the terms and conditions o
ployment, until after the Panel has had an opportunity either fo settle the d
by mediation or else to make recommendations to the parties and to the A ﬁf ;
Energy Commission for its settlement. In short, the Panel procedures consﬂtp
an additional step in collective bargaining which the parties agree to exha
Meanwhile, they put the right to strike or to lock-out in escrow with the Pat
After a labor dispute has been brought to its attention, the Panel has 15 ddy
in which to determine whether further steps on its part are appropriate. Amt}
the considerations that influence this determination aré (1)’ evidence of& i
ficient bargaining by the partles themselves, Including full usze of concﬂiatl
{2} evidence that the dispute Involves an essential part of the atomic energyy
program.
If, in the opinion of the Panel, itz procedures are appmpriate in the instan
dispute, it is understoed that the parties will take no overt action that mightJ
interfere with the program as long as the Panel 1s actmg on_the cagei: .

HISTORY OF CABES

it. The Panel referred one of the cases back to the parties for further, bargaln-
ing and Was lnstrumental in settling another case before th ' 15-day pe?ﬁod: *:

to issue recommendations. A summary of thege cages follows :

CASE NO, 1—AEQC INSTALLATIO’NT Mound Laboratory. Miamlshurg, Ohio ;-
PARTIES: Monsanto Chemical Co., United Gas, Coke, and Ghemical Workers,
CIO, Loeal No. 420,

a-._...‘

Backyround of case. This dispute arose during neg'otiatlons over, a ﬂrst cdn
tract. The union was certified by a conzent election, The cerhiﬁcation was dats
May 10, 1949, The first meeting of the parties wag on May'm 1949" t'which
time the union submitted a proposed coutract. _ et

At this meeting, the eompany asked and the unlon agreed to a. ,
of further negotiutions until after completion of contract talks between the <
company and another union covering the guards. But when, by J’u{ 8, it
became apparent that the guard negotiation would be protracted, meetlngs were
resumed belween the company and the Chemical Workers. _

The bargainlng unit of the Chemical Workers includes 235 skilled and
semiskilled workers. Total employment at the Mound Laboratory is 835, All
employees outside of the CIO unit, other than guards, are on a salars‘ status.
Many of them are trained scientists.

Meetings were held June 7, 8, 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
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i On June 23, the Federal Mediation and Conciliation Service was

thef- and a meeting with a commissioner from the Service was held on

- ’ued i Since no appreciable progress was made on that day, on June 29 g )
_ _.__Y_JuPe iis gent, signed by both parties, to the Panel asking it to take jurisdiction.

e a preliminary investigation of the facts, the Panel officially assumed
p,,,ai

Ction on July 15.
it gispute at-date of panel entrance:
grion Security. The union wanted a union shop. .The company refused
(1 t0 grant.a union shop on the grounds that it was against company policy

and that there was no union shop clause in any other atomic energy
1abor confract, . ) <. -

{}ontin“ity of Operation. The union linked the no-strike ctause to the union
@ shop clause, refusing t¢ make a no-strike pledge without assurance of
. gpion membership in the unit.

Bétroactivity. The unicn wanted the date of certification to be the retro-
active date. The company wanted the new rates to go into effect the
day the contract was signed. :

)

ghift 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

structure and job classifications. The wage disagreement was over the
totat cost of the increase. The last company offer averaged 15.3 cents
and the last union demand averaged 22.3 cents, a difference of 7 cents,

poach mediotion. The Panel first met with the parties on July 29. At this meet"-' '
gg it soon became apparent that wages constitated the main obstacle to agree-' -
et and that if wages could be settled, the other items would wash out. . -
{n the question of wages, if was also evident, after preliminary discussion,

srued that their offer represented a true reflection of the area averages for
mpparable jobs. At a suggestion of the Panel, the partles agreed to work
peether on the preparation of a joint report on the area wage rates. For this
wk, the Panel offered the services of its executive secretary and undertook to
weure from the Bureau of Labor Statistics the cooperation of George Vatova of
te Chicago BLS office, :
4 Meetings for this purpose were held in Miamisburg on August 2 and 3, and an
1 yreed schedule of area wage rates was prepared, o
On August 9, the parties reconvened with the Panel, bringing with them the
geed area wage exhibit. Working from this exhibit, the Panel was able to
miiste 4 wage agreement after an all-day session. In recognition of the
5 ¥reed area pattern, the company increased its offer. The upward revision
12 made by adding another progression step to the rates, _
3 The other issues were guickly resolved with the aid of the Panel after the
e agreement was reached. The final settiement was: Shift differential:
‘eeats gnd 10 cents, Union securily: an irrevocable, voluntary checkoff for
frition of contract. Continuity of ope}ation : a8 standard no-strike clause.
Mfoactinity: to date when parties asked for Panel intervention.

sat the basic disagreement was over the facts on area wage rates. Both gides - '
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Background of case. This dispute arose during negotiations ovep a

- Mound Laboratory Patrol, Local No. 1, ag the union.
Meetings between the union and company were held on May 4, 10, 11, 17
June 1, 2, 3, 8. By this last date, most of the confract language wag i
ment, Wages were still unresolved. The company had made a dua)

0
either retention of the 48-hour week at $1.33 per hour (plus, of coursener

- 18,13,

time after 40 hours), or $1.40 for a 40-hour week. When this dual Offerwer' .

‘presented to the membership, both proposals were voted down, Whenwa'
progress was made at the June 8 meeting, the parties adjourned without set ho
a date for further discussions. tln‘
Representatives of the Federal Mediation and Conciliation Service Were
the Mound Laboratory on June 28 and 29, in connection with another g;
Through the medium of the Service, another meeting was scheduled fop 7
5. A series of further postponements occurred and, on July 14, notlﬂcaﬂm
was gent to the company by Walter D. Collins, president of the Internagjq
Guards Union of America, to the effect that the Mound Laboratory Patyg h

. affiliated with the International. The letter contained a request for a meeti:ll '
Thig request was grante: '

"with Mr. Colling acting as the new representative.
by the company.

The first meeting between the International and the company was helg o

August 4. No progress was made at this time, and both parties inviteq the '

Federal Mediation and Conciliation Service to aid In breaking the deadlok
On August 5, with the aid of a representative of the Service, both gides agreed
to consider a compromise rate of $1.43 per hour on a 40-hour schedule ang p,
retroactivity. The only unresolved issue was the duration of the contract. The
union wanted a wage reopener after 6 months. The company insisted upon a
1-year coptract without & reopener. A compromise suggestion for & contraet
of approximately 9 months’ duration, put forth by the conciliafor, was turned
down by the union. Both sides then withdrew their final offers and the unipa
sent a letter to the Panel on August 10 requesting that it assume Jurisdiction,

Panel mediation, 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 hang”
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 secrefary.
In this case, a Panel member, Mr. Horvitz, accompanied the Panel secretary or
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 taiks, an agreement was reached based largely upon ihe
compromise terms put forward during the August 5 meetings under the aegls
of the Conciliation Service. Thus, technically, the Panel never officially par
tieipated in mediating this case.

SO A

CASE NO. 2—AEC INSTALLATION: Mound Laboratory, Miamighy,, :
PARTIES ; Monsanto Chemical Co.; International Guards Union of Amef{ 01‘10;"
Ca,

tract. The union was certified on March 23, 1949. The bargaining unfilrst Coy,,
 all plant guards at the Mound Laboratory. The original certificatioy '™ j
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+ . 5 AEC INSTALLATION: Oak Ridge National Laboratory (X-10),
PLg'e Tenn.; PARTIES: Carbide & Carbon Chemical Corp.; Atomic
o Bian 4 Labor Council, AFL.

of of case. The relationship between the AFL and the various con-
#“'ﬁ:mo have operated the X-10 plant extends back to 1846. The history
a'l‘wﬁrelationship has been complex. The main elements which have pro-
¥ wsconﬁlct are the following: _
the war, a differential in favor of the X-10 workers had developed
: D“‘ingt to both wages and fringe benefits,
Ifespec()ak Ridge was first opened to union organization, the ATL sgecured
jtion At X-10 and the CIO Chemical Workers won bargaining rights at
At that time, Carbide & Carbon Chemicals Corp., operated the EK-25
| $ and the Monsanto Chemical Co. was the contractor at X-10. The first
ts that were negotiated covering these two plants continued the differen-
i plished during the war years between X-10 and K-25,
m;:arch 1948, the Carbide & Carbon Chemicals Corp. replaced Monsanto
_ contractor at X-10. The new management helieved that there was no
t 5 justiﬁcation, based on occupational hazard, for any differential between
: and K-25. Accordingly, the company attempted to negotiate identical
E _;—10 and working conditions for both plants, and chose to follow the pattern
plished &t K-25. This attempt ran into the head-long opposition of the AFL,

of the parties to reach agreement during the injunction period seriously
tened to interrupt operations at the X-10 plant. The eventual settlement
only after emergency measures were taken by the officials at the very
levels of government, AFL, and company. All who participated in this
gperience were in agreement on at least one point: All possible avenues for

that led to the appointment of the President’s Commission on Labor Relations

p Atomic Energy Installations and the eventual establishment of the Panel
fhe contract terms of the 1948 agreement largely eliminated, the fringe dif-
preptials, but left many differences between K-25 and X-10 wage rates,

The contract described above expired on July 1, 1949. Prior to its expiration,
y negotiating meetings between the union and the company were held. In
gueral, the company continued to pursue its long-range obJective of making
wiges and working conditions identical in tbe K-25 and X-10 operations, and
g nnion attempted £o widen out the differential to its former extent,

Fhile these negotiations were in progress, the company made and negotiated
o sgreement with the CIO union at the K-25 plant. This agreement em-
¥died an 8 cents across-the-bogrd wage increase, . '

- 0n June 22, the Conciliation Service entered this dispute and eight meetings
wre held under its mediation efforts.
Commissioner Clyde Mills, acting for the Conciliation Service, was able to

ofer Included a T-cent wage increase. This wage offer, however, was not an
§ wrossthe-board amount, but was rather distributed in such a way as to eon-
- Unue the company poliey of narrowing the exisfing X-10 and K-25 differentials.
L Tor individual classifications, this 7-cent offer ran all the way from no increase
¥ o 17 cents,
Ou July 1, the union sent a telegram to the Panel requesting its intervention.
On July 7, Papel representative made a preliminary investigation of the
background of the dispute, at which time the union offered 14 further
foicesziony not previously given to the company. These concessions, however,

k-
3 BT
3

resulting deadlock was the cause of a Taft-Hartley injunction. The £ail-

grofding & similar crisis in the future shounld be explored. It was this feeling -

¢minate many of the issues still in dispute. On June 30, the company’s last
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did not alter the fundamental issues in dispute. On Tuly 15
entered the case. » the Paneg -3
Involved in this dispute were 674 members of the bargaing |
plant work force was approximately 2,000, BE unjy_ -___ .

the Panel fi
w,tioﬂ 4h, gquot:
® cestion that :
f i;her level of
' correspondence

Panel mediation. The first meeting of the Panel with ty
July 21. At this meeting, the Panel attempted to fing . e S L (P
the parties to continue negotiations along an agreed line of Wethgg fup
the union’s main arguments for a wage differentlal wag baDroce(lur&
diversification of job assignments a2t the X-10 plant, g claimfg €d upqy, n
by the company. It was suggested that a factuaj nnalysig O\fvhl(-h
might help to resolve this conflict. The parties agreed ¢, b gagpe 3
to do this. Wake pp oo
Accordingly, the parties met on July 26, 27, and 28 (Qyq 3

NG a5, June 6, 19
" strike at the
 « Ridge. Mr.
) gent this teleg

further meeting with Aaron Horvitz, a member of the Pane) :lst'i 3, 3 *ﬂ:’ic ?2”59 rﬁ;",t&‘gg,
Although the parties failed to agree om a procedure for a'naly;ilgu - "‘ Carpide & Car
ments, in the course of these discussions there was a further ng ng . calil:gn luchEIIll el
issues in dispute. Many of the fringe henefits were bargaineq um‘rr"win.' - ¥ m?pe de in any
‘the union agreed to leave the fringe benefits as they In gg b rms and condi

X . . . were in the old
which were in general identical to those of K-25. The wage positj

closer together in terms of momey, but the union continued gy
mand for an across-the-board increase while the company wag equall MF i to cooperate
desire to distribute this increase in such 2 way as to furthep { roz g qtion Service.
differences between K-256 and X-10. These series of meetingg te W it either pariy
the iggues thus greatly narrowed. DS port t?q meYthli:’%
On August 11, the Panel held a metting with company representgssy E sct, NeW YOI
plore the possibility of their granting part of the increase across the M
the remainder distributed in a manner to further narrow the K-o3 -
differential. The company’s reaction to this suggestion was gum
couraging to warrant the holding of another joint meeting on Septembep
Sufficient progress was made at the September 13 meeting to continue g
tions through September 14, 15, and 16. On September 16, an agreemsl
reached based upon a proposal advanced by the Panel. The settiement ag
10 an average increase of 5 percent. A few exceptions to this rule were gy
the case of certain crafts which were admittedly out of line with the ang
tice. These exceptions were more than § percent in some cases, less than 3
in other cases, thus retaining the average of around 5 percent for an ove
1oll cost. This agreement was ratified by the union membership on Sep

gl jispute is settled
N5 alng g iptend tO take ju
mant jo 29 gptime the Panel
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chairman remark

CASE NO. 4—ARC INSTALLATION: Oak Ridge Construction I8
PARTIES: Knpoxville Boilding Trades Council, AFL; J. A. Jones '_"
tion Co. -
Disposition of case. On August 3, 1849, the Panel received a letter,
J. O. Kerr, business representative of the Knoxville Building Trades 8
outlining the circumstances of a dispute that threatened to interfere
progress of certain construction projects at Oak Ridge, and requesting § .
Panel intervene to aid in its settlement,

The Panel noted that this letter was signed by an officer of the luﬂl_ s

[ection 4b of the Report to the President states: fram to the contrac

F
That, fully recognizing and safeguarding the primary responsibility & lons of empk

representatives for sound and stable relations at each Government- \ h’w“i‘;;‘l&;tahg::imen
vately operated atomic energy installation, provision be made f“i" s a8 impede in an ‘;’ff‘
,bear upon the settlement of critical disputes all available exper - yowa
sponsibility of individuals at the very highest levels of managemen
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- : ly the Panel felt that this dispute had reacbed it prematurely. It -
'.}r ol gsection 4b, quoted above, to the attenfion of the .local_ union officers,
guggestion that additional steps be taken to bargain toward an agree-
ea higher level of both union and management. The Panel hasg received

&“t 8 or correspondence oun this matter.
ﬁ"ﬂ

OTHER PANEL ACTIVITIES

: \iondays Juue 8, 1949, before the Panel whs fully established, there-was

] tened strike at the K-25 plant operated by Carbide & Carbon Chemicals

E 'zllfe:t oOak Ridge. Mr. Davis, who was then chairman and the only member
] Cﬁe panel, sent this telegram to the parties on June 7:

atomic Energy Labor Relations Panel is investigating the dispute at Oak
e jant K20 between United Gas Coke & Chemical Workers of America
W%nd Carbide & Carbon Chemicals Corp. The Panel calls upon you, and
‘Cw) wise calling upon the corporation, in accordance with your respective
s ke to the Atomic Energy Commission, to ! refrain from any actiop to inter-
ﬁ!d‘e:. to impede in any way production or services and to maintain without
e in terms and conditions of employment existing when the dispute arose
3 t“.“‘fhe dispute is settled by mutual agreement or the Panel announces t:hat it
'd!not iptend to take jurisdiction or that it has terminated its jurisdiction.,
E meantime the Pgnel callg upon you to continue responsible collective bar-
B and to cooperate fully with representatives of the Federal Mediation
Fuﬂg,nciliation Service. If by Monday Jupe 13 agreement has not heen
ol ed or if either party thinks negotiations are not proceeding satisfactorily,
D report to me through your duily authorized representative at my office,
%ﬁe Street, New York City, at 11 a. m., on that day.

1 Wirrtam H. Davis, Chairman,

t same day, both partieS Jointly signed the following telegram iand sent it

A M. DavIR:
- 1 H. Davis,
g Pine Street,

[ York. . ) . .
we wish 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 -
¥ adavor to achieve a settlement of this dispute ably assisted by the Federal .
tion and Conciliation Service and hope to reach an agreement before
3 ghight Wednesday.

LY

C. E. CenNTER, Carbide & Carbon Chemicals Corp.
. C. W. Danensore, United Chemical Workers {CI0),

Negotiations continued following this interchange of messages and at midnight,

hoe 8, the 8-cent agreement referred to elsewhere in this report was signed.
The Panel has held several policy meetings in addition to its activities in con-
weion with formal cases. It has met twice in Washington with members of
.3 % AEC labor relations staff. On October 18 the chairman attended a meet-
-3 wgof repregentatives from the labor retations staffs of contractors at Osk Ridge
§ ol spoke that evening at a dinner held in his honor. Om this trip he was
g «upanied by the Panel secretary. Various informal meetings bave also been
g ¥ with union representatives.

M_the thairman remarked on one occasion: “The Panel does not consider
_———-—u_,_ )

‘Is telegram to the contractor this sentence read: “To maintain wlthout change the
s and conditlons of employment existing when the dispute arose until the dispute
Initled by mutual agreement or the Panel announees that it does not intend to take
Madiction op that it has terminated its jurisdiction and to refrain from any action to in-
¥t or to Impede in any way production oF serviees.”
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- APPENDR .
itself a fire engine. The whole concept of the Panel is to establigy I
which will give time for rational negotiations. The object ig tg pel'mir iy ]
ing to take plice without the threat of an imminent strike hang, t ba’hll
heads of those doing the negotiating.” £ Ovgy
With this purpose in mind, the Panel considers the job of creating

atmosphere for successful collective bargaining to rank equally i, | av“"ahg
with its job as a mediation agency- Wpor

WILLTAM H, DA-YIE, Cha:
AARON HOEVITZ, Memb::_m“l
"~ Eowix B. Wrrre, )y, |
Jomn T. DunLop, Consuliant. er,
Donarp B. StraUs, Ezecutive Secretary.

NovVEMBER 8, 1949._ '
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