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Cn Zecuermber 19, 1951 the University of Chicapgo will have completed %
yours ¢l service as ocne ol the U. S. Government's principal contractor-sponsor
for recacarca and development in th

&
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e atomic energy fieldse It is important 1o
~cxanine the reasons that b“oufnt trie University into this position anc

2ssess the present validity of those rezconse It is inm

portant to examine what
has been accomplished under the Universityts administiration -

™.

—_"-'_’__‘———k———_
d.) administratively, in the establishment of the scientific and| &3 f“"; E;
tecinical staff and the facilities essential to their effec-| <@ " - =

. .o . - -
tive utilization and = Ur3 C

t.) technically, in terms of the actual scientific and engineering e

accomplishments achieved by the staff. s
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£Llmost eiactly ten years :g the Committee of the National icademy €T
Seciences whicn had previously revieved tne ;oaSlblth" of developing nuvelscoe
enargy a8 a nilitary weapon was

re-zctivated. As a result of this reeevalr
nent on December 6, 1941 to € zhead with
erber 19, 1941 four projects

o

were uuuor“zed

LS a Yres Si-
nd

\ tion it .ias decided by the Govern
LT elTory in the field. On Dec
oG +

ana tentative budgets approvaed.

tion of urcnium=235 was recognized & three cf the projects were concerncd
with isotopic separation processes for the procduction of uranium-235.
fourth project, which later became known ¢s the Plutonium P

cer -

[t

ult of previous work the uricue

i

The
Project, was con-

3

(o5

c

a.) with the establishment of & controlled

he slow-neutron fission

crain-reaction

be) witn the possible usc of such 2 chain reaction in trensmuting
h-unlum-CBb into the new trancuranic clement plutonium which

hud previously becn shovn to te Tissioncble and

c.) wilth the investipgations in physics cosenticl to the establishe
ment of a fast-ncutron, bomb typce chiin reaction.
Dre he 1le Compton was appointed Project Leader for this Plutonium Project.

etminduinining
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Pricr to this tirne rcscarch 1n conncction with the Plutoninm Frojeet nad
veon vnderviay ot several iver ond rcgcuzch institutions vith the mojor
prov,ss concerned boing locatcc at Coluwanvia, rrincoton, anda at the uYLVC¢u;uj
0. Cn Januvary 1, l L2 the Lirst weching of tne staff of the new Pro-
at the University of Chiciix [neluded were all thoce wno nad
boen souive in the previous rescarch roups, any of them having been engaged
il wors since 1939. On the basis ol tieir collective cuperience two cone
ions were reached on which therc was compicie unity. <‘he first was that
ject hod & real chance to achievs its objectives. The second vas tnat
$s could only be attained if the entire group couwld te brought to- -
a single, strong, central laboratory winich could be expanded to whate
ever cextent might be necessary to meet the recuired time tchedules Cn this
int the feeling was very strong and, consequently, this establishrment
ol a central laboratory beccme the first task of tne Project adainistratiocn.
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The first four weeks of the Project's existence were given over to a
deternination of where tnis new laboratory should Le located and the corollary
decisicn as to who should sponsor the work as contractor. The character of
the tasi ahcad was clear, It was obvious that much in the way of development
and engineering would be reguireds. It was ecually obvious, however, that the
paramount considerations were rcesearch considerations and not matters of tech—
nical enblﬂLv_-nb detail. At every point, engireering practice would of rieces—
sity nave to be subordinate to the controlling requirements established by
rescarch progresse It was cleer, therefore, that the estatlishment of immediate
objectives and of operating program were of necessity the prerogatives of
scientific rether than adninistrative judgment.

Yith this in mind there was no question but that the proper contracto
for this work should be one adept in the administration of major activiti:s
wnere meny of the administrative decisions were of necessity made on the hosi
of the scientific judgment of the tecinical staff concerned rather than cirectly
bj»~6“erS of the acministration on the basis of purely administrative con-

+t

siderzvions. without guestion the contractors most skilled in meetin
roguirements were the universities. However, althoush the administ

of & universily administration were idsclly suited to the requiren
2r3 N ity wad adeguate acninistrovive staff nor acequ 2t~
to hin 1tsell z project of the wme/nituae wnlch all realiiz
ton d of necessity be. X1 university contractor weould
mi ity adninistrevive swoll ond of its physical faci
ac Ject. Conseguent.y, the possibility of an indust
Tract Was ncalately explored. Cervein ol cac mejor industrics

ct ties for rescarch and "*vc;qp ent uork v‘ici mignt prov
qu imum of supnleneny, for tihwc r

L .1ty of rescarch carried on in cirtain of these incast o}
torics, thelr adninistrations do not rezliy meccet tne ceriteria stated cbove. In
! mization research as such is of necessity subordinate to tb DIl

mary development responsibilities of the orgaonication and all decisions ar
strongly or whol lj’dubJCCt to over-riding adainistrative con81dera*1ovs
urgencey of the situation, however, was such that tnis difficulty was tuntoiivell




waived. It oSecame imnediately obvious that any of the industrial la L “tories
whose research conpetence and rescarch facilities viere suflicliently azdeguate to
Justiry tazcoy consideration as conitractor for the roject vere alres d/ 50 com=
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: that they were unavailubl voubt wo to Lhoe reol 'JCquacy
ol inquutrinL adnmilstration and DJ-LLCUL‘le as to tho speeciiic question con-
cerning the ””'11ty ot Lhe “roject to procure proper scicntific sv_;i under

!
industrial sponsorshlp had been so decy that it was with a real sence of relief
that the Pr ﬂJb< made the decision to obtain a university contractor in spite
of the tnell realized problems of organization and of provision of adequate
facilities which this decision entailed.

]

Prior to thoe tormation of the Project as such the three tronzest groups
engared in rescarch in this area were at Columbia, Princeton and the University
or Chicsxo. iach of the initiative for obtaining Cove”nment recognition of
the importance of nuclear energy as & military objective lay with the Columbia
anag Vrl,ccto“ zroups. 1t was periectly natural for the research men from these
two universities to be anxious to nave the administration of the Project under-
taken by their own institutions. The administrations of Columbia, Princeton
and the University of Chicago all agreed that they would be willing to under—
take tiie ressensibilities 1nvovau. While military consicerations indicated

reference Zor an inland site, this factor was not given undue weliht. ull

z lon was given to pessibie eastern sites. The final decision was es-

sentlelly based on the following two factors., The character of tne work approached
category and vould, therefore, require much in the way of blind

acceptan of the word of the projsct leader on the part of the contractor.

It was obvious that the personal relationsiips established by Dr. Compton over

a period of twenty years with the administration and the Poard of Trustees of

the University of Chicago would provide a much firmer basis for this xind of

ocperation than could be orovidec by relative strangers regardless of their
carrnaest c'“W“e to cooperate. This point was an accident of personaliti
me
red i

brouzht abou b] the appointnent of Ur. Compton as Project Leade
r fnificant consideration lay in the character of thsz o
Univz*s' ty of Chicago itself, If the Project were to su

d
oI tn ccee
ganbles woula nave to be taken. There would be scientific and technical g noLles
ana upon occasion financial gambles when tne urgency of a particular task would
not permit time for due pVOCGao to cover commitments prior to iniciation of
the nccessary actions The University of Chicagols fifty year record attested
ity viillingness te teie sucn gambles in stride in either
: t nesitatlon once agreement had been reachned that the
cke were v't¢lo with 2l otuer 901nts essentially in balence
icus potenticl locations, it was these labtter factors which led
0 decide on the Universiity of th?LO as the contractor, a deci-
sion wivh vililceh the participeting scientists ncurred although with definitely
verying degrces of conviction.

How do tnese early consicerations anply now, ten years later? In spite
ol spectecular industrial achievement:s it is still true that if the Nation is
to meintain ivs leadership the basic chieracter of the work in the atomic energy
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ricla hus not chonged.  In so far as the potentialities of nuclenr encryy are
sirnificant in Vuburmlning national security, that security is cc.ured only to
the extent tnat the Kation is able to mainteln a2 nich rate of progresc. Ac-
ceprance of tie status quo as adequate marks the beginning of scncscence end
in o ficld cg otble wnderstood as is thub of nuclear cnergy, Surecconcs mway

progress to wiiti ate denise in a very shoru period of time indesd. ith the
establishuent o thie elements of a werking tecnnolopy the importance of the
ncustrial contractor to tne developnment ol nuclear encrgy ac a production

L5 greaver today than it was ten ycars ago. However, it cannot be stressed
o strongly that the major role which industrial participation plays in the
clopuent of this field lies in the area of the introduction of overating
sophy intc its technology rather than in the arca of scicentific and tech-
original.ity. During the past decade adninistrative technicues nave been
oved widien insare that the rescarch effort and the industrizl effort cach
ay thalr most effective part in assuring moximum progresse. The acnicvements
the lievallurpgical Project and of the Argonne dutlonu_ Laboratory in working
Atn the duront Company and with the westinghonse Electric Corporation are
exatples ol the effectiveness of these tgcniLqpbq. ilore recently Argonne's
pro~r~ﬂ of cooaerat Lon. WLtb the 1nou“ rlal g¢oups exahlnlng the fe651H1L1ty of
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equal lrultlulnesb in this nev area. thq be;ng tne case it frees 1xq¢j:ry

to operzte under its most effcctive administrotive pattern and sjmultanuously
frees the national laboraztories to operate under the type of ac.imistrition
ciearly best acspted to their requirements for naximum elleﬂ‘;vv*cgs, Obviously
the initisl potential advantages that first ted to the consicerztion of a pos—
sible industrial contractor no longer obtain. Questions of existing orgariza-
tion, of readily available existing facilities and of technical and sciuntiric
stalfl are no longer germaine. Argome Mational Laboratory hog an administretion
which zas been nand-tailored to its own peculliar and highly indivicual necds.

it nas Tacilitins desipned to meet the unique requirements for work in =hic
atomlc cneryy rield. IMinally it has a stafl winich no industrisl orpariuation

can vateh in coumbined guality and brezdth of scientiric ceapetencn. ZFropress
in tue atonic regy fileld is a complex process impinging simultoicously on
nuclear and cicscical physics, on nuclear, classical and radiochemistry, on
neaical engincuring, on unorthodox as well as standard netallur,y, on equully
unortnodox approaches in enginecring and on the whole Tield of radiotisloyy and
radiolcplical medicines. Real progress denuncs tne siasultancous approach and the
continual invercction of all of these aisciplines on the problems in hand.
ity is cliaracteristic orf & university and brings to the university aam:
¢ undersconding in all of tnese areas while no single incustry is co .-
xoerienced in the administrative reguireman L

cnts of more than a few of t“bae

Since thie vzsic reguirements for rass in tne utilization of nuciour
encryy have nov changed, since the iritial handlicaps to university aaministration
liave been reroved and since administrotive technigues have been developed enabl
ing industry to uuke its most effective contributions within a framevork provid-

ing for univercity adainistration of the national laboratories, it is clear tha
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if real progress is to continue, the considerations wnich led to the initial
choice of a university contractor~sponsorship arc fully as compelling zt the
pres:nt time as they were initially ten years ago.

A tDoI0TEA v HISTORY

Any derinitive cvaluation of the success attsined by the lfetallurgical Pro-
Ject and its successor the Argonne National Laborat rj must be based upon their
sclentific and technical achievements., However, tne abilivy of an QrLaﬂi7atign
to achieve such scientific and tecnn*cal suecess 15 dependent to a significent

extent upon its intermcdiate cccomplictments in establishing an eflectively
functioning organization, upon its dethV to recrult nuecessary technical and
supporting staff, and upon its skill in acquiring or improviscing the Tacilities
necessary for efricient operation. Therefore, before procesding to a swinary
of scientilic and technical achicvements it is proper to review the adminis—
trative history or the 2roject in order to sppreise the degree of ingenuity,
flexibility, and skill brought to bear on the exceedingly difficult and comdlex
acdninistrative problems faced by tue Project as attested to by its administra-
tive acinigverents,

When the decision to establish the cantral lzboratory at the University
of Chicago was made on January 29, 1942 the Project nad the following assets.
First, it possessed a directive from the COffice of Scientific Research and
Developmnent of the U, S. Government, directing it to procesd with investiga-~
tions of btoth tiie slow neutron and fast neutron fission chain reactions znd to
ictermine the feasibility of the use of the slow neutron chain reaction for
the production of Plutonium as a possible tomb materiszl., This directive also
apgointed Ir. A. d, Compton as Froject Director and guarantecd adequate finzncial
support. OSecond, the rroject had a potential staff of some 50 scientisis woerke
ing in incepcndent groups on problems vital to the success of the Froject at
various scattered locations. The principal groups were at Coluabla, Princeton
end the University of Chicago. [Finally, the Project had le pronise of the

University of Caicago that it would enter into a contracht with the 0SHD 1o zs-
sune resgensibility for the administration of trne Pro ;cct and that tre Univer-
ty vould give the froject its complete support. These were the modest as—

By'co:p crison the liabilities were of major magnitude. The rroject nad
ization. The CSiD aad appointed Lr. Compton as Director of the Pro-—
t:oub“ de nad not been acvive in the actusl scientific work prior to
KCo Cor his gomewiint tenuous connect as Chairman <
sclgnces i I
‘ne Tl
peLence, vere 1y
teom work, ana e

aroject requirenants were non-cxi
15possessing establisned university deporiments fronm thelr accustomed quarters
vould be far from simple. lioreover, the Project was faced from the stars witi

12

the problem of operating under an atmosphere of compelling urgency since it was
newn that the German scientists had been very active in the field &

K I as ea
1939, This dlmost desparate conviction of the nced for the utmost speed
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: acter of 2ll of the administrative probloms
tuxouiuaut tire war period wd bs 1te aboence macnified the problems aricing

nird o seriod between the end of ©h: war and the establishuent of Lrponne
Xationel Laboritory because of the reoulting exapverated appecrance of aimlesse
ness which 1ts sudden removal enballed
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It was Ll'lr from the bepginning thut the ”roject's responuibllities witn
respect to the fast neutron, bomb reaction vere in most recpects distinct from
ivs 1:qgo"oLbL11tlcs witn respect to the slow neutron chaln reaction and the
use of the latter for the production of plntonium. 4S5 a result this vork was
Separ “tblv orrmizeds A swall coordinating group was establishod &t the liborae
tory in Cnicapo and rescarch teams were swonsored at a number of universitics
and research institutions possessing qualified scientific staff ond the specialized
equivment requisite for the experimental program to be undertoken. n the cpring
of 1902 the Jroject administration obtained the scrvices of Je He Cppenneincer to
direct the worx on the "fast" rezction and a theorctical group was established
at Derikeley during that summer. By this time the full magnitudesof both the
Plutonium Project and of the "Borh" Project were becoming clear., Since they
were distinct and separate operaticns full responsibility for the latiter was
tranvlerred to Ovpenheimer under a contract between the University of ualllornia
and the 0Zal. The group at Berkeley together with the coordinating group at
Chicapo and their associated sub-projects immediately bepgan the orgaonization
and planning or the facilitiles for the Los Alamos lzboratory. The group at
Chicago carried the respensibility for providing the necessary experimental
facilities and continued their operations from the ietallurzical Labtoratory until
April of 19L3 at which time the facilities at Los slamos were ready for occucancy
and the two projects were definitely separated except for a minimum of scientifie
liaison. The University and the fFroject had thus fulfilled their responsibilities
in connection with this phase of their assignment,

A deteiled administrative nistory of the Plutonium Project and its su
the genne wWational Laboratory would be interesting and instructive “or the

grontn of the rroject av all stages has bszen a conscious experiment in scientilic
acninistration, 4L continuous effort ‘ to ralbualn zn Tinistrative

structure within wnich the immediately alls > scientific and te
covla onerate wi : %
adninistrative dev
have proven u*lCC'A
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o ing and eavn”“*
ents in ter.s of staff end facilitie
within establiched tine schedules. .05
he . s oassignments have varied now iﬁ;:;u;ticn concernin, basi
coveliopeu.,  Concurrentl inea

o aso mints to be expecteda ”oL,upud’ in itself is the ai a
conscelentious administrative officer. On the othaer hand, an orgenizoti in
adequate in terms of basic requirements to nand'e ceffectively the u:fcload in
absignments which experience has shown arc Lo be expected under existing condi-
tions is equally as culpable as the orvanlzutlon devoted to "empire bui ldlngg”




It has been thie consistent endeavor of the Project administration to docier-
mine its own minimum effective siee baced on its exucorience with amvlcionated
vorklouds. Questions of proper distribution of siall amorn. tho various
scientiric ond technical discivlines to yicld a balencec ot

1stlc assign:

Laclt on C..araciel-
ats, questions ol proper rescarch strength o balance @ glven
develonment potential, questions of proper ratio of techaicien cuprort Lo
scientiric and tecinical staff in order to utilize the staflf at maexirwn ef-
ficiency in the various disciplines, questions of the strenpgth of service
operations reclly essential for cf‘c 1vc stuff operation, thcese and many more
have received continued study and certain basic information has been developed.
Obviously, novever, such a detailed a1°*ory 1s beyond ths scope of this report.
Here 1t is ecnly possible to describe in the broadest of cutline whet has been
actually achieved in terms of administrative progress.

ne administrative problems faced by the Project fall into two major

riods, that extending from its inception in January 1912 until the delivery
the bombs on Japan in August 19L5 and that subsequent tc this latter dube.

n the first period the basic consideration governing zll acmiristrative ac—
\@!

tions was thet time was the primary currency - days not dollars measured the
costs. In the years immediately following the end of hostilities tiie reverse
vas justly true and dollar costs became the basis upon whnichn administrative
Justifications nad to be based, At the present tiae some of the old uriency
hes returned ana the Laboratory finds itself caught in an administrative vise
betveen the javs of established “dollar cost' procedures for operating reguire-

ments on one side and “tiwe cost" demanus for the production of uwrgently
nceded technical results on the other. /[t each stape of tae Uroject's develop~-
ment the above fundamental considerations nave been governing and have conse—
quently strongly influenced the character of the administrative stracture.
A second general approach in anslyzing tne history of the Project can T2

ace from the point of view of the nature of its sgonsorship within the Coverns
mcnt. From pre-project days most of the significant work on the utilization of
miclear encrgy for military objectives was under the adminictration of the 0f=-
ice of Ccientific Research and Development of the J. &. Government. b.hen the

1

o QCXr sponsorsinip. The administrative puilosophy of the 0ZAD was to mlzace
essentlally total responsibility for the achieverent of fhe contracoural re-—
search and development objectives directly on the contractor. Fiscal control
a8 largely limited to the esteblisarent of general budretary requirenente and
gcncral &upnrv;sory inspection of the relwnnr31517vty'o* the contractoris
Even in this latter case the dircct line of responsibility 12y zo-
convractor and the Ueneral accounting Office with the CSRD sorving
tractor!s supporting agency in those instances in whicl 2 varticular

as called in question. The scicntific and teclnical responsibilities
were discharged oy freguent review of the actual results obtained

ne contr ctor in the process of his operations.
ne QURD sponsorsnip contimied frow the initial orgpanization of the Pro-
g

ject until fay, 1943. Luring this pecioa the fundwnental rescarch and develop-
ment vork escential to establish processes tor ilarpe scale plutonium production

o

el integrated projects were establisied thay were consecuently organized

AmmAm AL I
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wWas carried Lo the point that all necessary basic duata wvere aveilab

i o ion chein reacvion was estabiished

i e \ Palos Park scetion of the Fore

Serve was desioned and constructed to provide facilitics for "pile! SR AW
tions; the desin of the facilities for Clinton laboratories were essential

completed by the Laboratory staff with the assistance of the duPont Company;
Tinclly, tmg basic designs for the nanford plutonium procucing piles and the
asscelated chienical processing facilities were essentially frozen, atain in

cooperation ‘1t1 the duPont staff,

By .lay, 1962 it was clear to the Project administration that success vas
Su;iic1cnu*J assured to justify proceeding with the provision of the pilot
D senl-works facilities which the Project would reouire. 4 site for
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Se wacllltlcb was chosen and organization of an operating group was initiated.
in tie University of Chicago was requested to assume the contracturcal cperat-
ing respoensibilities, The Project also initiated acticn leading towarcd the con-
struction ol the full scale production facilities to follow. Since production
operations were beyond the scope of the 0S.L the Covernment assigned tnis prase
of the work to the Corps of Engineers, U. S. J Army who in turn csteblished the
2lanhattan Engineer District to discharge thelr responsibilities in this cornec—
tion. This was formally accomplished in June, 1942, Throughout the succeeding
period from July 19L2 until May 19L3 the lianhattan District served as adminis—
trative representative of the 0OSRD and provided the Project with an increassing
measure of operating supprort. With completion of the fundamental phases of

the work and with tne responsibilities of the Project shifted to direct support
of production activities the contract between the Un‘ver51tj and the CZrD uas
replaced by = vcntract bstween the University and the Corps of Engineers. This
latter contract with certain supplements hac remained in force ever since,

being vransierred by presidentizl order to the Atomic Inergy Commissicn on
Jamuary 1, 1.47 and veing extended by the Comnission until July 1, 1952,

The adninistrative policies of the Corps of Enginecers were b*““ cally tre
scme a5 those of the O8kD, The principle of pl acing primary responsibility
ror performence on the contractor and of Judzing performance on the basis of

esults produced were tne same. In the case of the OSEKD this philoscohy nad
grown out of & tixmugh recognition of the requirements of carrying out re
and development assignments successfully; in the casze of the Corps of Lngi
it nad been cloped through many decades of responsibility for najor con-
Struction projocts. he technical progran control was continued iwtact £
the CSHD. : tne project was operuting on a war emergency basis there wes
littie cuoenge i jadgetary requircenent !

Ja In the mzatter of fvaa- control the
procedurcs uﬂlftbd to more orthodox sovermacntal metnods.,
Tne project was fortunate during this time in that Col. ¥. D. Nichols
vno JLJVCd as District Engineer for all but the initial organicational period
had himself nac considerable research and covel onment training and exporience

and hau also tie respeonsibility for the dircction of a rescarch and development
latoratory. This background provided a basis for a firm working relationship

P Y I = R |



with the Project adninistration which might otherwise have been dificult to
aenieve.  This basic understanding becane vitally important in the transition
period arter the principal objectives of the Yrojcct aud been achicveds with
tioe cessation of hostilaties the position orf ¢he <annattan Dictrict bocane

most diflficult in tnat the directive unuer which it was operating proviusd only
for the support of activities which con.d be cffective in the Voresenth var,
The wur wes over ond witin that event tihe detailcd cpprovael of fiscal rmatters
reverved to Congresse Obviously, in tihe nationzl intercst tne Project activi-
ties could not be alloved to come to z stop. Eaouslly otvisus, hovever, was the
fact no clewr basis to continue tncn existeds This situztion gave rise to mos
of the administrative Jifficulitics existing during 1945 and the first half of
19464 By July 1946, the future pattern was clear cncuph for the faahattan [is-—
trict to approve the reorganization of the lfetzllurgical Laboratory into the
Argonne National Leboratorye However, it was only with the sipnature of tuoe
Atomic Inergy Act of 1946 by the President in August that a firm adninistrative
basis was re-cstablished.

Vith the appointment of the first Commission and the first Ceneral ifanager
and their subsecuent stunntlon of Tull operating responsibility on January 1,
1947, the Project started its career under its third government sponsorsnip.

The Commission operstion has continued the philosophy of contractor-
operation. During the 19 5-1946 transition period the over-2ll Project Oflice
anization had ceased to exist since it was founded on the existence of &
national reed which had been satisfieds A4S 2 result the Commission was fuced
with the adninistration of many independent and disconnected groups varying
widely in strength instead of the previous sitvation in which the Covarnment

sponsorship had to deal with only three WQJOr btronbly centraiived administra—
tive units. (The fourth rell by the wsyside)s Tiis had resulted in tie ceve—
iopment of a strong adaninistrative structure within the Comaission to ”CO’QCB

the old contractor sponsored project orpcnizatbion and has, tnerefore, rimite
the area of the individual contractort's respensibility. A4S a corollery to
thae contractor's filling a seguented responsibi Lity, the requirenents for cen-
trelicea scientific and technical reporting both Ior purposes of contrel and
of plenning nove increased. The reguirements for centralized technical cor-—
trol have been automctically uccomplished by the imposition of administrative
limitetions which guarantee its effectiveness On tcth scores the potentizl
contritutions of the contractor and his cper: '«g szl have been sinificuntly
reduced as a reswlt of the externsl circu t'iccs under whicn the Comnission
must operate. L urther compelling ";ctor _ewding to the same end result lies
in the necessities 1 ‘1scal and concac rozram planning for %uc»buu:y
purposes vhich cre inevitable witnhin b ¢Lori of our governnental oper
vions,. hus witnin the pattern of Cormiss unisiration, while its act;al
ns are still carried cut under tic conirzcuor sysitem, the recaonsild

: oo 181 01—
iities of the individual contractor and hiis uu,:i nave been recuced in scoue
step—by-step in response to the pressures placed upon the Comm;g5101'5 ovin

administrative st“ff by the CiTCJmSt ances Lndcr Vi
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At by the same circumstances the contractor sponsorship becomes rore impera-
tive in the maintenonce of tie scientific and technical stall cssenticl to carry
out the Cowissionts "0““ nrogran. Lhe certractor and lilc stafl 2re now enpaged

in a continmaing mutual offort with the Comniscion stuff to deveiop aaninistra-
tive procoedures ﬁthb will provide the maxirnua possible contribution on the part
of the cont1¢ tor and his steofi within the rumulrcmenbs under wnich thie Commis—
sion must olerate,

mven before tie decision to establish the Project atv the University of

Cialcepo nud been rceached, the Project administration nad bescn actively eniaged
i° recrulting necessuary additional staffs with that decision mace tids effart

was intensivicd. Spoace was acquired from the Physics Depert ent of the Univer-
sity in Pckhart Hal., the cycletron area in the old University plant depeartment
building was taken over and further spzce was obtained from the Athletic Denart—
ment under the Vest and North Stands. AU the start it was a physicists! project
and 1t was in this field that the firbt organizatioral stieps were taken. The
various research groups already cstablished moved to Chicago as reapidly as cur-
rent problems and space at Chicago would permit. ‘Whe first large scale exponen-
tizl cwveriment - an extremely powerful analytical tool invented previously ct
Columbia - wau completed at Columbia und the intensive program of cxaoneﬂtial
pile and signo pile lﬂVOotlbathDS vinich led finally to the first fission cra

reaction on Leccember 2, 1942 and then provided vuch of the critical desicn oata
for the Ciinton and Hanford piles was inaugurated at Chicego. The theorctical

analysis or the cliain reaction and 1ts control proceeded concurrently with '

these experimentdl investigotions.  £1so associated closely with tnese siudies

way the basic aesign work virected toward an evential full scale plutconiun pro-
anclng reactor. o1l of tae various other essential approcches in experinental

nuclear physics and in a wide variety of applied puysics activities were like-

wise initiated. This organizational approach by stepwise transier wnd the

nitiwtion of specific assignments leod to a mu tiplicity of physics division
‘hicn was poor Irom tae point of view of cound adainistrative pr¢ct‘ce tot
excelient in terms of the immediate technical results Qchweveda lne long term

vever, was that it was not until 1930 that it was finelly possible
ine al of tae activities inphysics into one properly constituted and co-
orcdinated physics division,

As soon as the plans for the physics work were well established imrmediszte

attention was piven to acquiring suitable engire ering support. Through the

slgtence of the top OSRD advisory comsittee such help was procured and an

ieering division estaplished early in Februery, 19L2. This group in col-

Aatoratlon witn the theoretical physiciste began tne design of a full scale

Joro cusled plutoniam produecing recctor. by Docosber, 1942 this <hvsi“n nad
ecedea o B ot Bleal, T s veady Dor review by Lhe dalont Copemy ot o 0F

Db le connlaenciione Lo Lo weaabioee o taldoseate proen e ol cnnenbeo L
able Ly the first casia reaction it was finally clear that a water cooled
reacvor a5 feasible and the theoreticzl physicists produced a basic design
for such a reactor early in January, 19L3. DuPont dccided that either design
was feasible tut thet the operating sinplicities of the weter coocled design

cooelcoland chiporimonte Wos underbalten. Uit the now information rade nvaille
4]
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ala“ly from the point of view of materials handling vwas sufficiently

vo the operating reqalh ements of the gas coolea pile that tne former

for Tinal desirn ond construction. Tlms u_u‘oAUl the steel for

Lhe pregsare vessel had ulr J“ been prociiied "oae L3t was never constructed.

The cnrlncgrlwy division immediately cshifted tec a program of ux;crlﬁunt ta
sugsport the vwatoer cooled desipne The mougl7w“ ists wito had : lre¢ cariier
by one oI tac physics divisions were transterred to tae engirncoring division

It was tuils ¢ivision which carried out the basic flow ard pressure drop studies

-
w

end the corrosion investigations prior to tne establishaent of tic flow labora-
tory at Hanford by duPont. It was also this division thuat developed tne fabrica-
tion metuods for the Hanford fuel elements end upon whose beasic work the Hane
ford canning process was developed by duPont and the division,

r nad the engineering division Leen initiated than the nagnitude

No soone
oz thc cnemlcal separations problems began to be apparent. Immcediate elfort

to a’tﬂininb the necess ary staff of gquulified chemists. Space
[‘

was obba re om the Chemistry Devartuent of the University in both Kent and
Jones leborciories. 1t was soon apgarunt that the space available was not
on.y inzcegquate tut was not properly designed for viork with radiocactive

materials. 48 a result the tenporary structure known as New Chenm uwas de-
signed and constructed on University property. It was this chemistry divi-
sion together with associated groups that worked out the chemical separations
rocess for Hanford on the basis of experiments utilizing sub-microscopic
guantitiecs of materials,

By lete spring of 1942 the desisn work on production reactors ha
gressed to the point that the theoretical physicists, with the disasty
history of ecarly X-ray fef@lities in mind, insisted on the formation o
health civision to operate as an integral part of the desim tean. Sivce
raciation hazards were already appearing in cernnection witn the chedet

studies and since the radiation from an operating reactor and from the materials
irradiated within such a reactor which lzter had to undergo chemic al proce
ing woulc be meny orders of magnitude greater than the radiation lLeve

vhich there was any experience, such a division was o“‘ ized ond staf
medicel men experienced in radiotheracy wund with biologists and b :
; experience suitable for work in radiobiology. Tnis division

t the time thst pressure for additional engineering space"ua
s a *esult the Laboratory took over & University i

as 2 bottling woirks and the renzinder as &
e renovatea and expandec «1ta tencorary conshructicn.

¢ nealth cdlvisilon, tie netallurgy section and certain phases of
3nﬂ*neeriqg work moved into '“the Brewery", Site 5. It vas
sion vhich estublisned the initial pernissive doses votn oz

i \1cn and for internzl radiozctive emitvers. It nas also been
for a continuous survey of tie toxicity of the many new elements
sly had been cnenical curiosities but which bpcgme coxmon project

With the formation of the health division the basic organizational frame—
vork of the i'etallurgical Laboratory was completed. After that time the
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organizational problems within the Laberatory were problems of expancion, of
contraction duc to the transfer of personnel to other Projcct activitios and
eventually, the problems or transition from emergoency status to stabllivy.

rasr 1t
\u., V]

Cecane

pven before the Laboratory orgmization was well unw
evident thal the original ideal of a gingle central laboraiory was inadeguates
when the problaem of tronsfer of the cnemical activitics ot tihe Unlvercity
California to Chiczgo was undertaken it was found that for various reasons
only part of tnis, the most skilled group in the fieldscould be trenslerred.
Those remaining would have adequate facilities and it was obvious that they
should be inciuded in the project.

At the sane time a similar situation arose with respect to the proccduction
of pure uranium metal. The Project administration realizing that the major
btottleneck in achieving success lay in the procurement of zdeguate quantities
of graphite and of uranium metal of the nece essary extreme purity had pusaed

forward to establish industrial production of these materizls. Success in

this direction with graphite was immedizcte but with uranium metal the situa—
tion was obviously going to be difficuli. Oxide of the necessarJ purity was
achieved by inducing the ifallinckrodt Ciiemical Works to scale up a latoratory
procedure to a production operation which they accomplished in a natter of veeks.
The trensformation of the oxide into metal on a production scale was another
rmatter., 1t was then discovered that gualified man-power and certain of the

necessary experimental facilities which could be used in solving this problem
were available at Iova State College at Ames, Iowa. Since neither personnel
nor racililtics were available at Ch;cavo it was again obvious that the rroject
should extend beyond the central latoratory.

Consequently, the ietallurpical Laboratory was placed under the adminis-
trotion of & Latoratory Director and a lictaliurgical Project Office was es
tablished with Dr. Compton as Project Director. It was ciear to the University
adninistration that subcontracts from one university to another would be un-
atisractory. Consequently, the Project ULLlyO arranged for prime contracts
between the CSxD and later the ilanhattan District znd these so called out-lying
universities. The scmblance of autnority which the rroject Office posseosed
v.as that the University of Chicago prinse contract colied for the contractor
"o do all things necessary for the design of a production plang.”
soclated laboratory did not produce the resulits cxpected of it
that the central laboratory vould be regiired oo duplicate the
fupl'LE;Cb na cessaly'to produce the resulis under its own mana.c
ltnation never arose. The mork PIOSTams anG ondisis X
units were dravn up in cellcboration with tae adninistration of
T
be)

e

put in final Zora in the Pro]eot Office nd tieon forvarded to the administra-
tions of the various Project's units for tronsiitbtel throupgh their repular
contractural chanrels to the 0SRD or later to the Manhattan District for of-
ficiel zction,

The scientific and technical coordination of the various diverse elements

within the detallurgical Izboratory itself had led to the formation of a central

v AR NRAA T
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planming committoee consisting of the Laboratory'!s key scicntific and techni-
cal personnel. In these comittee meetings, held weekly b the start, then
biweekly ind Yirally as the work erystallizcd at monthly irntervals, the arecas
£ egreement and divergence were quickly esteblished and the technical baois
upon vhlen these were based were throuphly explored. After each meeting cach
division dirccior did exactly as he plezsed bub he did it in the lisht of wnat
the othiers hua aiscovered and witn the mowvledye that his own point of view
' susject to the most critical review in the light of ner cate at the
ir 0 petter system of coordination in view of the hich coapetence
ol 1de, and the scientific integrity of the key staff could
concelivably hove been deviseds Under this procedure the rProject procured the
3 clentific and technical orxivinality, planning and execution from
stall menber and they in turn were careful to utilize their own
personnel to tic best possible advantaie.

F
N
!l

when the devallurgical Project was formed the key stari of the new as—
sociated units were added to the central plenning comzitiee. Each unit then
operatea as 1f 1t were an integral part of the central Latoratory.

~
Park Dlatrlct, Cook uounty’Foreb+ Dr 3S& rve. Tris site wes
Lt provided real isolation for the chain rezection shudies
and yet w atively close to the University campus. lihen the first cile
(CP~1) was moved to its new location and rebuilt as CP=2, the new facility
was cailed the irgonne Laboratory and vias considered as an indepencent unit
within the Project although its badget was combined with that of the “etal iur—
gical Laboratory since both were operated under the same Prime contract.

(@]

e metzl lurgical problems increased Bettelle Jemorial I t itute at
Ohlo was added to the Project and later anotner "etallhr cal group
; husetts Institute of Technology.

3y April of 19L2 the Project administration was so convinced of success
that 1t Lepan o cearch for a suitable site ior a production plant, It vas
felt at that time tnat the Argomne site could be used for necessary silot
pla emi-worxks facilities. As a result of the search the Projzet re-
™ TonD in Way, 19L2 unu acquisition of tihe "Elsa site” nsar
sce, now Oak Ridge. By mid-sumner the plunning for the silob
¢.l along and some consideration was being given to z sossible
s Instaliztion. ihen it was proposed to corstrucht thiese in
area the 85nb executive comittee refused its gpproval beco.se

v ciharacter of hign level pile cperations and because of
waty of the Chicapo metropolitan arca. They directed tnot Sie
; ¢s be construected at the Quak -»Lut ¢ 3ite wnleh was then in process
b ;c:ngit;on by the Corps of Ingineers., Lne Project was thus faced vith the
accessity of organlizing and stafling a new and najor focility. The nelp of
the duPont Compony was obtained to aid in the final engineering design of the

5

facilities and ascume responsibility for their construction. The Univers sity ©
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Chicapo was requested to act as operting contractor for the new installatioc
both on the basis ot the previously presented considerations and because the
operations or wnit would of nceessity be ClOley inveprated With trose

or Lhe rost Usiﬂ; tne name of the neerest town tne new organiza~

vion was called Lthe Ciinton laboratorics. 4 laborabtory director was appoicted
nd tue o0 uni lon of stall to operave the now racilities was Legun. The

5LLIT @t the Mebaliurgical Laboratory viere ot firot incistent thuat the work

at Cilrton Lavoratories be wider the aaministration of tae division directurs

in Chicaro L;tl the scientific leaders ot the new Llaboratory scrving as section
cniefs in the Chicago divisions 1t was obvious to the contrector and to i
sroject \i;lce that such an admln strative wriranguaent would gﬂ?"ﬁte' & posSi-

1on of ofiicial subservicnce to all meabers of tie new orpanizati 2T
thereiore, the problens of stuffing would be insuperable wid Lk)sc of genc
crerating requirements impossible of sclution. This vas the wmore emphaticzlly
true since the major responsibilities of the now laboratory were to be prinarily
cevelopaantal in cnaracter which meant that strict adherence to tight uﬁm
scirecules would be of the essence in the new operctions. After a major admin-
istrative struggle the decision to establish the Clinten Laboratories as an
independent unit within the Metallurgical Project was accepted. With this
decision finally determined the problem of persuading the necessary scientific
cand technical staff to transfer to Oak Lidge was covsiderably simplified. The
facilities vere completed during the lati summer and 21l of 1943 and as repidly
as they were ready for occupancy staff were transierred.

The over-z2ll staffing problem was fMarther simplified since the duPont
Company zlsc tranferred to Clinton paboratories nany of their cvn technical and
ope.ating stafl who were to be eventually zssigned to Hanford. These pecsonnel
not only assisted in the Clinton operations but slsc received thelr prelirinary
training in Project operztions prior to cSS”WLnb tneir Hanford resronsibilities.

The new pile began operation in November, 1543 and operaticn of the chemical
separations facilities was started in late December, Clinton Laboratories wet
taeir Project obligations on schedule. “he required quantities of ,plutoniw
‘ere produced, chemiceally sgparated and aelivered to Los alamos as proaised,
The necessary scale-up and process infornation nezded by dulont for tne Henford

was obtuined according to the establisned time tabie.

By the suzner of 194 tne center of interest nad definitely shilfted to
J N Iy
Harnicrds fthe btul;u gica ra ad replac ne stafi trensferred wo
Clinton lekorausries cna Ll ta Lere at r“ul« szrcncth
I )
. 4 " S

uorking ou

desperatel] yoss¢b1e oper t ng
Vise metho n: aing then Then come
1 the [‘cvallur: eboravory ond Clinvon Laboratories to
H -up. Qhe first resctor e un its operations in Septerber of
1954 ne C%L“lcul Separations plant ngan its delivery of pure secarated
pluto to Los Alamos in January, 17.5. Tne plant as a whole operated nore
successully tnan could have been hoped ror and tae anticipated fatal &iffical-
ties faiied to arise.  The froject!'s task was completed.
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Taen foliovwed thic period of trensition. 7The Jroject UOffice as @n ofiicial
administrative device ceased to function. .o an advisory unit it remained
until tne reovromisation of the hLetallur icul atoratory as the Argonne lacional
Latoratory on July 1, 19.C. Lach of the Project units wenb ivo own vz end

ctbempted the solntion of ity ovn problems. Clinbton hdbdr :tories alone acd afairly

clear caxtwﬂviﬂi recponsibility.  In addivion to the neo
srocess development studics in support of dunfora it iad t
large scule production of radiocactive isotcpes For researc d 1n

USCe  Tnis was, however, primarily an incustrial not a re sca:cn obje

and, therciore, outside the area in waich the University of Cihicaro
timie to opersite. Thne University asked to be relieved of its cortr;

‘Q

Yor C‘J’xu.L Al.&.q :

responsibilitics Ior the Clinton operations. The donsanto Chenical C
agreed to assune the contractual responsibilities provided it could r»:
a strong reseorci and development program in support of its iuotope production

- !
activities. 7Tiis was approved and the contract was transierrca from the

i
University or Chicago to the Monsanto Chemical Comwany on July 1, 1%45. The
University had achieved another of its cbjectives and had broubnc to snccessful

conclusicn arother of its contractusl resronsibilities.

In the meantine the 'letallurgical Laboratory was attemsting to chart its
future course. As ithe result of an intensive stndy a proposal was presarcd
providing for its reorganization into = rnational l“boratorj undes Lhie spOnSOr—
ship of all of the principal universities and research lﬂStltuth“S of the 1c-
i'ests This prceposal was referred to a committes of leadﬁﬂg scientiste of the
region who studied it in detail, made wvarious modifications and rccomm:Adel
that tihe University of Chiccgo act only as one of the group of sponsors as
es determinstion of the scientific and tectnical prograns and po‘*~%es of

new laboratory wis concerned, but that it be retein cd as tne contractor z:
as the business operations were concerned. They made taeir recomasncaibions
the lanhattan vistrict who obtained E)e agrecaent of the University of Chi
Yo serve in the cepacity outlined. With this g recment the proposal was s
sitted to reprecentatives of the universities and rescarch institutions cone

cerned and roviried by thiem. The necessary contractual. supplements were
arranged and argonne National Laborat ory began its official existence under
the new orgenization on July 1, 19ub.

-7

1lere nad been essentially no attempt during the period from the first
zation of the Laboratory in January, 1942 uatil July, 1945 to reallyw
appLy the principles of sound organization o tho structurce of

the Lavoraicry.
Durirg the transition period the mejor adwministrative effort had Lo be ex—
pended p”lm rily on a holaing action. 46 little s possible in the vay of
reorpanization (ith its attendant upset was attempltede  Fowever, the transiors
ol perso uvl w- Hanford in the swamer of 1944, & -siailar transfer thot Tadl of
a largs nanber oi pﬂjulCLatb ano CLG&;Ub to Los nlamos, t“y transfer of anovner

that opecration becane stablllaed tObvthCT with tﬂb ln _erable loscses to

ties cad ind“stry as a result of the uncertainties of the letaliursical
Laboratory's future did automatically rectiflly certain organizational problems.
The establisnment of Argonne National Laboratory consisted largely of the

e ma mma
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&blluh.(ﬂt of the old Laboratory orpganiszation undﬁr a ndd name.. The
ions of the preceding four and one-holf years were still too strong to
be lishtly sob wsides Oufrficient chances nad been made during 1745, hovever,

i aining M’ruc:turo wlth minor changes whicn could be gracuazlly
cohloved vivhont sorious disturbance vwould have provided a satisfachory or-
oanzoational SMeOTK wvtvlﬂ vhich to opercte had tne original objectives
of a LuLO-JLv"” primarily of research cioaracter been revainoed.

4
O
o
t—‘v'
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Such was not to be tne case, however. On January 1, 1948 the Commission
anrnounced thut 1t had designated the Argonne Hational uauOLatory as 1t:s
principal reacteor developnent center. 45 part of this move certain reactor
work was transferred bodily from Oak fidoe Hational Laboratory to Arponnc.
Cooperative responsibility and certain cctusl desipgn work for the aborials
Testing Reactor were thus transferred. The FVaval ue¢ctor growox‘as trans-—
planted en mosse together with the responsibility for th successiul opera—

P

n

1,

tion on an imeortant assipnment. Once a;ain the dLorato j was feced with a
situation in wihich perconnel problems were more vitel than principies of

sound organization. The continued active interest and initiative of this

group wes essential if the objective of the constructicn of a naval reactor

were to ve achileved on schedule., In order to maintain wnat was left of its

badly shaken morale tiids group wereessentially occluded within the orpanization—

al  structure of the Latoratory as a single unit. This had led once grain
to serious organizational anomalies, cduplication of effort and inefficiency
in the utilization of technical man-power. The ground-work for & non-disruptive

charnge hus now been laid end the Laboratory adninistration is now engzged in
formulating a general plan of organization for the scientific and technical
work of the Laboratory in order to eliminate the organizational irreguiarities
still present. It is anticipated that this change will be completed by the
end of the present fiscal year.

vwith its deVzlopnewt of proposals Jor 1ts Mmitare or:
ry began an analysis of its needs for fature fgciii
in in its campus laborztories because they were &ll s
& :r 1 rsity buildings which were requlred for norazl Unive sl‘
oparatlons or in U emporary st:uvtdwﬂc wnicn conid not be maintained T
ciarble. poriod of tines The possibility of vermanent occupancy oI the
c¥nlored v1tn the Forest * oificials first by tne
xnd later by the Adtcomic Lners mmission and 1n cach case

¥ rejected, & new site selected in duPage
dies from the Pelos Purk fa ¢3 and planning
s starved, This Was 2 major tasd wnd had gakien a sig
Lonoraboryts administirative oifort.  Thds plonning ood
¥ootuion uru:gr..‘z;y vaen the decision to molie Argonnce the
Soreacuer center was nouc.  Gne ol the conditions wnlch the latora-

sentou 8o c;pcntia; 15 it were to serve in the newly designabed caznezity

1
11T ¥ cifectiveness was ¢ provision by the Coanission of permanent foei-
lities realiy wdequate to Jtut tae needs of Line Latoratory'!s greatly increased

responsibilities. Such facilities were promised. In order to meet the imaediate
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rcqu T “nts involved in the transfer of perconnel from Oak Ridpge certein
ten Yy structures were proposed wiilch could later scrve to sunply the
o “*nt for space for cxperimentol c“wihlv.lr" viork.  The

\“,

villdivgs in thoe Last frca of the caPace site were bulli to aced

il enanive IN the meantisne the deoiin of the facilities for the

area Was continued, n:ccguu:y ivect engline er worlk carricd cut and
broy;ration and Lullding construction undertaken. Tae Eust Area

¢ iere occupied during the fall and winter of 1948-LY and occupancy
of the pc" anent Vest firca buildines 1u undermuy at tne present tine. By
sumner of 1952 all of the activiiles of the Laborat will have been meved
to the cdurzage site with the exception of the Qkpcrlh&nuuL vork utilizing the
old Falos reactors wihich cannot be transferred until the new rescarch reactor
is complcted sounetime late in the fall of 1952,

N

The developument of the service and busiress adninistration of the Latora-
tory hus parzlleled that of its technical orpa izetion. Immediziely upon its
orgarization in January, 1942, the Laboratory assuned thie responsibtiliity for
hancling its own technical informeation activities. It likewise assumed res—
pOﬂsibility'for its personnel operations at an early date. Shortly thereafter

ith the sistance of the University it established its ovmn procurexent ser-
vice. it the start iis accounting was zll handled directly by the University

G

but as the Laboratory graow the volume of work increased to the point that it
was necessary for the Laboratory to establish its own accounting department
overating wnder the control of the Universitiy. It then tool cver the rzsconsi-
bility for the supervision of its own guard force. The next »xp;r ion in
operating activities came with tne Laboratory's acceptance from th Ianhattan
District of tne responsipility for motor pool operations and for tne meinten-
ance of all property records. One aiter another 211 of the business activities
escential to the Laboratory's operations nave been taken over until zt the
present time the Laboratory has become essentizlly self sufiicient in the busi-
ness areca.

£s iong zs the Labtoratory maintained the status of a "rentert i S re=
quirenents for plant assistance were modest. <fhe first break in the Yrenter®
role cene With the establishaent of the oripinal Argonne laboratory in rPalos
P;-n. Zere for the first time the need arose for )1 vlunt service. In
Thls case the requireacnts were on o relatively smslil scale because the unit

1

/ were readlily absorbed vithin the structure of
Orgcanization. E“$n came the desipgn and construction
[ N W site in durave County. Here

regaarenents fell In Jonerali o
slerion, nowever, tae nec i

5

n2 121
was ;HVLL and consequent
& service
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TLC new stoucitul Lus o dadiien uL,uvle woon vne plant aepart-

cnelsS nang ert's Oifices  itn tne e ‘er to bh cu?akc site

Letion the full magnitide o tie icuad upon plant operations is

ubJu\oH-“;, inciuding the actual tallding nuintenance, thc u**llzles Lnage-
ment, the stean plant, water plant and scugpge plant operations topcbiaer with

road and 3700 ageree of grounds maintenance. _xcept {or acute muan-pover
shortages arising from inexperiencein estisating operating requircaents tvoe

€ars o when the bodget was establisned, the new responsibilities lhave been
d smoothly and effectively. Lnc move to tne dulage site has coincided
ncrcased emphasis on the develonmental progran of the Laboratory which

G
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in turn Las placed still further increased demands on the plant desarteent
for the contirmal plant change ond minor construction operations characiorise—
tic o such activities making the severe plund deperiment man-; ower chortages
aven mole acute. A simitarly increasced load has been exporienced in tie
central sa0p85 due to this increcse in developuental work.

Finally, the move to tic new site has nmarkedly increased tlie lozd on the
transportation and comdlgudry departments, rosponsibilitics again teken in
Stlite, »1ith cach assumption of naw administrative or scrvice functions the
ratio of scientific and technical staff employces to scrvice wnd auninistra—
tive employces decreases. The requirensent for isolation with cttendant ooime
plete scli sufticiency inevitably results in such a lowered ratio with conse-
quent aish overicad. The security requirements make this even more trae by
lorgery climinating the possibilitics of obtaining temporary help. The oc-
cupancy of the new facilities and the move to the new site from the University
campus 1s now et 1ts peak and the re-adjustments of the administrative staff
to meel the requirements of operations under the new conditions are presently
at mexinum flux. The change in status of the Laboratory from that of renter"
to that of "householder" . with its attendant multiplication of administrative
problems has been carried out sc far chceosfu&Ly by the contractor and the
Laboratory within their owm resources. TFurther changes will be reqiired be-

fore a stable organization is achieved and certain of these are now in process.

As an indication of the magnitude of the administrative responsibilities
involved tn following review of personnel statistics for the Project is of

interest. he figures are only aporoxirate. It are the best readily availe
able. In lizrch of 19L2 the total personnel at the Laboratory numbered zbout

50 indivigduals of whom some 30 were scientific staff. By January of 15.3
there were azbout 500 people on the payroll of whom roughly half were scientific
steffs During the carly summer of 1943 the total payroll had increased to a
fizure in the nblgnborhood of 1500 with some 500 of these being scientifi
stail menbers, During late sunmer and autumn of 1943 the Laboratory‘trans”e““ed
rge mamoper of staff from all of its divisions to Oak kidge to serve as the
eus of Uue technical staff for tne C.inton Laboratories. By Noveaber c
tne“e&bre, tiie staff of the daborﬁuory nad decreased to approxinzately 500
ns on the cayroll of whom roughly 450 were technical staff. The ratora-
ory ggein began retullding its forces and by July of 19LL the totzl nusnter of
nuividuals in the Laboratory was spproximately 2000 of whem €00 represented
sclentific stells During the suamcr end fall of 1SLL the rzboratory trens-
Terred ¢ feirly large nuwaber of its cuafrl to the dulont orgsnization at Han
tec asuist in tae sturt-uu of tne Hanford operations. Furtinermore, in tne fzll
o be £ a

=+
v
o
4

w©
*S I
O -

0
[

U ctg

&
S Z0LL o coneiderable proup of tae remeining scientific staff vere T
) ] at its urgent reguest to zid in the final stages of the bomb
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S
9] @ is lert the Laboratory on Januvary 1, 19LS with aoproximabely 1500
cn tihe ~ayrsll of whom LOC wvere scientific Stgl¢. The decrease in Laboratory
stalf

worat
sontinued throughout 1945 and tre first half of 1945 until the total num—
ter of personnel as of July 1, 1916 was approximately 1200 of vhom in the
nelgavorhcod of 250 reprosented scientific staff. At this time the iletallurgical
Laboratory wes reorganized as the Arponne Wational Laboratory with a permanent
status and the personnel has increesed since that time until September of 1951
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vhen the total munber of personmel on tne wayirell is 2500 of wrica r;véhly
o0 are sciontific staff. Clinvon Laloratories starting with the initlzal
staly transgerrud from the betallurgicald Iwb*“"U01" and p‘ppl%ﬂcntcd Ly
Losned by durfont giow Lo 1ts z¢ of some 2500 percons on
the POl in thre late sumoner of 1944e In &dGLOLOH to the ctafls el the
cobiliwrsicsl Laboratory, the Arponne Forest Latoratory ond tne Cl;n?cn
Lacordvorlpo LiCre were some 200—300 ccientific staff enpgagzed on pgogcct
vork in the raboratorics st the University of Cetifornia, at Iowa State Col-

onnge

perss

lege, dmes, Iowa, abt Battelle tiemorial Ins ituta, Columbus, Chio, at llasszecausetts
- b ] -1 ~ ) ‘ ‘
Irstitute of Technolopy and in several small groups at varlous other universities.
Cne itenm of 1“1tlcuiar interest should be 05““01" 1y noted. tuae to the many

crs of personnel {ronm the Laboratory there is SC&TCCLY single

ic encrgy installation wvidcen does not number scveral stall members

5 ons who received tneir intrcduction to and their b951c training
omic cnergy business ab the ietal lurgical Laboratory. *his service
in itself has provided a major contribution to the over-zll atomic energy
program. Viith the Laboratoryls "loaned dnploype”.tralglnb methed this is also
a continuing product of the Laborateory's normal operationse.

To su,.qr;ze its adninistrative acuievements under the sponsorsaip of
the University of Ciicago, the Project began its operations Janua v of 19.2
witn group of some 50 physicists, highly competent tut vith widely diverse
poirts of view and bound together only by enunshakable belief in the urgent

m

necessity of acnieving success in the development of an atomic wea non ovafore
the encnles of the Nation had attained a similar objective. 4in organization
designed primarly to accommodcte the personalities of the scientific saff
involved was developed and the additional st aff regquired to carry the Project
a successlul conclusion was procured. A technicue of project operations
trasted with the central laboratory operztions was devised and man—JCwer

168 Olherwise unavallable placed into active ard productive service.
requirements for experimental ngntltleg of plutorium a2 pilot
ol reactor and the associated cnemical
b@!

5 "tLon or ccesdes ”gre
17 site at Oak Ridge, Tennessec was sel

2
completed in collaboration with the duPfeont Co 10ENY, tne facilities
5> énd a new Laboratory 1r°t;ll;tlon, Clinton Laboratories, vas
;ed und placed in opersztion. The drain on the L borutor"‘q personnes
ed tna 1ts responsibilities in connection L¢th the deslign ¢f the
Tacilities at Hanford were corriced to a successfl conclusion.
ire t:; in this operation was the transfer of trained personnel Lo tihe
Caront Cempeany at Hanford Tor assistance with the actual start-up of the tro-
CaCTion operaticn. Shortly aftervard, additional traincd personnel were trans-—
ferrce to Los nlamos to asaist in tae final stages of the bomb design work.
Laring tle unsebtled period from Janmuary of 19,9 until July 1, 19L5 the
Latoratory was held tosether pending final decision concerning its future, The
total nersonnel ;nv07ved in the Project operations increased from some S0 in
iarca of 19L2 to a total of approximately 5000 under tne direct administration
£ the University in the swmier of 1944L. This number decrecased rapidly waith
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the above transfers both from the .letalliurgical Laboratory and from the
Clinton Laboratories. On July 1, 1945 the Clinton
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Laboratories worc turned over to an industrial operator, the Moncanto Chemical
Company. In July of 1946 the University accepted the rosponsibility for the
busioss adwxn stration of Arponne laticnal Luboratory, the newly reorganized
ccast ol the old ‘etallurgical Laborsuicry. In the Plan of O ~<ﬂi°ation
tatenent of Jperating Policy of Arconne datlonal Laboratory adouted 2%
i 1t vias clearly indicated tico the Universityls sctivities were 1o
;od Lo purcly adninistrative woiverc. 4 poard of Covernors clected
Uiulﬂ" Institutions vas to have the responsibility for the scientific
icul puidance or the Laboratory. “he Commission action on Januery 1,
1bnati"x”r the Laboratory as its principal reactor center changsed the
: Sibl ities of the Laboratory significantly. The reactor development
ivities vere expanded many fold and two groups of perconnel were transferred
to the Laboravory from Cak Ridpe Mationol Laboratory. The first of these was
mal > assoclated with tae ilaterials Testing heactor work for wiich the
Leboratory assuned a cooperative responsibility with Qak Ridge kebtional izbora-
tory. The second was the major group associcted with the “aval Reactor pro-
ject ror which activity the Laboratory cssumed full responsibility. The growth
of its responsibilities for the prosccution of major development zctivities
€0 changed the character of the Laboratory's operations that its organizational
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superstructure, in particular the role of the Board of Governors becanc obtviously

inoperable and as a result was subjected to critical review curing 1950-5l.
This restudy resulted in pointing out the impessibility of the Loard's Dllylng
cdefinitive role in determining the cver-all Laboratory program. 4t the same
tine 1t clarified the area ofi active Participating Institution interest =3
defined the function of the former Loard in this new relationship. 4 docunent
7as prepared and approved by the representatives of the Participating Institu-
tions formalizing this new agreement in :ay, 1J5l. At present, therefore, the
University of Chicago holds full contractual responsibility for the operations
of the Labvoratory for the first time since its reorganization in 19556, In
spite of the problems created by the wncertainties of the transition perica,
by the sudden increase in program responsibilities due 1o wtg VLSLQu“g-On &s
principal reactor center, by the neavy loazd of zdiitional re Sponsitiiitli

!‘.',

e
entailed in tne Laboratory's major coastructiion program, and by the existence
of the inocerable or;anlagtlona¢ JLNCVSL-uCu;F‘ in wilen primary =ﬂmin*s‘-

tive resson
n

i1lities were Slgﬁp& to
in nunmbers buu nore sSi
¢ or 1ts starf durlrg T
L o some 1100 in July of 1746
oo thie tecnnical starl increasi
Lcudaer imporwvance 1s tie T
enbers of the toeonn

ersity and incdusiricr
50 been podsivle to atiroct

o

vy board, the Laboratory u:z

in tns sclientific and Teciini-

¢JH‘oxiua*677 2500

Laborstory nas evolvedw into
and L\*FLAL_J conpetent research ano developient tean cguaole of

N

roblen in the arca of its scientific and technical responsibilities v
Tident effcctiven 58. ihile still requiring increased strength in o Tevr reas
in order to attain proper balance, the Laboratory is none the iess capable of
assuning major undertakings and discharyping its responsibilities rapidly and
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and successfully. It has do- O.ubfu+uq’ in cadition, its obility to vork ef-
feelively on cooperative o Jects with inductricl co-purtners vrnere the
naboratory's ospons ibilitvy llpu I the origination ond basic decoiyn of now
Trojects vhile the irdustrial contracter is responsible for the detailed
cngincering, construction and opbr4tlon of tne resulting facilitics, 14 is
Tar cry Irem the smull dis organized and adulnistratively incxpericncod
grovp wnich constituted the Croject on Jaruury 1, 19L2 o the zssured oie
ctlvcnpbs of Argonne Natiornal Latoratory in 1951. Only the unquenchable
QUSluam of the staff and its unshakeable belief in the over-riding value
of iceas have remained unalterable Liaroughout the hl“uOTf of the Laborztory.
¥ar bevond matters of organizationczl structure, adminictrative effectiven ess,
acequacy of facilities, uuCe, it 1s tnese quelities, increasingly apuarant and
increasingly vitzl as the Labor atory has gaincd the strength and stability of
maturity, thet combined with high scientific and uccnrlcul ability provide the
Commission idith its best guarantee of continuing achievement on the part of
Argonne National Laboratory,

PR TST—
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SUMITATIY OF SCTENTIFTC AND TECHMTCAYL, ACHTRVEMENTS

Tt is not the intention to prozent in this report a complete scientific
and technicsl record of the Laboratory. Such o presontalion would roguires
detaile b disennsion ol the technical interpretation and milicance ol the
rosulis of 13torally hwwvireds of rescarch and developmerntsl prorroas,  AS
indicative of the mayynitude of the Liboratory's acconplishments one neod
enly retfor to the Plutoniva Project Hecord wihrich presents the resuits of

ne of the roccarch conducted on the Netzllurpgicel Project throupn 1945.
The nine velumcs wihich have been issucd to date consist of 7,151 paizs of
wiciagssiried and 951 pages of clussificd rescarch papers and roscarch Sum-
marices. A majority of these vapers are devotad to rescarch conducted at the
Laboratory. Wor does this represent the sum and cubstance of the Laborato ry’s
clrforts, for nu of' the research programs and most of the developnent and
engdnoeering projects are not coversd in the Plutoniunm Project Record, and,
furthermere, the work of the Laboratory since 194Y is rot toucned at all.

It is therefore the intent, in this necessarily limited summary, to present a
broad picture of the work of the Laboratory with emphasis on those programs
which have contributed materially to the Solhu*on of specific needs of the
Nation's atomic energy program. TFor additionzl information reference should be
made to the Plutonium Project Rpcord to the several thousand Laboratory
reports and to the hundreds of open literzture publications.

D
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For the zresent purpose it is convenient to divide the work of the
Laboratory intce the fo“TO”ﬁng categories: reactor development, materials
development, c2paration process development, basic and anrlied ressarch in
the physical sciences, basic and applied resezrch in the biological sciences,
Cf course, any such division is somevhat arbitrary as it must be in any larze
and organic rescarch and development program. As the objectives of any
program are changed or modified by additional knowledge, vhat is nominzlliy
basic research one moment may become development work or even a production
activity the next.

b,

Reactor Develogpnent

From its inception in January 1942 the lietallurgical Laboratory had as
its primary ru:ﬁ©ﬂulslliuy the researcn znd development pertinent to the
program.  The Argonne National Lavoratory which su ded

c

Laboratory has continuzd to carry this responsibilivy,

vy the Commission in January 1948 as its orlnc*u 1 reacter
né

mce for +ﬁc success ol the reactor program initiszted under
inucd uy the other it is only “pcessary to cite the fact that
s have played a major role, in sonme instances an exclusive
leading ultimately to ine LO?LC”uCtlu“ of a majority of ihe
in this country; the remeinder have 211 been desiznzd and
d the direction of personnel who acquired their reactor
the dietallurgical Project. Twven today when the Nation's
to

exnerivnce on
rcactor v include muny new orpanizations wo
on a nurber of new reactors, the Laboratory is directly responsible for or
associazted directly with a majority of the reuactor projects approved for
construction. Of the reactors in the study or preliminary design stage

—_———
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several arc assigned directly to the Laboratory's own prozram and it ic
actiny as consuliant to several of thoe romaining projocis. Vith no intent
to belitile the major contributions made by vtbvr ARC instzllations, it
still true that up to the present time the Nollon's roactor prosress has been
largely o rodlection of the nrepress ;chiovcd uy the detallurgical Laboratory
and by the Argonne National Laboratory

pas

The First Chain Reacting Pile {CP-1). The only pocsible cxperimental
approach to the rirst practical demonsiration of & self-sustaining chain
reaction wag tnrou(h the medium of intermediate exponential Lxr,rllvnuJ
involving the use of an auxiliary source of necutrons. These exponontia
experiments Jhou 1t pcssible to estimate the magnitude of the vuarious para-

meters affc ting the “multiplication constant', the factor which most conven-
iently reprosents the ability of a reactor to become self-pronagating. After
prcllm;narv experi nts at Columbia in 1941, an intensive program of exgeri-
ments of this nature -was. carried cut at Chicago. The end rpuult was that in
June of 1952 = ”multlplic tion constant! siightly greater than 1.0 was

observed at Chicago, thus indicating, for the first time in history, th

DD

at
a self-sustaining chain reaction was scientifically possible. The problem
then became one of obtaining adequate q iantities of sufficiently pure materials
to construct & unit which would be large erough to become completely self-
sustaining. Deceoubar 2, 1942 marked tqQ date that the first self- ustainlng
pile, CP-1, (Chicago P*Le, numoer one), first began operation in the Vest

Stands of Stagg Field on the University of Chicago campus. On this date
atomic energy oificially came of age., (Subsequently CP-1 was moved to the
Argonne site and given the designation CP-2, It is still in operation and is

continuing to play a vital role in reactor development.)

Tie Clinton and Hanford Reactors. The cxistcnce of the CP-2 r
an experiment itsell, made possible the aprronriate experiments n

lay the foundations of reactor theory and rcactor tpCAxolO"V i
Xperience gained from CP-2 as background, the ¢ 114.”*cal Labo
hicazo began almost siv tangously the dc:' preduciion
anlor

q and the Les dﬂlbn was to
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v
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p“le at Clinton Lo

& trai the Hanford rputhA : el as
the 71 olutenium vitelly nc Tor C”bm;Cﬂq anda
studice occrated, air-cooled S

ol nee
Clinton wa
C

[ P P el
[0y the asis of dosi

' e b d at Cnicap
plle was opera cago perseonnel tron the Clinton
torics at Cuk 71”3' The Mbtw*luww;c L1 ;ukuf, rroat CJLL&/O oS

LN

for all the rocearch and development work,
studies, and Tor much of the basic desirn in?
p Lo

- N T <
Loof thoe busic
n

1o atiendont to
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construction of the graghite-moderated, watcr-coolsd plutonium produciion
] { ord tructed and subscouently onsrated by the duPont Conm NG
ot ¥

cons
¢ ¢till in tull production and, topether with the two ossen—
ct

i n ors which were subsequently constructed by the Goeneral
Bl ric Conpany at Hanford, have produced greater than 99% of the Wation's
plutonium supoly.
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The First Heavy ¥Water Pile (CF=3), 1In order to obtain experimental
silities nubuusxry for further studies pertinent to reactor- theory and
clear science, and to investigate the tachrolopical features of a ncavy-
vater pile, the first heavy vater-noderated and cooled pile (CP-3) vas decizned
G constructed completely Ly Chica o personnel at the Arponne site in 190l,

ile, vhiich in itsclf was a rcactor P“Ucrlmcnt, was used lor thousands
car experiments botween 19LL and 1950 In addition basic reactor
enZineering data were obtained on the CﬂdflCuﬁriStiCS of a heavy water pile,
In 1950 the natural uranium fucl was replaced with enriched uranium to sive
higher neutron fluxes and the pile (CP-3') is once more in operation.

-} In 1945 - 1946 the Laboratory
nt work vnich ultimately led to the
CiCuOL, the first reactor designcd to
cemonst ility of producing mere fissionable material han is
consumed in the chaln reaction. This reactor is designed to operate in the
Tast neutron region in distinction to all other existing and contemplated
reactors with the exception of the small Los Alamos fast reactor. One other
important and novel Teature is the use of ligu sodiwn-notassium alloy as the
coolant. Thls reactor has besen built at nrgonﬁe and installed by Arzonne
personnel at the Arco Reactor Test Station. Tt has rec cently been broa"nt to
criticzlity and should ve in operation very saortly by Argonne as a reactor

experiment to investigate the potentialities of breeding and of tnc use of
liquid-metzal pile coolants. The actuzl demonstration of brecding would be
the most important event of long range Sl”D‘flC”FCG in the Nation's reactor
program since the first self-sustaining chain reaction was demonstrated in
Stagg Field. The experience gained with liguid metals will be of graat imoor-

tance to the rcactor power program since szverzl of the power reactorcs under
censideration for the future contemplate the use of liquid metal coolants

7]

2
& fecture vhich was first suggested and investi gated by Metallurgical Laboratory
personnel in 19L2 and later reduced to full engineering practice by tn
original A ¢ Lal 2to

Moy .
tne pover de soace rest c
mow proolens. to meet the very stringent
desired, it hzag ecessary to develop a
element vl s of a zirconium-clad waniun
alicy. The developrment work at thc Lo s led to the Shipboard Thermal
Heactor, lLari I, *nich 1s now under cons at the Arco Reactor Test
Station by the ° €ot beo4sc “1 ctrlc This specific reactor has
ib
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Tor the necessury researcnh and developmcnt, many of the engineering ctudies,

and tho conceplual and preliminary dgu‘bw Viestinghouse nags had tue respon-

51L11ity Jor the detuiled design, Lhe neavy cngincering, and the construction
and operation of the reactor.

At the present tine the Laboratory is proceeding with the investigation
of the additional problems faced in the Mark IT roactor, the first rcactor
pecifically intended for an operating vessel., Tne Laboratory will carry
ut any necessary research and development and vwill analyze the results of
lar< I opcration in terms of Mark IT reguircnents. £t the same time the
Laboratory 15 devoting as Whuh Piloru as 1t can soarce to the investigation
1

! ; DY
reactors, ocne fc turu of whlch mgy 1nvolve the use of thorium as fertile
matezqu.

The Materials Testing Reactor. In 1968 the Laboratory was also asked
to cooperate with uhb Ock Hidge National Laboratory in the design of the
Materials Testing Reactor, a high neutron flux rcactor intended to serve
as a fzcility for testing reactor materials and cor menents. The Leboratcry

by sible for the design of the reflector, shicld, experimental

n
itics, and associated operating vlants. This QCSl A mo“k has beer
cornleted and turned cver to Blaw-Knox which is responsible for the detailed

3

enginecring erlgﬂ and to the Bechtel Company *hich is responsible for th
censtruction of the reactor. The reactor is now under construction at the
Arco Reactor Test Station where it will subsequently be operated by the

Phillins Petroleum Company,

Research Reactor (CP-5). In 1549 the Leboratory began the desizn of &
researcn reactor for its permanent site as a replacenent for the orlcln;l
graphite pile (CP-2) and the heavy water reactor (CP-31) ab the Palos Park
site. This reactor is to provide a high flux and a larie oyoerimenta; voliume
a2t a2 low power level, This reactor will use U235 alloyed with aluminum oxr
zircorium as the fuel znd will use hcavy water as moderator, coolant, and
reflector. The conceptual design a"d th incer development are
essentially complete, and the detail 2elen ha sun. Since this is
solely an experimental fecility, th'* reset w111 be constructed by the
Laboratory and should be in operati coming year, Recentl
Latcoratory nas been asked by the Comm gate the applica
of this type of reactor to the pro materiais ard pre

znd analysis is now un

the features of tais
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uld meke it ideal for ti

Yeutron rroducer Reactors (CP-6), lLate in ’9’9 the Laboratory began the
conceptual desi:n ol a reactor for plutonius asd tritium production. On the
basis of these preliminary investizations, on the Laborat ory's experience
with heavy water recactors, and on the Laboratory'!s record of successful

S
cooperation with industry, the Laboratery was acsked to cooperate with the
duPont Company in the design of the Nocutron Producer Reactors (CP-6) for



plucor*ur and tritium nroc uctlon The Laboratory has its custemary rcole of
nr nrelininary do any caporinental and theooretlcal cunport
neaded by toe augent Compony vhlen has the responsibility for the dotaiicd
deslpn and construction of the reactors ol VJVun_vﬂ Itiver, These re'ctcrs
i1l be the firct heavy wotbor- crotod et cooled roccuors in thi ountry
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1 for vlutonivm and tri
Glpns bezun by the Laboratory in 1949. To date the Laborat a
out much of the experimental and development work needed ?or the

¢
itium productio“ ;nd are based on the concen-
: ory
2
ic design of these reactors,
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Other Suoecific Reactor Studies., Inaddition ‘o
reactore wiiich have either been constructed or authorized for construction,
the Leloratory has carried out many other develonment progress on reactors.
The firet engineering study of a gas-cooled, praphite-moderated production
pile was made in l9b2 1943. The first anLStlbuELona oi 2 liguid mstal
(oismuth, sodium, etc.)-cooled pile were made during early days of the
Laboratory. Considerable develeopment work was done on 2 guasi-homogeneous
pile (the slurry pile) in 19L3-19LL and the first detailed investization
of a power pile using beryllium oxide as the moderator and graphite impreg-—
nated vith uraniwm as the fuel was carried out in 1945 and 1956. The

('\)

Laboratory has done and is ceniinuing development work on a naturzl uraniuz
reactor for central stotion-power procduction and at the present time is
teginning a development program and feasibility study on a pre surized,
heavy water-moderated and cooled, vlutonium- and trit ium-procucing reactor
(CP—?) which will also yield useful power,

General Reactor Develovment., Through these specific pile developnment
prograns, and through the more ge“er 21 reactor programs, the Laboratory hnas
nade & major contribution to the general field of reactor te ecanology upcn
waich all rzsctor work in this country is based. Very significant contri-
obuticns have teen made to reactor thecry, to mothods of reactor calvu-3u¢ouu,
to the use and interpretation of exponentizl and ero-nower experimants, Lo

Zero
methods of recactor control and of heat removal, to the de elopment of arnro-
rriate metallurgical techniques for the many unusucl materials necded for

~

=
reactors, and, in IuCu, to virtuzlly every factor involved in reactor develop-

ment.



- Materials Developnent
Despite the demonstration of the scientific feasibility of a szlf-sus-
taining chain reaction, the cntire reactor propran would have been impouzsible
vitoout the development and procurcwent of suitable matericls for the various
Teattor coenponenitse One of the most sericus sources of noutron 1oss is their

T e various pile componento, cuch as the fMel, the noderator
in thermaul neutron reocctors), the structural materials, the coolant, etc,
lthough the clement urunla“, citner natural or cariched, has tne aupropriate
nucrear Cﬁ‘IuCJL”lotWCS for tae fucl, every cifort must e taken to clinminate

foreim esvecially those having hipgh neutron absorgtion cross-sce-
tions, propriate substunces {for noderators arc those of 1ow atonic
vielght, ering cross-scction and low neutron abLSOrpiion CrosSs-section.

This tarve Lad the cnoice o o modcrabor to neavy water, beryilium, beryl-
lium oxice, oﬁ“3¢ lum carbics, or carbon probably in tne form of graphite. The
problem tlen becones one of oblaining large quantities of aoderator material
purified to an extent never before encounbterced in induswrial usage. The
Structural elcients and tiue coolants again are essentially limited to materials
having lo. absorption croso~sectlon§, and again the problem may become one of
purification.

Cne of the most vital accomplishments of the Laboratory has certainly
been 1ts contribution to the materials program. It has pioneered in investi-
geting the nuclcar and physical properties of various aprropriate materials,
it nas developed metheds of purification end metnods of fabrication and it
has been instrumental in seeing that these methods are applied to irndustrial
production and tiazt production requirements are met. In ¢da1t;on, it has
sponsored numerous development programs by private indust in order to encoirage
the zpplication of industrial know-how to the various muterials probleus. Some
of the more significant accomplishments of the Laboratory!s materiazls progream
are roted in the following paragraphs.

Tam e 3 vyrn A4
Uraniumn., t

AL Project the problem of procurkment oI pure
uraniuvm was a priae the Latorato “v'ano thie establisnment of
the I'irst uranium pro oS accompiished under Project direc-—
tion. 1T was a dir Lewovatory's e*lorto that tne first uraaius

puriricotion nroces
this connecticn the
ques ror uranivme ¥
tie cevelonment of

Liie lizilinckrodt Chemical Ceaoany.

> in the development of analytical tecini-
crricea oub alnost all of the work ¢en

giccl technicues for the fabrication of

ur_“*wl. LCLnoos of 5, and roiling uwranium nmetal vers first
crenely difficalt problem of developing
Sirst Anvestd cled and solved at the
c propervices of uranium has led, &5 an
DO UTuZ ¢inciasbion of thae cxeeadingly troublesone radiztion-provith
ervea ev maniord, and meshous of minimiszing this effect have

o \1

L tosteds Yne Laboratory now has the drime responsibility
ae f LG ‘

ments for the Neutron rroducer Reactors. The fabrie-
th in cocperatlion wi t the durPont Company was first
Or'y several years ago as ons which should mininize the



In connection with tiie uranium studies it is interesting to note an ex~
cellent exanple of tiw value of continced basic research and cdevelopnent. On
the basis o noser atal vork associated vita a completely dificrent procran,
anolon CHOHNG, ¢ LIncess ol suggcstcd as a means of recovering uraniun fron
LoW prace ord.  Ihis process, based on Laboratory patentc, is abt prosent being
le&n Seriows consicorabion as oone melhod of alleviating the Notion's critical
uraniwa raw noberials problan.

Crawnite,  In 19h2 the Laboratory assu:ied the dircct ressonsibility for
s thet coequate focili ities were wede avallable for tha production of very
large quantities of purified \rabultu for the lanford reazctors. In addition
to extensive laboratory rescarch on tic problen the ;aboratovy cooperated vwith
dational Carbon Company and the Specr Graphite Conpuny in devising means
improving the purity and increasing the density of their product. The
Lavoratory also developed methods for anslyzing gravhite for extrenely smell
traces of impurities, and developed the functional tests which measure the
total zuount of neutron absorbing impurities. The entire program vas eﬂinertlj
succeSalul and an adequate production of ana21nblj pure graphite for Hanford
and future rezctors was assured.

T

ne Laboratcry has been the only orsairzation which nas naintained a
continued pro ram on the investipation of the nuclear, physical, enc 3
nroverties of ar nnite.  One result of this program has been the sug
various means of ,*nimizing the deleterious effects of piie rdawdtlo Tl
physical vroperties of graphite. Certain of these tecimiques have been arpl
at Hanford with significant success., The first experiments on tne use of
graphite contaoining uranium oxide or carbide zs a fuel element were carried
out by tihe ~aboratory. The recentiy =~ opted high temperature fluorination
process for the purification of grepulte was also first suggested by the
Laboratory in 19%u43.

"]

Heoavy Later, & continued interest in the droduction of neavy

been naintaincc. It was thne direct resuat of tne La boratory's recom
that cergel ¥ litias were naintained

in gf trz neavy weter oroducvion facl : Y
graponite nad teen cnosen for the mo : in tne nanford piles end tne jztora-
iu.u*;y‘uquncvd the case for the neavy water reactor. .lethows

Ltory nus cony
; nin vater purity and of proevonting difficulities due Lo
s sttlon nave been under continued study at the Latoratory with.
ctore.
Cidivme The Leborztory hoes protibly wlso been instrumentaol in rain

taining vae proonstion of Lorviiivm ord silinm or de in tﬂio country. 1
hos uponoored rosearch ond develo; b »1Ln the various namalactarvers

and nns coopurabod WU Liian In bho dovoros Lot of methods {or tiw production

o surficiently rmre mulericl to sect vescior requirements, and in bhe Gevelop-

ment of wethods for the production of Loryl mooxide shapes. The Lavoratory

itself has pioneczred in the development mariablurgl cal technigques for the

favricuation of beryllium metal and has malrszincd a continuing progran on the i
investigation of the properties of beryllium corcmice. The possible applica-

tion of beryllium to future reactors is undoer concinuing study.

Nt b
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irconium has been found to hove cn excellent corbinabion of
uciear propertics nccessary for structural and cladding pur-
nd 1t 15 certoin thot it will play an in icrcacsingly imsort-

in rcacior tbchvolo~v, c“pcc*ul*y vhere higher tomoeratures zre in-
volved. The Luboratory has nad a major role in the deveiopment of zirconium
for such uses und has been the fl 5t te usc zirconium in an actual rezctor.
1t developed tre firest workable process for the purification of zirconium
with respoct LO hafnium, end it has piocnecered in the development of appropriate
metallnrglical Tabricstion technigques. v 1s largely through the Latoratorytls

continucq intOfCuu that adequate quantitics of zirconium suiteble for reactor
1iabl

use ore now available,
Licuid “ictal Ceolantse. The Laboratory vas the first to invest igate tne
POLentIGlITICr O SO un—ootassium, sodiun, lithium, bismutn and cther l igquid

(>
metals as reactor coolants, These numcrous studies led directly to th
adoption of scdium-potassium alloy as the coolant in the Zxperimentzl rebder
Reactor and to the use of other liquid metals in several of the reactors pre-
sently provosed or under siudy.

Plnten . The Laboratory carried out the first preparation of pilutcnium
metal cnc H;-:orﬁ d the first density, hardness and other physical mezsure-
ments on microgram quantities of the metal. <The methods now used for metzl
production arc based essentially on the early research and development done

at the metallurgicel Laboratory.

PR N . L



Separation Frocesscs

Since the prinary purpose of the recactor program, at least until recently,
n the production of plutcnium, equally important wiv 1e cevelopment
le rceactors is the task of separatinz plutonium from uranium and the
v radicactive fission preducts., In ¢ad1tlon it has proved necescary to
i8¢ separation pro ocesses for the recovery of other radiocactive elements
T importance to the atomic energy progrom. The Laboratory has pioncered in
the dcvelonront of approprlatb separation nrocesses and nas beon responsible
for, or involved in, the development of almost every process now in use,

i

Pilutoniun, A the Laboratory was the develop-
rment of @ piuconium 5 tse with the Hanford reactors.
Approvriate studies began in 1942 and a st every conceivable type of
process wes investigated, including spuc1 1cal¢3, precipitation, solvent
extraction, adsorption, volatility, and electrolytic metnods, Although

rmost ol these processes were carried to tae point wiere scientific and
engineering feasibility seemed probable, the decision was made to concen-
trate on a precipitation process since there appecred to be less engineering
risk in caling up this process from the cxperlments on microgram quantities
to the gram quantities involved at Eanford,

At the beginning of 1943 the so-called bismuth vhosphate process for
tne separation, decontamination, concentration and isolation of plutonium
W lected as the most promising of the several precipitation processes

i
ol

ated. The Laboratory was completely responsible for the conception,
- o
h

investig

laboratory research, and labor ATOTY ~"orks development of this
process., The process was subscquently installed at Hanford by the dulort
Cempany arnd nas proved eminently satisfactory. To date it has been used for
tne separaticn and isolation of virtually 1007 of the Nation's plutonium
supply.

oLl the orsible for the co ncev*:o“
and all aboratory and ant studies leading to the
cvwvluumint and the demons tr"lc‘ el ility of the Redox process.
cxiraction process wes cclected by the Commicsion to replace the
late process since it not only r rs plutoniun more effec-

e
o reeovers tne uranium and subst

5
ntizlly reduces the waste
cted to e T 03\

ction use at Hanford

CXDE

he Zedox proccss
Y continuous
ible for the wide-
sites for Project
¢ Purex process for
tral chemical

sannah River p*‘o:)t,Cu 34 ‘
srocessing plant at the Arco Reactor Toest

irst suggested

1 work w's carrie
r which employs inter-
tion as a m2ans of separating
the Laboratory. This

Sannes

The rossibility of a fluoride vola
aooratory a
gl

0,

.=u“11u“*1cal L
QUL in L9h3. tecently a volatilit
ralosens for fluorination and frocti

the conbtitucnts has been under investigation at
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Research in the Paysical Sciences
AS an cgsential adjunct to the development programs vital te the success
of thie Lhoen's atonlc energy p'@gran, the Ku‘o;utor“ hus continuaily sponcored
rescaren Pre rans consonant with S progrenagbic responsivilitics. -Devel op=-

nent word cennot really rlourish uﬂlCoa at can be pald to the corres-
ponding, rescuarch progress in the appropriate {iclds. At various phases in the
Laboretory's history, this rescarch worlk haes been directed toward very sgecific
progrumuatic goals, as ror example, during the 1last wWare -At otner times it

nes veen possible to carry out somne rescorcn in which no such restriction was
necessary, thie only consiraint bein thot toce research should be in the general
fields pertinent to the atomic cng;by'pr .rane  Lhe Laboratory's very nany
direct contributions to the atomic eneryy procram are cdue in large part to the
continucd vitality of the Laboratory's rbsearcn program,

A conmplete recerd of the research accomplis.ments oi the Laboratory would
be i DOS&le long for this presentation. Instead, a number of representative
ex:mp es Of the type of research done or of highlights of results obtained

will simply be noted without any particular regard &s to order or as Lo com-
plete coverage of the program. This representative 1ist follows.,

Study of the Fission Process, - The Laboruatory has made mezny contributions
to the elucication of the fission process, Io hzs investigated the energy
spcctrum of fission neutrons, investigated celayec neutrons from fission,
established the existence of sponbtanecous lluulOn, and determined the pcwer and
product yield per fission. The Lakoratory msds the first accurate measurcments
of the fission yields in U235, pu®? | and U925 ang pas characterized, for the

first ui.v,hzﬁy of the nuclides produced in the slow neutron Tission of U<22,

This includes the deternmination of decay schemes, genebic relatlonsnips, half-

lives, and mass assignments of the isotopes produced in fission, and the mea-

surenent of scme of the absorption cross-scciions. The Laboratory alse per-
raed the original measuremcnts of the Lqu:cht“T reactor constants,

> the nmucber of ncut”onooeq;easgﬂ per fission and the ratio of
capture to Tission for U233, U2, 2u®Y 14 other fissionable iscitoges,
experinental work of this nalure nos cwly have Siﬁnificant con-
mvuc to the theory of tha ficsd
¢ ol the chain reaction nag
vtical oOrecisione

o+

Rnaistions cn Jlat oratory carrizd ou 22
the effects of fas
hoas graphite,

5 C

Current theories zs to
)
A

-
9

o
v

3
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uraning, beryLiLJ .oxides
tiie mechonisn ol radiation QF“&”D in a large extent tne re-
cult of the Labor Loryts research. grapuite was first pre-
entally verified and 1 ;siple conseguences studied at the
research on uranium,estecially on the dimensional instzbility

dicted, experi
Laboratory.
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of uraniun and 1*" alloys, has contributed considerably to the clucidation
of the mechmnisn and to the development of meens of minimiziag the growth
observed under pile irraciation,
Tae Alrat investipation of the elfects of pile radiations on the decom-
position of vater was made at the La Loratory and current theory as to the
ﬂechanisns nUOWVﬁa stem directly from this research,

hﬁﬁistrv ol the lenents, #An exhaustive investigation of the solution
and CY'J cnemisty 'y or fl

with the first microgran
gram nas resulted in the first preparaticn and x-ray characterization of most
of the kncvn plutcnium compounds, the determination of the valence states of

pintonium In solution, the dlscovery and isolation of microgram quantities of
naturally occurring plutonium in uranium resicdues, and many other accomplishe
ments.  In fact, the work at the Laboratory is, to a large extent, responsi-

ble for the present state of knowledge of the chemistry of plutonium.

D)

Similar studies have been made on neptunium, actinium, and protactinium.
The Laboratory was responsible for the isolation of the first relatively large
amounts of these elements in a pure form and again nas Seen almost solely
responsible for the study of their cheaistry. In connection witn Separations
studies the Laborztory discovered and first isolated anericinm  and curium,
elements 95 and $5, and made some prelinminary studies of their chemistry.
Alsc in connection with the scparations and fission procuct studies, the
Latorztory has made many contributions to the kno wledpge of the chemistry of
the rare earths.

One of tle more recent and most spectacular accomplishments has been a
t“orougu investigation of the low temperature physical propertics of hcl;umB,
including its first liquefaction. The preparation of tritium compounds and
their properties nave been investigated.

The atomic spectra of many of the heavy clements and of other elements
of interest to the atomic energy progrenm ;ave been investiooted. The first
healz]
bates

asurements of the atomic spectra of Pu’”/, ic

tole

B

(‘)

cular spectr

Nevitron P'v(r

neutrons w
bleins of ncutraon g
neutron sicwing
propertics of essantially monocnergeti ulren beams nave tesn studied.

Studies of Lhis type arc made nossible by tine development at the Laboratery

< a

of the irst vclocity sclector employing revolving simtter and time-of-Ilizht

technigues end the construction of the first neutron beam crysral speclzonctor, One

the factors most vital to the {izid of neutron physics in wiich the Labezatory

has been zctive has been the development of approprizte techniques for mea-
suring neutron fluxes.

P

e ———— R

e
yboniwa has been in progress et the Laboratory beginning
s produced by cycloiron irradiation in 19L3. This pro-

ol
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Metallurmieal end Coranie Studies. Many significant metallucpical and
coranle studies have been mide at the Laboratory. Detailed investigations
ol wne physiccl properties of various coramics, wmetals, and mebal ”lioys and
oi° Lo erflfects of pile radiations on tholr procertics have been corricd out.
§ i wowad Xirst spectroucepically pure uroniwm woos producced ab the

Ui dnvestlpation of the d;u;ﬂul@uvl mnounbliidy ol urcniun and
cyoling btechnique ror sbudyin this phenoacacn were Lirct carried
sratory.  The phase relations in urunium ana urariun adloys were
ated at the lievallurpical Latoratory. The mechanism of corrosion
for many oI tine elanents pertinent to the atomic eicrgy program have been ine
vestipated and means of winimizing such corrosion have bLeen recommended on the
baszis ol tnese studies:

Mcloar Jroperties of Other Glosents. In zdaition 4o the investigation

of the nucleur propertics ol the specific fission product nuclides the Latora-
tory has maintained a brozd program on the investigation of the nuclear proper—
ties o other nuclides either of specific interest to the ctomic enerygy progran,
or elsc of gencral interest to the development of nuclear science. 1his has
included the meusurement of innumerable neutron cross-sections for various

nuclesr processes on various clements and isotopes. Physical, radiochemical,
and mass speciropgraphic techniques have been omployed in sucn measurements.
Perhaps one of the most important resulis of this prosram has been the develop-
ment of the pile oscillator technicue for cross—-section measurements, The

, |

pbzen of great importence to specific reactor problems and, at
ave furnished the basic data from which “magic number" relstion-

Yhe half-lives, decay schemes, genctic relationships, and naclcer moments
of many r;dioactive species have alsc been determined. The {irst careful nmez-
surement of the tritium half-1ife and perhaps the most accurate determiration
of alf-life wers rmade at the Laboratory. The investigaticn of th»

C
2 prorercies of tiue seavy elenents led to the discovery of the Ln 4 1
r

nuclea

disintegreticn seriese  The first measuranents of the nuclear moments of t itium
and Hes, =nd the nost accurate deberminaticn of the deuteron moment wWere rade

at the Laloratory.

! ucveloo-
Ny comacreinl mowcl of tine vibroting recd clecirongtor

! and
for aany instourmnial develonaonbhs in Uhe {1old of microchiemistr Ve 1T has
also ploncered in tao doveio L ool ramote control cquipmcnt including shiicld-

ing devices, manipulators, and optical and clectronic viewing systems.
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Resecarch in the Dilolorical Sciences

From 1vs inception the Laboratory hos maintained a strong blolopicnl and
MOdlcar Drogran intutratcd with 1ts5 rescorch and developnent work on 2ll phaces
of mucivar oneriye. Inis was the first loborctory in which the provlem of
monitoring Lor thoe control of radioactive huzards and for tine prevention of
rodiation exposure hed to be meb on a large sceales. The esarly work at vie “atora—
tory had much toe do with the subscquent success of the atomic enerpgy busi
from the standpoint of industrial health.

Specifically the Laboratory developed most of the present actiods of detar-
nining racdioactlve elcments in human excreta and made an exhausitive study of
the cnenyes in the bleod and skin that follow irradiation of tie body. The
Tirst and, in most resvects, only compiete studics of the deposition in the body
or plntonium, and of radioactive ctrontium, bariwm, lanthanuwa, cerium, and

yittriwm were made at the Laktoratory and the principle of metzl displaccement
frem bone was established by demonstrating thet zircuenium will displace plutonium
from the skeleton, The tolerance levels for plutonium, tritium, carbon 1L and

other activities were established on. the basis of the Laboratory's investiga-
tions.

liany investigations have been carried out e the factors involved in radia-
tion sickness .d cnerlcal means of protecting against radiation sickness were
Iirst demonstrcoted in this Laboratory.

The toxicitles of other ncn-radicactive elements pertinent to tne atomic
rogram have been investigated. AS an examplie, such studies have led
to a therap=utic agent against beryllium polsoning,

‘ﬂlj otlier related basic and applied stadies have teen curried o

one sgecirlc exaaple, the artifidal blocd plasma, dextiran, vwas synthesi
from Dlants crovwn in 2 carbon-ll atmosphere. This provided z "tracer

O &
viith valen it wes possible to prove in an experiment of one vweck Carati
] ti as metabeclized completely by the tody, a2 proor which
2d years of clinical investigation. aAs a result it was
~diate production of thiv vitzlly needed sutstance by the

Selivents Corporation which brought the problem to the attention of
atory for its assistancec.
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