





HMASHATPAN DISYRIOY HISSORY
BOOK VIIi, LOS ALAMDS PROJSCY (%)
VOLUMR 2, TECHNICAL

ZORRORD

This volume presents that part af the Kemhatten Distriet Histery
which deals with the technical astivities of Project °Y", the Les Alamoe
Froject, from 1ts imceptien until August 1945. It was written by Br. David
Havkias, a nember of the Sechnical staff of the Los Alamos Laboratery durinmg
nenrly the vhole of that perioed,

The treatment and method of writimg of this technical part af the
history, vhich deals primerily with the develepment and production of the
atomic bomd itself, differ from those of other portions of the Namhattan
District History; this has resulted partly from 4ifferences in the mature
of the Les Alames Project and in the mamner in which it was fitted imte the
Manhattan District organisation and partly from the fact that ite technical
author was not r.qu;rod to confora fully to the methods nsually prescrided
for other writers. Te some extent the form of the velume follows the example
set by Dr, H, D. Smyth 4n writing the Suyth Report. The volums has bema
subjected $0 a minimum of editing, other than that which was ably performed
by Dr., Havkias himself, and in erder to reduce the amount of editing as
wuch as pessidle the mechaniocal features alse (fer exmmple, the chapter,
paragraph snd page srrangements) have not deen altered to gonform to the
usual standards ef the Mamhattan District Histery as a wvhole,

It 1s belioved that evea the noen-technical resder will f4md the
falthful portrayal of probdlems and events from the sclientist's point of
visw, and ths simple, moptly nom-technical, de¢scriptiems of the drilliant
sccomplishnents of the Ladboratery, of absorbing interest. ,

The sontinuation of the technical history of the Los Alamos Project,

s iated Data

-1- Specific \
Required

£ Qe



Re-

from August 1946 until 31 December 1946, when the Manhattan Distriot
reliaguished its eontrel, will bLe found in the “Supplement™ to thias volume.
The supplement, written by othsrs, fellows in genersl the same methods of
writing and the same mechaniocal arrangenents as this voelums, 20 that there
1s the least disturbance of the continuity of the whole.

The non=-scientific part of the *Y" Project, from its imception
through 1946, is covered by Volume 1 of Book VIII, *General”.

Volume 3 of this book acovers certain "Auxiliary Activities™ of the
Los Alamos Project, includimg the Los Alamos Procurement Office, Camel
Project, Activities of Ohio State Cryogenie lLaboratory, Dayten Project,

Navy Participation, and a numdber of others.
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it does cone at the time of an extensive zdministration reorganization. The
rezl purpose of this division is to permit some chance to summarize and conrect
activities wnichk, although constartly interrelazzﬁuin practice, must be written
nbout 1n separ:te chapters, And elthough nc distinet separation into pheses ia
possible, the dnte chcsen marks as well as any the transition at Los Alamcs from
research to development, frowm schematization to engineering,

At this place I wish to acknowledge the assistance I have received
from many merbers of tle los ilamos laboratory. In particular I wish to thank
the following: !ajor J. A. ackerpan, 3. I, Allison, E. inderson, K. T. Bainbridge,
e Le Critchfield, I, Duffield, 4. C. Graves, E. Graves, L. H. Hempelmann,
T/L A, U, Henshey, Y. I. ¥iller, E, Yorrison, F, lLorrison, N, H. Ramsey, F. Reines,
Major ralph Carlicle JOmitlh, and [, Taschek., These persons have materially helped
me in gathering data, in drafting various sections of the.report, or in extensive
criticism of esrlier drafts. 1 wish especially to thank Emily Morrison and
Priscilla Duffield for ingenious reseagches in the records of an organization
that was frejuently too busy to be concerned with posterity. Mre. Morrison
has prepared the graphical material, has drafted several of the chapters, and
has given invaluable general assistance, Finally it must be made clear trat all

-

errors of fact in this record are the sole responsibility of the author.

-

David Hawkins

August &, 1946

































the security requirerents of the military eutherities. Evidently these
requirements could be met by allowing internal freedom and imposing instead
more severe external restrictions than might qtherwise appear necesaary, The
adopticn of such: a policy made necessary. the choice of an isolated location for
the project.

ORGANTIZATION

1,10 The Les Alamos site, together with a.large surrounding area, ws
established as a military reservation. The community, fenced and guarded, was
made dn army post. The laboratory, in turn, was built within an inner fenced ard
guarded area, called the "Pechnical Area", Both the military and technical
adnministrations were responsible to Major General L. R. Groves, who had overall
executive resyonsibility for the work. The Commanding Officer reported directly
to General Groves, he was responsible for the conduct of military personnel, the
maiﬁtenance of adequate living conditions, prevention of trespass, and specilal
guarding, Oppenheimer, as Scientific Director, was also responsibla to General
Groves, ﬁho had 4s his technical advisor J. B. Comant. In addition to his
technical responsibilities, the Director was made responsible for the policy and
administration of security. This provision represented a guarantee that there
would be no military control of the exchange of information among scientific staff
memhers, and at the same time fixed responsibility for the maintenance‘of sécurity

under these conditions., 1In carrying ocut his responsibilities for security, the

Director was to be given the assistance and advice of a Military Intelligence Officer

1,11 The financial and procurement operations of the Froject were
handled by Lhe Unlversity of California as prime contractor, During the early
period of operitions, when theze had largely to do with the employment of
personnzl and estavlishing a procurement office, the University acted under a
letter of intent from the C3RD, effective as of January 1, 1943. This letter was

in wurn superseded by a tormal eccntract, WL05-ENG--36, effective April 20, 193,

P

with the Manhatton Engloeer Diziziet of tre Var Department. {Appendix 7, Moo ) ),







INITIAL TERSCHNEL, MATERTAL, COLSTRUCTION

1.4 The mroblem of personnel for the new orpanizttion wos a
difficult one. Jork tegan at a4 time when the scientific resomurces of the
country were already fully mcbilized for other war work; -many persons who would
_have been willing to jJoin the project had other commitments which.could not be
broken, The nucleus of organization came from the groups that had been engaged
in fast reutron work under Oppenheimer, and who transferred treir work and
equipment to Los Alamos, A number of other individuals and groups were released
to come, in part through the assistance of Conant as Chairman of the NDRC. The
greatest difficulty encountered was that of obtaining an adequate staff of
technical and administrative employees, who also came uainly from occupational
groups fully employed in war work. Here, moreover; the disadvantages of isolation
and restriction weighed heavily, disadvantages largely overcome among the
scientific staff by their interest in the work and recognition of its importance,

1.15 The principal groups and individuals who made up the initial
scientific personnel are given below: Among those who had worked under Oppenheimer
in the preceding period were: From the Universitonf éalirorniﬁ, Robert Serber,
E. M. lckillan, and others of Oppenheimer's group, E. Jegre, J. .W. Kennedy and
their groups; from the University of Minnesota, J. H, #illianms und group: from
the Universgity of Wisconsin, J. L. McKibben and group; from Sténford University,
F. Bloch, H. Y. Staub and group; from Furdue University, M. 9. Holloway and
group, Among those who came from other parts of the D& prolect, or from
unrelated activitics were: From the Radiation laborziory of Massachusetits
Institute of Technolegy, Re F. Bacher and H. A, Bethej from the lstallurgical
Iaboratery of the University of Chicago, Edward Teller, R. F. Christy,
D. ¥. Fruman; A, Graves, J. H, Manley and group; from Princeton University,
X, Re @ilson and group, J. E. MacK, and R. P. Feynman, from the University of
F

Rockester, ¥, F, Weilsskepf; from the Burcau of Standards, 3., Neddermeyer;

;
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from the Ballistic Research L:boratory =zt Aberdeen, D. R. Inglis; frcm the
University of Illinois, D, . Kerst; from Barnes llospital, 3t. lLouis, ﬁr. L. Hs
Lempelmann; from Memorial Hospital, New Terk, Df. J. F. Nolan; from thne National
Research Council, C, 3, sSmith; from #¥estinghouse Research laboratories, E. U,
Condon; from Columbia University, E. A. fong; from the Geophysics laboratory,
Carnegie Institution of washington, C, L, Critchfield. Many of these individuals
were on leave from other Universities having accepted temporary mar-time
assignments in the above listed institutions,

1.16 In the procurement of laboratory equipment, machinery ard
supplies, there were also difficulties and delays. Even a specialized laboratory
requires a great variety of materials and equipment; as a going concern any ‘ “
laboratory depends in 1arge\measure upon the accumulation of its past, in
stocks and in equipment that can be converted to new uses. Even though much
material had been ordered in advance, procurement channels were at first slew,
being indirect and newly organized,

1.17 Certain specialized equipment was brought to the project by the
groups that were to use it. The largest single item was the cyclotrdn on loan
from Harvard University. Before coming to Los Alamos, thé Princeton group under
R, R. Wilson had gone to Harvard to become familiar with the operation of ihis
cyclotron and to disassemble it for shipment. »YcKibben's group brought with
them from the University of Wiscohsin twc Van de Traalfs (electrcastatie generators),
Manley's group trought the Cockeroft-iaiton accelerator {0~D source) from the
University of ITilinois, The Berkeley group brovght chewical and cryogenic
equipment, and all groups brought specialized elsetronic and miscellanecus
apparatus, Because of this initial equipment, work was able to begin at Los
Alamos much earlier than would otherwissa have been pesgivie,

1,12 The initial plan of tie lgboratory was drafied by Oppenheimer,
Hanley and Velillan, It provided for an expecied sclientific staff of atout

one hundred, and a somewlhia! Jarger btotal mamber, including administrative,

| BB
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techinical and shop employees, The laboratory as planned contained the

following buildings: Bt;ilding T, an office bullding to provide space for the
administretion, for the theoretical physics group, for a library, classified
docunent vault, conference rooms, a photographic laboratory, and a drafting
roon; Bullding U, & general laboratory building; Building V, a shop building
Buildings W, X, Y and Z, speqializod laboratory buildings for the Van de Craaffs,
cyclotron, crypgonic laboratory, and Cockecroft-Walton accelerator, respectively,

(See Appendix 6)
1«19 Oppenheimer amd a few mmberc of the staff arrived in Santa Fe

-

on Mgch 15!'191*3. Prior to this timg the projest had been represented localJ,y

by-J « Ho abiﬁmon, a resident of Santa Pe, Constructlon work was incomplete,

’I’he laboratory buildings were stil] in the hands of the conshruetian contractors ’

as was the housing that had been plammed to agcommodate Project and U, S, Engineor
personnel, For this reason the first Project Office was opemnsd in Santa Fe,

Since it wag undesirable for reasons of security to house the staff in 3anta Fe
hotels, guest ranches in the vicinity were taken over temporarily, and transportation
arranged to the site, While the projeoct office remained in Sa#ta. Pe, J. H, Williams
lived at the site as acting site director,

1,20 There is no doubt that the laboratory ataff and their families
faced the prospeﬁt of 1ife at Los Alsmog with enthuslasm and idealism. The
importance of their work and the excitement zesociated with it contributed to
this feellng, as did the poa;ibmty of b\zil&-ing, under conditions of isolation
and reétrietidn, & vigorous and congenial cammnity. |

1,21 The actualities of the firat momths were hard for many te view
in this light., Living conditiona in the mnehn around Santa Fe were di.fficult.
Several families, mafiy with young ehildren, were often crowded together vd.t.h
inadequate cooking and other facilities. Tmmport.a.tion between the ranches and
Los Alamos wea haphazard despite graat zfforts to regularize it, The road was
poor; thers were too few eérs and none of them was In good condition, Teshnigal
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serzers were frequently stranded on the road with mechanical breakdosm cr tec

rany lat tires, REating facilities at the site were no* yet in operation and

zex lunches had to be sent from Santa Fe, It was winter, and sandwiches were

not viewed with enthusiasm, The car that carried the lunches was inclinet to

breax down, Th= working day was thus irregular and short, and night werk imposaitle,
1,22 Until mid-April, telephcne conversations betwoen the site and

34anta Fe were possible only over a Forest Service line, It was scoetimes poss{ble

to shout brief instructionay discussions of any length, even over minor matters,

t

required an eighty-mile round trip,

1,23  Frictions develcped between the laboratory memters and U,3,
Bngincer staff mainly because .of the slowness of the constructicn contractor, He was
unable to getlsurficient labor, he had trouble with the building trades unicns, he
did not procure or install rapidly encugh the basic laboratory equipment, Pressure
to accelerate this work had to be brought throygh, and therefore in part sgainst,
the military organization, In some cases technical supervisors were forbidden
" to enter buildings until they had been accepted formally by the contracting agency
(Tre Albuquerque District of the U.S, Engineers), It was impossible to make
minor changes, such as the placing of shelves or the direction of a doory the
buildings had first tc be completed and accepted as specified in the original
drawings,

1,24 ° The initial problems were elementary aad often ennugh, in
redrospect, rinute, The difficulties were heightened by an.administrative arran-
gemsnt which presupposed close cocperation without previous acquaintance belween
two groups of widely divergent backgrcund and perspective; nasely, the project |
members, and the military organization, Individually and in detail these early
trouhlss are of little moment in the history of los Alames, Collectively, they
had affecis, some zood and some had, upon the spirit and tone of the exerging

project organizaiion,
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Tachnical Introduction

1.25 The pracject offices were moved to los Alamos in the middle of

April; laberatory space and housing became available during April and May.
Activities during the month of April can be summarized under three topics:
a) non-technical administrative problems, b) instullation of laboratory equipment,
¢) discussion and planning of work. The present section will be devoted to the
last topic. Topics (a) and (b) will be treated with the period following, to
which they properly Selohg.

THE APRIL CCNFERENCES  /¢r3 N

I N |

Introdx;cfion

1,26 During the last half of April a series of conferences were held at
Los Alamos for the dual purpose of acquainting new staff members with the existing
state of knowledge and of preparing a concrete prograin of research., These
conferences were attended by the staflf which had already moved to the Project, by
a few others mentioned above who could came permanently only at a later date, and by
certain consultants who were spécially invited. The last were I. I. Rabi of the
Radiation Lzboratory, Massachusetts Institute of Technology, S. K. Allison and
Enrico Fermi of the Metallurgical laboratcry, University of Chicago. All three
of these men became heavily involved in the work of the laboratory at a later
time., During the conference the project was visited by the members of & special
reviewing commit.tee which had been appointed by Generel Groves. This comuitte s,
whose report wili be discussed, consisted of #. K. Lewis, Chaiman, Massachusettis
Ingtitute of Technology; L., L. Rose, Director of Research for the Jones and
Lamscon Machine Ceo.op Jo He Van Vleck and k. B, Jllson of Harvard University; and
R. C, Tolman, Vice Chairman, NDRC, secretary of the committee. Members of ths
cormitbee also took part in the confarence.

1,27 TImmediately prlor to thte conference a set of lectures was given
by Serber as a kind of indoctrination course, (Appendix 7, No.2 ). A summary

of trese lectures will provide an introduction and background for understanding

2, A.‘r,i 3
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t:.e work of the confererce. These lectures reflected the state of knowledpe

nt the time. . ithin the orders of magnitude indicated, and with much greater
assurance and understanding of detail, they still constitute an adequate statement
cf the nuclear physics background.

Theoretical Background

1.78 Energy Release., The energy release from nuclear fission is about

170 million electron volts per nucleus., For U235 this amounts to about 711017 ergs
per gram, The energy released fram an explosion of TNT is about LxlDlD ergs per
zram, Hence, roughly, a kilogram of 0235 is equivalent in potential energy-release

to 17,000 tons of TNT,

1.29 Chain Reaction. The large-scale release of energy frow a mass

of fissionable material is made possible by a neutron-chain reaction. In
fission the nucleus splits intc two almost equal parts. These emit neutrons, on
the average between two and three, Each neutron may, in turn, cause the fission of

another heavy nucleus. This reaction can go on until it is stopped by the

derletion of fissionable material, or by other causes. U238, the principal

isotope in ordinary uranium, fissions only under the impact of high-energy
(about one million electron volt) neutrons. DMNeutrons from fission have more

than this energy initially; a large percentage of them, however, are slowed
by collisions to an energy below the fission tireshold of U238. The result is

that each neutron is the parent of less than one neutron in the next generation

and the reaction is not self-sustaining.
235
1.30 Ordinary uranium contains, however, about 0.7 per cent of 543"

-

Neutrons of any energy will cause this isotopé to fission; in fact slow neuvtrons

are more effective than fast ones, The result is that a chain reaction is just

possible in the no;mal i{sctope mixture or "alloy", if a slowing-down material is

added, to bring tke neutrons down to the velocities at which they most effectively
235

cause the fission of U ™7, 7t is this chain reaction that is used in the production
4
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. " , 238 . .
of plutonium. Jurplus neutrons are absorb=d by the U 3 s giving rise to the

2 . .
wistalble isctope U 39, which decays by cuccessive emission of two electrons to
the end-product Pu439.

1.31 If the percentage cf U‘35 in uwranium alloy is increased, a chain
reaction -becores possible with faster neutrons., A concentration is thus reached
at which no special slowing-down or moderating is needed other than what is

provided by the uranium itself, The fastest possible reaction is cbtained from

pure U235.

1.32 Critical Size, Tamper, Efficiency. In the fast chain reaction,

occurring in, say metallic y235 or‘Pu239, a furtler limiting factor becomes
crucial,, In practice only a fraction of the fission neutrons will cause new
fissions, The rest will leak out through the boundaries of the material, If'

the fraction leaking out is too large, phe reaction will fail to sustain itself,
If we consider 2 spherical mass of fissionable material at normal density the
fraction leaking out will decrease with increasing radius of the sphere, until on
the average the birth-rate of neutrons just campensates for the rate at which they
escape from the sphere. For a smaller sphere a chain-reaction will die outj

for a larger one, it will continue and grow exponentially, This }imiting radius

is called the eritical radius, and the corresponding mass, the'critical mass,

1.33 It is intuitively sugzested that the critical radius should be
of the same order of magnitude as the average distance which neutrons travel
netween successive fissions, For fast neutrons this distance of filght is mush
lareer than for slow neutrens; it is in fact about ten centimeters. BSecause of
the gzreat cost ond limited supply of the materials available, it was easential
toc reduce the critical gsize in any way possaible, If the sphere of active
material were surrsunded by a shell of less expensive material, this would
reflect at least some ¢f the escaping neutrons back into the sphe}e, and thus
degrunse the criticsl mags., larly calculation had shown that any one of several
available reflector or "tamper” materials weuld give a very substantial reduction

o

of the oritical muzu.,
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1.324 What has been s2ia so far corcerns only the static aspect of the
nuiclear bamb. Given & more-trhan-:ritical mass of active material, what is the
ccurse of the reactlion? Cnce the reaction is started, the rate of fissioning, and
nence the release of e;ergy, increases exponentially. From the snergy-release
the materlal will be heated and begin to expand. From the decrease in density
of the active material the path between fissions will increase more rapidly than
the radius of the exbanding mass, and nence more neutrons will escape., Thus at
some.point the system will beccme sub-critical and the reaction will be quahched.
1he point at which thia quenching occurs will determine the 2££;g;3251 of the
explogicn, that 1s, the percentage of active nuclei fissioned,

1,35 The time available for an efficient nuclear reaction had been
shown to be extremely short. Ralé&se of 1 per cenL of the energy would give the
nuclear particles a mean velocity of about a million meters per second. The
reaction would be quenched by an expansiocn of the order of centimeters; this means
that the energy release would have to occur in a time of the order of hundredthe
of a microsecond. Since the mean time between fast-neutron-fissions is abéu;¥one

hundredth of A microsecond, ani since the largest part of the energy-release occurs

in the last few fission generations, a reaction of reasonable efficiency was

_evidently Just poasible.

1.36  Cross-$ections. Calculatioh of the static and dynamic aspacts of
the fission bomb presented difficulties both tecause of the e;&borateness of the
theory involved and because of the dependence of these caleculatlons on nuclear
constancs that were nol, as yet, well-measured. Within the syster a neutron may
be absorted, scattered, ar produce fission. The conirlbutions of sach provess are

measured by the corresponding trcous-acctions, or effective {argetl arews prasmted

by the nuclevs %o an lmping ' ng neutron, The total crosa=gecticn 4z divizied Inte
arezg that win, lcse or draw {fission, absorb without fisaion, or nualiler), thess

areaa correspending to the relative probabilities of the three prccesses, If the

L]



scattering is not isotropie, it is also necessary to specify the angular aistribution

of scattered neutrons. All of thiese cross-sections, moreover, depend upon the
nucleus invoived and the energy of the incident neutron, falculation of critical
mass and efficiency depends upon all of these cross secaions; as well as upon

the number of neutrons per fission and density of material. It was clear that

to obtain such measurements with the necessary accuracy would entail aﬁ elaborate
prograau of experimental physics and a ccmparabie effort of theoretical physics

to make the best use of information obtained,

' 1.37 Effects of Tamper, The effect of tamper is not only to decrease
the critical mass by reflecting neutrons back into the active material, but also
to increase the inertia of the system and therefore the time during whiéh ité
will remain in & supercritical state, These galns are somewhat lessened by the
longer time between fissions of neutrons reflected back from the tamper, The
lengthening of the tive is caused not only by the longer path, but aiao by a loss
of energy through inelastic scattering in the tamper. Calculations of the effect
of tamper material depend thus on the absorption and scattering cross-sections
of tamper material. It is interesting to note that Serber’s early calculations

2
38, a critical mass for U 35 of 15 kilograms, and for

gave, for a tamper of U2
Pu239 o; 5 kilograms, Both figures are correct to within a reasonable error. .

his may be regarded as in part good fortune, since many of the assumptions nade
were rough guesses. It nevertheless serves to illustrate the advanced state of

bagic theory at the time.

: 1.38 Efficiency, D@tonqgipn and Predetonation. Scme indication has

. s L T ™
heen glven abeve of tihe basis for efficlency calculations. [hie cutcome of such
calculations was vc show that efficiencies would be low. There is, moarecver,
another essential factor In efficlency, connected with the problem of assembly

and detonation, the early discussion of which is reviewed below.
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1.39 It iﬁ Inherent in the nature of explosive reactlons that they
can be set off by relatively mimmte forces; the requirement being,lin general,
a disturbance sufficiently great to initiate some type of chain reaction.
Ciemical explosives can be protected with greater or less certainty from such
external forces as may initiate a reaction. A supercritical mass of nuclear
explosive, however, cannot be protected from "accidental" detonmation. Chain

reactions will begin spontaneously with greater certuinty than in the most unstable

" chemical compounds. Cosmiec ray neutrons will enter the mass from outside.

Others will be generated in it from the spontaneous fissions that constantly ceccur
in uranium and plutonium. Still. others come from nuclear reactions, most
{mportantly from the (1, n) reaction in light element impurities, The

probleas presented by this "neutron background" are responsible for a considerable
part of the project's history. From the first and weakest source alone (cosmic
rays) any supercritical mass will be detonated within a fraction of a second;

{rom other unavoidahle sources within a very much shorter time,

1.40 The only method for detonating a nuclear bomdb is, therefore, to
briqg it into a supercritical configuration just at the time whren it is to be
detonated, The required speed of assembly depends upon the neutron Sackground.

A3 the parts of the baub move together the system passes smoothly from its initial
suberitical to its final supercritical state, Chain reactions may, however, set

in at any time after the critical position ras been reached, TIf the velocity of
assembly is small compared io the rate of the nuclear chain reaction, and if
predetonation gccurs, the explasiorn will be over before assembly for maximun:
efficiency has occurred. Thus the explosion may occur, with a.widely varying

range of efficiencies, at any time between the critical and the final supercritical
poesitions, To depr?ése the probability of predetonmation and consequent low
efficiencies requires either o higher speed of assenbly or a lower neutron

cackground. Cne of Serber's caleculations will ifllustrate the practical difficuliies







all, To overcame this difficulty it would be necessary to develop a strong
neutron source that could be twrned on at the right moment. Theoretically
feasible schemes for such an initiator had been conceived, but their practicability

was not assured,

l.44 Autocatalysis, Implosion, Two other methods of assembly had

been proposed, and it was a part of the early program to investigate them. One
of these was a self-assembling cor autocatalytic method, operating by the
compression or expulsion of nheutron absorbers during the réaction. Caleulation
showed that this method as it stood would require large quantities of material
and would give only very lew efficiencies,

1.45 The second alternative method was Fhat of implosion, In its
first concrete form the proposal was to blow togéther a subcritical hollow
spherical shell of active material and tamper by detonation of a surrounding
layer of high expiosive.

1.46 Both these methods had the great disadvantage, in a short-term war
program, of being mere proposals, without any previous engineering implementation
such as existed in the field of gun design,

1.47 The Deuterium Bomb or "Super", There existed, at the time of the

April Conference, one other important proposal to which considerable thought and
discussion had been given in the previcus months. This was a progosal to use the
fission bomb as a mezns for initiating a nuclear reaction of & different iype from
that involved in vhe fissioning of heavy-element nuclel. Filssioning, ithe disruption
of nuclei with iiberation of energy, 1s a somewhat anomalous reaction vestricied to
the heaviesi nuclel, Amcng the lighter elements the typilcal eioergic {energy-
producing) reaction is the buildiné up of heavier nuclei from lighter oncs., Por
example two deuteriunm (hydrogenz) nuclei may cowbine to form = hetium” rucleus and
2 neutron, or a tritiuc nucleus (hydrogen3) and a proton. The energy that is

liberated gogs into kinelic energy and radiation., If such a reaction occurz in a
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mass of deuterium, it will spresd under ccnditions similar to those that control
ordinary themmochemical reactions. Hence the reaction is called thermonuclear,
The cross-section for a reacticn between two deuterium nuclei is stronzly
dependent upon the energy of the nuclei, At low energies the probability that
the reaction will occur is very small, As the temperature of the meterial i
increases, the reaction becames more pfobable. Finally a critieal temperature
is reached, where the nuclear reactions in the material just compensate for various
kinds of energy loss, such as heat conduction and radiation. The thermonuclear
reaction is in detail more complicated than has been. indicated, because of the
presence of a variety of secondary reactions,

1.48 Among available materials, deuterium has the lowest ignition
temperature, This temperature was estimated to be about 35 kilovolts (about
L00 million degrees), and is actually somewhat lower, Once ignited, deuteriuétis
about 5 times as gnergymproductive per unit mass as U235. Thus one kilogram of
deuterium equals about 85,000 tons of TNT equivalent. Since it is not more
difficult te ignite a large than a small mass of deuterium, and since it is more

2
39, the proposed weapon,

cheaply produced in usable form than either U235 or Pu
using a fission bomb as a detonator and deuterium as explosive, could properly
be called an atomic super-bomb, The development of this super-bomb was perforce

secondary to that of the fission bombj on the other hand ita potentialities were

so great that research toward its development could not be completely neglected,

1,49 It should be mentioned at this point that in the early veriod of
the project the most careful attention was given to the pessibility that a thormo-
nuclear reaction might be initiated in 1light glements of the Harth!s atmosphere or
crust. The easiest reaction toA;nitiate, if any, was found to be a reaction
between nitrogen nuclei in the atmosphere, It was assumed that only the
most energetic of several possible reacticns would cccur, and that the reaction

cross—sections were 3t the maximum values thesretically possibvle. Calsulation led
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to the result that no matter how i:igh the temperature, energy losa would exceed
energy production by & reasonable factor. 4t an agsumed temperature of three
million electron volts the reaction failed to be self-propagating by a factor of
sixty. This temperature exceeded the calculated initial temperature of the

deuterium reaction by a factor of one hundred, and that of the fisslion bomb by

a larger factor,

1.50 The impossibility of igniting the atmosphere was thug assured by
science and comnon sense, The essential factors in these calculations, the

Coulomb forces of the nucleus, are among the best understood phenomena of

.modern physics, The philosophic possibility of destroying the earth, assoc.ated

with the theoretical convertibllity of mass into energy, remains, The
Lhermonuclear reaction, which is the only method now known by which such a
catastrophe could occur, is evidently ruled out. The general stability of matter
in the observable universe argues against it. Further knowledge of the nature of
the great stellar explosions, novae and supernovae, will throw light on these
questions. In the almost camplete absence of real knowledge, it is generally
beli‘evad that the tremendous energy of these explosions is of gravitational
rather than nuclear origin. |

: 1.51 More immediate and less spectacular globsl dangers to humanity
a;'ise from the use of thermonuclear bombs, or even fission bombs, in war: princip;lly
from the porzible magnitude of destruction and from radicnctive polsoning of the
atmosphsre {13.29).

1.52 Qﬁ%* S0 far we have raviewed only the early discussicn of
enargy release, Sineces, homever, the purpose of the project was to produce an
sffective weapon, it was necessary to compere the atomic baab with ordinary bombs,
,x‘mt merely &€s to energy ralease, bub more concretely as to destructive effscila,
Damage could be classified under several hesdings: The psycholegical efiecis of
the use of such a weapon; the pk’ny&%al@g‘&.cal affacts of the neutruns, radizactive

material and radiation producsd; the mechanicel destruction produced by tha

t
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shock-wave of ihie explosion. cLstimstion of the first was not of course within
the means or jurisdiction of the project., OCI the second, it was estimeted that
lethal effects might be expected within & radius of one thousand yards of the
bomb, tThe radioactivity remeining might be expected to remder the locaiity of
the explosion uninhabitable for a considerable period, although this effect would
depend on the percentage of activity left'hehind, which was as yet an unknown
quantity. The principal damage would be caused by the mechanical effects of the
explosion, These effects were difficult to estimate, Some rough data on the
effects of 1&3‘0 axplosive disasters were available. More relisble information
was available concerning the effects of small high explosive bambs, but it was
not known for sure how these effects should be scaled upward for high-energy
atomic bombs. Serber's report gives an estinate of & destruction radius of about
two miles for a 100,000 ton bomb., Members of the British misaion who came to
the project somewhat later were able to add to the understanding of this topic
from their national experience and their research of recent years,

\

DEVELOPMENT OF PHOGRAK

Introduction
1,53 From the previous outline of the state of knowleage at the

beginning of the Bomb Project, it is clear that the greatest problems were bound

to arise on the side of development and engineering. There was still much work to

be done in nuclear physica proper, but enocugh was known to eliminate great
uncertainties fraom this side of the picture. It should not be concluded, however,
that the stage of regearch wus past its brimo, to be dominated in turn by problemas
of anplication, hiia normal"me:nnings attached to "ressarch", "development", and
Penglinesring® ara/al‘nerad in the conitext of wartime sclence generaily; that is
particularly true of the Atomlic Bomb Prcject. Two feaiures havs determined its
general character. The firsf: is’ the domination of research schedules by production

1Y

schedules; the second is tha mf.ure of the weapon itself, Tim® schedules for the










1,57 The program included, finally, the further investigation of
bomb damage, of the possibility of autocatilytic methods of assembly, and the
proposal to amplify the effect of fissicn baabs by using them to initiate
thermomuclear reactions, | :

Ppogram of Bxperimental Physics

1,58 The program of experimental physics formmlated during and

immediately after the conferences fglls under two main headings: “Detailed and

integral experiments, Detailed or differential experiments are those which
atternpt to obderve that effects of isolated nuclear phenomena, From a sufficient
nutber of experimental datd gained in this wy, an integrfil picture of the
op;aration‘o! the bomb could be built up within a framework of theory., Integral
experiments, on the qt;her hand, were ~ at least in their early conception =
attempts te duplicate in experimental arrangement some of the overall properties
of the bamb, Experiments o; the two kinds were intended to supplement each other
wherever possible; on the one hand to sharpen the interpretation of integral
experiments, on the cther taf show up possible cmlssions of elements from the de-
tailed pieture. In practice, it has proved extremely difficult to devise integral
experiments which in any ﬁagf;gg_o_licato the eonditions obtaining in the bamb, The
integral experiments tmt‘:::o been performed have had mtho_r'the effect of checl-
ing theory i.n‘sitnaﬁ'iohn inm ways similar to the bomb, .

159 .' A brief aublim of the program as first developed will serve also -
te indicate the state of ;iporimental knowlsdge carried over fram the previous
period, . ' f
h “Y,60 Differemtisl experiments:

Neutron Kumber: Thé average nuaber of neutrons per fission had

never teen measursd direetly, although the Chlscage Project had measured the
mumber of neutrons from U235 per thermal nsutron absorbed., The number of
neutrons per fission could be salculsted from this measurement and from the ratle

of figsions to eaptures, which, however, was not known reliably ir the region of
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thermal energies. ihe neutron nunter cf Pu239 was completely unknown although
it was expected to differ but little fram that of 0235. The first experiments
planned were in fact measurements of reutrons from Pu239o

1,61 These latter neasurements were of intrinsic importance, and
were needed at the earliest date cossible to confirm thevwisdom of heavy

commitments already made for the production of plutonium in quantity.

1,62 Fission Spectrum: The energy range of neutrons from the fission

of 0235 had been investigated by the Eritish,and by the Rice Institute and
Stanford sub-projocta. These measurements suffered from the large dilution
of isotope 235 by 238 in normal uranium. Work had already been begun at

Minnesota with enriched material, and this program was to be continued at Los

"Alamos.

i.63 Fission C;ose~§ectionai *Fission cross~sections had been

‘measured by the sub-project unuer N. P, Heydenberg at the Uepartment of
. Terrestrial Magnetism of Carnegie Institute, by McKitben's group at Wisconsin,
and by Segre's group in Berkeley. These measurements = for U235 - covered |
the neutron energy range above 125 kev, and the range belowm two ev. When the
curve for fission cross-sections over tge high-energy range was extrapolétgd
downward, a figure was obtained for thermal energy that was much larger than the
cross—section actually observed., Since the extrapoclated region covered the
.1mportant range of neutron energies in a bamb of urapium hydride, me&surements
we;e planned to investigate cross-sections at these intermediate energias, and
resolve the apparent ancmaly. Fission cross-;ections of Pu239 wers already
known at thermal energies and at, a few high energies. Here also mezsurements

were planned to cover the entire range of cnergies up to about 3 Mev.

1,64 Delayed Neutron tmission: Experiments at Cornell had shown that

there was no appreciable delay beyond ten wicroseconds f§ the emissicn of neutrons

from fission; one of the initial experiments planned at los “lamocs was to push




this time down to a tenth of a microseccnd; on theoreticsl grounas it was

expected that the number delayed oven for this time would be small.

1.65 Capture and Scattering Cross-Sections: At the teginning of
the project little was known about capture and scattering cross-sections, A
Some measurements of capture snd inelastic scattering cross-sections had been
made at Chicago feor nci@al uraniun., Experiments by ths Minnesota group had
given values for elastic and inelastic scattering in uwranium for high energies.
The Wisconsin group had measured large-angle elastic scattiering in & number of
potential tamper materials, Capturs croes—se;tion measurements were made by
Segre at Berkeley. Tha principal work plaﬂnod for the los Alamos laboratory was
on the scattering and absorption cross-sections of U235 and Pu239, and the
capture And scattering cross-sections of various £amper haterials,

1.66 One new type of scattering measurement, not previously
undertaken, was planned for this’laboratory. This wa$ the measurement of
scattering into different solid angles. When so averaged as to give the effective
scattering in a given direction, this average is the so-called transport cross-
sectiaon,

1.67 Integral Experiments: Certain integral experiments had been

performed at Chicago, in connection with the development of the slow neutron
chain-reacting pile. These were not of direct interest tc the bomb project.
Two types of integral experiments were however planned in the early experimental

physics program:
| 1.68 Integral Tamper Experiments: Several experiments were planned

to measure the scattering in potential tamper materials; these were designed to
imjtate the scattering properties of a tampsr in the actual borb.

1.69 The "Water Bouiler!: At the April Conferences there was scme

discussion of the possibility of constructing a slow chain-reacting unit, using

L '
uranium with enriched U 35 content in water solution, - The construction of such




a unit would prcvide a useful neutror scurce for experiment«l purpcses, and
would .lso give practice in the operation of 2 super-critical unit, The
decision tc make such a unit was nct reacned until sore time later,

1,70 IExperimental Techniques: A large subsidiary program was czlled

for, to investigate techniques for producing and counting neutrons cf a given
energy, for measuring fissions in various materials, and for_measurin,q neutron-
induced reactions other than fission, The systematic recording of nuclear
pro;erties entailed by the experimental program required both accuracy and
standardization of a number of difficult techniques; the program of instrumentation

represented therefore a major activity of the laboratory,

Program of Chemlistry and Metallurgy

1.71 During the course of the D Project a large amount of research
had been carried out on the chemistry and metallurgy of uranium, The micro-
chemistry and micro-metallurgy of plutonium were inveatigated at Chicago as socn
as small amounts of the material were availéble. The chemical investig;tions
were necessary as a-basis for designing methods of recovering plutonium from the
pile material and "decontaminating" it, i.e., separating it from radio-active
fission products.

1.72 At the beginning of the Los Alamos project the exast division
of labor between its chemistry laboratory and other laboratories had not been
settled, There were oquctive difficulties and uncertainties of program. It
was not known whether U235, Pu239 or both would be used, or whether the bomb
material would be metal or compound, U233, prcducible from thorium by 2 process
of "breeding" similar to that t which Fuzy? 1s made from U238, wag also a2
possibility. Mechanical'r9qu1rements for the bomb material could nct yet be
specified. Here also a characteristic difficulty appeared, in that the tire for

research with gram and kilogram amounts of material would have to be as short as

possible, in order to avoid delay in bomk preduction,




“~

-critical masses of material, test enough to produce a successful high-oraer

1,73  C(ne certajnty wus a schedule of purity reguirements for y<3s
and Pu2}9. Because of the large alpha radloactivity of the latter substance,
light impurities had almost to be eliminated. MNost light elements had to be
present in not more than & few parts per million. For U235 these tolerances
could be greatly relaxed., Although'it ®was not yet determined whether the work
of final purification would be carried on at Los Alamos or elsewhere, an
analytical program was necessary to develop techniyues for measq;ing small
amounis of impurity in small samples of material,

1.74 A radio-chemistry program was needed to prepare msterials to
be used in nuclear experiments and in the dovelopmedt of a neutron injtiator for
the banb.

1.75 The metallurgy program included research ahd development on
the metal reduction of uranium and plutonium, the casting and shaping of these
metals and compounds such as uranium hydride, as well as various possible tamper
materials. Investigation of the physical properties of uranium and'plutonium
was needed, and a8 search had to be made for allcys with physical proPerties
superior to those of the unalloyed metals; As its main service function, the
metallurgy group vwould be called upon to prepare materials for physical and
ordnance experiments; particularli projectile, target, and tamper wmaterials for
the gun program,

1.76 As a scmewhat autonomous part of the chemistry program, plans
were made for the construction of & deuterium liquefacticon plant at Los Alamca.
This was to supply liquid deuterium fer experimental p.rposes and for eventual
use in the thermonuclear bomb, should its uevelopment prove feasible and
necessary.

Ordnance Proeram

1.77 It had been recognized from the beginning th:t the most difficult

of all problems facing the project was to find means for the assembly of several

e



explosion. Subsidiary but still very difficult problems were those of

4 incorporating active material, . 2mper and assembly mechanism into a practical

S

fair—bcrne bomb. These were the problems of the ordnance division of the
project, a division which could harudly be said to exist at the beginning. As a
matter of fact, no pre—existing group could have had much success in this work.
A new field of engineering was beiné explored; experience .hiis shcwn that
those successful in this work come from & variety of technical backgrounds,
all of which contribute to the field and none of which dominate it:
physicists, chemiasts, electrical and mechanical engineers.
1.78 A corollary feature of the ordnance program has been its
simultaneous inyestigation of alternative methodis, The uncertainties of
nuclear specificﬁtion and the possibility that one or another line of inveatigation
might fail, have made such a policy unavoldable. Of the three methods af
producing é fiésion bomb (autocatalysis, tie gun, the implosion) that have been '
L discussed, the last two were singled oul for early development. Autocatalysis
wa3 not eliminated; but it was not subject to development until some scheme
was proposed which would give a reasonable efficiency, This did not oceur during
the course of the project, although autocatalytic methods continued to receive
considerable theoretical attention., COf the remaining two methods, the gun
appeared the more practical; it used a known method of accelerating largs masses
»
to high velocities, The problem of "catching" a projectile in a target and -
starting a cnain reaction In the resulting supercritical mass was obviously a
difficult one, but it ssemed soluble, | ——— A
1.79 The method of imglosion, on the other hand, was much fariiem
renoved from exdsting practice, Tne reuirement of simultaneous Jdetoration over
the aurface of % high exploasive sphere presented unknown and possibly insoluble
difficulties;‘the behavior of so0lid nmatter ander che thermodvnamical conditions
(:‘b created by an implesion weat far beyond curient laboratory experiance, As even

ity nams implies, the imploaion seemsd "sgainst nature", Tis invesiization was







Percort of thre Heviewing Cormittee

1,82 The reviewing committee referred to in parazraph 1.26 was
ippointed by Jeneral Sroves to report on the organization of the Los Alamos
"ro‘ect and on the status and program of its tecknical work., The chief question
before this comriittee was the status of the ordnasnce program, The initial
conception of the project's gereral program was that resenrch in ruclear physics
should be virtually completed before undertaking a large-scale ordnance
development. In March 1943, however, Oppenheimer had written a memorandum on
ordnance, in which he urged that experimental work be undertaken as early as
possible, and that it received recognition as one of the most urgent of the
rroject's outstanding problems, (Appendix 7, No.3 ) Tolman recognized the
impertince of the issue thus raised, and recormended the aﬁpointment of Rcse to
the reviewine committee as an expert on ordnance matters,

1.33 The report of the reviewing committee, dated Yay 10, 1943, was
concerred with tlre administrative organization of the project, and with the
stutus und program of the technical work. Jince certain of the recommendations
cf tle camittee had an important bearing on the further development of the
project, the maiin features of its report are outlined below, (Aprendix 7 , No. 4

A, NUCLEAR FHYSIC3 RESK .RCH

1.84 After an extensive review of the prég;am of nuclear physics the
committee stated its approval of all of this, the most advanced pari of thre
work. It took note cf the newly discovered possibility for use of uranium
nydride, Tointing cut that the existence of the hydride had been learred of st
Los Alamos somewhat by accident, the camittee recommended a more systemetic
tecrniecal liaison between this and other branches of the larger project. It

. 233
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slso recomnended that the study of U s 4 possible exjlosive meterial be

continued,

)
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B. LESS DEVELCPED PARTS OF THE PROGRAM

1,85 The comnittee reported on the program for investigation of the
thermonuclear reaciion, the chemistry and metallurgy program and on the program
of engineering and cordnance,

1.86 As for tre thermonuclear bomb, the committee recommenied that
its investigation be pursued, but along mainly theoretical lines, and with
priority subordinate to that of the fission bomk. This confirmed the laboratory
policy already established.

1.87 Concerning both the chemistry and engineering programs, the
comnlttee recommerxied a subst&ntial revision of eaflier policy. Cne of the
principal organizational questions at the time was the Jjurisdiction of the
chemistry purification program. As stated above, the purification of active
material, particularly Pu239, presented a major technological problem, The
chemistry of plutonium was first investigated by Kennedy, Seaborg, Segre, and
Nahl, its discoverers, The investigation was pursued and would first be
practiced, by the Metallurgical lLaboratory chenists, in connection with their
problem of separation and decontamination of plutonium produced in the piles at
Cak Ridge and Hanford. It was arguable that the further step of pwification,
upon which such stringent reyuirements were placed, should be carried out by
the same grcocup, The committee recommended, however, thst the purification program
be carried on at los Alamos instead, Its reasons‘ for this recommendation were
not anly that the lLos Alamcs Project would be rosponsible' for the czorrect
functioning o.t"t.he‘ ultimate weapon, but also that & considerable amount of
repurification wor. would in any case be a consequence of the experimental use
of material at this project.

1.88  Th» second major recousendation of the committer was in
agreemeny with the earlier statement of Cppenheimer, - that the work of crdnance

develophment &nd englineering should he underiaken as zoon as posaible,




The comittee stated its opinica that the time had arrived for close comnection
between nuclear and engineerin: research, W¥hile there remajined from the side
of nuclear specifications a wide range of possibie designs for tre final weapon,
the committee believed that further determination of design would have to depend
as well upon engineerirng specifications. The committee also pointed out that
engineering research was neeael in connection with the development «f safety,
arming, firing, an@ detonating devices, portage of the bomb by plane, and
determination of the bomb trajectory.

1.89 Both the above recommendations entailed a major expansion of
project personnel and facilities, For the purification program, the estimateu
increase of chemists and techniclians was thi}ty, and a corresponding increase
of laboratory facilities. ior ordnance and engineering work, the comuittee
estimated that this would require a two-fold increase of project personnel, with
an extensive increase of offices, drafting rooms, shops, and test areas for
ballistic and explosives work.

C. ADMINISTRATIVE RICOMMENDATICNS AND GENERAL CCNCIUSICNS

1,90 The comnittee's recomnendations oﬁ matters of organization and
administration fall under the headings of personnel, procurement, security and
morale, Under the first the commitiece gave strong commendation to Cppenheimer
as Director, ‘he creation of three administratlive positions was reccarnended, as
soon as competent persons could be found to fili them. T[he first was a airector
of ordnance and engilneering, to tox= charge of .he recommendea program. The
second wag an asscclate cirector, a man in charge of some major phase of the
gefentific work and able to assist the director and take charge in his absence,
The third wes an administrative oificer, to take charge of non-technical
administrative mat.ers; in particular, tc maintain cordial and effective relations
with @he military adninistrection, On the general personnel situacicon the
committee repcried favorably, boﬁ; ag tou the competence ana tre work assignuents

of scientific parsonnel,
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1.91 Te comuittee was dissatisfied with the crganization and
functioning of tr.e rrocuremerit system. The nrocurement orficer, Mitchell,
they found te be well qualified for the pesition by technical training and
experience, Their principal criticism was directed toward the operaticn of tre
University of Calif«rnia Purchasing Cffice in Los Angeles, which in their
opinicn had been responsitle for sericus and avoidable delays., The comrittee
recomicerniied establishment of a second purchasing office in New York under
ceperute contract,

1.92 The security policy established by the Director under the
authbority grented him met witr the committee!s approval.

1.93 The final administrative recomrmendation of the cammittee, one
which in itse nature could not be entirely specific, concerned morale and the
maintenance of the "special kird of atmosphere that is conducive to effectivef
scientific work". The committee recognized that this was made difficulit by th%
isclaticn and military character of the post, and it was therefore in tle ;
achievement of better relations between the militzry and technical organizatio%g
that the comuittee saw hope for the maintenance of morale,

SUMMARY

1.94 The period of tihe April Conferences and of the reviewing
conmittee's examination of prcgram and organization provides a natural
introductica to the problems of the new project, ZIZnough has been said to
irdicale trabt the greatest problems were connected with the need to develcp a
new type cf engineering researcrn, translating the schematic concepticn of an
atomic bomb into an effective military weapon. Both objectively and subjectively,
these problems were rendered more difficult by the newness and isclaticn of the

labecratory, anu by the duality of military and technical organizactions.




Chapter II

TEE 3nITISH VIS3ICN

———

2.1 In December 1943 the first represertatives of the British
atomic bort project came tc Los Alamos. Their arrival marked the climax of a
long series of negotiations between the British, Canadion .nd American
Goverrnwnts seeking to integrate the scientific work being done in all three
countries on atomic bomb research (1.2). These first representatives were
‘0. R, Frisch and E. W, Titterton.

2,2 Although Britain's T. A. Iroject (The Directorate of Tube
Alloys) had had a very high priority in 1942, so many of her ﬁhysicists and so
much of her industrial capacity were engaged in other urgent war work that it
was impossible to undertake as large a program as the United States had launched,
The British orgarization decided to limit itself to particular phases of the
problem, and established research teams in various university and industris:l
laboratories,

2.3 In the summer of 1942, sufficient progress toward collaboration
had been made so that the British reports on thre theory of fissjon and tle
fission bomb were accessible to Oppenheimer's group ir Berkeley, as well as
reports of experimental measurements of nuclear constants, At that time thre
British anslysis of the bambh mechanism wias somewhat more advanced than in the
I'nited 5tates, 3o that access to these reports was of substantial vilue. 1In
Noverber 1942 a memorandum (Appendix 7 , No.5 ) was writter by Uppenheimer to
e e felerls describing the treorctical work that had been dene at Jerkeley ond
discussing certain points of difference between British and Americuan thecretical
wory, The incompleteness of collaboration at this time 1s indicated by tre fact

that in the memorandum referred to there could be no mention of the devterium bonb,




2.4 In the fall of 1943 tresidert Rooscvelt and Frime Yinister
Churchill had discussed the possibilities for closer collabeoriation beétween the two
countries in hastening the production of Atomic Bombs. As a result of their
discussions a Combined Policy Cormittee was set up in Washington., One of this
conmitteefs decisions was to move avlarge nunber of.British scientists to work in
jmerican laboratories, Evidenée of tre genulneness of cooperation ttat resulted
from this sacrifice on Britain's part is the fact that British scientists were
given assignrents in all parts of the American Froject, especially at Los Alamos,
the most highly classified section of all. {(Appendix 7, No. 6 ) .

2.5 At this time Niels Bohr, the eminent Danish plysicist, escaped from
“enn;.rk to England, where he was appointed adviser on scientific matters to the
Oritish Govecrnment. His scientific advice was made available to the United States
2s well, Bohr and his son iage c.me to Los Alamos in December 1943, a short time
ifter Frisch and Titterton. To ensure his personal safety and as a security
precaution, Bohr was known as Nicholas Baker and his son as James Baker, Great
care was taken to prevent any reference to their real names, even in classified
documents, The 3ohrs did not become resident members cf the lLos Alamos lLaboratory,

\

hut made several extended visits as consultants.

\

2.5‘ When Bohr came to the laboratory he found there a large number
e

of his former students, and his coming had a very healthy influence on reseaftch,
Feo cazme at the right moment, The exigencies of‘ﬁfoduction, the innumerable
small problems which confronted the physicists had led them away from some of
the fundamental problems of the basb. The study of the fission process itself,
for example, had oeen neglected, and this obstructed rellable predictions of
important phenomena, such as the energy-dependence of the branching ratlc
bhetween fissiZn and neutron capture (6.44), Here Bohr's interest gave rise to
new theorctical and experimental activitles which cleared up many questicns that

were 1oft unanswered veiore. Sume of the most important experiments on the

velocity selector were rade at his instisntion (6,38). 1'is influence was felt
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(15.45), in the design of the impleosion bomb, iwrd in the predictions about the
sne le e exylosion (5.47). To him also was due the stimulus forﬁiifious theoretical
‘ns-stigation of the "ball of fire" phenomena (11.28), -

2,10 Tecknical contributions of the resident staff of the British
“ission are mentioned in appropriate parts of the text on the same basis as the
work of their American colleaguss.

2.11 Sir James Chadwick of the Cavendish laboratory, scientific
adviser to the British members of the Combined Folicy Committee in Washington,
ciune to Los Alamos early in 199& to.head the British Mission, It was not
certain at first whether the British group would work under Chadwick on the problems
cf his choosing, or whether they would be assigned to existing groups in the
laboratory. The latter arrangement was adopted, and eventually 3ritish scientists
worked in nearly all of the laboratory Divisicns. 3Seven were experimental
nuclear physicists, two were electronics experts, five were tleoretical physicists,
and five were experts in the properties and effects of explosives.

2,12 Tord Cherwell, Churchill's persomal adviser on scientific matters,
visited Los Alamos in Gctober 1944.

2.13 Chadwick stayed in Los Alamos only a few months . His successor

as head of the Mission was Feierls,

-

2.1, Apart from the consultants already mentioned, the British Mission

staff consisted of the following: E. Bretscher, B, Davison, A. F. French,

A el

C. R, Frisch, K. Fuchs, J, Hughes, D. J. Littler, C, Mark®*, ¥, G. Marley,

# Although several members of the lission came to Los ilamos via the
Canadian and United Kinzdom laboratory in Montreal, all were attached to
the British staff except C. Mark, who remalned in the employ of the
Canadian fovernment,

D. G. Marshall, ¥, B, loon, #. F, Loon (secretary;, K. ¥, T'eierls, W, J. Penney,

Z, Placzek, ¥. J. Poole, J, Hotblat, }, Sheard, T, H. H. Skyrme, £, W. Titterton,

Je Le Tuck,
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Chapter 100

THE PERIOD AFRIL 1943 ~ AUGUST 1944, GENERAL REVIEW

ueneral Administrative Matters

3.1 Tre first period of the Los Alamos Laboraﬁory's existence
pres:nted th: problems common to organizational beginning: the definition of
program, the division of responsibilities, and liaison, Of these the first has
been discussed in the first chapter., The division of responsibilities follows
that of the program: Experimental Physics, Theoretical thysics, Chemistry and
Metallurgy, Ordnance. Each of these was organized as an administrative division,
consisting of a nuaber of operating units or groups. Group Leaders were made
responsible to their respective Division Leaders, and Divisicn Leaders to the
Director, Ih a position of responsibility parallel to tha:t of the Director, was
established a Governing Board., This consisted of thlie Dircetor, Division Leaders,
gener:l administrative officers, and individuals in important technical lisison
position, |

3.2 The minutes of the Governing Board meetings (Appendix 7, No.7 )
are perhaps the most convincing record ﬂhat the building of the laboratory was more
than the planninz and implementing of its technical work. Especially at first
these meetings were the only regular occasions for viewing irn a general political
way the many questions that appeared. :is a center for planning and policy—m Win~,
the Board considerei a wide variety of topics.

2.3 On the techinical side the Bourd provided a mens for relating the
work of the different divicions, and for relating the progceua of the Iahoratory
to other Uanhattan Distrist a2ctivities. It neard reporis of the latest nuclear
caleulations and measurcn:nis, and on the brsis of these set nasic specificuation:

R R N

for Orvdnances and Chemistry. As exreriment:l and desizn dat. became avzilatle
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from Ordnance, thre Board got fabricntion requirements for the met2llurgiste to




~

~~

ITI=2

3.4 The progress of procuremant and production was freqﬁently
reviewed, particularly of aptive materials and separated isotopes needed in the
programn, The Board supervised the 1iaison with other Project laboratories on
these :nd related matters.

3.5 For the first eight months perhaps two-thirds of tte Governing
Board's time was devoted to lay matters, Frequent:topics were housing,
construction and construction priorities, transportation, security restrictions,
personnel procurement, morale, salary scales, and promotion policy. In most
of these discussions, the Governing Board again provided a link, lhere between
technical progrum and general administration.

3.6 The adversities of the first months are illustrated by a few
very minor items chosed at random. In the first meeting of March 30, 1943, it
was r.entioned with some triumph that a calculating machine had finally been
obtained, on loan from the Berkeley laboratory. The scarcity of transportation
is illustrated by the fact that a reguest for assignment of one pick-up truck
was brought, for decision, as high as the Governing Board. In May, the housing
shortagze was so serious that the Board took upon itself the nassignment of the six
remaining apartments,

3,7 The membership of the Governing Board was: Bacher, Bethe,
Kennedy,'Fughes (3.20), Mitchell, Parsons (7.3), and Oppenheimer, Later
adiitions were McMillan, Kistiakowsky (7.68), and Bainbridge (7.4).

3,2 A short time after the beginning of the laboratory, A Cooriinating
Council was established, whose membership was at the Group Leader level or above,
In contrast to the Governing Board, the Coordinating Council was not a policy-
meking body, although at times policy problems were deleguted to it; for example,
the Coordinating Council was asked t; establish criteris for deciding which
members of the luboratory should be classed as staff members with unrestricted
access to classified information. Its meetings werc generally informative

rather than deliberative, consisting of reports of 2n adainistrative and
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technical character, 3Since its members were the heads of operating groups

and were collectively in contact with all members of the Laboratory, it served
al30 as a vehicle of general opinion concerning technical, administrative, and
- on occasion - community affairs,

3.9 Divisions and groups, in turn, held their own regular meelings
and seminars, These, together with informal discussions and regularly puSlished
reports, were the main vehicles of technical information in the laboratory,

3,10 There was, finally, a weekly Colloquium which all staff members
were privileged to attend, Staff members, as distinguished from other latoratory
emplcyees, were defined as those with scientific.degrees or e quivalent training
in the fileld of their work, and therefore presumed capable of giving or receiving
berefit in general discussions of the technical program,The Colloquium was less
a means of providing information than an institution which contributed to the
viability of the laboratory, to maintaining the sense of comon effort and
regponsibility,

3,1 Among all these channels of commnication the Colloquium raised
the most serious question of policy, From a narrowly technical point of view it
was the least easy to justif&; on the side of military security it appeared to
present the greatest hazard, Regular attendance would give any staff member a
generally comclete and accurate picture of the problems and progress of the
Laboratory, Just this, however, was its purpose, Any>essentia1 withholding of
gcientific information from the Collogquium would have defeated this purpose.,and
Acgaid have reprssented a sompromise of basic policy, In practice, the relatively
scientific and academic tone of Colloquium discussicns made it possible to avold
mention of many matiers of relatively small seientific, and relatively great
tartical, value; where thls was not possible the tactical value of infermation
Was scmetimes lessened by omission of quantitative details, Despite these

qua.ificaticns it remains true that the policy adopted concerning communicaticn
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. represented a considerable depirture fram tie customs normally surrounding the

protection of military secrets,

3,12 The last orzanizational problem, establish==“%f liaison,
presented scomewhat unusual difficulties, reflecting tte camplexity of Manh:zttan
District organization, s the reviewilg committee had pointed out (1.84), it was
important that some machinery be established for the interchange of pertinent
information between this and other branches of the Froject. The isolation of
Los «lamos even from other branches of the Project was a basic policy of tie
Yanhottun District, Apparently it was difficult to separate the virtues of this
isolation from its vices: tlLe needed liaisons were achieved to any extent only
after the most earnest representations.

3,13 The rrocedure established in June 1943 for liaison with the
¥etallurgical laboratory at Chicago is fairly typical., Permission was given
for the exchange of inforration by correspondence between specified representatives
of the two projects or hy visits of the Los Alamos representatives to Chicago.
Information was restricted to chemical, metallurgical, and certzin nuclear
propertics of fissionable and other materials, It was permissible for the

representatives to discuss schedules of need for and availability of experimental
235

amounts of U and Fu239. No information could be exchanged on the design or
operation of production piles, the design qf weapons, or to permit comparison
of schedules of need for and availability of production amounts of active
materials, Three members of the Los Alamos laboratory were to be kept informed
of ttre time-estimates for production of lorge a@ounts of these materials, In
addition to the above, it wes agreed that special permission would be granted by
trhe office of General Groves for visits to Chicago by other members of this
laboratcry to discuss specific matters,

3,1 As the program developed, a number of topics were of great

irterest to tte workers =t los Alanos, Information was needed on the resulis of
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chemical and metallurgical research at tﬁe Mstallurgical laboratory and at the
University of California and Iowa State College, This work was c;ncerned with
the chemistry and metallurgy of uranium and plutonium and meghods forhtha
analysis of impurities in these substances. Information was needed on results
of nuclear research at the Argonne laboratories at Chicago, It was important
to know when materials would become availablo‘from the production playts at
Oak Ridge (Site X), the form in which the material would be received, and the
processing which it would have undergone, It was also essential to know the
analytical procedures to be used by the production plants in determining the
impurities and active content of this material.

3.15 The need for careful information on time schedules of production
was the most urgent and difficult part of this problem, The estimates received
during the first summer of the laboratory were vague, incomplete and contradictory,
8o that it was difficult to meke sensible schednizs of bomb research and develop-
ment. The Governing Board in fact said that with the existing state of information
scheduling was impossible, and that unnecessary delays would certainly result
from this kind of blind operation, It was strongly urged by the Board that lLos
Alamos maintain a full-time representative at Oak Ridge. An agreement was finally
reached in November 1943, by which Oppenheimer was permiﬁted to visit the production
plants at Oak Ridge. When material began to arrive at Los Alamos in the spring
of 1944, the situation improved somewhat of itself,

3,16 The need for getting informatiom required by ihe Ordnance and
Engineering Division presented special difficuliies. Most of this information
had to be sought in agencies outside the Manhattan District, Xnowledge of the
purpeose and even the existence of Los Alamos had to be concealed from them.

Many devices were used:s blind addresses, a Denver telephorne number, NDRC

identification cards, The office of Dr. Tolman, Vice-Chairman of NDRC, was
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instrumentil in obtaining reports for this laboratory on such sublects s gun-
design, armor pl:ting, explosives, detonators, bomb damize, etec, The liaison
with .\rmy and Navy Ordnance, and with the srmy Air Force, will be discussed
later (7.30ff and Chapter XIX).

3.17 Among the more troublesome and less obvious liaison needs were those
re.uired with the University of California and within Los slumos itself, Although
the work was to be carried out under a more or less standard type of Wzr Department
contract, the University of California was, in matters of policy, virtually
unrepresented at the site., 3Security regulations and priactices were such, moreover,
that its officers were excluded from discussions of technical and administrative
policy, and aere :1llowed to concern themselves almost exclusively with s rather
narrow ranze of lezal and contractual affairs, At the Los ilamos site there were
two administrative offices, that of the military and that of the Iaboratory. EZven
thouzh the division of labor was defined in a general wiy, most of the difficulties
of dual organization had to be lived through before effective cooperstion was
éstablishéd. Because of security policy, the officers charged with administering
the community and_post were for the most part in ignorance of the Isbor:tory's
woric, Thus, althouzh the Manhattan District was the basic organization in the DSM
troject, its local military representatives were excluded from the sphere of
laporatory policy. Added to these difficulties, and complicated by.them, were the
troubles of life in un isolated and unpractised community.

3,18 Under such circumsganCGs a very great administrative burden Fell
upon the shoulders 2f the Director., ‘hereis his primary responsibility was the
success of the seicntific proiram, it was ewlly his concern that this success
not ve jeopardized by extraneous difficultles. The administrative recommend.tions
of the Reviawing vormittee had been aimed principeilly at improving this situztion,
Apart from the specific difficulties of the procurement office, the committeets

waln concern had been the need to improve relitions between the laboratory and the
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Post Administration,'gnd to relieve the Director of as many non-technical
administrative responsibilities as possible, At the beginning, the job of
operating the project was taken over by a temporary organization of scientific
staff members and technicians, The important thing was to.nvoid delay in research
work. In the way stood a host of small problems: transportation, warehousing,
procurement; planning of laboratory construc¢tion, and housing. The enthusiasm
with which these Jjobs were undertiken was ndtable, as was the esprit that
developed in the process. There was in it, nevertheless, an element of
antagonism between the laboratory and the military q@danization0 However
Justified or unjustified this antagonism may in particulir cases have been on
either side, it set a general problem for the future, For those who have lived
through the course of the Froject, what sﬁfnds out is not this initial element of
conflict, which only reflected the diversity of Amerlcan life, but the fact that
through cammon purpose and by the measure of actual accomplistment, this conflict
was reduced to secondary importance,

3;19. The members of the staff were considerably heartened by a
letter which Oppenheimer read at a colloquium eérly in July. The letter dated
June 29, 1943 was from President Roosevelt and said, in part: "I wish you would
express to the scientists assembled with you my deep qppreciution of their
willingness to undertake the tasks which lie before Lhem'in gpite of the dangers
and the personal sacrifices, I am sure we can count on their continued wholehearted
and unselfish labors. Whatever the enemy may be planning, American science will
be equal to the challenge. «ith this thought in mind, I send this note of
confidence and appreciation.” {(Appendix 7, No. 8 )

3.20 Apart from the business and procurement offices, the administrative
organizaticn of the laboratory had only two officers other thran the Cirector,
These were E, U, Condon of 'iestinghouse Rcsearch laboratories, and W, P, lennes

of the University of Califorrnia, OCf these, neither had fully determired to
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remain with the Froject, and beth did in fact leave, Condon in Miy, and Dennes in
July of 1943, The reviewing comrittee had recomuended the appointment of un associate
director, and of aniadministrative officer to coordinate non~technical administrative
functions and to act as liaison with the Post Administration. It was possible to
fill neither position at the time. Certain urgent requirements were met, however

by the appointment of new administrative officers. David Hawkins of the University
of Culifornia came in May 1943 to take the position of liaison with the Fost
Administr«tion. A, l. hughes, Chairman of the:Department of thysics, Washington
University, 3t. iouis, lissouri, was rade rersonnel Director in June. B, E. Brazier,
formerly of the 7. H. Buell Company, Denver, came to the site in May to take cliarge
of construction and maintenance. In January 1944, Javid Dow of the legal firm of
Cadwalader, Nickersham and Taft, New York, was appointed Assistant to the

Diregtor, in charge of non-techtnical administrative matters.

3.21 By July 1944, the Administruztion of the laboratory was organized

into the following groups:

A=l Cffice of Director De Dow

A=2 Personnel Office C. D. Shane (aAssistant Director)
A=3 Business Cffice | J. A, D, iuney

A=d Procuremént Uffice D. F. Mitchell (Assistant Director)

A-5 Library, Document Room, Editor C, Serber, D. Inglis

A~6 Fealth Group Dr. l. H. Hempelmann
Yaintenznce J. H., #illiams
tatent Uffice fajor R, C, Smith

\

Persomnel Administration:

3.22 The administration of the laberatory was faced at tie beginning

with a conflict of form and content. Because of the newness of lirge-scale
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organized research there deces not exist for it a class of professional
scientific adininistrators, In tie nain a choice hid to be made between a large
administrative organization stafled with persons unacquainted with the peculiarities
of scientific research, and a system bv which the major shzre of administrative
respongibility fell to the scilentists themselves. Hers again as with the
engineering progrum it was partly a matter of expediency and partly of policy that
the center of gravity remained in the scientific staff. The policy adopted meant,
especially at the beginning, a gain of unity in the laboratory. It entailed,
uncieniably, a loss of administrative efficiency.

3.23 The Personnel office, in particular, illustrates these remarks,
The Director, Hughes, was a physicist with administrative experience as Chairman
of the Department of Thysics, .ashington University. The organizition of the
Laboratery was such that the Fersorwel office wus almost entirely dependent upon
tte representations of Divisions and Group Leaders,

3.24 Apart from its connection with the Divisions and Groups of the
laboratory in nmatters of employment znd salary, the Personnel Office had chrarge
of a Santa Fe office of the Iabdrat.ory (for receiving and employment), and of the
Fousing Office at the site.. Under its jurisdiction fell personrel security, draft
deferment, placement of military personnel assigned to the lLaboratory, and certain
miscellanecus matters, Although the scope c¢f the present history -does not include
the affairs of the Los Alamos Community, the laboratory bacame administratively
involved in a4 numter of these - particulorly when, through their effect on the morale
of the laboratory staff, they had a bearinc upon the success of tne work. Although
these matters were not all under the directicn of the Personnel Cffice, they
belong by their content to the present section,

HOUSING AND OTHER COMUNITY AFFAIRS,

2,25 One of the most urgent community problems at the beginning was
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thie construction and organization cf 2 schecl for the children of Los Alamos
residents, There had been at the old Los alames Tuinchk School 2 small public
elementary schecol for the children of -its employees, In view of the lLaboratory's
smull original size it way believed thit the old building would be adequate for
the Project's elementary school, and thrat a high school could be established,
making use of another of tre original los .lames bulldings. This plan soon
proved unfeasible, and a JSchool committee was appointed by the Director and the
Commanding Cfficer, Col..J. M. Harmon, succeeced shortly thereafter by Lt. Col.
vWhitney Ashbridge. The committee made plans for a school builidirg, and supervised
the planning of curriculum and employment of teachers. The committee employed
We W, Cook of the University of Minnesota as consultant, A building to house
the elementary and high schools was designed by Cock and Brazier. <onstruction
was begun late in the summer of 1943, and by virtue cf a high construction
priority was ccmpleted in time for the opening of a fall school term., The
committee was continued as a schdol board through the Project's history.

3.26 The elementary and high schocls were operated as free public
schools, szlaries and procurement exrenses being borne by the Government through
the contractor. A nursery school, for which a building had been provided in the
original plan of construction, was operated on a partially self-supportinz basis.
This school made possible the part-time, or more rarely full-time, employment of

* women with young children., In this case the financial deficit was alsc carried
by the Government,

3.27 Anotrer mztter in which the laberatory administration was
iﬁterested wag tlat of community representation in the civil affairs of los
Qlames. In June 1943, o "Community Council" wns established and its members
=lected by popular vote., This superseded An eariier appointed committee, It
wis Intended to be purely advisory in its function, In its first form it was

a body elected only by the members of the laberatery und thelr wives, and did
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rot repr€3uht the entire conmunity, Tt wis adviscry, not toc the Commanding Officer,
but to the laboratory administr-ticn., In August 1943 4 more representative

council was approved by the new Commanding Officer, Lt., Col, Whitrey Ashbridge, and
the Laboratory Director., This council met with represent.tives of the Iaboratory
and the Commanding Officer, The Council wns regarded by some as a thorn in the

side of the community administraticn, At times it wus, The council sought, however,
te guide its delinerations and recommendutionsg by the single standard of the success
of the Iroject., Sometimes its recommendations could not be carried out because of
limitations of manpowér and materirl. Sometimes the limitations derived from the
customs of army administration, On the other hand muny recommendations were
acceptéd. Under the guidance of the council a system of small community play

areas ::gi built for the children of the Fost, Traffic laws were written with the
advice of the council, which also acted as a traffic court under a voluntary fine
system. Other topics frequently considered were: the operation of post exchange,
messes, comnissary, milk supply, maid service, public transportation, hospital,

3.2% A major community problem, which dogged and in many ways hampered
the Luboratory from the beginning, wis housing. Los .ilamos was originally
conceivaed 'as a small comsunity of reseurch scientists, more or less stationary
in character, while in fact it developed into a large and complex industrial
laboratory. Much of this developrment could not be foreseen, coming as it did from
self-development of the research frogram. Tre housing problem wus such ;s to put
a consiini dfag upor the efforts of the Liboratory to get and keep an adegquate staff,

2,29 Construction at Ises Alamos was not easy. Growth of populition
strained power und water supplies. Construction was expensive of critical manpower
and mater 3als; the presence of a large group of construction workers put a further
strain on community facilities, These difficulties, moreover, plus 2 constantly
shortening period of amortization, necessituted corrwesponding cheapening of
constructior, To the shortaée of rousing tiher-fore, wis atied a troublesome

ine uality. ~ , e T o2 | \
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3.30 The drag upon laboratory expansion caused by the difficulties of
maintaining an ade unate rate of housirnz construction is illustrated by the fact
that it was twice necessary, and a third time almost necessary, to make use of
outside housing facilities., It has been mentloned that at the very beginning of
the Troject members of the laboratory had to be housed temﬁorarily in nearby
"guest ranches'". By the beginning of sumrer, 1943, the origin4al housing
accomnodations were filled, and new housing was not yet provided., For the period
of June 19 - Cctober 17, therefore, the froject acquired from the Park Service,
and operated Frijoles Lodge at the Frijocles Canyon headquarters of the Bandelier
National lonument, fourteen miles from los Alamos. ifter its acquisition for the
purpose by the Albuguerque District Engineers, Frijoles was operated under the
jurisdiction of the Personnel Cffice. For this purpose the Labcratory obtained
the services of S, A, Butler, Assistant Manager of la Fonda, Santa Fe, who
Jater became Assistant I'ersonnel Director. Frijoles Lodge was used again from
July 17 to August 5, 1944 when the Project faced znother critical housing shortage,

3.31 Another facility in which the laboratory had an adminis£rative
interest was the community hospital, This hospital was operated for the benefit of
military and civilian personnel at Los Alamos, under the jurisdiction of the Chief
of the Medical 3ection of the Manhattan District. The existence and excellent
record of this hospital was an important contribution te Froject morale, Aﬁother
important function of the hospital was its cooperation with the health and safety
program of the Laboratory, whose work 1s discussed in detail in a later section
(3.87££).

SECURITY ADMINISTRATICN

, .
3,22 It would be difficult to exaggerate the security precautions

that were taken at thne deginning of the Yroject, particularly in connection with
versommel, During the early period, moreover; the administration of security

policy was a matter of imporiance nct orly in s.izguarding infornaticn, but zlso
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bec:use of the effects of restriction on morale, and thebpossibility that serious
breaches of security might lead to the imposition of even more étringeng external
control.

3.33 Ber €learance of personnel for work on the pfoject was arranged
through the Intellicence Cfficer stationed at the site, This procedure was slow
and cumbersome, especially in the first months. In 3eptember 1943, a plan was
approvad to éupplement clearance where necessary by an interlocking system of
vouching for the loyalty and good faith of the members of the laboratory.

3.34 The administration of security matters pertainine to laboratory
rersonnel :nd their families was delezated to Hawkins as Contractor's security
agent, with the assistance of a security committee composed of himself, Manley,
and Kennedy, mecting witl tle Intelligence Officer.

3.35 iecurring topics of discussion in tre security comittee were
the pass and badge system, the moaitoring of the laboratory for classified
material left unattended, the means of preventing claséified discussions in the
presence of outsiders, the publication and revision of security regulations.

3.36 The most irksome restrictions placed on the lLaboratory staff
were those affecting personal frcedom. Travel outside a limited loéal area, and
any contsct with acquaintances outside the trolect wis forbidden except on
labcratory business or in cases of personal emergency. In the main these
restrictions were accepted as concessions to the general policy of isolation.

4 small group thought they were not strict enouzh, and no one was satisfied wi?h
the working definitions of "personal emergency". The removal of these restrictions
in the fall of 1944 was a cause of veneral relief after a year and a half of
extreme restrictior. Anctiher feiture of ihe security policr of Los ilamos was
censorship of mail, This =us unusu.l in itself, and arusing in tre circumstance
from w'ich it began; namely, the suspicicn of unannounced censorship, et long

1fter the Taborstory bez o this sa.picilon spread as 2 runor, 4 certain amount
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of evidence that letters had been opened was presented, vurying considerably

in suality. Once started, sueh a rumor would no doubt huve spread in sny case,
Thie Director, who wss in no position to gpar&ntee that such censorship was not
occurring, made strbng representations to the office of General Groves, 4An
investigation was instituted by General Groves, which brought a negative result.
Under the circumstances, however, it was urged by many members of the Laboratory
that official censorship be instituted and this was done in December 1943, Once
begun, censcrship did serve as a deterrent to the inadvertent spreading of
information about the Project, of a sort which might contribute to consistent
rumors and continuing puhlic interest in its activities. Censorship was carried
on by a standard military censorship office located in Santa Fe, under the direction
and with the advice of the Intelligence Officer, Captain P. de 5ilva,

SALARY PCLICY AND ADMINISTRATION

227 The most pressing problem of personnel administration in the
early months of the laboratory was that of salaries., Salaries for scientifi
employees were determined by either of two standards, One standard was the OSRD
scale, based upon scientific degrees held and number of years since their conferment.
The other was th; "'no loss no gain" principle, with provision that individuals
from academic poéitions, whose salaries are normally based on a ten-month year, be
paid at twelve-tenths their pre#ious rate. Cne source of difficulty was that men
from industry had received a higher rate of pay than those from academic positions,
Anotrer wis that techniclans, men without academic degrees but often with cansiderable
tectnical sixill; had to be employed at the prevailing fates in this labor market,
Although techniecinns ranked below the younger professional scientists, they often
received risrer salaries, A final difficulty was that a general commitment had been
made to = policy}of length of service and merit increases, but that no administra-
tive mechanism existed to implement it.

3.38 The first*%m jor responsibiiity of Hughes, upon his arrival in

June 19432, wis to prerare a set of recommendations on salary policy, based upon a

SECREt
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survey of this .u.i other comparible laberatcries, This sﬁatemert of peolicy
propoezed within the regulations of the National !Jar Labor 3oard a salary scale
fer tie v rious classes of laboratory emplorees, and a plan for wage and salary
increases, Acccrding to this plan the younger scientists would be employed at a
rote deternined by the O3RD scale previously followed, and their rate of salary
increase determined accordinely. No provision was made for increase of salaries
above $400 per month, which were virtually frozen.

3.29 The proposed salary scale and schedule of increases was
presented for approval to the Manhattan Distriet and the University of California
in June, Approval was however postponed., A further effort to cbtain approval was
made in Cctober and again in December. At this time it was learned that certair
formal changes had to be made because of changes in national policy. Af£er
aprropriate modifications had been made, aprroval was further postponed until
January, when a conference was held on the subject at los ilamos, Approval was
finally granted February 2, 1944, after a year of operaticr, During this period
no system of promotion was possible, although the propcsed policy was followed in
deternining the salaries of individuals newly hired,

3.40 The chief difficulty in matters of salary increase and promotion
concerned the younger scientific zroup who had been hired under the OSRD scale.
This sczle, being based on length of time since conferment of academic degrees,
made provision for an annual s:lary increase, which however would not be approved
by the Contracting Officer, Lt, Col. 3., L, 3Stewart, in the absence of an approved
laboratory salary pelicy. Inequities, as meusured by the degree of responsibility
and usefulness of varicus indivi.iluals, were numcrous both within this OSRD group
and vetween it and those who hid been employed on 4 "nc less no gain' basis,

3.41 Final agreement about salary peliecy wus not reached until the
erd of the war, but improvemert resulted from a recrganization in July 1944

(3,36€F) at which time a new workinz agreement was reached,
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DRAFT DEFERMENT

3.42 The laboratory policy of draft deferment reflected its general
personnel and security policies. DBecause of the absolute scarcity-ef trained
scientists and technicians in the United States during the war years, every
effort had to be made to prevent induction of men in these categories whose
| services were essential and satisfactory. It was desirable from the standpoint
of security that the turnover of such personnel be kept at an absolute minimum,
On the other hand thre requirements of secrecy made it impossible to give
3elective Service any real information concerning the nature and importance of
the laboratory's program, or of the work of an individual, The average age of
scientific and techtnical employees, moreover, was under thirty, which placed the
great majority in the draft-vulnerable category. (3ee graph 1 in appendix).

3.43 3Zecause of the very importance of the Project, paradoxically,
deferment of laboratory employees was a m:tter of some complexity. Dennes care
to the laboratory empowered to act in deferment matters as Representative of the
University War Council, The position was later assume® by Hawkins, By the time
cf his departure Dennes had rescued relations with Selective Service fram the
confusion unavoidable in the first days of laboratory organization.

3,44 The most essential Select}ve Service liaisons were with the
New Mexico State Director of Selective Service and the Selective Service Agencies
of tie ilanhattan District, From the former the Laborato?y enjoyed the utmost
ccoperation in all matters pertzininy to Selective Service rules and policies, and
their interpretation., From the Selective Jervice (Office of the Manhattan District
and from the Washington Liaison Office the labocratory received the greatest
consideration in difficult individual cases,

3.45 lMest developments in draft deferment procedure were only
technical and did not reflect a change of pblicy. As the war rro.ressed and tte

necds of the Army and lavy increased, defernent requirerents becaie more stringent,
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The laboratery therefore depended increasinzly upen official certification of its
necds by the ilanhattan District. In February 1944, the War Depsrtment adopted

a rolicy forbidding the defermert of men under 2- years of age in the employ of
tre Depurtaent or its contractors. Tlere wns in the laboratory a small but highly
trained ard essenrtial group under 22. Under tl.e circumstarces they could not be
deferred. :hen these men were inducted, #herefore, there was no choice but to
have trem reassigned to the laboratory as members of the 3pecial Fngineer
Detachment,

PERSONNEL PRCCULRIILNT

3.46 JSome mention has been mede in Chapter I of the difficulties in
staffing the orizinal Los Alamos Ilaboratory. Its subsequent growth, moreovér, wes
suchk that the working population doubled, on tlre average, about every nine months.
~lthough a declinin; proportion of new employeesvwere of scientific staff
classification, the absolute nunber increased montl by month until alrcst tle end
of the war., (Jee grajh 2 in aprendix), At the same time the difficulty of
findiny competent scientists increased, The difficulty was greatest in the
upper technician and junior scientist brackets. OSenior scientists were needed
ir sma2ll numﬁers, and were usvally well-known to members of the laboratory. They
were in many Eases, anxious to Join the laboratory, and releases from less
critical work, or in some‘cases from other lanhattan Frojects, could be obtained

treuzl the efforts of the Jashincston Liaison Cffice. Junior men were needed in
great, numbers, recruiting trips to universities, however, were impcssible because
of security regulations. In MNovember 1943, the assistaince of Dean Samuels T. Arnold

Fad

of Bruwn ‘niversity wes obteined in these natters. An arrangenent wag also made

with V', 1., Trytten of tie Mitionil Roster of Scientifie and Technical rersonnel by

L]

which he could spend a part of Lis time visiting universities and enploying young

sclen ific personrel for thre Taberitory. Trytten was of zssistance te the ILaboratory

for « pericd of sever.l montis, .rncli remcined as liaison in astington in

peroanrel malters threwccben® Lo ceourse of Lie btrol
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UILITARY PERGONNEL

347 .+ swill number of officersz of the Army and Navy with scientifie
training were cbtzined at vurious times for work in the laboratory. The largest
group of militzry rersonnel in the laboratcry came, however, from the .Jomen's
Army Corps, and as enlisted men in the Special Engineer Detachment (3ZD)., The
latter detachment was originally established as a small detachment (about 30C for
2ll Manhattan Projects) in which men essential to the work of the Manhattan Distriet
could be placed in cases where deferments were no longer possiéle. at a time when
junior scientific personnel were extremely difficult to find, (November 1943) the
laboratory was informéd that a group of new graduates of the Army Specialized
Training Frogram would be available at the beginning of the year and could be
assigned to the laboratory in the SED,

3.48 Although it remained the basic policy of the laboratory that its
work should bé carried out on a civilian Basis, it had become clear that young
civilians, of the type most urgently needed, were increasingly difficult to find.
They were in fact being rapidly inducted into the Army, where in many cases, threir
agsiznment would be less appropriate to their training than if they were transferred
to the SED., The inconsistency and potential person;;l difficulties involved in
obtaining trese men were fully appreciated., In view, however, of the Selective
Service policy that resulted in the inducticn of many men from essential fields
already seriously undermanned, threre was no choice but to welcame into the
laboratory all techinically trained enlisted personnel for wham civilian counter-
parts could nct be found., Froam a tabulation made in May 1945, it was found that
29 per cent of all SkD personnel held college degrees, including several Doctors
and Yasters degrees, l!ost of the degrees were in the fiélds of Engineering,
Cheristry, Fhysics nd lathematics, (See grophs 2, 3 and 4 in appendiz).

3..9 In the cise of the VAU det~chment also, several competent
scientists were obtuained, as well as = larser nunber of tecnnical and office

workers, (Zec graph 4 in apjendix),




3¢50 The personnel policy regarding enlisted men and wonen was in
esvence identic:l with that for civilians, with obvious adjustments, ‘fter
arriv.l at the site and assignment toc the laboratory, all further matters of
placement, Jjob classification, trsnsfer.hnd proﬁotion within the Laboratory.were
under the jurisdiction of the laboratory Fersonnel Cffice,

351 The establishnuent 2nd rapid growth of the ZED at los Alamos
brought a numher of admlnistrative problems connected with the morale, accommodation

/

and working conditions of the group. The most serious problem arose from the

shortage of multiple unit housing, which made it impossible for the Post Administration

to provide quarters for married enlisted men. Further, Major P, de 3ilva objected
to the hiring (except as nurses);g;e wives of enlisted men, although they could have
been quartered in the dormitories for women workers on the project. Also security
regulations made iﬁ impossible for them to bring their wives to 3anta Fe or other
nearby communities. Security restrictions igainst travel and association with
persons away from the project worked trerefore a very much greater hardship 6n
enlist;d personnel than on civilians, whose wives and children lived at Los Alamos,
3.52 dnother problem was created by theAfact that military promotions,
which were the responsibility of the SED Commanding Officer, were also the only
material means available for recognition of responsibility and excellence in
technical work., The 3ED Table of Organization permitted promotion of one-third
of tre men to each of the grades T/3, T4, T/5, with the provisiontnggbout one-
tenth of those in T/3 could be promoted to the ranks of Technical and Master
Sergeant. Since the great majority of the men arrived with a rank nc greater than
T/5, there was, zt least in tre first period, ample opportunity for promotion, The
ground and rate of promotion rad, hovever, to be agreed upon between the 3ED

Cormanding Officer and the laboratory, arnd for several months no such poliey was

firmly established or consistently followed.
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3.53 A third difficulty arose from the conflict of military and
technical duties, Although the official hours of work in the laboratory were eight
hours a day for six days a week, it wis the practice of many groups in the
laberatory, particularly research groups, to work more irregular and usually much
longer hours, This practice created confliet with barracks duties and formations.

3,54 The presence of other detachments (engineer and military police)
required same consistency of treatment of the militzry personnel in accordance with
thg usual military organization., However, a nurber of steps were taken which
improved the position of the SED, although they did ﬁot entirely solve its pr&blems.
In June 1944, general supervision ofvthe military administration of SED matters was
given to Major P, de Silva. As Intelligence Officer his work brought him into elose
connection with the laboratory Administration. In August, the regulation forbidding
travel and outside soclal contact was relaxed for military personnel in the
laboratory so that they might visit their wives and families on furlough. 1In
August, also, Major T, O, Falmer was appointed Commanding Officer of the SED., A
large part of the credit in maintaining SED morale under difficult conditions must
be given to Major Falmer. A system of promotion recommendations by'groups'énd
divisions was soon worked out which was satisfactory to him and to the Laboratory
administration, The problem of conflicting duties was not and perhaps could hot
be solved adequately., The amount of overtime work done by many groups and
individuals required esgentially clvilian conditlons of 1life.

CONCLUSIC!!

3.55 The laboratory personnel department found itself confronted by
an unusuzlly broad range of difficulties, To the problems of a pcacetimevurban
laboratory were added those of a special military and civilian community, the
whole bheing complicited by a corresponding duallty of jurisdiction.

3.5 Tha zreatest single 4ifficulty was undoubtedly that of SQIAry‘
volicy, The 7o' 3 stated dfe by no reans self-explanatory, &As the vbter
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underlying reasons for these difficulties were somewhat as follows: The
laboratory did not enter the scene as 2 going concern, such as would have been
the case with a large contracting corporation or a university operating with its
own staff in its own plant. The University of California was, on the ccntrary,
remote fram the concrete problems of laboratory administration, Both the general
salary policy and its detailed administratiom, moreover, were under the supervision
and subject to the direct veto of the Contrasting Officer, Lt. Col, Stewart. He,
however, on whom the responsibility devolved, found it impossible, because of his
situation, to discharge it to the satisfaction of iho faboratory, He was stationed
in Los Angeles where his sérvices were urgently needed in connection with
procurement matters (3.,78): he had only general and~overa11 acquaintance with the
problems of the laboratory., Either of two conditions would have remedied the
situation: (1) That the Laboratory have ; strong well-organized personnel office,
capable of representing its need with sufficient consistency, detailed Justificatien,
and vigor to compensate for the Contracting Officer'!s remote position; or (2) That
the Contfacting Officer be stationed at Los Alamos, where he wvﬁld be in a pooiﬁinn
to understand the detailed needs of the laboratory (ef 3.17, 3.22). As matters
finally developed, it was the partial satisfaction of both conditions that tended
to solve the Labofatory's salary problenms.

3,57 In fact by June 1944 it was apparent that a considerable
administrative reorganization was necessary, Hughes' previous experience ard
Log Alamos function had been priharily in the building of a compe%ent sciantific‘
Iabaratory staff, The rapid expansion of the laboratory and its ramificatien in
many directions not covered by the term research created personnel prchlema of
a new and different order, After a year spent in building up the scientific staff
of Los Alamés and geeking to formulate and work out its personnel policies under
increasingly difficult cohditions, Ilughes returned to his previous position at
Washington University. FKis pogsition was taken by C. D, 3hane of the Radiation

lanor=tory, Berkeley. As his general assistant Shane brought Rov I, Clausen of the




University of California. Armand Kelley, formerly at the etallurgical Iahoratory
of the University of Chicago was brought as an expert in matters of salary and
saliary control. Hawkins, who had until this time been only loosely connected with
"the Tersonnel Office, was made responsible under 3hane for draft deferment and for
military personnel matters,

3.58 The most serious personnel problem at this time was still that of
salaries., After reviewing the situation in the laboratory in June, Shane had
accepted the position as Personnel Director with the understanding that 12 matters
of salary control he and his office woﬁld tave ; reasonable degree of autonomy, not
subject to veto by the Contracting Officer except in terms of Federal salary policy
and rezulations, \s was stated above an agreement with the Contraciing Officer to
this effect was reacted in July 1944.

Business Office

3.59 In February 1943, stortly before the administration of the
laboratory moved to Santa Fe, the University of California appointed J. A, D. Muncy
as 3Business lanager for the laboratory. His responsibiiities included all the
normal activities of a business office, but security restrictions put quirks into
its operations and added a number of unusual functions. !or security reasons it .
Lad already been decided to locate £he Furchasing Office in Los Angeles (1.12).

It was considered desirable to rave the Aeccounting Office physically connected with
the Turchasing Office. For this reason a general business office in Los iAngeles

for the most part took over opérations from the Business office at the point where
money wag disbursed, Complete records of all transactiéns were kept in that office,
and government and university audits were mude there. In practice, however, a smail
account maintained in the 3anta Fe bunit for emergency purchases, travel advances,
and for cas?iﬁg personal checks for Contractor's employees reached considerable
proportions; Tt was, in fact, t e zenond largest account in the bank, and since

it was in tuncy's noane, he frequentls received ¢irculars from chariteble organizations
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suggesting large contributions,

3,60 The "normal" functions of the Business Office were payroll
control, issuance of travel advances and preparation & travel expense bills{_
procurenent of materials on.the emergency purchases fund, maintenance of records
for workmen's compengation and for the california 3tate Employees! Retirement.
System to which employees of the University were obliged to eontribute after
six monthks of employment.

3.61 Scientific workers were not permitted to maintain aeccounts in
the local bank to avoid giving the bank a 1ist of Laboratory personnel., This rule
was maintained for all monthly salaried employees, The Business Office at the site
therefore made up the monthly payroll énd forwarded it to the Los Angeles office
wrere checks were written and mailed to the banks design#ﬁed by the employees,

.However, in 1943 the Contractor employed a large group of laborers and construction
workers who were paid on an hourly basis, and beginning in January 1945 the salaries
of machinists and otter shop workers were computed on an hourly basis. These
payrolls were made up, and checks written by the Business Office at Los ilamos,
fpproxirate momthly payroll figures of .50,000, $160,000 and $175;000 for the
months of June 1943, 1944 and 1945 respectively, indicate the tremendous growth
of the staff of the project. The payroll for hourly workers in June 1943 was
roughly 823,000, in June 1945 it was approximately 3130,000., The figure for 1944
is negligible, covering substitute school teachers and same part-time clerical
workers. (Jee graph 2 in aprendix).

3,62 1In keeping payroll records at the site there was considerable
difficulty with accurate records of attendance. The university procedure of
having 2 superviscor certify monthly that all emplcyees in his charge were present
with the exceptions noted wis not considered adequate by the Manhaittan District.

On the cther hand, eertificatiorns by the ;jroup leader as to atienduirce by days and

=l

helfadavs wis ccensifvrert conplete Ly Impractical oy the direction of the labor-tory




for a number of re=sons: personnel w:s too scattered, particulirly in those
groups deing field work: scientific workers frequently worked at night though not
on regular shifts, Ocientific workers often worked a good deal more than 48 hours
a week, and since the contrazct did not allow for overtire payments it was felt that
deductions for absences could not reascnably be made. The only prccedure used
until September 1945 for the &ciertific and administrative staff was a negative
report made monthly by each employee, without any grour leader certification.
Although this system was never considered satisfactcry, it is probably true that

a more rigorous control would have imposed an almost prohibitive administrative
burden, and would have had an unfortunate effect on the morale of scientific
workers who were actually ziving more tlian 46 hours a week to project work.

3.63 Reimbursement for travel on project business was handled in the
same manner as the payroll, Although advances were issued from the local account,
travel expense bills were forwarded to the Los Angeles office and checks mailed
fror trere to the bank of the payee. \

3.64 The emergency purchases fund was used for materials for which it
was not rractical to route the request through the lLos singeles Furchasing Office,
either beciuse of the urgency of the request or because of the character of the-
materials, The bulk of the material purchased on this fund in 1943 fell into the
former category, since it was mostly construction supplles needed immediately for
work being done by the Contractor. The amount of disbursements from this fund in
June 1943 wﬁs aprroxim:tely $23,000, and in June 1944 it had dropped to %,,000,

In the latter year the materials purchased were principally batteries, dry ice
and cylinders of gas, items not suitable for shipment from Los Angeles., In June
1945, during the preperations for the Trinity shot, some $38,000 were spent for
miscellanecus itens, ranging from radio tubes to cuinvas wat.r bags, plus an

increased vobuse of the normal batteries, gases, ete, imong the unusual purchase$
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mrde with this fund were 82 cows which apparently had suffered radicactive burns
during the Trinity test. '

3.65 One of the first of the somewhat extraordinary duties of the
Business Office was handling the financial end o} the temrorary housing mentioned
in Chapter 1. The cost of opening and operating the ranches used made the
expenses to employees consider;blr greater than they would have been at the site.
It was felt that the.project should assume this extra cost since housing was not
ready at the site as it had been promised, The Contractor therefore operated the
ranches and billed each individual or head of family for the amount of his living
experises at the site (rent ﬁlus $25 per month per person for food)., In all, five
ranches were operated from the end of March to the end of May, 1943 at a cost of
some $7,000, Claims for damage io the temporary housing occupied by Contractorta
personnel were also settled by the Business Office, with the assistance of the
Contracting Officer.

3,66 Other unusual functions of the Business Office stermed for the
most part from the attempt to prevent a list of personnel accumulating outside
the project, Thus personnel were requested not to cash personal checks in 3anta Fe,
and check cashing facilities were provided at Los Alamos. By 1945 the daily
averase of checks cashed was between 33,000 and 54,000, A1l personal long distance
cells and personal telegrams were charpged to a Business Office account and tle daily
. telephore bill increased from &57 in June ofll943 to $745 in June 1944, “/hen
New llexico income tax returns were due, the Business Office assigned a number to
each erployee, and reported to tte income tax bureau the amount of income paid to
that nurber in New llexico during the year, The employee then used his number instead
of tis n-me on his returrn.

3.07 It can be seen from this brief acconnt that the volume of work
kandled by the Business Cffice srew conz ilarably beyond whot had been anticipated,

In spite f tie limitation lmposed oy “he availability «f ‘cousing, the staff
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increased to some 15 people by mid-1945. It is clear, however, that the decision
to keep the main accounting office in Los Angeles was a wise one, both because

of the advantage of proximity to the Purchasing Office, and because its staff,
which grew to some 70 people, would have required a housing project. all its mh
at Los Alamos,

3,68 Because security regulations made it impossible for persomnel to
take out new life insurance and because of the extra-hazardous character of the
work done at the Project, the problem of providing insurance for employees proved
extremely complex and was never adequately solved, although a long seri_.es of efforts
were made by the Director's office in ecooperation with the Business Office. When
the project was organized, employees of the technical area were covered by an
OSED heslth and aceident policy {ippendix 7, No.9 ). covering injury, illness or
death, placed with the Fidelity and Casualty Company of New York, In September
1943 this policy: was rep]ééed b.y ﬁanhattan District Master Polioy 1 with the Suu,
Indemnity Campany (Appendix?7, No. 10 ) which offeved additional benefits including
extra-hezardons 1nsurancc. In July 1944 Maator Policy 1 was replaced by Master
Policy 2, (Appendix 7, No. 1) with premiums to be paid by the individual or thc

contractor rather than by the garernment. )[aster Policy 3 (Appendix 7, No, 12,)» - |

provided far acoidents not arising out of employment. At about this time there

was consido:;able discussion of the fact that the extra-hazardous insurance
policy in effect for pecple working on radicactive substances was inadequate,
since no provision was made lor the fact that injuries might not appear for
16 or 15 years after they were received, Eventually this problem was solved

in part by a special arrangement made with the University of California. A

‘fund of $1,000,000 was deposited with the University by the Government o be used

for payment by the University with the consent of the Government of up to $10,000
for injuries resulting from a number of specified extra-hazards listed in a secfet‘ .
letter to the University‘ (Apperdix 7, No. 13). Statutory Workmen's Compensation

of the State of New Mexico was provided by the Contractor for all persons assigned

SECRE] ~ :
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v pernarently to work in New llexico., The totsl of clairs paid under orkmen's
Compensation through December 1745 was only 18,000, of which 512,000 covered

- -

death benefits for two laborers killed in a motcr vehicle accident in 19432,

’ Agcident policies egssentially the same as Master Policies 2 and 3, which expired,
were made available in September 1544 for purchase by individual employees, For
some time there was no coverage for travel on non-commercial, non-experimental
aircraft used by projet employees, but evertually this wes covered by @ personal- - ——

saccident policy with Aero Insurance Underwriters for civilizn emrloyees.
Procurement

3.59 The community's isolation éreated many problems but the most acute
and serious of these were faced by the lrocurement Office. Supplying a large
research laboratory from the ground up is in itself a difficult task; dolng this
secretly, in wartime, 1200 miles frow the nearest large market and 100 miles from

( the nearest rail and air ter:inail would aprear to be an imposszible one, Yet the

Frocurement Office succeeded in overcoaming all the obstacles of time, space and
security, and in satiéfying the exactin: and apparently insatiable demunds of the
lavoratory. The fact that the laboratory was able to meet its tight time schedule
is . tribute to the éompetence and efficiency of its Frocurement Office, culded from
the beginning by 2. F, litchell, of Columbis “niversity,

3,70 In February 1943, Vitchell, Uppenreiumer, :nd sever:l other
s;ientists met with repres-ntatives of Lle ‘imy ord of the Imiversity of
Califcruis to discuss purchasir: policies, z;ﬁ.the insistencs of the Univeprsity,

M ~

L owas zrreed that all ratters of pwelasins ind puments would be adninistered

directly by merbers of the University st:7, antl within their entire discretior as
o
to appointees hut sudbject to the gencral supervision of tte Conirneline Cfficer.,

.

In eflfect, this weant thet while ‘itchell was in ctarge of ovderins mwaterizis Tor

4 the Loborateory, the actu:rl parciasin: weuld be Jdons by Univarzity appointees. This

v

cranizabtionsl cunsident fon broonkt with b up o addlt ionsd o soo oty cops Tiertion -

y -
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the University's yurchasing office woull have o e locited in Los nzeles, and
its emj lorees woulil not ve peraiitted to came Lo Los Aluimos, to deil directly with
persons 11l clns orlers, or to knew Luvthing zlout the work of the laboratery.

Z.71 At about this tine, the basic policies which were to govern
ltitchell as Vrocurement Officer were outlined, Fe was to be pguided primarily
by the neeessity for speed and wis not to be held responsible for the kind or
quality of itemms to be purchased., He wis to be cuthorized to place orders by
requisitions signed by jualified members of the scientific staff, such requisitions
to show quantity, descrgption of item, date rejuired, urgency and suggested source.
On the basis of the ardering individualls statement of urgency, Mitchell would
Judge the degree of briority required, and the means of communication and trans-
portation to be used in order to meet the deliver} date, Primnerily the poliey
of the Irocuremert Cffice was to supply the needs of the technical staff as
promptly as possible, and with as little red tape as possiole. O the whole, this
policy was maintained successfully.

3,72 A great many things had to be ordered before the laberatory could
vegin to functicn, and until the Los .‘ngeles Purchasing Cffice was established,
such purchases were made through the Purchasing Office of the Radiation laboratory
at Berkeley. '

3.73 The Los Angeles office was organized by D, L, #Wilt and was .in
operation “arch 14, 1943, After September 1943, i, T, Uyhre whs in charge of
this office, Ir early discussions about procurement it was rroposed that_branch
ngiiiiifémgfﬁiﬁﬁﬁ_bﬂ.established in lew York and Chig.uzo, to be subordinzte to
the Lecs ingeles office, These were z<t up in April 1947. ‘Yxeept in cas«s of

M . -
unusun 1 emergency the laboratory's | rocurenent Cffice deali directly only with the

Los ‘rngeles Cffice, either by nail or teletype. Re uisitions for iteuws not readily

avail:ule in the Los Angeles area were forwirded Lo the New York and Chiciago

vrare ¢ from Tos Angeles,  The three 27Tires torwetler employe:l a toht .1 ~f about

il
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300 ¢ tlvir peddr, lneluding 22 buyers and 20 expediters, an averire monthly

dollar volume w.s about 400,300 coverinry an averaze of about 6,000 items
—
purciased, VFowsver, in the peak month (May 1945) these firures were over a
niliion dollars for more than 10,000 items. (3ee gruph 7 in appendixj.
3.7 s éertain awount of loc:l purchasing was permitted., At first
"locil" wis defined ~s a radius of 500 miles including Jenver, but 3s Security
restrictions tiszhtened, "local" was limited to a ridius of 10C riles, including
Alounquerque. Originally local purclises were intended to sitisfy only energency
needs for 1temns not obtainible through normal channels in time, and authorization
for such purchases had to he secured froin tre Business Office, later, liowever,
loc~1 purciases became a reular function of the Frocureﬁent Cffice, and included
not only emergency items bul also many bulk items such as fuel and building
supplies, which could he purchuased advantageously from local suppliers. In no
case was 1t possiile to place items on back order or ssk local vendors to place
orders for the labhoritory. For security reasons, purchases were made in Muncy's
nane, The Post Supply Zection, under the able direction of Major Edward A, White,
was frequently called upon to sup;ly various items for the Technical Area. A
syst;m‘wus set up whereby the Technical Area could reqguisftion on ¥ajor 'hite's
of fice and this channel of procureiient was of no small help to the technical work.
2,75 4s has been mentioned before (1,17), the first groups of
scientists trougrt with tlem a cyclotron, a Van de Graaff{ generator, a C;ckcroft-
dalton accelerator, sznd a certain amount of electronic equipment. Aside from
thesg things, there was nothing at site Y to constitute a2 laboritory. ibst of

tre scientists had come from universities where they had fairly well-equipped

laborwories and stockrooms which had been building up supplies in specialized

fieldws for reirs, “thin ¢ few months, the ivrocurenment and Purchosing Cffices
red complobelr to e miip plysics, o wzaastry ~od cleetronics laboratorics as well
A5 0 arioe Sl o iso to prerar stockrooms of osuprlins for these laboratories
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and shops., 'The range of materials required for this task was incredibly great -
everything from women's work clothes to ten-ton trucks. It has been stated
without exaggeration, that in variety of items tlie requirements of this laboratory
exceeded those of Bell lLahoratories, one of tie largest research organizations
in the world. The Procurement Office bought such things as rate, meteorological
balloons, sewing machineé, restaurant equipment, jeweller's tools, and washing
michines in addition tco what might be considered standard items of shop and
laboratory equipment., At the time the Procurenent Office for site Y was organized,
early in 1943, the ﬁation's industry had been thoroughly converted to war
production., OStockpiles were running low in many items considered standard for
research laboratories but not important for any othrer wartime use, Some things
were almost caﬁﬁletely uravailable, others could be secured only with high
priorities, Prbject Y wes assigned AA-1 pricrity by the 'ar Production Board,
but ofter it was necessary tq’request the District's help in securing higher
priority or a WPB directive for particular items. The Procufement and Purchasing
Offices succeeded in having equirment on hand almost as soon as there were
buildings to house the v;rious laberatcories., Stockroams wére ready in short order -
one for chemiczl supplies - K stoek, one for gener»l laboratory supplie$ - 3 stook,
one for specizl electronic supplies, and one for each of the shops.

3.76 Once thLe various laboratories were establishéd, the task of the
Frocurement Office became thrat of meéting the continuing demands of the scientifie
and technical staff for ejquiprent, and keeping stockrooms adequately supplied,
hesponsibility for the electronic and shop stockrooms was turned over to the
varicus operating grours. The duties of procurerent could never become routine,
because of the Iaboratdry's coﬁtinuous expansion and becauge of thLe constant and
necessary charges in the tecinical prosrar, 3ince the laboratory was operaﬁing
on s rizid tire scale, time was always the most critical factor, and shkipping
irsuroctions mole by tte irocurercnt Office on reuisiticns sent to the

frice were o5 extre o1y importort, fec lond! foilure cof Lhe
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Murchasing Office to carry out shipping instructions precisely was one of ths
minor sources of friction between the two offices, On several occasions the
Procurement Office was obliged to reorder by air express an item that was
being shipped by freight contrary to instructions, Walting for freight delivery -
?ould have meant holding up vital experiments that would cost much more in time
and money than the cost of duplicating an order, |

‘ 3.77 Second only to time in importance was the question of security,
and this too caused inmumerable difficulties to the Procurement and Purchasing
Cffices, For security reasons Site Y was located far from any large city, and
therefore separate purchasinz offices had to be established in marketing centers,
For security reasons, the employees o£ these purchasing offices could have no
direct contact with the using groups at the laboratory, could know nothing about
tlie work of the laboratory, and therefore could rnet understand its significance
or appreciate the urgency and responsibllity of their own work, Bmployees of the
Chicazo and New York offices dealt directly only with the Los Angeles office,
except in emergencies, Por security reasons, using groups were almost never
able to deal directly with manufacturers and dealers; when questions about design
or fabrication arose, these questions had to be transmitted through the New York
or Chicago Purchasing Offices to the los Angeles- Purchasing Offite, from there to
the Los Alamos Procurement Office, ;nd finally to the using groups: the answer
had to be sent back along this same path to the supplier., For secugity rea;onﬁ
no direct shipments could be madé to Site Y; all suppliers were instructed to
ship goods to Chicapgo and Los Angeles warehouses, from where they rad to be
transshipped to Y with tkeir orizinal labels removed in ordler to prevent
unauthorized perscns from learning whit kinds of things were beinz received.
Criginally tre los /ngeles and Chicxgo warehouses did nothing but trunsship orders,

1ind the 3ite Y warelouse chec.ed shiprents and arproved invoices. Beecause of -

© governmert resulations insisting upon promrt parment of bills to svoid loss of
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dizcount, rrocedure was changed sc trat invcices were checied against shipments
at Los Angeles and Chicago and approved there., This procedure led to minor
difficulties: goods would be received that were neither usable nor returnable,
items would be missing from the shipment but checked on the invoice, packages of
photographic film would be opened for inspectiocn,

3.73 Periodicélly tech;ical groups in the laboratory submitted
criticisms of the Los Angeles PMurchasing Office to the Director, and periodically
the Director would transmit these criticisms to the appropriate Army and University
officials, The theme of most of these criticisms was that the los Angeles office
was staffed by inefficient and inexperiénced buyers, For some time these offices
were serlously understaffed, and some of these criticisms may have been justified;
on the whole, however, circumstances made unavoidable much of the apparent
inefficiency. The UhiVersity and the Purchasing Office maintained with considerable
Justice that much of their difficulty was directly traceable to the stirict
gecurity regulations under which they operated. statistics compiled'fram time to
tine by the Contracting Officer, It. Col. Stewart, on the efficiency of the
Mirchasing Office show fairly commendable results. To some extent the criticisms
of the Purchasing Office by using groups in the laboratory were caused by their
isolation from and unfamiliarity with the actual state of the market. They had
come from universities whose egquipment had largely been purchased under peacetime
conditions, when time was not at a premium and manufacturers' catalogues actually
represented stock on hand., During the war many manufacturers stopred publishing
current catalogues, and those catalogues which were available in no way represented
existing conditions, Men t~d been in the h;bit of desizning apparatus, starting
to build it, and then orderins parts they did‘not hive on hand. This lablt nearly
proved disastrous on several occasions. For example, one group designed a speeial
kind of cumera to be wuse: in conrection with the Trinity tesi, procecided to work

on construction andd ardored necessiry parts,  Aafter the work was well under way,
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purpose, size, color and slare were convenicnt but not indispensable, whereas

the chermical composition of ihe miterial was the one all-important criserion,

Such incidents occurred again and «g:in, and the only possible solution was to
have members of the technical stif: m:lie their specifications as complete and
explicit as possible without revealinz the nature of their work. The local
Procurenent Office made 1 serious effort to have the using groups prepare accurate
and canplete specifications, and the Frocurement Cffice itself checked such
specifications closely before transmittin~ them to Los Angeles.

3.80 The crganizition established at Y to handle same of the complex
probleris outlined above wis in itself rather simple, 1In accordance with its
policy of eliminating red tzpe and suyplying thre laboratory as quickly and
efficiently as possible, Mitchell organized his department into two main sections =
Procurenent, under the supervision of E. E. Olsen, and Service and Supplies under
the supervision of k. °. Allen. The Frocurement Section consisted at first of two
groups, Puying and Records., Iater a third - Property Inventory - was added. The
Buying Group was responsihle for checking#specifications on purchase requests,
suggesting a possible minufacturer or vendor to the Los Angeles'offiCe, Justifying
high urgencies, and answering questions initisted by the lLos Angeles Purchasing
Office. TDssentially the local buyers existed to give the los Anéeles buyers the
infor.ation they required to purchrse the things neesded at the laboratory,

The Recoris Group was responsible for mnintaining files of correspondence ahd
purchase reouests, and also Kardex files of expend:le and non-sxpendable goods on
hand. #Yhen one understards th-t for every purchase request an avernze of sixty
pieces of paper was invalvei, including printed forms and teletypes, the Luportance
of tre Records roup becomes evident, The XKardex files were liter transferred to
the Froperty Inventory Section (9.24). The Service and 3uprlies secticn consisted
of for cronps - the stochrooms, receivinz, stilyring ani recerds, Orisingiiy one

ran s inoeror o of all tre steclrouy - e ceror L Loworste v osuyr Ly, tle




crtemical supply, electronic, ruchine shop, and a feow szull specizlized supply
rooms, The Zeceiving Group was responsivle for openin: - sckazes, identifying
items witlh purchtase orlers ~.nd directins distri™tion either directly to
laboratory grours or to the appropriate stockroom. The ieccrds Group maintained
files of purchase orders for follow up purposes, files of stocks on hand and
various recelying record files,

3.31 Certain special procurement channels by-passed the University
Purchasing Office in Los Angeles, These concerned parts for the completed bomb-
meqhanism, materials including uranium‘and plutoniun coming from other branches of
the Iroject and materials obtained directly from the Army or Navy such as
electronic components and completed devices of an electronic nature, quns and
propellants and high explosivesa

Library and Document Room

3.32 One of the minor but extremely important groups in the IaBoratory
was the Library. No research laboratory can exist without a library well stoclied
with standard technical reference works, files of technical journals and reports
of work in progress, éépecially when that laboratory is isolated from all other
universities and libraries. The Los Alamos library served its purpose well, and
was one of the few administrative groups in the laboratory about which there were
substantially no complaints from the scientifiec staff. The library was organized
and directed by Charlotte 3erber, |

3623 Like the procurenient division, the library ficed the problem of
providing in a few months a comprehensive collection of books and joursils on
physies, chemistry, engineering and metallurgy that had tazken other libraries
years to accumlate., A large part of this initial problen was solved by loans,
criefly from the‘University of California library. A tentative list of book
requirenents submitted by various stafl mevter- planning the laborsicry concisted
of spyroximitely 120C Loois and 50 Journals (conplete fiJes from 1920 for She most
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Universiiy library wos atle to supply nenrly ull of thie rare out—of-print titles,
New publicutions were bought, but only through a cireuitous route, becsuse of
security restrictions. Orders frar tke Los ‘lumos libr:ry were sent to a
forw.rding aldress in los ingeles, ard from tiere tc the University ldibrary in
Berlelf"' fror Terieley, orders were placed with bLook publisrers and dezlers

to bte sent to the los Angeles receiving warehouse, and from Los Angeles the
beoks were forwarded to Los Alumes, By July, 1945, tiie library included
approxim:.tely 2,000 books, 16C journ:ls per month, and 1500 microfilm reproduc-
ticns of specific articles and portions of books.

3.3 The largest part of the library's work, however, was that of
reprod&éing and distributing reports of work in progress. For this purpose, the
library Qtaff included two small sub=groups, known as the workshor and the
document room, The workshop typed, reproduced, and assembled techriical reports
and minuals sutmitted by the various scientific groups of the laboratory. . The
workshop group collaborated vefy closely with the editorial section and with the
photography and. photostating shop, Corpleted reports were turned over to the

[

docurent rcom for distrihution in accordunce with security regulations, since

~nearly all of the wérk of the project was classified, The Laboratory's guiding

policy for distributing infermation among its orm workers was simply that in no
cage should information be withheld from anyone who could work more effectively

if information were in his hands, or who would be in a better position to maintain
2 hish level of security in his possible dealings with outside workers if he were
more fully informed., To carry out ihis policy, the documenrt room of the library
wos supplied with a 1list of persomnel entitled to have access to all or certnain
ce:t@gories of clossified documents, and this 1list wis kepht up to date by advice
from group and division lenders, In gereral, comparatively few decuments were

distrivuted to individuals, the na‘ority were lept in tle document rcom to be

[

read ther~ or borrowed temporarily vy ualificed persons, In 2dditicon to maintalne

ine & compl-te ard currcny file of Tos Mlamos reports, the docurent reoom kept a
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file of documenrts received from other Mamhattzn Jistrict Projects. Jame notion
of the agpount of work handled oy the document room cen be gained from the fuct
that oy Janusry 1945 there were 60%0 reports on file, exclusive of extra copies
of the same report, and that aprroximotely 1C per cent of the total circulated
each week.

4

2,75 Among minor duties of the library was that of instructing the
secretarial staff in the préparation of reports for reproduction, and the handling
of classified dccuments, In Janucry 1945, the library docuent room assumned from
;the patent office the duty of issuing patent notebooks, keeping a record of
notebooks issued, 2nd collecting thex from individuals upon separation from the
Projects.
Edttor

3.86 From the beginninz the los Alamos Iaboratory produced large
quantities of reports, ‘"hole fields of research were amplified by the results of
work done here so that regularly published papers in these fields were méde
obsolete, and reports written here became standard reference works for this and
other Manhattan District projects. It was therefore necessary; to have experimental
results reported speedily and accurately in a form that would be readily accessible
to other employees requiring the information for threir own work, It soon becare
apparent that responsibility for the editing and reproduction of all reports W
should be centralized to insure accuracy as well as speed., Farly in 1943,
D. H. Ihglis of Johns liopkins University was appointed Project Editor, All
reports of completed work (known as documents, or of work in rrogress (known as
manuseripts) which we;e to be reproduced in any form went through the office’ of
Inglis., 7The reports were chechted thoroughly from both a tectnicsl and editorial
roint of view, An appropriate form of reproduction was then selected, and when
finished they were routed to the worlishiop or photostating shop. Through Inglist

efforts tre labor:tory whs assured a serics of technically accurate, and

editorially conzistent reports of work completel and in prosress,
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Fealth and Safety

3.97 A Health Troup reporting to the Director was part of the
laboratory administration from the beginning., Throughout ithe present history
this group was under the supervision of Dr. I. H, Hempelmann.

3.38 Health problems of the laboratory may be classified as (1) standard
industrial health and safety problems, (2) the definition of health standards in
relation to special hazards, (3) the establishment of safe operating procedures,
Qnd {4) routine monitoring and record keeping., At the beginning all of these were
part of the Health Group's responsibility with Dr, lempelmann acting as chairman
of the laboratory's 3afety Committee., By April 1944 the cammittee felt trat it had
become too dnwieldy to handle effectively the increased safety problems resulting
from the rapid growth of the Froject, and suggested that the Director accept its
resignation and organize a new cormittee better qualified to handle the problems,

' : ¢
Mitchell, Procurement Office leader became ;ead of the new committee whose fUnciion
was defined to be supervision of all safety install:tions, inspections, and
activities connected with the Technical Area and the outlying sites. This was to
include fire, general safety, and maintenance as well as technical safety.

Dr. Hempelmann rerained a member of the cormittee representing tle Health Group.

Iater the execution of safety policies was taken over by the Safety Group

under 2 full-time safety engineer (9.37). The establishment of safe operating

procedures and routine monitorinz and record keepinz remained under the Health
Group's general jurisdiction but such duties were delezated, wherever possible,
to the operating groups or anpropriate subconmittees of the 3afety Committee,

3.39 The central resyonsibility ol the Health Group was the establish-
ment cnd dissemination of lFealth standards; specifically, of safe tolerance levels
of exposure to radiaticn #«nd to radioactlive and chemical poisons., In this and in
its general supervisory work tle group wes concerned primaerily to protect the health

o laterstory enplovees,  Secordarily it scougit also to protect tie lewnl interests
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of employees and of tlhe Contr:cicr, 7o this endi it kept records of the lavards

to which individuals wére axrose |, the extert of exposure, accidents and tests

for overexposure., In additicn It ohtained und recorded pre-emplorment medical
examirations for all tecknical personnel, It made complete examiraticns, including
necéssary tests, of a3ll erployeec or termination., Crdinary irdustrial accident
recoras, however, such as shop injuries, were kept by the Post Hospital,

3.90 In the oricinal plan of laboratory activities it was assumed
that biological and physical research related tc health problems would be entirely
tre resyonsibilitv of other labor:tcries within the lManhattan District, Reliance
on the work of others did nct, hLowever, always provide necessary information at
the tire it was needed. [Lesearch sections were set up as needed within the
Health Group or by its request in other sgroups. Thus tlie development of apparatus
needed for monitoring was urdertaken 2t Tos Alamos in the spring of 1944, and a
large share of tre instruments built in the Flectronics Group. Again in
August 1944 it became necessary to investigute blologleal methods of testing for
overexposure to radioactive poisons, and this work was undert:zken by a section of
the Health Group (9.30).

3.91 During its first year the worlt of the Health Group was rclativel}
~uncomplicated, A semi-research problem which appeared alrost irediately was to
discover ihe extent of variation in norm:l olood courts. It wss discovered
trst variations which were at first thought synptomatic of overexposure to
radistion were in fact commion in normal blood.

3.92 Operation in this period was confined lirgely to tle hazards of
exiern.l radi:tion from accelerztin~ equipnent and radisict’ve sources, The
donpger of heavy-metal poisoning from uraniwe had to be guaried against, as did
other chemical hazards, bul these proolers were not serious,

2.93 The really serious problems of the Health Troup appezred in the

eurly springc of 1944, with the arrivel at Los Alamos of the irst qjuantities of
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plutonium, The nature of these problems is suggested by the following brief
account of the toxiecology of plutonium,

3.94 The metabolism of plutcniur is similsr to thst of radium in that
it is deposited in the bone where its alpha radiation may cause bone sarcoma,
But whil; radium is deposited with calcium in the living bone, plutonium is
deposited in the surface membranes of the barme, ard is presurably not overlaid
by subsequent calcium deposition. Among other body organs the heafiest deposition
occurs in the kidneys, where in suf'ricient quantities its radiation causes
destruction of tissues responsidble for kldney function. This effect, however,
will not became seriocus except for dosages considerably greater than those needed
(over a sufficient peridd) to cause bone injury. Another unfavorable circumstance
in the comparison of plutonium with radiw:z is the much slower rate of elimination
from the body in the case of plutonium, In campensation for these bad qpaliiies,
plutonium has a much lower alpha activity than radium, and is less easily
absorbed froma the digestive tract. In éeneral the problems of handling plutonium
are comparable with those of handling radiwm, with the allowances for the vastly
larger cuantity of the former .mterial that is processed, and for the faet thit
empirical infornation on the toxic effects of smwall amounts over a ten or twenty
year period is not available;

3.95 Althoush not all this inforwation was 2vailable at the time,
the reneral similarity with the radium hazard had just been discovered: as a
result Hempelmann and representatives frowm Chicago and Oak Ridge visited a
lurinous painﬁ company in Boston to leirn how the rédium hazard was handled in
tat innhustry. ‘Gn his retwrn three commiiticrs were established in the Chemistry
and lletzllury Oilvision to develop method: Tor control of the plutonium hazard,
An inatrumert-tion commibtee was &ppointed to desicn counters suitable for
me:suring the roilo.ciive contaminition of lidorateries and personnel. A second

cont. thee was ves,orsllle foo bhe desim of coparctus anl e ooudpuent for brnlling
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plutonium. JApparatus was desi-ned by this committee in consuliation with the
chemisis concerned, and was built or procured by the Chemistry ~nd Met- llurgy
Jervice Group. A third committee drew up rules and reconrerdaticns for the
safe landling of radioactive materials, The procedures recomended were put imto
effect in lMarch 1944, witk the underst nding that willful non-cooperation would
result in immediate dismissal from the Luboratory., & section of the Serviee froup
was established under 7, V. Popham to enforce these procedures. It had the
positive functions of providing personnel with proper protective ejuipment, launderin
this eguipment, moniﬁoring the laboritories and decontaminat'ng trem whén necessary,
and of keeping complete recorids, The group worked very closely with the He.lth
Group. .
3,96 In addition to organizing the safety measures described above,
the Health Group carried on an extensive educational campaigsn amonz the groups
working with plutoniur, Leciures were given on the tdxicology of plutonium, and
nucerous confere: ces were held with operating gsroups to work out the application of
gerneral recommeniaticns, The Health Safety Handbook was given new members of the
Division, (Appendix 7, No.l4) ° !
3697 Despite these precautions the members of the Health Group and of
the Chemistry and Metallurgy Division were not satisfied with the progress of
biologicil studies on plutonium made by the other projects responsible for this
work. This dissatisfacti_n was crystallized by an accident which oceurred in
tvgust 1944, when b:- 3 minor chemical explosion a number of millizrams of
plutonium were thrown in the face of one of the chewmists, & research progrim was

undertaken, aimed primorily at developing tests for detectin: overdosuge of

plutonium (9.37).

3.97 Another continuing diffieculty wis the Llick of adequate nmonitoring

equirent,  Slpht ruy counters lucled either sensitivity or rertabilicy, and were
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necess .ry to wipe sarfuces suspected of contumin-tion with oiled filter paper
end weasure the activity collected with stationzry counters, Contamination
of hands and nostrils was measured in the sane fashion. 3ecause instruments
reccived from Chicago did not meet the local monitoring requirements,; develop-
ment of such e uipment was begun in the Electronies Group of the Fhjsies
Division in May 1944 (9.31).

3.99 Cne further activity of the Vealth Troup in this period was the
control of the danger of poisoning in_the work of iigh explosive casting.
standard protective measures were put inte effect, 2nd no seriocus trouble was
encountered in the perlod covered by the present history, The medical group
performed monthly examinations of all exposed personnel and gave perlodic
lectures as to the dangers of toxic effecls from high explosive work, The
education of the workers was aided by the fact trat 211 of the plant supervisors
were seasoned in this type of work, The number of caises of TNT dermatitis was
in keepins with the nunber exposed, This is an allergic reaction which cannot

be entirely prevented in any plant operation,

Shops

3.100 The prinqipal si.op facilities of the laboratory were machine
shops, draftin; rooms, a4 glass shor, and photographic shops. 'While for the most
part those were service groups of » standard type, it was true at least of the
machine shops that they encountered a nuiher of administrative and technical
probliems of an unusual kind., Although the machine shops (lid not vecome part of
the idministrstive Division until after Lhe general reorganization in September
194k, they are discussed in this chapter because their problerms were reiated and
can be more lovically treated here than under the separate Divislons in which
they were organized at first, ’

3.101 Tn the ¢ri-inzl prosram of the laborstor:, plans were made for

3 dpaftire room and ~aciine 2op (kmown as V shop), ror the desisn and Cabrication
o & b N
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of laboratory tools and instruments, prirmerily to serve the Experimental Physics
and Cherdstri=Metallurgy Divisionz. The gliss shop was an adjunet of the
Cheristry groups., Two photographic‘shOPS were added during 1943, one mainly
for routine recording and duj.lication, the other as an adjunct of the ordnance
research program, responsible‘for technical rhctography and a considerable
progran of optic#l research (15.56).
3.102 ifter the beginning of the ordnénce program, additional plans
were made for an ordnance drafting room and large ordnance machine shop (later
called C shop). A number of small student shops or special shops were built
at various times., The largest of these was the Oraphite 3hop of the Miscellaneous
Vetallurgy Group (8.53).
3.103 Responsibility for organizing the first shops was assumed on
an interim basis by Mack. The laboratory was fortunate in obtaining Gus H. Schultz,
f the University of .isconsin, as foreman of the laboratory shop (V shop).
Schultz was not only thoroughly familiar with the requirements of a laboratory
shop, but also had a substantial babkground of industrial experience.
3,104 The originnl area of V Shop was 2,000 square feet, planned for
"~ 30 toolmakers and machinists, reprqsenting an expected shop load of about
1,500 man-hours per week. This goal was reached in October or November of 1943,
by which time, however, the goal had beecn set considerably higher. (See graph 10
in aprendix).
3,105 In July 1943 'ack resizned as shop supervisor and set up the
Cptica -hop and resengch sroup in the Ordnince Division, !is place was taken by
FE. i, Lonr, Lend of cryogenic researct in the Chemistry and ¥etallurgy Division.
3.106 In March and April of 1944 some resciedulinz of shop work became
necessary, beciuse of the rapidly increasin: load in V Shop, At that time about
half of she lowd came from the “hemistry ond Yetallursy Division, whose requirements

were vap’ Ly iaerzesing. Thls provlem was v abhifting rome of the letzllurgy
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work to C shop, und in Muy adding cbout 500 square feet to V Shop. Introducing
a night shift would have been an altern.tive, bout it was dif’icult at the time
to find machinists willinz to work in the nisht shift, ani new equipment was in
any case needed for work in the gis tamrer progsram (7.73).

3.107 Three exumples may be jiven of outstanding fabric:tion problems
solved in V shop. One was the fabrication of beryllium oxide bricks for the
Water Boiler (13.45): the dies were developed in V Shop as well s thre technique
of facing the bricks, Another was ti:e development of arparatus and technigue
for welding the thin stainless steel envelopes of the Water Boiler., Another was
the machining and grinding of tungsten carbide., In 21l cases the primary
responsibility wis borne by the operating group, but the actual development werk "
was done by shop personnel,

3.108 Construction of € Shop was begun in July 1943, and completed in
October., Its area was 8,806 square feet, plunned for about 40 machinists and
toolmilrers, representinz a load of about 2,000 man-liours per week. Its foreman
was Rex Feters, under the supervision of C, Cline.

3.109 Tlie career of the ;xperixental shop was relatively smooth and
harmonious, while that of the ordnance shop was full of crises., 3Some of the
reasons for this cont;ast came from the niture of the work of eact. The
experinentzl shop was organized after a familiar pattern, staffed and supervised
by nmen with adequzate trainineg and experience. C Shop by contrast, was desizned
for a type of work that was not completely anticiputed, Both the equipment and
personnel proved inadeqjuzie to the demnnds that arose, 3y the time the
difficulties were fully apireciated, the rate of -~rowtl: of the Iaboratory had
become 5o izrze thit it was impossible fully to overcore the existin: laz,

<>

3,11C In Yay 1944 Cline was trinsferred to tle Pngineering Group,

and nis place was toten Ly . I Trower. tereas (Cline nhnd relatively little
exyoriaree SnoLler 3 worision, Drower w3 o min witl considerahls experience
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iy hariling difficult shop sitw ‘tions in erieley - o Rire, who it wis
thought would be avle to rerreicsnt glop necis wrod pretloms in the councils of

the Crdnarce Jivicicen., Brower cutained suypert for i rapid yrrocur=ment of

reeded esnclruent, nnd made sorme reargznizition of

precedure, lespite these

9]

efrorts the jroblens of C Shop decpened wrd Trrver left the lavoritory in tle
middle of iugust 1944,

3.111 The nature of the C Shop difficulties may be illustrated in
three wiys. Thre first point is that very little of its work was routine production,
Yot iters were produced singly or in small lots., Every item had to be given
detziled sypecifications in the engineering drzfting room. This created an
er.crinous lead of work, and involved close cooperation between detailers and the
scientists jreparing rough drawinss, This is a common problem in laboratory
shops, wi.ere os a result machinists become very skilled at working from rough
drowircs suppler erted by informal consultatior with users. In C 3hop this was
irpessitle becuuse of its size ard beciuse few of the maclinlists had the recessary
trainin The result was more or less constint complaint about delays in the
drafting roow and inadequate checking,

'3.,112 A second symptem of inadequscy was that even a rigid priority
syster was insufiicient to prevent delays of ur;nrt work. There were constant

small irritatione conrecucd with this priority systen, in decidirg for examrle

*

between two sucl urrelated rrcirams as tre aun aad the img losion,

3,113 lack of experiernce wiith pecullar fabric:tlon problems added to ,
the difficulties. .s one example, the machining of hemispleres may be mentioped,
The implesion jrogron called for a large nuaber of hemisgieres of various materials
and sizes, A sixiy-inch lathe was acquired for turning large ! enicpheres, which
proved useless Tor this work. Feters finally solved the vroblen of producing

cally rigged bering machine. LEventu:llr, the Lithe

o
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trese ‘emispleres witl a

whn necded for otlry cbg; the peinl is that nonc of Peters’ invaoiiite sy viors



rnew how tlis werk, wrich is non-sturdur’, stould be done,

3,114 As the above illustrations wculd suggest, the problems of
C sShopr had threir roots in Lhé rore general 1l7ficulty of developing an adequate
Ordriince Engineering Group. Although the sltop had a compet%pt foreman, he was
nct in a position teo overcome the general lack of foresight in obtaining men and
equipc.ent. This lack, moreover, was not solely the resporsivility of Peters!
superiors in the zngineering Group; these were in a poor pcsition to understand
tle emerginz needs of tle ordnance reseurch and developmert sroups, who in turn
were not yet geared to their role .3 weapor designers (1.54).

3.115 It is not true, however, tili:t the shop ind engineering
difficulties were inseparuble, They were connected primarily beczuse of
orginizationsl arrangerents. The origin.l plan, by which the C 3hop was placed
under the Engineering Group of the Ordn:nce Divisior, was plausible in terms of
the conteéplated narrow range of the ordnance program., As that program broadened
out to include nct only the gun rrogram but lso the rapidly expanding implosion
program, such arrangements became less plausible, The C shiop became in fact a
gervice organization doing work for a nunter of semi-inderendent organizations,
Throughout the laboratory the emphasis of work began to shift toward development
work., The line of division between the two biz shops became less well defined.
In the end trerefore it became clear that the proper remedy for shop troubles was
to place both C and V Shops under unified management., This would not only make
for greater flexibility in the division of labor between shops, but would also
give to C Shop the strong leadership needed to overcore its constant difficulties
and to prejare it for the even more difficult days ahead, Such a stép, moreover;
would simplify !¢ remaining problems of the Ingineering Group, being a step away
from the conception of the latter as a key aduinistrative organjzation, and toward
concentrzticn on the inerensingly difficull prevlems of design-developmert, of

ers roerirgs in the noarrow sonae,
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3,116 At the tims of the August 1944 reorganization, accordingly,
the C Shop was moved from the Ordnance Division to the V Shop administration
of Long and Schults. |
Construction and Maintenance
3. 117 Seme of the construction problems have already been described in

Chapter I, and in particular the construction situation at the time laboratory
personnel began to arrive, The procedure used for the construction of the original
buildings was standard for Amy installations, Specifications for the original
buildings had been given to the Manhattan District Enginoer'S Office in New York
by Oppenheimer, McMillan and Manley. Plans were drawn by the Stone and Webster
Corporation of Boston since it was originally expected that they would do the
construction. The drawings were transmitted to the Albuquerque District Office of
the U, S. Engineers, and a contract was let by this office to the M. H._Suﬁdt
Campanye On completion of the buildings the Sundt Company transfefred them to
the Albuquerque Distriét, which in turn transferred them to the Santa Fe Area
Office of the Manhattan District Engineers inbtheory the '"using service". The
actual using service, the technical staff, had no official position in this process,
and since during the critical period of actual construction they were still
scattered about the country, liaison was totally inadequate. The Albuquerque
District remained in,formal éharge of construction until early 194k at which time
the Manhattan District assumed complete respons%biiity. . \

| 3.118 By May 1943, the original buildings had been occgpied and wqreif- .
in process of being expanded. The Sundt Company had undertaken two ra}ipively
large structures: a new warehouse and an addition to the cyclotren léioratory,
but was not going to be able to complete the necessary work in ’time. Ordinarily
the Army was responsible for providiﬁg additional construction workers,'but in
this early period was not able to do so, and tﬁe Contractor (University of

California) had employed a number of carpenters, plumbers, electriciins and
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lacorers. ‘'nder cortract regulations, thtese worikers could not he employed fer
any permenert censtruction, but only for m:intenance work and the construction
of shacks +rd "lean-to's". These men at [irst werked under the direction of
embers of the scientific staff, znd later under Erazier who was employed by
tre Technic:1l ‘rea as sujervisor of construction and mainternnce, Brazier's
responsibilities were not altczether wellrdefined.at any time, but it can be
said that he was responsibile for the preliminary design of the major expansion
grogram which began in June and which included a new office building, offiqes
and laboratories for the ordnance program, and a heav& machine shop. DBrazier's
staff grew from about a dozen men in May to 264 in Janﬁany 1944, , when he left

the site.

3.119 General Groves had wanted for some time to have all construction
handled by the irmy Engineers, :nd his fipal decision in this matter was hastened
by a series of canplaints made by the Jar Manpower Cocmission, the United states |
Rmploymeht Service and the Americzn Federation of labor, that tliere were certain
irregularities in the project's procedu;e of employing construction workers,

In January 1944, Sraziert's entire staff was turned ovérbto the Army payroll with
the exception of three forenen who remained on the University of California pay-
roli. The sclentific staff saw consi&brable advantagé both-from the point of
view of security and that of efficiency in having a separate‘construction and
maintenznce group for the Technical Area. Although it wias not found peccsible to
keep tre entire group on the University of California payroll, the three key men,
Crarlie Stallings, Melvin Foley ond jan-rfaff - in charge respectively of
carperters, plumbers, and electricisns - were kept, and their assistants assigned
perrarertly to the Technical irea., The grour, undér the direct.ion of John
#¥illiams, was responsivle for t!e me.intenance, repair and instﬂllation of all
scientific equipment or r.cline tools under the jurisdictlion of technical

personnel, and also for building ard remodelling apparatus and equiprent of a

scientific nature, m \,ﬁ—
. ‘
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3140  The construction nd m Intenance croup under tle ‘urisdiction
of the 'y ‘n-ineers wes resronsible fer 11 alterations ! additions and
repairs to onildings, including s rvices and installatiors, and for the
installatior. of new and repair of existir; utilities. Tie iy 2lsc fourd it
necessary to establish separ:te or:inivations for tle mairternance -nd construction

of tre technicnl area ~nd outlyins sites and for the post, housing and

dministrutive areac. Separate priority lists were v intained for both groups

o

in accerdance with urgency ratirss assisned by those recuesting service,
3.121 Veurly 211 m:jor new construction wos hindled by contractors
under tle supervision of tre tost Cperatiors Division, The original contractors,

v

%

o Y. Jurdt Company, renained in clarge until the end of 1943, They were
succeeded b- t'e 7, £, Vorgan Compainy whicl built a section of the housing area
during tie Cirst tlree months of 1944, They in turn were succeeded by R. F. McKee
who rentined in ctirge of construction with an average force of between 700 and
1600 men. The arciitect W, O, ¥ruger, whose contract was originally issued by
the Albuguerque District, was retained by the Manhuzttan District throughout the
life of the Project. (See graph 2 in appendix for rate of growth of technical
construction),

3,122 HRequests for all but the most minor construction had to be made
by group leiders or Lhelr Superiors, and urgency ratin%s assigned in the swae way
as those for orlers on the Frocur=zuent Division. Jucl requests were submittéd:to
tiie cffice of David Dow who acted as linison between the using groups and the
Tost Cperztions Divialon. Frequent conferences #-re held to determine priorities
and et ur tentative comyleticn sctedules, ne of the most frequent causes of

1ifficulty betucen “he using orow o anitte construction sorvices was the inability

of “ve Torm v ho Yoreses tleir we2eds very far in dvince, sirce construction
e e ipo s v aaes o b e I of exgerinents in progress,
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Resexrcen and Development for Lie protection of Covernmeri interests in

of all

&)

scientific research, the Contr.ctor wis required to "report the prodes:

stuli=s nd investizations undert:ksn, discloge to the Government 51l inventions

made in carrying out the worik of the contract, and furnish a complete final
report of findings ind conclusicng™, lere again security was an important
facter in delernining administ ..t lve or-ainization, 3Since few Contractor's
epres-intetives were permitted to visit the Iaboratory or to inow much about

the tecrnical details of the work being done here (& .17}, ther could not make
the necessar, reports for patent purposes.- Sonsequentlry, the Universily turned

2 AL

over much of its responsihility for protecting TJovernuent interests to tajor

Ralph Jarlisle Smith, the Patent Cfficer, who arrived in JTuly 1943 to estzblish

o)

the Patent Cffice,

+

3oL  The worx «f the Fatent Cffice wus conditioned in many w.rs by
considerztions of security. The most serious effect was the limit.ition of
personnel of this office to tle absolute minimum, 3ince it was thé tuty of tle
Patent Division to report the prosress of all tre scientific ..k done on the
project, and since this was the only office where 01l of this informaition would
necessarily be complled in language understindz®le to an individuzl having a
generul sclientific backsround, the director and the security officer felt that
only a few .psolately trustworthy individuals could te permitted to work here
even in a clerical capacity, For some time Vajor Umith had no assistants at all,
but eventually te obiiired pong tre enlisted men and wormen alre:iy emplored on
tte Troject o inlian steff »lich bd to pe tr ined on the job., Only after a year

-

lesnll- trained seientific assistants,

and % tall wes o D to cecure two A

36120 In addition e liviving tie b 00 of the Paternt Cirice, security

[

derat ione irereased !ts arien to inelanle responlinility for 21l puient

matters affecting subcontractors or Involvine had conwe here

from otier :ireolscts, Thus, 1o latent Office .ssured resporsihility for Lhe

SEERET &~



early subprojects such as those at Purdue University (Appendix 7, Nb. 15) 3tanford
University (1.,4) as well aes for the later subcontractors, such as F. Flader
(Appendix 7,No, 16) and the California Institute of Technology (Appendix 7, Nes 17)
(9.15). Furthermore, employees who had transferred here from other government
projects were not permitted to communicate directly with their previous celleagues
.in the patent field, and therefore any unfinished patent matters had to be f.raun-
ferred to thils project for campletion. |

3,126 The Patent Office established the methods and procedure of record-
ing work done amd secured the cooperation of the technical at&ft in koeping t.hc
' necessary records, Numbered notebooks were issued, origimlly bv the Patent Office
and later by the library document room, and in these stlt!‘ membera ourrontly record-
ed the details of experiments and t.he exact dates of the various stages of develep-
ment of inventions and discoveries made. Completed notebooks and those turned i.n
by people leaving the project were kept on file by the library document room,
Through the Business Managgr'a Oﬂ"ice, patent agreements were secured from every
employee and subcontractor and consultant of the Univérsity of California. The '
Patent Office obtained‘special patent agreements from military personnel and c¢ivilian
employees of the War and Navy Departments, and special patent contracts fram
individuals on loan directly to t!ze Manhattan Distriect from other e:\nployem. thJ10y~
ees of foreign governments were not required to sign agreements, bu'£ did prepars .,
records of inventions and executed U. S. applications to the benefit of the U. S g A
Government, Monthly reports - of the activities of foreign personnel were preparec |
by the Patent Division, These and smilar reports of visits by consu]tants and
foreign personnel were sent tc Gcneral’ Groves' office, All terminating personnel \
were required to appear before the patent officer and assert that they had made no \
inventions without recording them with the Patent Office, and they had turned in - |
all original recorda to the document room, or other appropriate depcsitory,

3.127 The meost important duty of the Patent Office was of course that of

preparing ratent applications to protect the Government and to prevent outside
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interests from later dominitin: the pertinent Tileilis ¢ reseqrch and develooment,

- v I
.

Circurstonces at this project mide it necessary for ' (o L4t and his staf? to

[-

be not only experienced patent attorneys, but also expert in 1 variety of
technicil subjects, Experiments covered much imore tlar niuclear physics: they
included chemistry, metallurzy, ordnance and exples’ves and electronics, to
mention only the lar:est {ields., Patent cases submitted cin be classified into
five principal groups: tie iroduction, chemistry and retallurgy of fissionable
materials, isotope separation, power reactors, electronic ¢ uipment, and the bomb
itself with its various developments and improvemenis., Altogether there were
about 500 patent cases reported to \Jashington C3RD Feadquarters covering work done
at this laboratory, and about 700 handled in connection with work done on other
projects, Cf these, a substantial nw:ber have been filed in the U. 3., Patent
Office,

3.128 Becwuse of the pressure of time and the very limited stoff of
the Fatent Division, it wis not possible to write cases in the usual manner,
Ordinarily an invéntor or research scientist prepares invention reports of things.
he considers new and useful and submits these to a patent attorney for approval
and the preparation of a formal 3ppiication. Here the members of the Patent
Office read the dally records and cther reports of research workers, inspected the
laboratories and test sites, lield periodic discussions of work accomplishedlwith
various individuals, and attended seminars and conferences of the various groups
and divisions., In all of these sources, the Patent Cffice found ideas and practices
that were new and useful, prepared the applications so 1s to give maximum scope
to the inventions in threir relation to the entire ;roject and associited fields,
and submitted these applications to the inventors for final approval., 3Since
rambers of the technical staff were pressed for tim., :nd in ny event, were
reluctant to take time from researcr for preparing rerorts, this rather unorthodox
procedire proved to be extre 1 helrf™il., ‘n adiiticonal complicating; factor

Lhe work of prapari i ena-5 wis the © oot tvob by re con -7 the ot i of the
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L,12 Nost of thess rrfirencuts impli:d a need for more precise experirert
(,/‘) rnowledge. For one thing they tock account of new dependenciles, lor another the
errors from Lheory and experinert tod to be kept of comparmbie mzgnitude., Thus thre
e~riy nuclc.r experiments, other than those already described, wer¢ centered «round
tie me:suremert, of cross sections, their energy dependerce snd the nurber and
energy spectrum of fission neutrons., f these exporiments the most time-censuming
were the fission cross sections of Pu239 and U235 as a function of energy from the
. thermal to the hirth-energy end of the fission spectrum, From a combination of
rel tive =nd - bsolute fission cross section experiments perrormed over the period to
August 1944, it was possible to plot fission cross section curves as a function of
‘énergy fecr both U235 and Pu239 from therm21l energies to several million electro
’ .
volts, These results were not only used in more accurate critical mass and

efficiency calculations, but also were pirtially responsible for the abandonment cof

the uranium hydride pregram; partly beccuse they showed that the energy-dependence

which would meke the hydride an ef{ficient weapon did not occur and partly because,
through tle evidence they provided for the existerce of considerable radiative
capture at trerm:l energies, tie critical mass znd efficiency estimates of metal
urznium bombs became more optimistic, Investigation, sugzested by the behavior of
fisslon cross sections at low enerpies, led to the discovery that radiative capturse
in U235 was indeed signific:nt, and even grcater for Yu239. Since measurements of
tte neutron number had been made at thermal energies for total absorption.(capture
plus fission) and not fissior alone, and since capture would beccme less important
at the high encrgies of neutrons operative in the bomb, it followed‘that the
effective neutror. number in both mate;ials vwigs hirher thar had heen assuved, As a
result of these considerstions the hydride program was carried on, after thre spring
of 1944 only at low priority,

sful, the process of

[¢7]

Lo13 Altteough tle hvdride jrorsrvam was unsucce

\ ., courrine enonasy to anderstind its 1lmitstions contrituted in a nunber of wys to
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available by the swmer of 1945, One had therefore about a year to complete the
pregram., The virtues of the method had been demcnstrated theoretically, yet no
success in development had been achieved, Just at this.gime, events in another
part of the Laéoratory program threw full résponsibility for tle use of plutonium
on the implosion program, (4.48 - 4.53).

Metallurgz,.

h.33 Another virtue of the hydride program not mentioned in 4.13 was

the interest taken in the preparation and fabrication of this material. GStudies
were begun, among the first undertaken by the metallurgigts, in the art of
preparing high density compacts of this material. The result was that although .
after a year or so it was known that the hydride would not yield an efficient .
weapon, this material could be easily fabricated, and was used in making
expefimental reactors. |

4.34 The main goal of metallurgical research in this period was the- -
developnent of techniques for handling the final preparation of active and tamper
materials in the large am§unts necessary for the bomb, Apart fram early work with
the hydride, effort was first concent;ated on the metallurgy of uranium, This
subject was already fairly well developed in other branthes of the Froject. The
Los Alamos requirements were however somewhat different and more exacting. There
was much greaier emphasis on maintaining a high chemical purity and on yield.

A borb-reduction technique was develcped in the first period and perfected in the
second whiclh: admirably satisfied these requirements,

4,35 One of the reasons for the early work on uranium metallurgy was
its hoped-for resemblance to that of plutonium, as yet non-existent in workable
amounts. ‘'hen the first such amounts of plutonium appeared - in March 1944 -
technigues for its reduction were already under,developmenf; by the end of the

first pericd satisfactory bomb-reducticn methods had been perfected.
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Until then work was necessarily limited to the study of various stand-ins,
including uranium., Afterr that time until the arrival of the first Clinton
plutonium, stand-in work plus micro-chemical work, plus the results of similar
work at other branches of the Froject provided the only information available.
Despite these handicaps, by August 1944 there was strong assurance that purity
specifications could be met on a production basis. The first, the "wet"stage of
purification had been worked out in essentially final form, as had been the
recovery processes for re—cycling plutonium in chemical and metallurgical residues, °
The final "dry" stage of purification was worked out in outline, but exact
procedures were not yet gettled. One of the most serious difficulties, from a
tectnical point of view, was the prevention of contamination from dust, etc.

that would undo the work of purification.. It was this factor that made necessary
tre construction of an air-conditioned laboratory building. In the latter part of
this period a new technical difficulty was discovered, the serious danger froqh
plutoniun poisoning (3.94), which made necessary the development of enclosed
apparatus wherever possible,

4.5 The extraordinary purity requirements for plutonium necessitated
the development of supersensitive analytical techniques. In same cases impurities
amounting to only a few parts per milljon had to be measured. To add to the
difficulties, samples assayed had to be small, especially in the period when
analytical techniq;es were first being developed. The principal methods developed
were spectrochemical and gascmetric, 3Spectrochemical methods were developed by
or in close liaison with the chemists at the Metallurgical laboratory. Gasometric
methods for axygen and carbon analysis were developed at Los Alamos.,

L.46 The end of the first period saw the virtual cgmpletion of the
difficult program of plutonium purification and analysis., The corresponding
processes for U235 had also been carried out, but were of relatively minor

difficulty. At this tire tle reloxation of purity requirements mide it unnecessary
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to pursue these researches farther. The period that ensued was one of transition
to production methods, made difficult primarily by the increasingly serious
dangers of plutonium poisoning.

Leo#7 The radiochemists worked in cooperation with the experimental
physics groups and ordnance groups, One of their principal contributions to
experimental physics .was the preparation of thin foils of a wide variety of
materials and specifications., They developed several new techniques for preparing
foils, carrying this activity to a much higher level than had beeq possible in
other physics laboratories, Another contribution was the developmenf of very
sensitive neutron counters. Early in 1944 a radon pl;nt was constructed as part
of a program looking for neutrons associated with alpha radiocactivity (6.21) and
as a source of material for a possible radon~beryllium initiator., The best choice
for the initiator was not radon but polonium, bhut it was not certain that this
material could be purified sufficiently to meet the tolerances for neutron backe-
around. In fact, by the end of the first period the radiochemists had succeeded in
preparing polonium that met the purity requirements for the gun initiator. The
contract for the production of polonium was let with the Monsanto Chemical Company,
on the sare day as that for the preparation of boron-ten (4,20-1). This polonium
was prepared by irradiation of bismuth in the Clinton pile, and purified at a
special plant designed and build by Monsanto (8,60, 17.40-1). Aside from research
on polonium, the othcr main activity of the radiochemists in the summer of 1944, was
the desizn and construction of a "mechanical chemist", a remote control plant for
extracting and handling the highly radioactive radio-lanthanum to be used at the

)
Bayo Canyon Rala site,

The Discovery of Puzho

L.43 There is perhaps no better illustration of the interconrection of
researci. ~nd ‘invelopment at Los Alamos than the series of developments that ied te

.

P tlneovers of the 240 isotope of platcniun in the Clinton product. As was
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mentioned above (4.1) there was room for doubt as to t%value of plutonium as

/ ) bomb material, up to the timd when, in the summer of 1, its neutron number was

first measured. Even with the favorable result of thw

pasurement there were
*st1ll serious difficulties: from one gram of plutoni ghere é.re 2 x 109 alpha
particles emitted per second. To keep the neutron back&ound from (a ,n) reactions’
down to the level where fast gun asseubly was feasible r'oquired high purity; in the
case of three light elements, less than one part per million,
L.49 Spontaneous fission measurements had beem undertaken first at
Berkeley, fo;- the direct purpose of ascertaining the neutron background from this
source of U23 5 . At Los Alamos these measurements were refined and extended to
Pu?3? and other materials, 1In the sumer of 1943 , meanwhile, there came through
from France a report that Joliot had found a neutron emission associated with the
alpha radiat.idn of polonium, but not caming from the aetion of this radiation on
light element impurities, Although this report was not believed correct, it was
recorded in the Minutes of the Governing Board, and the general intention stated
of looking into all the questions connected with spontanecus neutron emission,
L.éO As a result of the Joliot report, work was begun to develop
highly sensitive neutron counters, and a radon plant was obtained, The reason
for the latter was that radon was the alpha emitter which could be most highly
purified. If it was found that there was heavy neut.ron' emission from alpba
enitters as such, this might make a modulated initiator impossible, It might also
mean a prohibitively high neutron background in plutonium itself,
4,51 As the spontaneous figsion measurersnts increased in reliability,
it was found that the spontaneous fission of plutonium was slow enough to make
the neutron background. from this source not serious., In the meantime, however,
another piece of research entered into the story. Fission cross section measure-
ments at low energies, whose programmatic justification was to obtain data tec be
used in calenlating the urinium hydride critical rass, showed the presence of reson-

235 .y,

13 wosopption spectrim, This led, for wisnpeticzal rsascns, to

&0,
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the expectation of sizable radiative neutron capture. In the case of Fuzx , this
meant the production of a new isotope, Puzho. Since this isotope would be produced
by the absorption of two neutrons in U238, its concentration in the pile plutonium
would go up with heavier irradiation,

4L.52 1n the sumer of 1944, therefore, when the first Clinton plutonium
made by chain reactor - much more heavily irradiated than the previous samples wmade
hy cyclotron bombardment -~ arrived, the existence of Puzho was verified, as was the
fear that it might be a strong spontaneous fissioner. Neutron background in thé'
plutonium which wogld be produced at full power wais pushed up into the region where,
to prevent predetohation, assembly velocities would have to be much greater than
those possible with the plutonium gun,

4L.,53 The only altermative to abandoning the gun method for plutonium
was to find means of separating out the offending isotope. This would mean another
ma jor investment in separation plant, and could hardly be accomplished within the
time allofed before military use. The implosion was the only real hope, and from
current evidence a not very good one. Nevertheless the laboratory had at this
tiue strong reaserves of techniques, of trained manpower, and of morale. It was
decided to attack the problems of the implosion with every means available, to
throw the book at it, sAdministratively, the program was tuaken out of the Ordnance
Division, and divided between two new divisions. Cne of these was to be concerned
prirarily with the investigation of implosion dynamics, the other primarily with
the development of adequate H, E, components. And this spory marks the beginning
of the second part of the present history.

The ilater DBoiler

Le54 The implication of gloom at the fate of the plutonium gun method
and the difficulties of the implosion does not misrepresent the atmosphere of the
Iaborstory in the spring and suamerc of 1944, Yet the program wias many sided;

dir. - this suwe period the Lalcoo tort enfoyed its Ffirst soijor success. This was
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tre oreration of the water boiler to produce divergent chain reactions. This was
first accomplished on May 9, 1744, and from this time until August a number of
experiments were carried out to determine nuclear quantities of interest, The
water boiler’was itself an integraﬂ experiinent, and provided a general check of
theory. In fact the critical mass of the water boller had been predicted by the
theorists witk almost perfect accuracy. Although they pointed out that the
exactness of this prediction was certainly fortuitous in view of same blind
assumptions which they had been. forced to make, their prestige in the ILaboratory
was given a well deserved boost, In its difficulties and its successes, the
laboratory was moving into a stage of heightened activity, and preparing itself

to face the final problems of weapon development,
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Chapter V

THEORETICAL DIVISION

Orgaq§zation

‘501 The broad purpose for which the Theoretical Division was formed
as had been said (1.55-7) was to develop nuclear and hydro-dynamical criteria
relating to the design of the atomic bomb, and to predict the detailed per-
formance of the weapon designed. At the beginning the bulk of the Division's
effortyaccordingly, was devoted to the investigation of two closely related
key problems: the calculation of the critical mass and the nuclear efficiency.

5.2 The first organization of the division centered around these
provlems, With the rise of the implosion to prominence the organization of the

Division, under H, A, Bethe as Division leader, was formalized as follows

(beginning Yarch 1944):

T-1l. Hydrodynamics of Implosion, Super E. Teller
T-2. Diffusion Theory, IBK Calculations, .
Experinments R, Serber
T-3, ixperiments, Efficlency Calculations,
Radiation Hydrodynamics V.F. Neisskopf
T-4. Diffusion problems R.F. Feynman
T-5. Computations D.A. Flanders

5.3 During June, 1944, R, Feierls took charge of the Implosion Group
. in place of E. Teller who formed an independent group outside the Theoretical
Division (13.1). This group acquired full responsibility for implosion IDM
Calculations. During July 1944 Group O=5 (F-8) joined the Theoretical Division

on a part time basis, its work in the Ordnznce Division being largely completed

(14.1).

Diflusion problems,

504 Cne of the tasks of the theoretical program at tle beginning of

tre laberutory was the develooment of means for predicting accurately the
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criticsl mass of mctive materials, The escential and most difficult factor

irn these calculaticns was the theory of neutron diffusion, The other factors
were rrincipally matters of eveluatirg data from scattering and fissicn
experiments to obtsin the appropriate oross secticns, a;d the number of neutrons
emitted per fissicn, The criticsl mass is definred as that amount of material
from which neutrons will disappear by leakage and nuclenf capture at lust the
rate at which they are born from fissions occurring in ﬁ#ﬁ mass, But to
canlculate, this requires a knowledge of the way in which}ﬁoutrons will dis-
tritute themselves on the average in the mass, This is the problem of neutron
diffusicn theory,

5,6 It was possible, at the outset, to write down tle integral
equaticn whose scluticn would give the exact neutron distribution, taking
account of the varliation in velooity of the neutroﬁs, the dependence of
scatterirg and fission cross sections on velocity; and the anisotropic nsture
of scattering, This equation, which is written simply on the basis cf conser-
vation cqnsiderationa,'wna formulated by Boltzmann and bears his neme, But as
it sternds this eauaticn has no known exact soluticn,

8,6 Two kinds cf approximate sclutlcns were possivle, rowever, and
some calculations had been made by means of them at the beginning of the
Laboratory, One was that of ordinary differential diffusion theory, in which
the diffusicn of neutrons was treeted by snalogy with agit diffuaicn.
Calculaticns here were relatively simple, but the rosu%?? were known to be quite
inaccurste, In fact the neutron diffusion problem doetﬁnot meet the requirements
of differential diffusion theory: among other requiremautl, that of a small change
of neutron density per mean free path, This condition is satisfied approximately
in a large pile; but in the bomb the critical size is itself of the order of

the meanr free path, The other attack that had been developed was mased on an
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5,11 In the meantime assumption (¢) , that neutrons were scattered
isotropically, was being looked into, It was found in & number of test cases
thnt very accurate results could be obtained by assuming isotropy, and
substituting for the scattering cross section the so-called transport cross
section, a kind of weighted average which gives the effective scattering in
the initiel direction of motion of tte scattered'neutron. Assunption (b was
entirely reascnable, except in the case where inelastic scattering in tamper
materiala,had to be considered seriously, With this exception, therefore, the
main limitation remaining was assumption {&) , that all neutrons have a single
velcocity, . The greater part of the work described so far was done by Group T-2,
but every group had a hand in it at some point,

5,12 The attack on the meny-velooity problem had proceeded ’
simulteneously with the work descrited above, in the sense of investigating
methrods by which the many-velocity problem oould be reduced to a series of one-
velocity problems, This work was done primarily by Group T-4, The problem
posed itself naturally in connection with the 1nvestigétion of the uranium
hydride bomb, For in this case the energy degradation of neutrons from elastic
collisions with hydrogen was one of the essential characteristics of the
chain reaction, Quite early, methods were found for treating the hydride problem,
with a continuum of velccities, under quite unreaslistic assumpticns, such as an
infinite mediun of core meterisl in which there was a sinusoidal distributioen
o7 neutrens, The case involving two medie, i,e, core and tamper of different
materisls, could not be treated st first, By July, 1944, however, a mathod
had been developed which wes applicable to a spherical core and tamper, This
method allowed the trestment cf a continuuﬁ of velocities, and was subject only

to the restricticn that there be no inelastic scattering in the tamper medium,



e N

N\

i Unfortunstely thig inelestic scattering wes not &« neglipible effect with the
tempers that were being ccnsidered, Within a fairly short time this difficulty
rad bee:n overcome, although only to the extent of allowing for three or four
neutron velocity groovs ingstead of the continuum,

£,13 In the cmse of hydrogenous material it cculd nct be assumed
that neutrons were scattered isotrcpically (assumption (c) abovel, It was
. found however, semi-empirically, that this fact was sdequately accounted for by

the use of the transprrt eross saction, as in the case of the all-uetal

diffusing medium,

5.14 Other means for accounting for the aontinuun of velocities were
adopted in special problems, ¢ich as that of caloulating the distribution of
thermal neutrons in the water boiler,

Aater Boiler,

e

5,15 0One of the first practical requirements in critical mass

calculatinn was to estimeto the critical mass of the water boiler, These
calculations were made by a variety of methods. In thia case as in that of

the hydride calculations, the slowing down was an essential factor; in fact the
boilar would be of snall critical dimehsions only because it slowed neutrons -
dzvm to thermal velocitles, taking advantaze of the larger thermal fission cross
saction of U239, The standard method, the "age theory" that hed been developed
br Ferni for cale:lating the thermal neutron distribution in ~iles, was in-
aczurate when avplied to a small enrizhed reactor, hecausa it required a vary
g}adunl slowinz down of the neutrons, This condition was satisfied for a carbon
moderator, with mass 12 times that of the neutrons; it was not satisfied with a
hydrogzenous moderator such as watar, because the neutrons and hydrogen nuclel are
of the same nass and energy lioss <an nccuar rapidly, A group method was developed

a% Log Alemns which used diffsrential diffasion theory but assumed %hat neulrsas
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develop, new difficulties of ignition were .o he nncovered so +hat the
introdiction of artificial tritium bepan to appenr necessary,
o

5,57 One further topic was discussed at the Berkeley confermace,

the effect of secondary nuclear reactions, Products of the deuterium-daitsrium

(D~1} resction waras, with about enuml probabilities, a helium3 nuclaas plus a

neutron, or a tritium nucleus and a proton, It was pointed out by Zethe that
the reaction of deuterium with tritiuﬁ, even though secondary, was of coensiderable
importance, The T-D reaction releases nearly five times as much energy as the

D-D reaction; the reaction cross-gection was morecver likely to be consideradbly

-
larger,

5,68 The consenuences of the Berkeley discussions of the Super were

that its investigation was continued, that measurewments of the D-D and T-D crosa-

sections wers undertaken, and that, when the Los Alamos Laboratory was bLeing
~lanned, a research program on the Super was included,

£.59 After the_conforenco and before _os Alamos the measurement cf
the D-D cross-ssction was undertaken by Manley's group at Chicapo, and that of
the T-D cross-section was nndertaken by Holloway's group at Turdue,

£,80 At lLos Alamos no systematic theoretical work on the Super was
undertaken until the fall of 1943; A oryogenic Laborutory was started by *the
group under E, A, Long, with the object of building a deuterium liguefaction
plant, A considerable amount of work on the properties of lilauid deutarivm was

carried out by Prof, E, 1, Johnston under subcontract at Ohio State niversity
(3,96 = 8,99,

5,61 1In September, Teller proposed that there be more intensivq
investigation of the Juper, UExperimental cross-sections had been regised
upward, so that the bomb would be feasible at lower temreratures, In additinn

there was some slizht evidence that the known German interest in deuterium might
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two-thirds power. Large bombs are relatively less effective (from the point of

" view of purely physical damage) than small ones for this reason. Calculations

made at the time showed that for bombs of the order of ten thousand tons of INT,
the peak pressure would fall below the level of "C" damage at a radius of 3,5
kilometers,

5.69 Another important point was clarified at this time, cannected
with the optimum height of detenation, It had been known that the reflection of
shock-waves by solid obstacles increases the pressure of the shock wave, It‘waé‘
shown at this time, however, that this effect was much greater for oblique
incidence than had been believed from elementary considerations; in fact oblique
ircidence up to an angie of sixty or seventy d;grees from the.vertical gives a
greater pressure increase than normal incidence, Hence it was concluded that a
congliderable improvement in the damage radius could be obtained'by detonétion at

an altitude not small compared to the expected radius of damage——in fact of one

or two kilometers.

Experiments

5,70 Some of the more important cooperative work as between the

Theoretical Division and the other divisions of the laboratory has already been
mentioned; for example the interpretations of scattering data, and calculations
of the water boiler and hydride critical s sses, and the calculations made of
the hydrodynamical characteristics of the implosion, There was however a more
extensive cooperation than these isolated instances would suggest. Work.done
ranged from casessuch as these in which the thearists played a large and semi-
independent role, to ordinary service calculations, particularly the analysis
of experimental data, For this latter work and for consultation in the design
of experiments, every experimental group had theorists assigned to it.

Calculations of a fairly extensivé sort were necessary in all experiments in
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which *integral” consideratiorns were inveolved, i.e. in which the results
depended upon nuclear constants in a complex statistical way. For it thLen
became necessary to relate the measured quantities with these cor.stants by’
theory, and to use this théory first to decide whether a given experimental
design would yield sufficlent accuracy to justify its execution, and second tc
interpret the data obtained. The theorists played this part in most of the
experimental determinations of nuclear quantities described in Chapters VI and
XII.

5.71 C(ne rather conspicuous example of theoretical influence on
the design of experiments was the "Feynman experiment”, an experiment which was
never performed but whose principle was embodied in several experiments. This
was simply the prcposal to assemble near-critical or even supercritical amounts
of material safely by putting a strong neutron absorber (the\blo boror. isotope)
uniformly into the core and tamper. For an absorber with an absorption cross
section inversely proportional to the velocity of the neutrons absorked, it
could be shown that the effect was to decrease the multiplication rate in the
system by an amount which was directly proportional to the concentration of
absorber. Thus an amourt of material which would be supercritical could be
made subcritical by the addition of boron;” from a measurement of the rate at
vhich the neutron died out in this system, the rate could be simply calculated
at which they would increase if the boron were absent,

| 5.72 The theoretical groups assisted.the Detector Group of the

Experdmental Physics Division and others in £h§ theoretical analysis of the
efficiency and other characteristics of detectors and counters.

5.73 Aslde from its main work in connection with the gun and

implosion assemblies, discussed above, the Theoretical Division made numercus
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other analyses and calculations relative to the experimental work of the
Crdnance Division, In preparation for the Rala experiments for example, Group
T-3 analyzed the attenuation of gamma-rays in a homogeneous metal sphere
surrounding the source, and calculated the way in which this attenuation would
be increased with compreasion during the course of an jmplosion of the metal
sphere, As another example, the theory of the magnetic method of implosion

study was 1n§estigated in the Thecoretical Division in collaboration with the

A

experimentalists,

5.74 - Mention should be made here of safety calculations made by
Group T-l and later by Group F-1 for the Y-12 and K-25 plants. The Group leader,
E, Teller, was appointed as consultant for the Manhattan District as a whole on
the dangers of possible supercritical amounts of material being collected
togethef in the plants producing separated u<3s.

5.75 During the period described the computations group, T-5,
carried out innumerable calculations for other groups in the Division, and
related investigations in the mathematical theory of computation, Like other
service groups, its scanty mention is no indication of the importance of its

work, without which the wark of the division would have been in fact impcssible.




Chapter VI

THE EXFERIMENTAL FHYSICS DIVISION

Organization
6.1 The Experimental Physics Division was among the first organized

at Los Alamos. The initial groups were the following:
P=1 Cyclotron Group R. R, Wilson

P=-2 Electrostatic Generator Group J. H. Williams

P=3 D=D Source Group J. He Manley
P-l, Electronics Group D. K. Froman
P=5 Radiocactivity Group E. Segre

In addition to these groups, two new groups were created in July and August 1943,
under H. Staub and B, Rossi respectively. It was the function of the firsf of
these to develop improved counters, and of the second to develop improved electronic
techniques. Because of the close relationship between these two aspects of
instrumentation development, the groups were combined in September as the Detector
Group under Rossi, P-6. Group P-7, the iater Boiler Group, was created in August
under D. W.‘Kerst. There were no further changes in thg gross organization of the
Division until the general reorganization of August 1944. ﬁ. F. Bacher was
Division Leader from the time of his arrival in July 1943.
Equipment

6.2 WNhen the first members of the experimental physics groups arrived
in March 1943, the buildings to house the accelerating equipment were not
completed., The first few weeks were spent in unloading equipment from Frinceton,
Harvard, Wisconsin and Illinois., Then came the period of installing the cyclotron,

van de Graaff, and Cockeroft-vWalton. -

6.3 The bottom piece of the Harvard cyclotron was laid at ILos Alamos

on April 14, and the first week in June saw the initial indications of a beam,




TR
SFCREL o

The early work with the cyclotron was done with an internal beam on a
beryllium target probe and gave an intense neutron source., Early in 1944,
an external beam was developed,

5.4 The two electrostatic (van de Graaff) generators were moved onto ’
their foundations in Building W in April. The "long tank", which at +isconsin had
given one microampere at four million volts, gave the first beam May 15. The
"short tank®, which had operated at two million volts, with higher current, gave a
beam June 10, Both machines were used to produce neutrons from the Li(y,n) reaction,
covering - by properly exploiting the peculdarities of both machines - the energy
range from 20 kev to 2 Mev, After providing some useful information the short
tank generator was rebuilt to give higher energy, and thereafter ran satisfactorily
at 2,5 million volts, It was again ready for use in December 1943,

6.5 Building Z, which was to house the Cockcroft-Walton accelerating
equipment, was campleted later than Buildings X and W. Installaticn of the
equipment was, therefore, not begun until the end of April. »Tn this case the first
beam was obtained June 7. This accelerator was used to produce neutrons from the
D(d,n) reaction, whence it was usually called the "D-D source”, and P=3 the
D-D Group. This source gave neutrons up to 3 Mev,

6.6 That all the accelerating equipment was installed and put in
operating condition in such a short time Speaks.of long hours and hard labor by
the members of these groups. while the accelerating equipment was being set up,
moreover, plans and instrumentation for experiments were going ahead. At the
cyclotron, a 5' x 5' x 10' graphite block was set up to give a flux of thermal
neutrons; it was later rebuilt and increased in size, The cyclotron, by the use
of modulaﬁioh, was able to cover the energy range from thermal energies up to the
kilovolt region, where it ‘cverlapped the low energy region of the electrostatic
generators., Building 3 was built as an adjunct to Building Z, to house a graphite

block for the standardization of slow-neutron measurements, less spectacular than

T wer
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the installation of the accelerating equipment but equully necessary was the
setting up of eguipment for the electronics laboratory, and as the groups concerned
arrived, for phoﬁo—neutron source work, for spontaneous fission investieation,

for research on counter equipment and for the water boiler,

6.7 The rationale of equipment and organizaiion in this division is
rather evident, Its program lay almost entirely in the field of neutron and
fission physics., With the exception of spontaneous fission, the reactions to be
studied were all of a type induced by neutrons of various energies, Together with
photo-neutrons sources, the cyclotron, the van de Graaffs and the Cockcroft-¥alton
gave neutrons of reasonably well-defined energies from the thermal region up to
3 Mev. The greatest uncertainties appeared in the 1 - 20 kev region. On tle
gide of observation, all the experimental arrangements involved the use of fission,
neutron and radiation detectors, together with the necessary electronic eluibmgnt
for registering data,

Preliminarg Experiments

6,8 1In the outline of the experimental physics program in Chapter I
(1.58) it was stated that there were certain preliminary experiments which had to
be done to prove conclusively that the atomic bamb was feasible. One of these was
to measure the time delay in neutron emission after fission, the other was to
confirm the theoretically plausible belief that the number of neutrons per fission
was esgentially independent of the energy of ipcident neutrons,

5,9 The average time for a neutron gene?ated in a fissionable mass to
produce its successors in the chain reaction is a factor of primary importance
in determining the final bomb efficiency. This time consists of two periodé:
the time of flight and the emission time., The first is the time between the emission
of a neﬁtron after fission and a new fission caused by absorption of this neutron.
It is of the order of 10-3 sec, Tﬁé emission time consists of the lifetime of the

compound nuclieus plus the time between the splitting apart of the fission fragments
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and the emission of neutrons from them., From theoretical argusents both these
times should be negligible, of the order cf lO.l5 sec, but it was imperative
to.confirm the theory experimentally since it was of critical importance that

this time be in fact small,

5,10 The Cyclotron Group had begun the instrumentation for a "Baker
experiment" to determine the emission time after fission, before leaving Princeton,
and this was their first experiment at Los .Alamos. This experiment takes
Ldvantage of the extremely high speed of the fission fragments to measure very
short emission times. Thus after 10-8 seconds the fragments will be about j
10 centimeters fram the point of fission if there is no material in their path.

235

As the experiment was performed, a foil of U was wrapped arounii a neutron
counter, and two cases.compared: one where tﬁe fragments were permitted to travel
out from the counter, and the other where they were stopped in its vicinity. For
geometrical reasons the chance of a neutron being counted falls off rapidly with
the distance at which it is emitted, In the two cases the saxe neﬁtron count was
obtained within the limits of experimental error. It was thus possible to
conclude that most neutrons were emitted in times less than 10"9 seconds, and

9

that the percentage emitted in more than 5,10 7 seconds was neglicivle. This
result was reported to the Governing Board in November 1943, and one doubt was
removed. The sare result was confirmed later by a different method, using
apparatus constructed primarily for measurement of the neutron number (6.14).
Somewhat later an experiment was carried out by the same group demonstrating that
the fission time was also less than 10~? seconds.

6.1l The second unverified assumption, thit the neutron number was thre
same for fissions from slow and fast, neutrons, was not accurately tested until
trhe fall of 1944 (12,3); the theoretical assurunce here was quite stronz. A more
urgent confirming experiment was the measurement of the neutron number of Pu239.

At the beginning of the Project it was not even experimentally certzin that fission
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of tris substance would produce neutrons. To some extent, therefore, the entire
prozram of plutoniur production was still a gamble.

.12 Actunlly the first nuclear experiment completed at Los Aluinos was
tte comparison of the neutron numbers of 023 and Pu23', using 4 barely visible
sreck of plutonium, which was all that then existed. 1In this experiment, carried
out in July 1943 by tre Electrostatic Generator Group, n?utrons emitted from known
masses of uranium and plutonium were compared by counting the number of protons
recoiling from fast neutrons in a thick paraffin layer surrounding the fissionable
material. The fissions themselves are produced by somewhat less energetic neutrons.
Ionization pulses from the proton recoils were observed with samples of normal;
uranium containing U235, with Pu239, and without any fissionable material, The
nurnbers were made comparable by simultaneously recording the fission rates in a
monitor chamber. To deﬁermine the relative numnber of neutrons per fission from
the relative nurber per microgram, it was necessary to necsure their relative
fission cross sections for the particular energy spectrum of the neutrons used.
This was done by comparing the two materials in a double fission chrarber,

€.13 Another experiment wgs carried out simultaneously by the same groug,
as a check upon the first., This used a thorium fission detector, and the primary
neutrons used to cause fission had energies well below the fission threshcld »f
therium. Despite the small amount of plutonium available for these sxperiments,
they showed that the neutron number for plutonium wis somewhat greater than that
for urenium, and gave a value for the ratio of these numbers whicl was not
materially improved by later measurements,

The YNeutron {‘umber
———d

6,14 Other relative and absolute measurements of neutron numbers were
carried out in this period. At about tle date of the first experiment described
above, thre ratio of the reutron nurbers of plutonium and uranium was rcughly

‘checked by the Cyclotron Group, and somewhat later a precision determiration was

carriecd out. v T ey .E
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6.15 4.8 was stuted above, the assumption that the neutron number is
independent of the energy of the neutrons initiating fission was in need of
experimental confirmation. In the spring of 1944 the Cyclotron Group and the
Electrostatic, Generator Group compared U235 fissions from thermal neutrons with
trose from 300 kv neutrons, and found the ratio of neutron nurbers to be unity
within rather wide limits of experimental error., later this ratio was re-measured
with smaller experimental errors, amnd the value of 1,0 confirmed for both 235
and Pu239.

6.16 The neutron~number measurements described above (6.12-6.15) are all
relative, i.e,, they involve comparison of one neutron rumber with ancther. The
only absolute measurement was that which had been made at Chicago by Fermi. This
value was in doubt (1.59), and one of the early problems was to check its value.
The graphite block at the cyclotron gave a strong flux of thermal neutrons to

produce fissions in the sample. The nurber of fast neutrons (from fission) was

measured by measuring the resonance activity acquired by indium foils and

calibrating this measurement by comparison with the activity induced by a radon-

beryllium source of known output., The numrber of fissions was counted simultaneously,
and the number of neutrons per fission thus obtained for both U235 and Pu239. The
radon-beryllium source used was calibrated by'the Standards Sub-group of the D=D
Group. FBven without standardization the ratios for the neutron numbers of U235 anc
Pu239 gave a check of previous relative measurements, .

6.17 In Chicago meanwhile Fermi was also’checking'the absolute neutron
nurber of U235 by two methods, obtaining 2,14 and 2,18 neutrons per fission, a
result %hat agreed with tlat obtained at lLos Alamos.
Sgontaneous Fission lMeasurements

6.18 . Before coming to Los Alamos in the summer of 1943, the Radicactivity
Group had been ﬁaking spontaneous fission measurements in Berkeley. The practical

importance of these measurements derived from the need to minimize the neutron

background in the bomb material. In particular the neutrons from spontaneous
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direct measuremen*t of spontaneous neulrons frow: plutcriium were achieved (12,3).

6.22 In vecerber 1943, came indicaticns tiat some of the fissicns in
the 235 isotope were probably not spontuneous, but caused by cosmic riv neutron:,
The evidence for this was thet while the fission rates as determined at Berkeley
and Los Alamos showed fair agreement for U238, the los Alamos reate was considerably
higher faor U235. Since & large percenﬁage of the cosmic ray neutrons are too slow
to cause fissions in the former substance but do cause them in the latter, the
results would be explained by the higher cosmic rey intensity at tre Los Alamos
elevation of 7300 compared to sea level at Berkeley.

6,23 The early estimate of 2000 feet per second as the minimum velocity
of assembly for the 235 gun method was based upon the Berkeley spontanecus fissicn
measurerents, which indicated about two neutrons per gram per second from this
scurce, After the discrepancies had been observed, it was found at tie Talurito
stution that a boron-paraffin screen reduced very considerably the number of
"spontanecous" fissions observed, in both U"Z35 and Pu239. In order to estimate
the spontaneous fissicn rate of Fu23? in a reasonable tine a new system wzs
constructed in the spring of 1544, which permitted measurement from 5 milligrams
of plutonium. In July 1944 it was found that there was a significant difference
between the spontaneous fission rates of plutonium from cyclotron irradiation and
from the much heavier irradiation of the Clinton plle. At this time it was
suggested by Fermi that the higher spontaneous fission rate in the latter zaterial
migkt be caused by Puzho, resulting from the (n,y) reaction in thke pile. A
re-irradisted sample gave still higher spontaneous fission counts, These
observations constituted, in fact, the first direct observation of the existence
of the new isotope,

6,24 Since for economic operation the Hanford plutonium would be heavily
irradiated, the neutron background in this material.was predictably too high for

the use of gun assembly. It was this fact that forced the abandonment of the

D




rlutoniwi gun assenbly program, and made necessary the success of the implosion,
The further consequences of this development are traced in other sections.

frercy 3rectrum of Fission Neutrons

6,25 Trevious to Los ilamos same work had been done to investiecate the
ener;y distribution of the neutrons emitted by the fission process. It appeared
that the mean energy was about 2 Mev, but that an appreciable fraction of the
neutrons had energies less than one million volts and so would be incapable of .
causing fission in U%3%,  The cloud chamber data from Rice Institute (1.52),
involved big corrections; the data of ion chamber pulse size distribution from
Stanford (1.52) looked reasomable theoretically, These results showed neutrons
tailing off from one million volts, agreed with older experiments on range and
effective energy as obtained from slowlng-down and from hydrogen crosa éeqtion
measurements. The photographic emulsion technique used at Liverpool showed a
much sharper maximua at about 2 Mev (1.562)., All the above measurements suffered
frow having teen made with large masses of dilute material, which gave a good churnce
that neutrons would lose energy fram inelastic scattering before beins measured.

5,26 Another of the early problemrs was itherefore the more accurate
determination of the fission spectrum. The photograprhic emlsion teci.nique appe:.red
to be the most promising method for covering a wide range of neutron enersies in
one run and for keepins the scattering material to a minimum, It was straightforward
and involved no appreciable corrections if carefully executed. Tlites were
exposed at the University of linnesota by the Tlectrostatic Generator ZSroup; one
of tle e.rly tasks, when they came to Los ilamos, was to set up equipment ard train
personrel to read thre plates.~ farly results showed that in shage the high energy
end of the spectrum agreed with the British and Stanford results, but on the low
ercrgy side it disajreed with both. The plates were calibrated with the D-D source
and electrostatic sererator Li(p,n) source. ‘vasurements agreed, on tle whole, with

the former cloud chamber weasurements at Rice Tnstitute. Meanwhile at 3tanford

»
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the method used there was carefully reviewed since hoth the maximum and mean
eneryies were conside;ably lower than those obtained from cloud chamber and
pliotogriphie plate data., This cculd be explained by inelastic seattering and
consequent distortion toward lower energies., The final Stanford report was
written in the summer‘of 1943 and personnel of the group came to Los Alamos.

6.27 At Los Alamos a detailed comparative study of the =dvantages,
difficulties and limitations of the wvarious schemes for neutron spectroscopy were
made, JSeveral additiomal experiments were made by the Electrostatic Zeneratar
firoup =nd the Detector Group, and converging results were finally obtained,

6,28 As a corollary to the effort to obtain quantitative knowledge of
the fission spectrum, much effort was put first by members of the Detector Zroup,
and later by the Electrostatie Generator Group into the design of mock-fission
sources, i.e.,, neutron sources with neutron spectrum comparable to thé fission
gpectrum. .uch sources were later used in semi-integral experiments to measure
average cross sections under conditions closely resembling those in an actual
fission bomb. A satisfactory mock-fission source was fimally achisved in May 1944,
by allowing tre alpha particles from a strong polonium source to fall on a mixture
of neutfon—producing substances, the mixture being in such proportions that a
reasonable reproduction of the fission spectrum was obtalned, A series of photo-
graphic plate determinations of the spectrum from various mixtures indicated that
H&BFA guve an excellent moek spectrum.

Fission Cross 3Sections

6429 The critical mass and efficiency of the banb depends upon the cross
sections for fission, capture, and for elastic and inelastic scattering at all
energies for which there are éppreciable number of fission neutrons, Previous
work in this field has been reviewed in 1.42-4. As stated there, furthef‘work
was required both in determining the absolute érOSS sections at various energies,

and in measurinv their variation as a function of the energy of incident neutrons.

4
r

The emphasis, in fisston cross section measurements, was early influerced by
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interest in the uranium hydride bomb, The theory of this bomb is expliined more
fully in Chapter V, 3Juffice it to szy that'the practicability of this type of
weapon depended on the hypothesis that the slowing down of neutrons by Lydrogen
was compensated in its delaying effect by a corresponding increase in the fission
cross section with decreasing neutron energy. If this hypothesis were true the
rate at which the explosion takes place would remain the same as in a metal bomb,
while the critical mass would be considerably decreased., FEvidence for the |
inverse dependence of cross section on neutron velocity was the early work at
Wisconsin (1,63) which showed approximately 1/v dependence frem 0.4 Mev down to
100 Hev, The same law of dependence was also verified between thermal velocities
and 2 ev. On the other hand when the latter dependence was extrapolated to |
higher energies, and the high energy curve to low energies, the two failed to
cross. In fact between 2 ev and 100 kev there was found a 12 fold increase in
the coefficient of 1/v to be accounted for. Since the practicability of the
hydride bomb depended upon the actual shape of the curve in this region, it
was of great importance to know approximately where the break occurred.

6.80 In this connection it was found from boron absorption measure-
ments made by the Electrostatic Generator Group in August 1943 that the break
occurred between 25 and 40 ev, This was the first indication that fission cross
sections do not follow a simple law in the epithermil region. Because the break
occurred at this low enerzy, the possibility of a hydride bomb was not yet

excluded.

6.31 A more extended sequence of measurements followed by which the

2 ~
relative fission cross sections of Pu 39 and U435

were neasured as functions of
neutron energy. At this time tre properties of the forﬁer material were not well
knovn and it was of direct interest to learn how its fission cross section compared
with that of U235, which was knovm to be good bomb material, Experiments in

which one cross section was to be compared with another were relatively easy to

perform, reaguiring only the simult neous counting of reactions occurring when



two cr more fcils of known masses were imersed in the samne neutron flix. In

this wav all tie cross sections for fissionable materials availahle at the

time were rezsureld relative to thre U235 cross section, The latter w.s, however,
itself in some question, both as tc its absolute value and its charnge with energy.
- . 233 . : 239

Such relative measurements were made for U , thorium, ionium, Pu ”°, proto-

. 237 e s
actinium, neptunium , and also for the (n,a) reaction in boron and lithium;
they were carried out over an energy range from about 100 kev to 2 Mev.

6.32 .part from the importance of knowing the absolute cross sections
for the primary materials, the other cross sections were useful as tools for

39 232

, Fa, and Th™”, wkich had fission

neutron detection. fhose elements, such as U2
thresholds at high energies, were useful where a particular fraction of the neutron
spectrum wis to be examined, The elements boron and lithium precved to have
approximately 1/v absorption cross sections and were useful for measurements in

the 1 to 20 kev gap left by los alamos accelerating equipment. Further fast
neutron reaction cross sections were measured of elements such as gold, phosphorus,
sulfur, indium, etc. Lven at this early date It was realized that reactions
leading to radioactive isoﬁopes would provide vseful experimental information

if the energyvrespohses were known, since there would be many experirmental
arrangements where bulky detection clhambers could not be used.

6,33 There were two difficult problems associated with cross section
measurements, one of which was not yet completely solved by the end of the war
period. These were:

(1) The absolute measurement of neutron flux over a wide energy ranse,

so that some easily detectable rexctiﬁn rroducts, such as tiiose from

U235 fissions, could be established in ter:s of an absolute and zccurate

flux standard,

(2) The production of menoergic neutrons of energies from 1 kev to 50

kev with sufficiently high yields to perform necessary experiment: and

with good energy resolution. -
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0.34 The first problem was finally sclved for tre rarce between
LOO kev snd 3 Mev by tle careful work of the Detector Jrou;, who usel tre
Li(p,n) and D(d,r) neutron sources and an electron-collection rarallel-plate
ionization chamber, with which the nunber of recoil protons from a thin tristearin
film could be accuritely courteds The success of this experiment depended iIn
part on the accurate determination of the (n,p) scattering cross secticn, corried
out earlier at Yinnesota., It also depended upon the theo;etical interrretation
of the differ«ntial bias curves obtained in electron collection,

€.25 It should be mentioned in this connection that high counting
rates, large alpba buckground in chambers with Pu239 and cther types cf buack-
ground, had led to the develorment iﬁ tre Detector Group and tle Zlectronics
Group respectively of new counting techniques involving electron ccllection,
and new.fast amplifiers (6.25). This caused a minor revolution in tre ccunting
tecrniques and electronic equipment used by the Physics Division,

€.36 The second problem was partially solved when early in 1944 the
short electrostatic generator rebuilding program was completed (6.4). FKigh
éurrents ard energy regulation to witg}n 1,5 kev incorporated intc this machine
made it possible to utilize the back-angle neutrons from the Li(p,n) rcaction
down to less than 5 kev, Deve10pmen£ of new oounters - the so-called long
counters - indicated the possibility of bringing the absolute fissicn cross
section measurements down to the region of a few kev, where they were still
extremely uncertain., 'This apparently sinmple experiment became long and
involved because of difficulties inlinterpreting the counter data obtained.
Checks by independent methods became necessary, one of which gave considerzbly
lover cross section values in the 30 kev region than had first been cbt:ined,
If this lower value of the crcss section were correct, it would reduce sonewhat

the potentialities of the hydride bomb, After considerable further investisation

of counters and the construction of an antimony-beryllium source of 25 kev
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neutrons, the lower value was finally confirmed. The principal result of
these efforts was another biow to the hydrid; gun progranm,

6.37 Absolute fission cross secticn measurements at severel energies
in the range 250 kev to 2,5 Mev were urdertaken by the Detector Grour in
collaboration with the Electirostatic Generator Group and the DI Group,

These measurements, as stated above ( 6.34) were based upon the comperison of
fission cross sections with hydrcgen scattering cross sections. The results
provided a reliable standard for other measurements, in which the relative
values were more reliable than the abesclute.

6.38 The fission cross section of 1235 in the region below 1 kev
was measuraed by the Cyclotron Group, early in 1944, monoergic¢ neutrons bheing
obtained by the "velocity selector". In this method, the neutrons are separated
into velocity groups depending on the time of flight tetween source and detector,
over a path several meters long. The velociy sclector ecuipment hacd been built
before Los Alamos, at Cornell, and was extensively retuilt before crcss section
yeasurements were obtained, |

6,39 A few other fission cross section measurements were made during
this period at fsclated ensrgies, notabtly by the Radicactivity Group using

photo=neutrons.

s ectio the " ) ”

6,40 The earliest measurenent of capture cross sections was
primarily the work of the Radiocactivity Grcup., The principal method wae the
measurement of radioactivity induced by neutrcn capture., Of interest wﬁre the
capture cross sections of fissionable materiels, cf posgible tamper materials
and of other materials that might be present in the bomb assembly.,

6.4l Carture croes sections were measured in a wide range of potential
tamper meterials, some of them very rare by ordinary standards, but cheap in
comparison with active material. Platinum, iridium, and gold were among the

substances investipated, as was the very raré element rhenium., The Experimental

: Pl ntwie nJE S
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fhysics propress report for April 1944, gives a summary of nearly two dozen
elenments and isctopes whose capture crogs sections had teen measured by the
Radicactivity JGroup,

8,44 A very extensive series of capture cross section measurements
#as carried out in the Electrcstatic Generator Group, A photo-neutron source
was surrcunded by spheres of potential tamper materiazl, and the attenuation of
neutrons measured, This methed has the advantage over the measurement of induced
radioaétivity that it does nct require an absolute flux determination or interpre=
.tation of induced activity, and that the resultant nucleus does not have to be
radiocactive, Tt has, however, the disadvanﬁage that the srheres must be large,
allowing a cconsiderable derradation of the ensrgy of the neutrcns through inelastie
scattering, and that ‘i-t, reouires a knowledge of the transport mean free path,

The long counter (6,84 ) was used in these experiments, since its sensitivity is
nearly independent of neutron energy, By August 1944, a large number of substances
had been examined, and preparations were being mde to check the data obtained,

a job that was not completed until the spring of 1945 (12.26).

6,43 The capture crossg sections for active materials were subject to
intensive investigation when it was observed, from twe independent sources, that
radiative capture might be an important process competitive with fission, One
scurce was the outcome of the low energy fissiocn crcss secticon measurements of the
Cyclotren Group, Here rather sharp resonances were discovered, 1.e,, relatively
narrow energy bands in which the fission cross section increased because of
resonance, This result implied that the relatively well defined character of the
rescnant energy wculd be agsocilated with a complementary uncertainty in the
juration of the state, This duration might be long encugh to permit radiative
energy loss as a sgignificant alternative to fission, The second scurce wag the
measurement of neutron-induced radioécttvity by the Radicactivity Group,

A murber of activation crogs sections were measured relative to the fission cross



secticn of U235. Cons‘stently higher resulis were obta’ned than by gther m;tnuis,
when the known absorption (capture-plus-fisgicn) crosg seciion of U35 was 1sed,
Tt was pcinted cut that these difficulties would be removed if ocne couild snow the
existence of a competing process, such as the (n, Y ) reaction, with a probability
not small compared o that of fission, The ratio of these probabilities i3 called
tae "branching rati:" of radiative capture tc fissiorn,

6,44 Experiments to measure the tranching ratio were begun in the

y23

[4)]

Electrostati: Generator Group early in 1944 for . Tne method ised by this
group was Lo measure the ratic of the boroun and lithium absorphtion cross secticns
to the fissicn cross section, Since tne capture ia boron ani lithinm resul-s
anly ia non radiaiive disintegrations, no radiative capturd crosg section is
involved ia the experiment, 1In previoig Chizago measurements the ratic of
the boron absorption cross section to the y235 abgorption cross section has been
measured, Hence the ratio of the Chicago and Los Alamos figures would give the
ratio of absgsorption to fission, a quantity whose difference from one would be ihe
deaired branching ratis, A value of ,18 was obialned for thermal neutrons in UZ35.
indiicating considerable radiative capture, Th's apparently anfavorable result was

{n (act an advantage, if one made the thaoretica11y plausibls assumption that the
brancning ratio Jdecreased at the high éne;gies predominant in an exploding bomb,
’qu advantaps arogse from the fact that no appreciable energy dependence cf the neutron
nanver had as yet been detectedy and since all of the Los Alamos neutron number

Teasiurements were relative to the Chicago measurement. of neutrons emitted pec neutron

absorbed, a finite radiatlve capture implied a somewhat higher ratio of nentrons

enitted per fissicn, One had therefore underestimated the high-energy effective
~neutren number, In order to test the expected behavior of the branching ratic with
energy, the experiment was immediately extenied t0 the fast neutron region, and the
ratio of the boron to fission cross sections measured over a considerable energy

region, A definite value for the high energy brancaing ratio could not be obtained,
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however, until better fission and absorption cross sections were available in the
relevant neutron energy regicn, the extension of the experiment resulted prircipally
in determining thre boron - and lithium = to fission cross section ratios,

6.45 An independernt measurement of the branching ratio was made in the
Radicactivity Group, by the comparison of two cross section ratios. These were
the ratio of the fission cross section of U235 to the capture cross section of gold

235

(and manganese), and the ratio of tre absorption cross section of U to the

absorption cross section of gold (and marnganese). The branching ratio calculated
from these data gave about the same value as that obtained by the Electrcstatic
Generator Group.

6.46 A third measurement of the branching ratio was incidental to the
mezsurerents of the Neﬁtfon number carried out by the Cyclotron Group in early
summer of 1944 (6:414). The value obtained for U235 was in reasonable agreement
with those from the experiments described above., A value was also obtained by them
for the branching ratio of Pu239, which indicated that it was much largér tran for
U235, in fact about 0,5, This result indicated a large gain in the effective
neutron number for high energies, if tlie branching ratio fell off with high energies

as expected,

6.47 Anothér measurement by the same group gave the branching ratio of
235

Pu239 as a functiop of the branching ratio of U ™7, which was again consistent with

earlier data,

6.48 No successful measurement of the branching ratio as a function of
energy was made during this period, it was in faet only measured indirectly at
a much later date (12.21). There was, however, a measurement of the branching
2tio in U238 at high energies by the Radicactivity Group, Its purpose was to

238 235

determine the neutron absorption by U remaining in the separated U™77,

Scattering Experiments, Choice of Tamper

6.49 At the beginning very little was known about the scattering

properties of potential tamper materials. As ap importent factor in ultimate bomb
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deslign, the choice of a tamper had to be male 45 s~on a3 pogsible,  The noticn
f'revalled for some time that inelastic scattering ‘i,e,, scattering, in whicn the
aestrons, although not captured by the tamper nuclei, lese part of their energy to
them by excitation) would piay an unimportant rolé, since it would probatly redu:ze
neutrons to a verv low energy where they would not contribute materially to the
éxplosive chain reaction, Very little was known, morecver, about the variation of
scattering with neutron energy, Tt was thought,‘at the time, tha*t the most
important part of the figsion spectrum lay at high energles, near
2 Mev.. It was felt that to a first approximation the usefulness cf a tamper would
be determined by the number of peutrons reflected backwanrl to the core, It was
therefore decided that the most rapid colleection of pertinent information could be
made by comparing the back scattering of trial tamper materials for D(d,n) neutrons
from the Cockcroft-Walton, This.could be done using either a non=directisnal
detector with a paraffin "shadow cone®™ to reduce direct beam, or with a directional
detector, The shadow cone method greatly reduced the range of scattering angle
measurable, It was thought that a directional detentor could give an average over
the angles from 120° to 18C° in the geometry possible,

6,50 The D-D Grwmp undertook these measurements by both methods in
August 1943, The first directional detector was a spherical icnization chamber with
a large directionality factor, oThe first scatterers measured were discs 1 inch
thick and 10 inches in diameter of lead, ircen, gold and platinum, The latter two,
vulgar wonders in an atomic bomb laboratory, brought a great stream of visitors from
cther groups, Lead showed up best per unit weight, but because of its relatively
low density was not much better than gold or platinum,

6,51 Although the geometry used for back-scattering ccvered the anyles
120° to 1809, it was discovered - as theory caught up with experimen’. - that a very
small range of angle near 137O was welighted predominantly, Hence if back scatterine

were not uniform, the data obtalned could be quite misleading., Several councils
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of war ubout this state of affairs resulted in an extension of the measurererts,

6.52 This incident wis of some importance in the growth of the
Laboratory. An essentizl part of the design of such an experiment as this is
sufficient preliminary analysis and calculation to show that from a given experi-
mental arrangement the data souzht can actually be got. For efficiency most of
the elaborate clculations of this sort are delegated to members of the
Theoretical Division' because of their special skill. In this case the liaison
betwéen the latter and the D-D Group had been inadequate and a need for closer
liaison was recognized. )

6.53‘ By the end of October 1943 back-scattering measurements had been
completed for a large list of substances, and a nuvber of instrumental improvenents
had been made, After the first survey, the list of .possible tamper materials
was restricted to tungsten, carbon, uranium,vberyllium oxide, and lead. At about
this time, also, measurements of the fission spectrum indicated thtat the
important energy range was nearer 1 Mev than 2 llev. Hesults of the first
experiments-indicated, rnoreover, that earlier ideas about inelastic seattering
were incorrect, and that inelastically scattered neutrons could play an
appreciable role in the functioning of a tamper. Recognition of their possible
importance was made easier, also, by the current concern of the laboratory with
the uraniun hydride boub. The same increase dn cross section with decreasing
energy that made this bomb secn feasible also suggested that neutrons slowed by
inelastic scattering might still make a considerable contribution to an explosive
chain reaction,

6,54 For these reasons preparations were mide for the stud; of
scattering as a function of energy and scattering angle, taking account of
inelastically scattered neutrons. This work was done cooperatively by the D-D
and Ilectrostatic Generator Groups, bezinning in Hovember 1943. Back~sca*tering

data were obtained at 1,5 lev nnid 0,6 lev, as well as 3 lMev. In addition to
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6,58 The purpese of this undertaking was partly to provide a strorng
neutron scurce for exrerimental purposes, and partly t¢ serve as 1 trial run in
the art of designing, building and operating such units, It was an integral
experiment to test a theory similar in some respects to that involved in the
design of a bomb, t was the first of a series of steps from the slow reaction
first produced in the Chicago pile to the fast reaction in a sphere of active
metal, It laid the foundation of instrumental and manipulatory techniques required
in the later and mcre exacting steps of the series, Unfortunately, the experimenters
at Los Alamos did not have the full benefit of experience gained by those at
Chlcagoy the result was some unnecessary delay before the first chain-reaction was
started,

6,59 In the first months the water boilgr calculations abgorbed a fair
part cf the time of the Theoreticél Division, Calculation of the criticQI mass
depended upon the application of diffusion theory to a complex system consisting of
active soluticn, container and tamper, For economy of material it was important
to find the optirum soncentration of the solution. The number of hydrogen mzélei
had tc be large enough to slew down the neutrons to thermal energies, and small
enough not te capture Loo many of them,

6,60 One of the first problems associated with the water boller was the
choice of a gite for its locatiqn. It was lccated in an isolated repion, primarily
for reascns of safety. The boiler was first planned for 10,000 watts operaticn,
The radicactivity of fissicn fragrents frem intermittent operation was estimated
at 3,000 curjes; the minimm safe dista?ce from unprotected people was calculated
on the assumption that a mild explegion could disperse this activity into the
atmosphere, Tt was also desirable to operate in An isolated locaticn because of
the possibility of nigh instantaneous radiaticn in case of an uncontrolled chain-
reacticn, . \-

. 6,81 During the month cf September 1343, while design of the boiler

and of the building to house it was still in a preliminary stage, Fermi and 41lizon
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came to Los ~lamos from Chicago to discuss the problems connected with such a unit,
They pointed out a large number of difficulties connected with operation of tle
boiler 2s a high-power neutron source, Some of these difficulties had already
been anticipated but their acuteness had not in all cases been fully appreciated,
One was a considerable gas evolution which would cause unsteadiness of operatiocn.
Decomposition of the uranium salt and consequent precipitztion would result from
tre large amourt of radiation to which it would be subjected, Heavier shielding

than had been planned would be necessary,

6.62 As a result of these discussions, it was decided to omit frem
the plans for hnpediate construction all features necessary for high power
operation, and go ahead with the design of a boiler for low power operation,
Trovisions were made in the plans, however, for later installaﬁion of equipment
necessary for higﬁ power operation., The main omission wis e uipmnernt for chemical
decontamination, unnecessury when the boller was orer:nted at trivial power outputs,

6.63 The reasons for going ahead with these modified plans were two.
Although the boiler could no longer be used as an intense neutron saurce, it would
make possible tha_investigation of a chain=reacting system with a very muck higher
U235 errichment than had previcus piles. The second and main reason, however, was
again that of gaining experience in the operation of such a system and of preparing
personnel and equipment for the later critical experiments,

6.6L Construction of the building to house the boiler and associated
laboratories was begun at the Los Alamcs Canyon or Omega site in October 1943,
(see 3ite map):and completed in February 1944. This buillding was intended not only
for the boiler, but also for later critical assenblies (15.4). By the tigpe of
completion detailed plans for thre boiler were recdy and constructicn was begun.

6.65 Design problems included safety features in the building (e.g., a
heavy concrete wall separating tl'e beiler fron renote-control equipmert), a
trermostated enclosure to maintain constant boiler temper:ture, recording and -

monitoring equipment, including jonization charbers arnd mplifiers, control rods
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and their associated mechﬁnisms, 1 supperting structure fer tie tamper and contilner,
the container itself tcgetrer with meuns for putting in ard removing solution,
design of beryllia bricks for euse in fszbricating und stockinz the tarper.
specificitions feor Lle temper und active Sclut;cﬁ were worked out in conjunction
with the ladiochemistry Jroup (8.63-2,69) and the Fowder et:llurvsy Group (2.4%
8.51) the original choice of mmterisl und size specification having been rade by
the thecrists,

6 .66 Between the completion of the building in Februiry 1944, “nd the
first operation of the water boiler as a divergent chain reactor early in May 1944,
the Water Boller Group was ergaged in the construction «nd instzllation of equiprent,
the discussion of experiments and instruwientation for such experiments, and with
tests of the equipment.

£.,67 late in April 1944 a series of tests were begun to test the fluid
héndling ecuirment of the boiler, and the counting equipment. These tests ended
with the use of norpzl uranyl sulfate sélution. By this time enough enriched
maeterial had srrived, and after some purification and preparation of solutionsiby
the chemists the first tests were made to determine the critical mass. The |
successful operation of the water bbiler as a divergent chain reactor marked a
small but not unimportant step in the development of tre art, a step toward the
centrolled use of nuclesr energy from separated U235 or plutonium,

£.62 A nurber of experiments were undertezken during this period by tle
Water Boiler Group, prior to the general reorganization of the labor:tory in
August 1944,

6.69 The operation of the water boiler, like that of other controlled
reactors depends upon the very small percentaye of delayed neutrons; these malie
1t possible to keep the system below criticul for prompt neutrons and in tle
neigrkborhood of eriticzl for all including the delayed neutrons. Although thre
delyed neutrons are only about one per cent of the total, in the recion near

critical the time depender.ce of the system - its rate of rise or fall - is of
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the corder cf the delay periody prempt chains die out conastantly, to be reinstated

only vecause of the delayed neutrens,
8,7C  One experiment planned and carried out with tne water beiler

(as well as with later assemblies) was the experiment oreposed by Rossi and
bearing his name, It was an experiment to deterrine the prompt period, [his

period depends cn the time after fission that is taken for the neutrcns to be

emitted, on the fisgion spectrum, and cn the scattering and absorption characteristics
of core and tamper, [t was essential tc measure the prompt pericd in a metal
azgembly as accurately as poésible in order to predict the efficiency f the
bemb, which varies as the square of thls quantity, [is measurement in a nydregenous

assembly would nct give direct informaticn relevant to efficlency caleulation, but

would provide experience and instrumental development, and would also be a check

on theoretical predicticns,

6,71 | The Rossi experiment counts neutroen coincidences, The pr:sance
ot a prompt chain in the reactor is presumed whenever a neutron is counted, A
tize analyzing system then records the mumbers of neutrons counted in short
intervals of time imrediately after the first count, This gives a direct aeasure
cof the prompt period,

8,72 Another method, which gave less interpretable results, was

rapidly changing_}he degree of criticality by means of a mcter-driven cadmium

control vane,

6,73 A third experiment was the measurement of the spatial distributicon
of neutrons in the beiler solution and tamper, This was carried ou. by means of
small counters placed in various positions in the boliler and tamper, and served
as a check against calculations from neutrcn diffusion theory,

6_7§ A fourth experiment, related to the Rossi experiment, was the
measurement of fluctuations in the neutron level in the boiler, This measurement

was of interest in connection with the variation of the aeutrcn number fEOm fissicn

tc fission, a variation in turn conrected with the statistical aspect 2f the chain



reaction in the bomb, in particular the prfdetonation probability, The first
measurement gfave a value for the fluctuation of counts in a counter, relative to
the averaye number of counts, This gave infcrmation about the fluctuation of the
neutran number as scon as another quantity, namely the effective number of delayed
neutrens, was measured,

6,75 Toward the end of the first period of the laboratcry, plans were
under way in the Water Soiler Group to make critical assemblies with uranium
ﬂydride. and tc rebuild the water beiler for higher-power operation, Both of
these projects carry us over into the next period, when the work of the group was

divided between two new grcupsy this further work is therefore reported in later

sections ( 13.41 £f, 15.4 £f).

Miscellaneous Exgeriments

6,76 In addition to the nuclear properties and processes described
above, certain other processes were investigated, because of their relation to
fission or tc¢ the interpretation of gxperiments.

6,77 A number of special investigations were made by members of the
Radfcactivity Group, in connection with the fjési§n process, Measurenents were
made of range of fissiom fragments in heavy and light materials, and also of the
energies and number of long-range alpha particles discovered in the fission process,
Gamma rays emitted in fission were investigated since knowledge of the number and
quantum energies of these rays was of possible importance in understanding the
fission process itself, and also because these rays might be used in experiments
desipned to test tihe bomb, Gamma ray measurements were in fact made at the
Trinity test (13.29/.

6,78 As was already mentioned ( 6.6 ); a sub-group of the D~D Group
was given the responsibility for calibrating the neutron emission frcm various
natural scurces, A graphite column was built, the diffusion length of the
grachite was measured, the pile was standardized for indium resonance neutrons, and

werkK was begun on the standardization of various natural sources, In addition to
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this work, the members of this sub-sroup measured gold and indium capture cross
sections for column neutrons, and also the indium half-life. They conducted wviricus
experiments connected with safety in the handling and transportation of active
raterial, They also worked constantly to improve the standardization of sources,
upon which depended the accuracy of such experiments &s the neutron nusber
measurements of the Cyclotron Group,

6.79 Another program carried out within the Experimental Physics
Division was the development of provisions for isotopic analysis. In the last
months of 1943 it became increasingly evident that there was considerzble uncertaint
as to the amount of isotope 0235 in the enriched samples which were being received
at los Alamos, FEnriched samples were made up in normal form and also diluted with
various amounts of normal uranium. The samples so produced were then divided into
two parts. One set of samples was sent to Berkeley to be assayed by the neutron
agsay method, the other to lNew York for mass specﬂggraph analysis. The results were
in disagreeent by almost 10 per cent. The 3erkeley method was carefully examined
by Segre, who could find no explanation for the discrepancy. The mass specﬂﬁgraphic
. method was examined by Bainbridge, who llikewise could find no explanation. As a
resu’lt proVisions were made to set up both methods at Los Alamos under the Radio-
activity Group. While equipment was being set up, the Chicago and Few York Labora-
tories made three independent isotopic determinations in a certain sample known as
E=10. Close agreement was obtained, and this sample was thereafter used as a second-
ary standard at Los Alamos with the neutron assay method. This method proved of

239

great value in assaying the active parts of the gun assembly, and later the Pu
assemblies,

.90 By May 1944 a study of uranium isotopes had been made in the mass
spectrometer as a first test, and the resolution was satisfactory. Analysis of
normil material and of sample E-10 gave excellent apreement,

239

6,91 In the late summer of 1944 the Pu mass Spectrometer was set up

239 . .
and preparations were made to test the sample of Fu 3 reirradiated at Site X, to




assay its Puzho content, This work wxs actually carried out in the Research
Division, after its creation in August 1944. ihen the sample arrived and was
exanined it showed a peak at the 240 position and the relative abundance of PuzhO
to Pu239 was in good agreement withvthe figure that could be calculated from the
value of the branching ratioc and the rather uncertain irradiation. Thus the

discovery of Puzho, following fram spontaneous fission measurements, was confirmed.

Instrumentation

6.82 In writing such a history as this, the impression is easily
created that terminal work, work which enters directly into th?'main course of
development, is the most iméortant, difficult and time consuming; Yet every
successful (or unsuccessful) experiment implies a degree of instrumental development
and construction that is not easily appreciited by an cutsider., Cne deals in
experimental nuclear physics with the realm of the small and the fast., Both the
time scale and the amplitude of the phenomena studied must be transformed to make
them susceptiﬁle to direct control and observation.

6.83 Although a considerable amount of modulation and control equipment
for the accelerators was built at los Alamos, developmentson this side were less
novel and extensive than on the side of observation and measurernient, With the
exception of photographic plate and cloud chamber techniques, all experiments involve
the counting of ionization chamber pulses, In a typical experiment we may
distinguish at a minimum four distinct steps: the counter or detector, the amplifie:
the discriminator and scaler, and finally the mechanical recorder. The ions
produced by the particles being studied are moved to collecting electrodes by an
electrical potentinl applied across them. This registers as a minute electrical
pulse of the order of microvolts, This rulse is then amplified to the order of
volts, and fed into the countinz system. The discriminator is a means of selecting
only pulses of 2 certain type which are of interest to the experimenter., Jince

usually their frequency is too high to be directly recorded by mech-nical means,
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a further electronic step is inserted, the scaler. The scaler "demultiplies"

the frequency of the incoming pulses, so that for e#ample, it gives one pulse

for every sixty-four incomling pulses, The pulses coming out of the scaler are
then recorded mechanically.

6.3, Certain developments in the first step, the counter or detector,
have already been mentioned in prgvious sections of this chapter, for example,
fission detectors, in which ions are produced in an ionization chamber by fission
fragments from a sample of fissionable material. These include threshold detectors,
making use of the materials which only fission for neutrons above a certain energy.
Another development of importance already mentioned was the long counter, developed
by members of the Electrostatic Generator Group, which possessed the virtue of a
very flat response to neutrons of different energies, 35till another important
instrumnent developed which made use of the well established hydrogen cross section,
was the proportional hydrogen recoil counter., Finally, mention should be made of
the boron trifluoride proportional neutron counter; this is an ionization chamber
filled with boron trifluoride, Boronlo, about 18 per cent of normal boron, under-
goes an (n;:) reaction, producing 1ithium7. The number of alpha particles counted
corresponds directly to the number of neutrons absorbed. Juch counters are
surrounded with paraffin, to slow down the neutrons to energies with high reaction

cross sections. High efficiency of these counters was obtained by high pressure

counters, by purification of the trifluoride, and by using the separated B]"O isotope

when it became avzilable.

6.35 The most extensive development iﬁ‘counting technijue was that of
very fast datectors and amplifiers. With proper design of countcers and with cert: ir
gas mixtures, collection-times for electrons were reduced as low ns 0.2 microsecon:,
This work, along with otlier counter <develornent work,>was mostl:- carried out by
thie Jetector Nroup. To maxe use of electron collection required very fist

amplifiers; tliese were developed by tiec DJetector Group ard the Electronics irour.

The amplifiers developed hid rise-tincs between 0.05 and 0.5 microseconids,
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6.36 A large amount of work was done in development of discriminztcrs;
for example, differential discrininators were developed, which would select pulses
of a given height: multi-channel discriminators which nade possible thre
clagsification and simultaneous recording of pulses of different heights. .\ new
scaling circuit was developed, which increased the reliability of scalins, and
thereafter became standard in the Iaboratory.

6.87 Apart from this work on general counting equipment, a number of
electronic techniques wer% developed for special purposes, One of these was in
the field of timing circuits. Many experiments involved the measurement or control
of phenamena occurring at specified time intervals; for example, the Rossi
experiment, the measurement of the length of stay of neutrons in tamper, or the
velocity selectqr for selecting monoergic neutrons from the cyclotron., Another
type of timing circuit, developed extensively ip gonnection with the study of the
implosion, made possible the meazsurement of veldcities-in explosives. 1In
connection with the use of oscillographs in recording data on the implosion, there
was extensive development of amplifiers, circuits for pfinting timing marks on
film, sweep circuits, and circuits to delay the starting of a sweep for a specified
tine,

6,88 Another important job carrieq.out by the Electronics Group was the
production of portable counters and other health instruments.

6,89 The work of producing thin foils of fissionable and other materials
was largely the work of the Radiochemistry Group, and is reported in (8.56); but
the Radiocactivity CGroup and others from the Experimental Fhysics Division also

collaborated in this work.
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was then arranged at the request of General Groves, on the recommendation of
Conant and Bush and with the approval of the Governlng Board, Capt., Farsons
returned in June as Division Leader of The 6}dnance Division.

7.4 The original groups of the new division wére the first five listed
above, under the leadership respectively of E. M. McMillan, K. T. Bainbridge,

R. B. Brode, C, L. Critchfield and 3. H. Neddermeyer.

7.5 After Farsons' first visit in May he investigated the possibilities
of obtaining a competent chief engineer to head group E~6., The man chosen by
Parsons was George Chadwick, for 20 years Head Engineer of ﬁhe Navy Bureau of
Ordnance, Although Chadwick never resided at los Alamos, he functioned from June
to Sertember 1943 as prospective head of this work. During this period he worked
with the Bureau of Ordnance and the Navy Gun Factory on t;e design and fabrication
of the first experimental guns, consulted at Los Alamos on the design of the
Anchor Raneh Proving Ground, and in August was ésked to assist in the procurement
in the Detroit area of machinists and draftsmen. At this time Chadwick decided n *
to take the Los Alamos position, The connection with Chadwick in Detroit remaine
however, and is discussed later in this section (7.12).

7.6 After a brief interval in which the Engineering Group was under
the direction of J. L. Hittell, this position was given to F. Esterline in
December, and was held by him until his resignation in 4pril 1944. Iate in May
the position was given to L. D, Bonbrake, having been held on an interim basis b,
R. Cornog after Esterline's departure, The general reasons for the difficulty
in finding the right person for the position of Chief Engineer are discussed in
detail later in this Chapter (7.L59-7.58).

7.7 In the fall of 1943 Groups E-7 under Ramsey and E-=% under
Hirschfelder were added to the livision,

Te?  barly in 1944 witl *tle rapid expansicn of the ordreincs :id

verbicubirly tre Liplesion preogve, e sdminisnretive wori of e Hlvision
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subdivided under two Deputy Division Leaders: 1. ', leXillan for tle sun
program, and 5., 3, Kistiakowsky for tte implesion progiam. i¢lilw:n's place

as Group Leader of F~1 was taken by Lt. COmdr: Yo Fo 3ireh. A new group (E~9)
was added by Kistiakowsky under K. T. Bainbridge for the investigation and design
of full scale high explosive assemblies and the preparition for a full scale test
with active material., Bainbridge's place as Group leader of i~2 was taken by

L. 5, Parratt., Xach of th? two branches of the Division acted with the advice
and sssistance of a steering committee. .Although formally equivalent, the two
new subdivisions were of Quite unequal significance organizationally, The gun
program was proceeding smoéthly and at a constant level of activity.. The implosion
progran, on the ccntrary, was beset at this time with serious organizational and
technical problems, sprirging fram its rapid'increase in size and importance,

7.9 In late June and early July there was further extensive reorganization
of the implcsion project. Neddermeyer became the chairman of the implosion steering s
committee, Kistiakowsky became acting group leader of E-5, and tw; new groups we}e
formed. The first of these was E~-10 under Major W, A, Stevens, The functions of
this group were maintenance and construction for the implosion project, and the
operation of the S site plant., The second was E-11 under L. W, Alvarez, This
group was engaged in the development of the Rala tests, and in the investigation
of electric detonators.

7.10 When Parsons returred to Vashington after his first Los ilamos
trip, he arrarnged that all his connections with the Navy Department would be
hardled throush Lt, Comdr. Hudson loore of the Research/ﬁz%%lopment Section of ttre
BuOrd. The most important activities of the latterﬁﬁgg‘with the Naval Tun
Factcry and concerned the fabrication of experinental guns. Hoore also handled

rocurement ¢f miscellaneou nce 1 ials fr e} e n iaison with
proc t cf wmiscellaneous crdnance materials from ! stores, and 1i th

tle Navy Froving Ground at Duhlgren, Va.

.\ o



7011 At the same tine I'arsons arrangel for security reasons that all
Navy equipment would be shipped to I'. J. Vorkman, head of the Jection T, C3RD,
Projecﬁ at the University of New Texico, Albuquerque.

7.12 The other principal lizison of the Ordnance Divisicn was the
"Detroit Office", As menticned above, Chadwick was asked in iugrst to assist in
persomnel procurement. In order to try out design engineers hired by Chadwick
and to pay machinists employed before new s&gp facilities were ready for use,
Chadwick set up an office in Detroit. 2 ., !

7.13 In August, Bush had approved the use of tle Section T, G3RD
Project at the Universgty of Vichizan (Appendix 7, No. 21) fbr the development
of radlo proximity fuse:"br.the bomb (7.45). Section T funds so used were to
be replenished by transfer of funds from the Navy Department to C3RD.

7.14 In October, it wés decided that models for flight tests would be
fabricated under the procurement set-up of the University of Michigan using Section
T funds. The orders would be placed by !'. R. Crane who was the head of the Hichigan
Project. It was not contemplated, however, that the University of Mich‘gan would
act in any capacity beyond general supervision and accounting. Chadwick's office
in Detroit, rather than Crane, would be responsible for inspection and follow-up
work. This arrangement was.not wholly satisfactory since Crane had a considerable
interest in these models; fuse units designed and fabricated by his project were
to be incorporated in them.

7.15 The financing of the Detroit office was arranged by contract
(Appendix 7, No. 22) between Chadwick and the University of California until
November 10, later extended to March 194L. Chadwick was uppointed CSRD represent-
ative to facilitate his work cn fabrication contracts let by'the University of
Yichigan. In May 1944, the financing cf the Detroit office was taken over by the
University of Michigan. In June, Lt. Jol., R. W, Lockridge asswied ch:rg> of the
Detroit office, In July he was appointed C3RD representative, Col, Loctridpe's

appointment was a means of unifying tlie Detroit-University of Michignhrn relationship
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(2) consequently, it must be made of hignly alioyed steel,
\
(3) the maximunm pressure at Ube%greeck‘should be as hich 3as practicabl.
(75,000 pounds per sjuire inch was decided upon), i.e., the sun
should be as srort as possible, and

(4) it should have three independently oper:ated prirers.

7.21 The Navzl tun Desizn Section undertock the pricticul provlems <f
engineerinz the proposed design in July 1943. Pressure-travel curves were odbtained
from the NDRC through R. C. Tolman. These were computed by the ballistics group
at Section 1 of the Geophysical Iaboratori under the supervision of'J. O, Hirschfeld
who subsequently joined the staff at Site Y and continued to supervise the work
of the Interior Ballistics Group. The curves were drawn for woximum oreech
pressurés cf 50,000, 75,000, and 100,000 pounds per square inch ani submitted to
the Bureau of Ordnance, HKavy Departrment.

7.22 As stated above, this was a unique problem invoiving speciazl steel
and its radial expansion, design and breech, primers and mushrooms for extra high
pressures, insertion of multiple primers and many smaller details. The absence
of rifling and special recoll mechanisms were the only details in which this gun
could be considered simpler than standard guns, ' Mevertheléas, the drawings were
completed and approved, in a very short ;ime, and the forgings required were
ordered in September. Some deglay was occasioned in the preparation of the steel
because of difficulty in meéting the physical specifications. The fabrication of
guns was done at the Naval Gun Factory, and required about four months at high
priority. The first two tubes, and attachments, were actually received at Site Y
en March 1C, 1944.

7.23 The tubes received in March were of two tyres. BSotnh had

adaptor tubes surrounding them in order that the recoil could Lz absorbed in a

standard{ i§%<;§ingle Maval gun mount. Cn the type A gun this adaptor made no

~
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‘knowledge of the expected size of the explosion. None of this theory was avail- ’,/

SECRET

T4l The doveloppent of initiators for the gun required radiochemical
services and a large surply of polonium. The growth of experience with the
handling of polonium at site Y, the Radiochemistry Group (8.55ff), and the
liaison with Monsanto Chemical Company in the matter of supply (8,6) were
probably the most important cansequences of the gun initiator program. In fact,
this background of development was perhaps essential to the success of the
implosion bomb, which made even greater demands on these services. If the basic
procedures had not been already established the implosion might have been held up
by some menths, |
Arminé and Fusg\

7.42 The arming and fusing of the atomic weapons could not be done
satisfactorily by straightforward application of the established art., Part of the
reason for this is to be found in the enormous investment represented by a single
bomb, jTriggering devices that fail only one per cent of the time, on the average,
were hardly acceptable, On the other hand, the great value of the single bomb
dwarfed the expense of mltiple triggering by very fine equipment which would be
forbidding in a more commonplace weapon., The second reason is that, from the early
beginning of the effort at Los Alamos, it was thought desirable to detonate the
bomb many hundreds of feet from the ground and no fusing equipment had been
developed explicitly for this purpose since the requirement is unique to tﬂo size
of thé explosion. Just how high above the ground the bomb should explode for
maximum total damage was not known. The determination of this hei’ght had to be \

made mathematically fram an extension of the theory of damage by blast plus a

7.43 The development of arming and fusing devices was begun in May ]

1943 in Group E-=3. The plan for fusing systems proper was the same for the 1

gun type and for the implosion type bomb. It called ;

SECRET ** |
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for a guarantae of performance that allowed less than one chance in ten thousand
of failure to fire within a hundred feet or so of the desired zltitude, Two
general lines of development were started, The one centered on the nossible use
of barometric switches for firing the bomb, The second line of attack was to
adapt the newly developed electronic techniques to the fusing problem, In
particular, the radio proximity fuse, radio altimeters and tall-warning devices
performed. in some measure, the desired funstion of detecting distant objects and
the suftability of these devices for use in a bomb had to be determined, A third
possibility, the use of clégks: was considered to be a last resort because their
operation would require careful setting just before the bombing run, and the
chéncsafor human error are great in these circumstances,

‘i't 7;44 The barometric switches had the advantage of being simple mechaniecal
devices whereas the various electronic 3ystems were highly camplex, On the other
hand, it was by no means certain that a reliable barometric indication could he
obtained in a falling bomb, Thus the work of the group included not only the
desirn of a sensitive and sturﬂy barometric switch, that could be put into production,
but also the broot of these switches in action, The latter =ffort proved to be
the most extensive, It was necessary to fit model bombs with radio transmitters
(*informers®) whose signals were modulated by the action of the barometer, drop
these from airplanes and follow the flight of the bomb photographically as well as
with the radio receiver, ®¥th the proper cross checks in timing, this procedure
leads to the correlation between the recording of the barometer and the actual
elevation, This work was started at small scale in December, in cooperation with -
the NPG at Dahlgren, Full scale bombs dropped from full height were subsequently
used in the continuation of these tests at Muroe, beginning March 1944, By that.
time it seemed probable, however, that the pressure distribution un thne surface of

the bomb was not 30 gensitive to absolute elevation as would be desired and that

barometric firing should %e used only 1f the electronic devices could not be developed,

o~ 7
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The development of the barometric switch thus became secondary, but tie field
experience in proving these units was of prim:ry importznce to tre development of
the weapon, It was Lhrough this early effort and cooperation with the Instruw.ent-
ation Group, =2, that the probleﬁs of instrumentation in the field, lizison with
the Air Forces and operations at distant air bases were solved and reduced to the
routine that was so necessary for the successful proof of the completed borbs
(completed, that is, except for active material).

7.45 In the period preceding February 1944, there remained, as stated
above, considerable uncertainty as to the height above ground at which the bomb
should be fired. The early estimates were below 500 feet, more specifically
150 feet. In“this range, the amplitude-operated radio proximity fuse was a
feasible device, Brode had had a major part in the development of thcse fuges
for projectiles and began at once on the ground work for adarting them to th:.gombs.
It was deemed undesirable to set up a radio proximity fuse laboratory, with the
large increase of personnel ne:essary, at Los Alamos. Accordingly, the design,
development, manufacture and tgsts of radio proximity fuses and "inforrers" was
undertakén in liaison with Section T, O5RD., The work was to be done at the
University of ichigan under the supervision of H. R. Crane. (Appendix 7, MNo. 21)
Field tests in this program were to be made at Dahlgren. This program was
instituted in the summer of 1943 and was entering a major proof phase in February
1944 when thecretical work predicted that if the efficiency of the bamb were high
enough the desirable heizht of detonation might be as high as 3000 feet, Jince
the amplitude operated sets would not function properly at these elevations, it
was immediately necessary to follow a new line of electronic development. The
liaison with the University of Michigan Luboratory was continued, however, to
follow up the radio proximity fuse development in case the eventual decision would

pe for sgseveral hundred feet and to continue in the production of "informers" and

to assist in the new lines of attack.
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7.46 The new types of electronic devices that were considered in
Pebruary were the radio altimeters. It was decided to follow up both the
frequency modulated "AYD" and the pulse type "718", The progrzm for modification
of AYD was assignegkto the llorden laboratories Corporation under an C3RD contract
(Appendix 7, No.23 )‘through Section T, with the approvil of the Bureau of
Ordnance, Navy Department, The 713 was just getting into production but the
deve lopment group at the Radio Corporation of America was still operative., It
was intended to negotiate with RCA to employ this group in the fuse develcprmaat.
Before the negotiations were started, however, it was learned that they also ﬁZd‘
under development for the Air Corps a tail warning device that should be‘readily
adaptable to the fusing problem., The production of the&eﬁ"APS/lB" units was just
being started, but through the coopération of the Signal Corps, a substantial pért
of the pilot froduction was made avai}able for Brode's work, In fact, the third
such unit to be made was delivered to Los Alamos in April. This set was tested
in May by diving an AT-11 plane and proved very encouraging. Two full scale drop
tests in June strengthened the conviction that the APS/13, now nickmamed "Archie",
was the answer to the electronic fusing problem, The modified AYD had pe}sisted in
showing difficulties that discouraged its use, even below 1000 feét, where it had
been made to work. Field tests were continued on a more and more extensive scale
through June and July and included the final work on barometric devices as well
as the preliminary study of the electronic sets,

T 47 Concurrent with the field tests, work in the laboratory was given
to the implementation and analysis of these tests as well as to design research
and proof of service units, The latter effort involved establishment of vibration
and temperature tests for clocks, switches, batteries and electronic equipment in
more or less standard procedures for the acceptance of airborne equipment. In
April 1944, preparation of tle overail design of the amming and fusing sysiem was
undertaken, This system included pull-switches, banks of clocks and birometric

‘ -
switches for arming, and four modified APS/13 units operuting independently to
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initiate the firing circuit at the desired altitude. The selsction of this
system was made on the basis of the preliminary field tests of these units and on
general considerations of elimination of as many uncertain elements as possible,
The field proof of operation. of the system as a whole began in August 1944 and
constituted a major part of the work of the following year, The scarcity of tail
warning units in the summer of 1944, however, forbade wholesale use of these in
bomb drops, Accordingly, the modification developmént of these units was assisted
by the use of barrage balloons for testing the units (as assexbled in models of the
bombs). This phase of the work was carried out at Warren Grove,‘ New Jersey.,

7.48 In addition to the primary development of a high elevation trigger-
ing mechanism, some attention was given to underwater detonation., The goal was
to detonate one minute after impact with the surface., This program hardly got
underway, however, before thecretical consid;rations, bésed on model tests, pre-
dicted that shallow underwater delivervaas ineffective, Full attention was then
g;ven to the air blast bomb, For the l;tter; a proéopeller activated arming switch
was also developed but was discarded as mechanically unreliable in the pr'éyence of
ice or from misaligmment, The only propeller arming actually used was in the four
Navy standard nose impact bomb fuses A.N. 219 in the forward end of the Fat Man.
The purpose of these wasb to get good self-destruction (at least) in the event of
failure of the primary fusing.gystem,
Eaﬁineeréﬁﬁ |

7.49 In the ariginal arganization of the ordnance work the primary
responsibility for integrating the weapon was provided by setting up an Engineering
Group, E=6., This was conceived as a group of campetent design engineers who would
reduce to ac?:epted fabricatlion practice the specifications on performance 3:3 these
srecifications became clear, They would include the mechanical construction,
ballistic and z2erodynamic behavior, electrical wiring and incorporation of the
arring and fusing equipment and also the special provisions required for safing and

the a7 ewbly mechanisa and active materinl, In addition to this vrimry
4 ) by o
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responsibility the group was to provide design service incidental to the various
experimental programs in ordnance, procure special materials and shop services
from outside industry and supervise the O~dnance Machine Shop (C shop),

7,50 As already mentioned ( 7-5), Capt, Parsons was assisted in setting
up this group by George Chadwick, whose Détroit cffice was the center of initial
personnel procurement, Operation of the design grcups actually started at about
the time of the completion of the ordnance building, A building- Since the research

groups were just getting started also, there was very little notion of what the

‘Iapecifications for the weapon would be, except in the matter of aerodynamic

performance, Thus the primary activity of the Design Group was centered on the

designing of bomb models and the procurement of dummy bombs for test drops,
7.51 In addition to this work, the secondary responsibilities for
C shop and for cutside procurement of materials and machine work were growing daily,
Demands for shop work were perpetually overloading the facilities at Los Alamos,
even with the procurement services in Detroit, The manufactu;e of hemispheres to
be used in implosion experimentation wés one of the great problemsy arrangements were

made to procure these from Detroit shops through the Detrcit office, This

‘arrangement was supplemented in June 1944, by procurement of hemispheres from the

Los Angeles area,
7.52 In spite of the 1ack_of detailed specifications for the weapon,

certain preliminary designs of mechanical and high explosives assembly, fuse
assembly . ;nd of'molds for charges were made during the f{irst winter, The ¢~
situation with the gun model was more satisféqtory because the details we%;:less
tegtative. It had been anticipated that the details on the implosion model would
get more definite with time, 1Instead of this, as experimental information on the
implosion increased, the possible specifications grew less and less definite and
more ind more ccmplex in the sense - an increising number of alternatives and

additicnal » lerents, The pilcturs .7 ¢laneing 8o rapidiy and the contritutions

T desic Loeane Coomose many et divisions of tie Latcratory that e
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original organization for engineering development was rapidly becoming inadequate.

753 It was evident that the level of coordination needed for making a
weapon of the implosion system had risen above ihat represented by a single
operational group. This was pointed out by Esterline when he resigned as group
leader in April 1944, Fis successor, R, Cornog, made every effort to rectify the
lack of coordination within the structure of the old organization. There were
+ other organizational plans afoot, however, and these led eventually to coordination
at the level of the Director,'by the Weapons Committee (9,10)., Meantime the
engineering problems relating specifically to the internal structure of the
.1mplosion bamb were taken over by the new group under K. T. Bainbridge. This group,
formed in March 1944, combined design and certain kinds of experimentation on the
implosion system. (Design work, in particular, was under the supervision of R, W.
Henderson), One of the responsibilities of this group was the full scale test of
the bomb, and the history of this part appears elsewhere (Chapter XVIII). This
reorganization of the engineering effort placed the implosion design in closer
touch with implosion research, The work on the gun and on the external bomb
assembly continued in the Engineering Group, but in close cooperation with the
Explosives Development Grouﬁ. o |

7.54 The new group was aﬁle to detail developments in such things as
boosters, primacord‘branching, and detonation systems in the light of current
research on these components, There was, however, little activity on the design
of the active core and tamper, since research on these was still in the differential
stage and there was, as yet, no acceptable plan for disfributing the active material,
Although some preliminary thought was given to this question, the active design
work and the coordination with experiments on the nuclear physics of the boumb was
done in G Division after the August 1944 reorganization (Chapter XV),

7.55 Another developmént that called for special organization was the

design and manufacture of lens molds for high explosives, Here again the need for



coordinating &hé‘eff?;}a of thecry, experimentation, casting practice, design,
machining and oprocurement went beyond ihe scope of any cne operating . roup,
Accordingly a Molds Committee was formed in the summer of 1744 and a Ml Tesign
Section was organized under the administration of V shop, This wori continued
under the subsequent organization, and its story properly belongs to the later
verind (16.31),
7.56 The difficul<ies peculiar to the engineering function at
Los Alamos were not all connected with the persistent uncertainty of final
specifications, One basic source of difficulty was the Adevelopment character of
almost all Les Alamos engineering, Such engineering recuires flexibility in
meeting the constant change of.specifications incident to new experimentation, and
a3 2 part of this, the settling of general design principles as a framework
within which more detailed specificqtion may later be fitted, 1In proiuction
pnginéering. on the contrary, emphasis is all on the detalls of design, and
problems of tcoling and mass production, It was the misfortune of Los Alanmcs and
its engineers that they were drawn primarily from industry, and were accustomed to
larger and less complex operattons than they found there, With differing degrees of
directness in diffetent_cases, it was this difficulty that was responsible for the
rather large turn-over of the engineering staff, And as the history shows, this
problem was golved by a type of coordination quite unfamiliar te production plants,
7,57 Another difficulty was the combination o} degipgn and service functions
within the Englneering Group, Although purel} an organizational difficulty, it
reflected also the inappropriateness of prcduction methods tc a research and
development laboratory, The degre2 of oprocedural formality necessary in the
preparation of detailed Arawings for mass production i3 at the same time
unnecessary and burdensome if apriied in development worx, OCperaticn on th's haasis

was a frequ;nt gourze of difficulty, and. tended by overloading the rroup with

service problems tO'imp§tr its principal funztion , ( 3.1¢9 ff: .
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7.58 last amonz the difficulties to be recounted were the isolati -,
of the site and the ~laborate precautions required as security measures, T o
security policy waa blamed more than once for misunderstandines on details ..
machine work being procured from outside shops, In any caze, it is to he ardmi.t=d
that liaisons were generally 30 round about that they easily led to difficul:ie-
The isolation of the place, over forty miles frcm a railroad, also contrivat.d ir-
bit to delay, particularly in handling heavy equipment., As the project appria.n=i
the final phases of its work the handling and working of full scale tarceta, teombe
{ans and high explosive systems became a greater and greater part of the work, {a¢
required not only the equipment for handling the material but Ehe plants and t- s
for making and assembling the objects themselves, Since the provision for this

heavy work is incidental to more obvious achievements it is easy to overlook ris

44

important part played by making these provisions in the allotted times and on oo
of an isolated mouatain,

Research on Implosion

7,39 The program of implosion research gcrew from its initial position
as the concern of cne small group into the major problem of the labora.ory,
occupying the attention of two full divisions, The program was started durivg tr.
conferences of April 1943 with the specific proposals made then by Neddérmewver { 1.77
Neddermeyer had developed an clementary theory of high explosives assembly, There
was however no established art tha® could be applied even to part of the uechanic.’
probolem, In this reapect the implosion research differed from the gun resears:h,
where many mechanical agd enéineering features and methods of proof were at le.st
relatively standard, Coupled with this undeveloped state of the %rt of exemutiocn
was a backwardness in the art of conception, As a.rcsult one cannot make a weli-
datad chronology of the appearance of “ideas™, Development was rather in the oo
of a spiral, Rough conceptions that appeared guite early are reintroduced later

with greater ccnereteness and in an altered context, Many pogsible developmen::
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implosion, the recovery technique proved usefuvl in the interpretation of the
proecess and in revealing tre importarce of and possible difficulties in obtain-
ing symretry, 3y February evidence had been cbtailned of possible trouble from
tle interaction of detonation waves and {ror tle spread of detonation times in
multipoint detonation. These were not yet, to be sure, thougit of as basic
defects lying outside the range of existing experimental techniques to correct.
7.70 The other techniques that were inaugurated in this period were
chiefly in a stage of being perfected to the point where trey would be of
quantitative usefulness to tre investigation, The difficulties lay principally
in the necessity for recording events inside an explosive and for timing these
events within an wncertainty of tle ordep of one ﬁicrosecond. In November a-
program for phrotographing thre interior of imploding cylinders by high explosive
flash light, (a method developed at Bruceton) was started. 3ome qualitative
results were soon obtalned but refinement of the method and elimination of second-
ary blast effects required until spring to achieve, Iractically the same history
aprlies to the flash X-ray method of studying small spheres, The rrincipal
problem presented by this metliod was the precision of time correlation between the
implosion and the X-ray discharge. This prcblem was solved, in cooperation with
the Ordnance Instrumentation Group, by extensive modification of the commercial
X-ray machines. The Instruuentation Group had also designed and had constructed
rotating prism cameras méking use of ultra-centrifuge techniques. Theze were
adapted to proving ground use for taking rapidly repeated photographs of cylindrical
implosions in December and January, but were never used effectively for threir
intended purycse. luch later they were used successfully in lens investigitions
(16.46). Alsc in December, [ield prerarations were started for takin- electronic
records of objects imploded ir = mi:netic field, Tre first shot of this trve,
the 'ragretic m2hod", wis fired Tonmuary 4, 19744, 10d the resulis were éncouraging.
o7 v facht bt the meticn
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E?I netal in a magnetic field alters the field. Thus the inward motion of an

imploding metsl o ould induce 2 current in a surrounding coil, and the

proper interpretation of this current would give information on the velocity
and other characteristics of the implosion., Considerable perfection of the
electroric reccrds was needed, however, and this held up final proof of the
method until spring,

7.71 Quantitative data from the X-ray, high exrlosive flash and
rotating prism camera tecﬁhiques showed the usefulness of’these metbod?’gor
determining velocities and symmetry at s@all scale, but also indicatedfa necessity
for controlled quality of h}gh‘explosive éaﬁtings and boostering systems, as well
as improved simultaneity of detonation. Programs were instituted for the impr0vement.
of these services; this involved the production of castings of uniform density
and composition 2¥ the institution of quallty control, including X-raoy examination
and density measurement of charges, In view of the impending large scale production
of heavy charges, development work was also undertaken on methods of casting and
examinihg such éharges for controlled quality.

1.72 Whereas the original Anchor Ranch Range had been designed to
acco%?date both the gun and implosion programs, the expansion of the latter soon b
crowded the Anchor facilities. In particul&r the casting ancd detonation of large
chargesvrequired a large casting plant and several widely separated test sitesf_

The largest of these units, the casting plant, was begun in the winter of 1943.

It included an office building, steam plant, a easting house, facilities for

- trimming and shaping high explosive castings and magazines for storage of high

explosive and finished ecastings.
7.73 This 35 site (sawmill site) was one of the most difficult under-

takings of the laboratory from an administrative point of view, To find men with

- ’

experience in high explosive casting work, or even with general experience in
randling explesives, proved for the most part impossible. Zupervisory personnel

were equally difficult to obtain., Almost the only available clunnel was the army; f
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complete fizzle., This liter rew into the "Jumbo" progrum which, toget'er with
other engineerin: prroblems, was centralized under the Ordnarnce Instruientation
Jroup ani later under a specinl sroup Jdevoted to this program (1£.53 ff).

7.75 TFreparations for an iuplosion test with active material weic begun
in March 1944, The main problems were (a) the choice of a tes: site, (b) thre
investigation of metheds to permit recovery of active materiul in cise of fuilure
of the ruclear explosion, and (c) the design of instrumentation to measure blast
effects and nuclear effects of a sueccessful explosion. Discussion of the third
topic is referred to Chapter XVIII,< Sites considered were in New Mexico,
Colorado, Arizona, Utah and California, as wgll as several island sites off the
coasts of California and Texas, In making the choice the advantage of nearness to
Los Alamos had to be weighed against possible biological effects even in spursely
populated areas of the 3Jouthwest., During the period before August 1944 a good deal
of exploration was by map, automcbile and plane, and sbill more was planned,
Investigation was begun, finally, of several aspects of the recovery rrobler.
Recovery from a large containing vessel strong enough to withstand the shock of
the high explosive alone was the principal means considered., Also investigated
was the possibility of setting off the bamb inside a large sand pile which would
prevent dispersal and permit recovery of active material in case of railure,

Other methods were investigated, but during the period in questién the nain
problem was that of designing "Jumbo", the containing vessel.

7.76 The main activities of the spring and early summer wonths may he
swrmarized as follows: (1) the prcliminary:deVelopment of new mathods, such as
Rala, the magnetic method, the counter (-ray method, which should he useful with
larver scale implosions; ¢(2) increasing production and quality control of cast
explosives and detonation trains; (3) increased investigation of juestions of
simultaneity in deton.tion, includingz the preliminary investlgati;n ¢f electric.l

deton:tion systems; and (4) the exploitation of techniques established duriny the
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and facilities on the implosion problem. Division X wis formed, under
Kistiakowsky, for the_purpoée of experimentation with explosive systems and
their awethod of fabrication and for setting up an adequate production system
for all special charges (9,1 ff£, Ch. XVI). Also under Division X were put the
more or less established methods of implosion investigation, such as the small
scale X-ray and the higzh explosive flash methods. The development of new or as
yet unproved techniques for the investigation of implosion dynamics, and the
responsibility for design development of the active core of the implosion was
made the objective of G Division under Bacher (9.1 ff, Ch XV). The urgency of
tre directives of these divisions 1s readily appreciated when it is considered
that there was no approved design of either explosive or mechanical systems at
the time of the reorgznization, August 14, 1944,
Delivery

7.90 The work of the Délivery Group covered everything from the
completed bamb (gun or implosion model) to its final use as a practical air-borne
military weapon. 1In the nature of the case there was considerable overlipping
between its responsibilities and those of the groups engazed in final bomb-dezign;
particularly with the Fuse Dévelopment Group (7.42 £f), the tngineering Group
(7.49 ££f) and other groups responsible for bomb design. Even in these cases
however, it was the especial responsibility of the Delivery Group to see that
cooperating groups functioned smoothly together as a team with an sye to their
eventual collaboration in combat delivery. In addition to this resyonsibility
and to its own proper functions in désign ani procurerent, the Deliv-ry ZSroup was
responsible for liaison with Air Forces activities includins the choice and
modificn‘ion‘of aircraft and the supervision of fiel! tests with dumy bombs,.
In thetseconﬁ part ¢l this history it will he zecn trat tre ctivitizg of the

Deliver: Tevun (then o< o o dnty b wis exlled Trolsat ) were extonded to
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made to determine the proper fairing and stabilizing fins for such a bomb,

7.84 In the Fall of 1943 plans for full scale tests were gotten under

way. PFor the purpose of B-29 modification, two external shapes and weights were

selected as representative of current plans at lLos Alamos, These were respectively
204 and 111 inches long, and 23 and 59 inches in diameter, the "Thin Man" (g’v.m)

and "Fat Man" (implosion). In November 1943 Ramsey and General Groves met with
Colonel R, C, Wilson of the Army Air Forces, and plans were discussed for the

first modified B-29. In December the first full scale models were ordered through
the Detroit Office, and Ramsey and Capt. Parsons visited the Muroc Airbase to

make the nocess.ary tes£ station plans,

7.85 Tests were begun at Muroc early in March 1944, The purpose of
these tests was to determine the suitability of the fus_ing equipment, the
stability and ballistic characteristics of the bambs, and the functioning of the
aircraft and banb release mechanism., The flight characterlstics of the Thin Man
model proved stable, while those of the Fat Man were under da.mped‘which caused a
violent yaw and rotation. The fuses tested, the uj..chigan praximity fuses (7.45),
failed almost completely. The reMse mechanism px;oved inadequate for the Thin
Man. Four models "hung up" with delays of several seconds, The last model tested
released itself prematurely, while the plane was still cl:.mbing for altitude, This
boub dropped on to the bomb bay doors) which had to be opened to release the bamb
and were seriously damaged, This accident ended the tests pending repair of the
plane and revision of the bomb release mechanism,

7.86 Tests at huroc were not resumed until June, pending plane repair
and modification, The intervening time at los Alamos was devoted to a number of
activities: the analysis of the first Yuroc data, the planning of a functional
mock-up of the plane and bomb-suspension for handling, loading, shaking and
cold tests, and construction of a site {V Site) for this work; investigation

of the need and possibility of heating equipment for the B-29 bomb bay,
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CELUA3TRY AND S ETALLURGY

Introduction

8.1 he basic problems of the Chemistry and Metallurgy Division
were the purification and fabrication of -acuve/ tamper and initiator |
waterials of the bomb. These problems ramified in many directicns, and to
the ramifications were added & number of activities of service to the rest
of the laboratory. In relation to the rest of the lLaboratory the activities
of the Division were largely determined rather than determining. This was
true not because the work was routine ar subordinate, but because it was
successful, The record of the chemists and metallurgists at los Alamos
is one cf wide-rangirg exploration of technigues combined with extyaordinary
cleverness in meeting or avolding technical problems, sometimes on short
notice,

8.2  Prior to April 1944 the Chemistry and Metallurgy Division
had only & loose group structure, with groups designated as Purification,
Radiochemistry, Analysis and Metallurgy, headed respectively by C.5. Garner,
R. W. Dodson, 5. I, Veissman, and C. S. Smit.h.. At that time the administravion
of the Division was extensively reorganized. J. %. Kennedy, who had served
from the beginning as Acting Division lLeader, became Division Leader, C. 3.
Smith became Associate Division Leader in charge cf metailurgy. The grouwp

subdivision was as follows:



/(

)
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Q=1 Health and Safety, Gpecial Services R. H. Dunlap
Q=2 Heat Treating and Metallography F. Stroke

CM=~3 Gas Tamper and Gas liquefaction E. A, Long
C=l Radiochemistry R. #, Dodson
M5 Uranium and *Flutonium Purification C. S. Carner
Q=6  High Vacwum Research 3. I, ¥eissman
CM=7 Miscellaneous Metallurgy C., C, Balke .
M-8 Uranium and Plutonium Metallurgy L. R. Jette
-9 Analysis He A, Potrats
Q4~-10 Recovery R. B. Duffield

In June 1944 Group (M-11 was formed under A, U. 3eybolt and was concerned with
carrying on previous work on problems of uranium metallurgy, |

8,3 It was stated earlier that the program of the Division could not
be defined coampletely until the division of labor between loe Alamos and other
Manhattan laboratcries was decided. The metallurgy program, however, was clear
fram the beginning, as was the necessity for setting up analytical methods for
refereeing all questions of chemical purity, whether puril‘icatioh oceurred here
or at some other laboratory. In addition there were several specigl gervice
functionas, sﬁch as the preparation of thin ril_m targets of varicua‘materia.ls for
the experimental physiecists, the purification of thorium for threshold fission
deteptors, and the fabrication of metal parts for apparatus and experimental work
to be used by other groups,

8.4 The recommendation of the special reviewing committee (1,27) had
fa;rored the location of purification work at los Alamos, In May 1943 this re-
cammendation was adopted and the necessary planning undertaken. The headquarters
of the purification work would be at Los Alamos, and the necessary facilities

would be built there, including a large dust-~free laboratory building, The plan

was that after this building was campleted and an adequate staff was on hand, a

ma jor part of the purificztion research and later all of the final purification
would be done at Los Alamos, In the meantime this research would bte carried out
at the Metallurgical Laboratory, at the University of California at Berkeley

and at Jowa State College. In order to maintain the advantages of Los Alamos
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control and responsibility for purification and yet minimize the expansion which
might be required by reason of such a program, it was evident that a coordi.natc\)r
would have to be found to establish the proper lines of demarcation between the
work of this site and the others involved, Iate in May 1943, C. A. Thomas,
Research Director of Monsanto Chemical Company, visited loa Alamos to consider
the requirements and the position of coordinator,

8.5 At the end of July Thomas accept&d the position, His job was not
one of coordinating the research programs of the various projécta but simply on;
of establishing communicgtion between otherwise isolated laboratories and
adjudicating their conflicting requirements for scarce materials, At about this
time the planned new building was designed by Brasier with the advice of Thgmas
and members of hls staff, and erected, In spite of the fact that t.ﬁis building
was constructed of the same temporary materials as other los Alamos bulldings,
it was remarkable in that it embodied the features of being both dustproof amd
air-conditioned, It was largely completed and staff members were moving in by
December 1943, ‘

8.6 Imrediately upon undertaking his duties, Thomas set up a program .
for the extraction of polonium, either from lead dioxide residues that had been .
located or fram bismuth which could be irradiated in the piles‘ at Clinton or
Hanford. Research om the former problem was wudertaken at the Monsanto labor-
atories and on the latter at Berkeley.

2,7 As already noted, a division of labor in many problems continued
under Thomas! direction., For example, in the case of the investigation of
plutonium chemnistry as distinguished fram pui'if ication proper, a Berkeley group
provided informstion on the oxidaticn and valence states of plutonium, while the
earliest reports on density and crystal structure of the metal came from the
Letsllurgical laboratory. It might be noted, relative to the last mentioned

work, that the measurerents at the Vetzllurgieal laboratery were made before it

RD
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was definitely established by investigations conducted at los Alamcos that tlere
was more than one allotropic ferm of the metal.(8,38). However, it wes suggested
in February of 1944 that the difference im structure in barium-and calcium-
reduced plutonium, reported by Chicago workers, might bé caused by the exictence
of at least two such forms, -

8,8 Further instances of co-extensive pré%rams at various sites occur~
red in the work of the bomb method of plutonium reduction (3.41-3) by both the
Metallurgical laboratory and &‘.‘Fos Alamos group although the work at the
former was only on a small scale, The simultaneous development was undertaken
at these two laboratories of methods of spectrographic analysis for many elements,
in particular the cupferron-chloroform eﬁtraction method with corper spark analysis
(8.77). As to the latter, work on the method continged at Chiccgo with the final
developument being done at los Alamcs, '

8,9 Thamas further arranged in the course of the liaison work that the
Metallurgical laboratory should be primarily responsibtle for the procurement of
two groups of materials for the entire project, reagents of much higher purity
than thcse commercially obtainable and refractories for use by the many metsllurg-
ical groups., The problem of securing an‘adequate supply of satisfactory refractorie:
became increasingly important Qith the expansion of work by the los Alamos metal-
lurgists., These difficulties had been magnified by the fact that initial arrange-
ments for procurement were not satisfactony; Under Thamas'! &auspices, hcwever,
arrangzements for the development and production of these refractories were initiated
in Jaﬁuary 1944, and it was eventuzlly decided that a group under F. H. Norton at
the Massachusetts Institute of Technolozy was to undertake the research problens
involvéd. The technical problems considered will be discussed later (3,53). Tt
should be noted that arrangements were also made about this time to carry out
research on the use of.cerium.sulfide, principally at the !niversity of Califsrnia,

Cerium metal was produced at the Towa State College, with the bulk of the cutput

»
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oeing sent to N.I.Ts GSome subsidiary work was also .done at Brown University.

3.10 Despite the most careful liaison efforts, work by the Los Al.moas
metnllurgists was sometimes delayed becausz of the time lag vetween changes in
requirenents for refractories and corresponding changes in the output by tle
faorication groups at other sites, In order to overcame this time lag the loexl
refractory research group was enlarged during April 1944, and production of
standarqg refractories undertaken. Subsequentiy, at a meeting of the chemistry
and metallurgy groups at Chicago in June 1944, it was decided to send E" pro-
duction of Berkeley, Ames and M.I.T. to Los Alamos in an effort to meet the
sharp rise in demand for pefraotofies there, Despite all these efforts the
problem of procuring a su;ricient number of the proper types of refractories
continued throughout the Qeriod covered by this report,

8,11 #ith the discovery of Puzho, there was no further need for co-
ordination of purification work, The discovery came at a time when it had became
clear that the chemical purification of Pu239 could be agcomplished, although
still with great difficulty (for purity requirements,see Appendix 4), The division
of labor between the varlous sites, moreover, was at that time well worked cuf.

8,12 The chemistry of U235, and its attendant liaison, presented :much
simpler questions than was the case for plutonium, There were two main problems
to be examined by workers at los Alamos: The processing of the tetrafluoride
for experimentil work in the laboratory and for the production of weapons; and
problems concerning the "water boiler", such as the decontamination of solution:,
The purification of U235 to the tolerance limits specified by the Los Alaumos
laboritory was undertaken by Tennessee Eastmz:n at Oak Ridge, Los Alamos chemistz
were interestgd in knowing the procegeing which the material had undergone before
shipment and the nature of the analysis done at Oak Ridge., They also specified
the chemical form in which the material was to be shipped, for example, as the

sulfate, nitrate or tetrafluoride, Other questions which arose were connected

SECRET ™



with isotopic concentration, mixing of lots with different concentrations, methods

of assay and the like, One special item of lialison was the cooperation between

los Alamos and the Clinton lLaborcztories at Oak Ridge on the production of radiobariur
radiolanthanum for the implosion studies (17,52). In the course of the work in
connection with the "water boiler” and particularly the decontamination of "water
boiler" solutions, Los Alamos chemists leaned heavily on the corrosion experts at
the Metallurgical laberatory #nd at Clinton, while DuPont was of material assistance

0

"in obtaining staiifless steel for the apparatus. .
8.13 The scheduling of work to be done at the Los Alamos laboratories,
and particularly the concentration of purification work at this laboratory, involved
a necessary growth of personnel. From a group of about twenty in June 1943, the
Chemistry and metallurgy Division grew until at its peak in 1945 it emplcyed about
LOO staff members and technicians, Progress was slow and the procurement of personne
difficult because many of the most suitable men were employed in other branches of
the Project, In the absence of an overall supervisor whose decision as to the
allocation of these men would be binding, the difficulties became almost insurmount-
able., The inadequacy of the metallurgical staff was particularly serious since
metallurgicazl work for ordnance experimentation could not be done elsewhere,
8,1, From the completion of the chehistry building in December 1943, to
April 1944, about twenty men came to Los Alamos from Berkeley, Chicago and Ames
where they had been doing research on the purification problem, 1In the early fall
a group of four men cane f;om California Institute of Technology after the completion
of an unrelated project there, These additions, together with the results of inten-
sive efforts to recruit qualified personnel thrpugh Army facilities, helped carry
the division past the cruclal stages of its grow?h. The ristory of the Chemistry
and lletallurgy Division as developed in the following sections is set forth under
tre following headings: ‘Uranium Purification, Uranium letcllurgy, Flutonium

Purification, Plutcnium Metallurgy, Miscellaneous Metallurgy, lazdiochenistry and

Analysis Work,



Uranium Purification
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8.15 Since in terms of tlie gun assembly method for producing a Lirse
srale exrlosion tre purity requirements for U235 were three orders of magni‘uir

»
~ &

less exacting than for plutonium (see Appendix 4), it was the general polic; ~f

the chemists to™cconcentrate their efforts on the more difficult of the twy oroi-
lems.riFor thiﬁc;ééson, and because some work had been done prior tec the pru/ .t
relatively'little work on uranium purification was done in the first morths of
" tke laborztory's existence, Furthermore, it seemed entirely possible that a
purification procedure for uranium might be merely a by-product.of that for
plutcnium since a complete investigation of the chemistry of the latter had not
yet been effectqd. | |

8,16 It was, in fact, primarily the role of uranium as a stand-in fer
plutoniun that was responsible for the first work in uranium purification. During
the first half of December, 1943, it was decided to curtail, if not completely
eliminate, the very exacting micro-clremical invéstigations of plutonium purificz-
tion thren going on. This decision was based on the prospect of gram amounts of
plutoniun from the Clinton pile within two or three months. Under the circum-}
stances, it was believed that micro-chemical experience with such a stand-in as
uranium would te more useful. This work was carried out by The Uranium and
Plutonium Purification Graup in cooperation with the metallurgists and aimed at
plutonium - rather than wranium- standards of purity, |

8,17 Several methods of uranium purification were investigated durins
the course of the above mentiened "stand-in" work. These methods all entailed
a series of "wet" and "dry" chemistry steps. For example, the originally adeopted
procedurs previded a carbonste precipitation (with ammonium carbonate), a diuranate
precipitation (with ammonium hydroxide) and a +6 oxalate precipitation as thre
"wet" purificction steps. Izniting tre resulting uranyl oxalate to the oxdde

U308’ reduction to U0p with hydrogen and conversion to the tetrafluoride by heating

. r
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in the presence of hydrogen [luoride constituted thre "dry" part of the precess,
8,18 This basic prccedure underwert extended investigation devoted

L]

chiefly to variation in the conditions and parameters by the Purification Srcup
(C¥-5) until about August 19/4. Hékéver, during the early months of the sime

year the Radiochemistry Group (CM#Lic;iSO engaged in uranium purificztion resesi-~nt
in the course of its work in supplying the physicists with enriched urenium in
small quantitiiﬂor isotopiec analysis., The "wet" purification procedure out-
lined above'was'departed from in many respects such as the employment of a peraxi:i-
precipitation step, precipitation of the acetone-sulphate camplex of uranjium,
electrolytic methods, and the +4 a@late precipitation,. The success of these
variations was overshadowed by considerations of large scale production. Thus,
for example, although the peroxide precipitation step yielded excellent résul&z,
the bulkiness of the precipitate militated against the employment of the step in
large scale operations. On the other hand, the ether extraction of uranyl nitrate
plus nitric acid, also studied in the course of this work, later came into extensive
use,

Uraniumlﬂetallurgz

-—

HYDRIDES

8.19 After the formation of the Uranium and Plutonium Metallurgy ‘roup
in April 1944, the work described below was done primarily in that grour, and wa:
placed in a separate group in June 1744. The first work in uronium metallurg] Al
los Alamos was the preparation and powdef netallurgy of its hydride. Tuis conpoir’
had been successfully produced on the project by Spedding!s group at Ames and i
existence of the possibility of large scale controlled production was lonrned of
at Los Alamos in April 1943, The employment of the hydride in a1 bomb wes still
being seriously considered (4,14). Consequently, metallurgiczl investirations
concerning uranium hydride were in order, The early litersture ideptified *he c v

pound as UHh but primary work in the formotion of the hydride indicated tiat '“3

4° »
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both scales was in the form of dendrites which could be pressed and melted into
one coherent piece. The recovery yields for the small scale method were 40 to
70 percent and for the larger scale were 80-90 percent. (Appendix 7 , No.24 ).

8,2, Metallothermic Reduction Methods:

a. Centrifuge Method: The purpose of this method was to reduce uranium
metal on the small scale (50 mg-1 gram of metal) by taking advantage of the in-
creased g value for the collection of the small amounts of metal, The method
consisted of reducing a uranium halide with either Ca or li metal in a sealed

bomb., The bomb was placed in a graphite rotor which was rotated while being

" heated in an induction coil, Successful reductions were made using the following

mixtures: (1) UF, s Ca o Iy, (2) UF, + 14, (3) UFy » L4, (4) UCLy + Li, Ca, or
Ba, The metal produced in (1) was brittle and contained considerable amounts of
entrapped slag. The metal produced using the other mixtures was malleable but
usually contained some entrapped slag which decreased the purity of the metal,
Very good yields were obtained in all cases. (Appendix 7 , No.25 ).

b, Stationary Bomb Method: At the time this problem was started
(August 1943) only the large-scale (25 pounds of mstal)reduction technique as
developed at Iowa State College and the possible use of iodine as a booster were
known. This large-scale method was not applicable to small-scale work where
high yields and high purity were needed. The problem here involved the develop~
ment of refractory crucibles for the reaction, the design of suitable bombs, the
investigation of raw materials for the reaction, and the development of ﬁechniques
for each scale of reduction studied. Methods of handling the very valugble en=-
riched uranium with danger of loss were also worked out, Successful bomb techniques
were developed for the reduction of uranium tetrafluoride and uranium trichloride
with calcium metal on the 0.5 g, 1 g, 10 g, 25 g, 250 g, 500 g, and 1000 g (of
metal) scales, Most of the work was done on the tetrafluoride because of the

hygroscopic nature and the more difficult preparation of the trichloride.
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intensive work on stand-ins was initiated to permit the members of the
Purification Group to determine and improve their techniques, The stand-ins
used included uranium, cerium; lanthanum, sirconium and thorium. Uranium was
used principally in the investigation of ether extraction methods; thorium
and cerium were enployed to test solubilities and purification by various
precipitations. In metallurgical work, cerium trichloride was used as a
stand-in for plutonium trichloride and in other small scale work cerium tetra-
fluoride was used as a stand-in for the corresponding plutonium salt,

8.27 The development of plutonium purification procedures is readily
divisible into three parts: wet processing, dry processing and, by reason of
the cost of the material, a recovery process. The intensity with which thre
division attacked the difficult problem of plutonium chemistry was rewarded
by the complete development in the first period of the wet chemistry procedure
finally used in large scale work. By August 1944, however, the dry process
and recovery procedures had not been completely determined. The former was
still in the formative stage of development and the latter, while satisfactory,
was greatly simplified by later research (17.18-21).

THE NET FROCESS

8.28 The plutonium output from Clinton and later from Hanford was
received at Los Alamos as a highly viscous mixture of decontaminated and partially
purified nitrates. These nitrates consisted of about 50% +4 plutonium and 50% +6
plutonium, This material had to be dissolved out of its stainless steel shipping
container, diluted and a sample removed for radio-assay purposes, This pre-
liminary work generally reéuired between three and four days and when completed
permitted further processing by the wet ;urificapion steps. A wide variety of
purification procedures were investigated. Early in i@hh the first tentative
procedure involved a double sodium plutonyl acetate precipitation followed by a

double ether extraction employing sodium nitrate as a salting-out agent. Potassium

SECRET **
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bichromate was originally used to go from .4 to +6 plutonium ion, but this was
soon superseded by sodium bromate plus nitric acid, For selective reduction from
+ 6 to +3 plutonium, hydrogen iodide or potassium iodide in acid solution were
used throughout the work.

8,29 The first major difficulty encountered was the need of a prccess
to separate small.amountﬁ of uranium impurity from large amounts of plutonium.
Various campounds such as carbonate, peroxide, fluoride, iodate and axalate were
investigated, The iodate Pu(IO3)h was found to give 99.5 per cent removal in
two precipitations with a selective reduction step, but it proved extremely
difficult to convert{}his campound to sodium plutonyl acetaie. Finally the
precipitation of the +3 oxalate proyided the solution to the problem and became
an important part of all future processes.,

_ 8,30 The procedure as outlined gradually changed. Two oxalate pre-~
cipitation steps.were incorporated. An ether extraction and a plutonyl acetate
step were dropped, By July 19Lh, canpletely enclosed one-gram and eight—gram
apparatus was being set up, and the process kncﬁn as the M"A" process had taken
form., This involved reduction to +3 oxidatlon state, oxalate precipitation,
oxidation to +6 oxidation state, sodium plutonyl acetate precipitation, ether
extraction from nitriec acid and\ammonium nitrate solution, reduction to +3
oxidation state, and a final oxalate precipitation. The process gave yields of
about 95 per cent, The product was then turned over to the dry chemists as an
oxalate slurry. The residue supernatants were returned fo; recovery,

8,31 The reason fdr the development of enclosed apparatus was primarily
the plutonium health hazarqd (9.30).

&HE DRY PROCESS .,

8.32 Since the conversion of the wet axalates to the dry halide of
plutonium led to a product which the metallurgists had to reduce to metal, there

was collaboration between these groups in the attempt to settle on a suitable
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8,42 Stationary Bomb Methoq: The work on this problem was started
in Yarch 19L4; however, much preliminary work had already been done using uranium
as a stand-in. As in the case of uranium, the proolem of plutoniun reduction
involved the development of refractory crucibles for the reaction, the design of
suitable bambs, the investigation of raw materials for the reaction, and the
development of techniques of each scale of reduction studied, During the research
on plutonium, cerium and lanthanum were also used 3s stand-in elements, and tech-
niques were developed'to prepare both metals from their chlorides and fluorides
on all the scales given below. The chloride of plutonium was used for the first
successful reductions of plutonium by the stationary bamb method. These reductions
were done on the 0.5, 1, and 10 gram scale, The fluoride was then investigated
and found to be more satisfactory because of its non-hygroscopic ﬁature aha greater
ease of preparat;on. Successful techniques were developed for the reduction of
plutonium on the 0.5, 1, 10, 25, 160, 320, and 480 gram scales. The average yields
in a single button of clean metal ranged from 95% for 0.5 gm, to 99% for the 320
and 480 gram scales, The bromide was also reduced on the 1 gram scale, but with
lower yields, The methods developed here fram the reduction of PuEh are now used
for the routine production of pure plutonium metal. (Appendix 7 , No,28 )

8,43 The oxide reduction method involved the reduction of plutonium
axide with carbon or silicom and distilling the resulting metal onto a cold finger.
This method gave yields om a small scale (5 gram) of 30 to 90 percent of spectro-
scopically pure plutonium. The discovery of Puzho called a halt to this ultra-
high purity method.

Se44 TIn addition to reduction techniques, remelting techniques were also
investigated, A large part of this work was in the choice of crucible materials,
Remelting was important because of the need for metal with uniform physical |

properties and because further impurities (e.g. magnesium) were removed in the
L]

process,
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to develop a rapid method of keeping track of amounts of uranium in solution,
With monochromatic light through pure solutions, concentration would be
measured to 0.1 per cent.

8,69 1In the actuzl setting up of the boller in May 1944, the chemists
made all additions and removals of "soup'", keeping accurate records of con~
centration by the refractive index and by gravimetric analysis method. When
the activity of the boiler reached the critical point the concentration was
measured by refractrimetry and checked by other methods. The control rod was
calibrated by adding small weighed increments of sulfate and determining the
critical setting of the control rod for each increment.

RADIOLANTHANUM ' ‘ :

8.70 Before August 1944 no test shots were fired in the Rala program

(7+74). Design of a "mechanical chemist" for remote control work with this
highly radicective material began, however, as early as May 1944. By August
the apparatus, at the Bayo Canyon site, was almost complete., Further account
of this work is found in Chapter XVII, \
Anagﬁzical Methods

| 8,71 The high purity analytical program was organized on the basis of
theoretical considerations already reported (1,73). The plan to use plutonium
originally demanded an extremely low rate of neutron emission, estimated to be
3 neutrons per minute per gram., Tolerance limits for each element were calculated
by polonium alpha-particle bombardment of element targets and calculation of

the neutron yield, thus obtaining the amount of element necessary to give 3
Y

t

neutrons per minute,
8.72 The tolerance limits for 13 elements, not counting the rare
earths, were found to be below 100 parts per million. In addition, effects are
additive. It was generally agreed that the sensitivity of analytical methods
should bc one tenth of tolerance. 3ince early experimental production would be

very small, and analytical samples might well be no larger than 1 milligram, 1t
ey

oAk
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(1) The cupferron and gallic acid methods—~trace analysis
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- for light element impurities.
(2) The direct copper-spark method,
B. Uranium
(1) The gallium~axide-pyroelectric method,
(2) Determination of rare earths in uranium.
(3) Cupferron prec%Pitable refractories in uranium,
C. Miscellaneous
(1) Impurities in graphite by gallium-oxide-pyroelectric
method.
(2) Determination of fluorine in uranium and calcium
(the strontium fluoride band me£hod).
2, Colorimetric Methods,
A, Determination of phosphorus in uranium and plutonium,
B, Determination of microgram quantities of acid soluble sulfide
sulfur, oo .
Ce Determination of iron in plutonium.
D. Determination of sub-microgram quantities of boron in
calcium, uranium and plutonium,
3. Gravimetric Methods.
A. Determination of molybdemum in uraniumn-molybdenum alloys.
B. Dete;mination of carbon in uranium tetrafluoride,.
L., 4ssay Methods,
A. Radiocassay.
B. Photometric assay.
5. Gasometric Methods.
Ao QOxygen,

B. Carbon,






does not appear, Volatile compounds lost in ignition to the oxide are not
determinable,

8.81 Rare earth determin:tion of high sensitivity was made possible
by a methoed which removed other impurities, followed by examination of the
spark spectrum,

8,82 Cupferron~precipitable refractories —~titanium, zirconium and
iron-~ were separated from other impurities by this method and examined in the
copper spark.

" Cs Miscellaneous

8.83 Graphite purity analysis was developed as an adjunct of the
Pu0, graphite metal reduction (8.42) and dropped wiéh the latter,

2,24 The strontium fluoride band method was the only’successful'
method discovered for fluorine analysis. This method involved the absorption
of fluorine in sodium hydraxide, The sodium fluoride is arced in the presence
of excess strontium oxide and the amount of fluorine estimated by comparing
strontiun fluoride band head intensities with a standard. This method seems
applicable to a number of materials but at Los Alamos has only been applied to
uranium and ealcium,

2, COLORIMETRIC METHODS

8.85 Phosphorus in uranium and plutonium was estimated by a
colorimetric method depending on the formation of molybdenum blue from

orthophosphate,
8,86 Microgram quantities of acid-soluble sulfide were estimated

by a colorimetric method, This depends upon the conversion of hydrogen sulfide
into methylene blue, which is determined Spectrophotometricélly.
3,37 Iron was determined spectrophotometrically in the presence of

+ 3 rlutonium after reduction to the ferrous state with hydroxylamine,
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8.88 Boron in calcium, uranium tetrafluoride and plutonium were
determined by distillation as methyl borate from a special quartsz still,
The distillate was trapped in calcium hydroxide solution and the boron
estimated by a colorimetric method.

3. GRAVIMETRIC METHODS
8,89 Gravimetric methods were used for the determination of

molybdenum in uranium~molybdenum alloys and of carbon' in uranium tetrafluoride,

4o ASSAY METHODS
8,90 Before August 1944 radiouassay was the means of keeping track

of plutonium quantities received, while a true analytical method, photometrie

aésay, was being investigated., This method, however, did not yield encouraging

results and was later proved quite untrustworthy. Hence, radioassay was

continued. This method involved the determination of the quantity of an aliquot
of the material by measurementrof its alpha activity.

S5¢ GASOMETRIC ANALYSIS

8,91 Description of the procedures involved in this work is limited
by the extreme camplexity of the apparatus used., The apparatus tised for oxygen
and for carbon micro-determinations can be classed among the most complicated

analytical set~ups in the history of chemistry,

. . 8,92 The axygen method developed by the High Vacuum Résearch_Group
sélved one of the most preséing analytical problam; a{ In; Alamos -th;';;velqp-
ment of a dependable micro-method for'azfgen determination, The overall method
was not new but its application on a micro-séale, the accuracy obtained, and
the furnace tube developed were quite new,

8,93 The procedure involved vacuum fusion of a sample in a graphite
crucible and analysis of the gases evolved. Oxides react with graphite at
high temperatures, giving carbon monaxide., Determination is made of this

coripound,



Cit

8,94 The apparatus was composed essentially of two parts, a high
vacuum system (lO"'8 centimeters) and a somewhat revised Prescott microgas
analyzer. Either one of these systems could be broken fram the line independ-
ently, The sample size was about 50 milligrams and sensitivity of the method
was about ten parts per million., In the original procedure the crucible and
furnac’e tube were put in place, the sample was put in a dumper bucket, and
the tube sealed. The sample wasn dropped into the crucible after the latter was
suitably degassed, The gas was then collected for analysis,

8,95 The apparatus for carbon analysis in plutonium was simply a
modification of the oxygen apparﬁtus o; The sample was burned in oxygen from
mercuric oxide in a low-carbon platinum crucible, " The gaseous products were
.then analysed by the Prescott apparatus, In this case the sensitivity was
five parts per million or less,

CRYOGENY
8.96 At the very beginning it had appeared that the development of

a deuterium super-bomb might prove feasible and necessary during the wartime
course of the laboratory. As the great difficulties attending this develcpment
became more apparent, and as the energy of the laboratory was absorbed in the
prior problem of the fission bomb, the experimental side o_f the "Super" pro ject
was gradually brought to'a standstill, Except for new cross section measure-
ments later made in F Division (13.38) this program was in fact limited from
the beginning to investigation of the preparation and properties“of liquid
deuterfum, Locally, it was virtually limited to the design and construction
of a deuteriun liquefier. This was a Joule-Thompson liquefier patterned after
that built by W. F. Giauque at the University o} California, It consisted of
an ethane, a liquid air, and a liquid hydrogen (or deuterium) cycle. The first
two cycles were completed by the begmning of 194, The hydrogen cycle was

completed in April 1944 and tested. Although the original design was for a

o~ ‘
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capacity of 35 litres an hour, at the altitude of Los Alamos (7300!) it produced
only 25 litres, a loss which could be ccmpensatéd for by additional compressicn
if necessary.

8,97 Because of limitations of space and personnel, the physical
investigations relevant to the problem of producing and storing liquid
deuterium were carried out under contract by Prof, H, L, Johnston at Chio 3State
University. These included studies of the ortho-para conversion of liquid
hydrogen énd deuterium, of hydrogen-deuterium exchange problems, of the high-
pressure low temperature equation of state for hydrogen and deuterium, of the
heat of vaporization of liquid deuterium; of the Joule-Thompson coefficients of
hydrogen and deuterium, Experiments were made on the properties of thermal
insulators at low temperatures, Studies were also made of the long-term operation
of hydrogen liquefaction equipment.'

8,98 ilork was begun under the Chio State contract in May 1943, and
continued through the life of‘the Project, The contract was renewed at six
month intervals. As of September 1945, investigaﬁions st1ll incomplete were
planned for campletlon by the end of that year, |

8,99 After the first test of hydrogen ligquefaction in April 17id,
né further developments in cryogenic work occurred at Los Mlamos., ILong and
his group were assigned t& other problems, On the basis of his assurance that
with existing equipment he could produce amounts of the order of 100 litres
of ligquid deuterium in two months, and amounts of the order of 1000 litres in

eigﬁt months, cryogenic work was formallyl suspended in September 1944,
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THE PERICD AUGUST 19&2 TO AUGUST l9é5 = GENERAL REVIEW

Reorganization L

9.1 The second period of the lLos Alamos laboratory's existence begins
with the general administrative reorganization which oécurred in August 1944 (seae
graph Xo. 5), Measurement of the spontaneéus fission rate of Clinton plutonium
done by tre Radioactivity Group (4.48-52) in the summer of 1944 ended all hope of
making a gun assembly bomb out ofkthis material, The Laboratory had originally
been ofganized around the problem of making guns, Its organization had been
stretched, but not broken, by the early implosion program, Now, however, it was
évident that a reorientation was required, Work on the U235 gun, which had proved
a relatively simple problem, procee&ed as before, But while up to this time -
implosion had been considered a difficult if rewarding alternative to the gun, it
now became an absolute necessity if the Hanford plutonium production was to be of
any use, A complete reorganization of the lLaboratory was indicated. Two entire
divisions - G (eapon Physics) and X (Explosives) - were created to study the |
problem of implesion dynamics,

9,2 G Division, under Bacher, included several groups which had worked
under him in the Experimental Physics Divisien, as well as several groups from the
Ordnarce Engineerihg Division. X Division, under Kistiakowsky,'included several
groups formerly in O;dnance Engineerings, Gtxperimental T'hysics, renamed R (Research)
Division, was organized under Wilson with those groups not transferred to Go
The ordnance or O Division remained under Captain Parsons with those groups not
transferred to G or X, CM (Chemistry and Metallurgy) Division and T (Theoretical)
Division remained unchanged administratively, although the work of several of
their groups changed considerebly., In A (Administrative) Division, the principal
chunge was the cronization of a new sroup under Long which included € and V Shops,

formerly tle mzcline shops scrving Ordnance Ingineering and Experimertal Physics,
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together with many of the miscellaneous shops of other divisions. Enrico Fermi
arrived from the Metallurgical laboratory early in September, and became leader
of F Division, which included originally the Water Boiler and "Suﬁer" batb groups,
As part of the reorganigzation, Parsons ahd Fermi became Associzte Difectors of
the laboratory, and lMitchell and Shane Assistant Directors. larsons was to have
special responsipbility for all aspects of the work having to do with ordnance,
aséembly, delivery and engineering, and Fermi was to have responsibility for the
research and theoretical divisions and for all nuclear physics problems,

9.3 Because of the complexity and urgency of the problem, the plan for
the laboratory's reorganization involved much interlocking of respon;ibilities
and juriedictions, G and X Divisions had to collaborate in the closest possible
way, since they were working on separate phases of the same problem, and had ta.
share facilities, equipﬁent, and oceasionally personnel., Since O Division was
responsible for items to be fabricated away from the laboratory, and for the
ldesign of the final weapon, it had to'confer regularly and systematically with
X and G Divisions. It was necessary to see that all plans and specifications of
these Divisions could be incorporated into the final weapon design, If a plan
was proposed in O Divisiom to simplify fabrication, it had to be proposed to X
and G Divisiops to see whether their requirements were satisfied by it. R Division
had to cooperate closely with G in carrying out nuclear measurements that would
assist G in ihterpreting integral experiments and predicting the behavior of an
implosioﬁ banb, Fram the point of view of the implosion program, T, CM and
R Divisions considered themselves as service divisions. Perhaps the most
thoroughly organized of these was T Division, which drew up a plan’fpr assigning
theoretical groups to service work for experimental groups,. Membérs‘of T Division
kept informed of the activities of the groups to which they were assigned, attended
meetings of these groups and were prepared to advise them when consulted,

9.4 Shortly before the general reorganization of the laboratory,

SECRET =
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Oppenheimer outlined a plan to replace the (overning Board by two sebarate boards,
The Governing Board had served as a policy making body attempting to handle general
administrative problems and technical policies and serving as a medium for
communicating technical developments, By the middle of 1944 it was seriously
overburdened. The new plan divided the functions of the Governing Board between
an Administrative and a Technical Board., DBoth of these bodies were advisory to
the Director. The members of the Administrative Board appointed in July 1944
inclyded Lt, Col, Ashbridge (Commanding Officer), Bacher, Bethe, Dow, Kennedy,
Kistiakowsky, Mitchell, Parsons and Shane; those of the Technical Board, Alvares,
Bacher, Bainbridge, Bethe, Chadwick, Ferml, Kennedy, Kistiakowsky, McMillan,
Neddermeyer, Captain Parsons, Rabi; Ramsey, VSmith, Teller and Wilson. The
Administrative Board was organized inf§rmally; members were urged to raisé any
questions concerning administrative: problems and could invite other members of
the laboratory to discuss specific topies. The Technical Board meetings consisted
of prepared discussions on same s\ubject of immediate technical concern and also
of brief reports on recent progress or problems of great urgéncy arising between

meetings. Such reports were made by members of the board itself, by interdivisional

committees, by division leaders or by other members of the Laboratory who might

_have special contributions to make to the subject under discussionm.

Conferences and Committees

9.5 Ap the imploslon program developed and thé time schedule tightened
the Technical Boan; proved inadequate to handle tr;e many technical problems of the
ILaboratory. It was never formally dissolved but simply stopped meeting as its
functions were taken over by various interdivisional committees and conferences,
Among the most important of these wemgthe Intermediate Scheduling‘Conference
under Captain Parsons, the Technical and Scheduling Conference, and the "Cowpuncher"

»

Comittee. Both of the last named committees were under the chairmanship of

3¢ Ko Allison, former Director of the iietallursical lLaboratory, who arrived at

SEERET &
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Los Alamos in November 1944, In this shift from the single Technical Board to
tte iore flexible structure of specialized committees, the Director had the
advice not only of these comittees, but also of certain senlor consultants,
notably Niels Bohr (2.5-%), I, I. Rabi (1.,26), and C. C. lauritsen (9.17), who
servgd in the capacity of Elder Statesmen to the laboratory in the guidance of
its later program, Another important consultant of\the laboratory was Hartley
Rowe, Chief tngineer of the United Frult Company and former Technical Adviser
to Gen. Eisenhower., Rowe came to the lLaboratory in November 1944, and assumed
responsibility for the transition from "bread board" models to production. He
later established a new Division for this purpose (9.13), and was of great
assistance in solving sénw of the '"bottle-neck" problems of the laboratory, for
example procurement of the firing unit for the implosion bamb (16.59, 19.%),
and procurement of machinists (9.38).

9.6 The Intermediate Scheduling Conference ﬁas an interdivisional
cormittee which began meeting in Adgust 1944 to coordinate the activities, plans
and schedules of groups more or less directly concerned with the design and test-
ing of the implosion bomb. The committee was formalized in November with Capt.
Farsons as chairman, Ashworth (19,3), Bacher, Bainbridge, Brode, Galloway,

Henderson, Kistiakowsky, Lockridge and Ramsey as permanent members and Alvarez,

' Bradbury, Doll and Warner as alternates. The conference scheduled topies in

-

advance and Invited to its ne=stings other members of the lLaboratory when occasion
arose, Eventually the conference was concerned with both the gun assembly and
implosion bombs. The agenda of its meetings included chiefly procurement
arfangeiients for items needed for the final weapons, the test program carried

out in cooperation with the Air Forces and details of the packaging and assembiy
of the bomb parts for overseas shipment, Although originally planned to handle
both administrative and technical aspectis of thre desién ard testing of bambs, this

covference becane almost exclusively administrative in its function, and the
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the project and to carry it out Bacher uppointed M. Holloway and P. i‘orrison
as G Division Project Engineers. They maintained close relations with the
metallurgists, with various groups of the kKxplosives Division responsible for
tne design of the outer parts of the bomb, with the Weapons Committee on
conditions of transport and storage and with the Cewpuncher Committee for an
overall check of their work,

9.10 Among other interdivisional committees was the Weapons Committee,
organized in March 1945, It assumed to a large extent the technical responsibil-
ities originally assigned to the Intermediite Scheduling Conference, which became
primarily an administrative group, The Weapons Cormittes was directly responsible
to Capt. Parsons and was organized with Ramsey as chairman and Warner as executive
secretary. It included eventually Comdr, Birch, Brode, Bradbury, Fussell, G.
Fowler, and M;rfison. This comnittee was asked to assume responsibility for
glanning_all rhases of the work peculiar to combat delivery and later hecame part
of Project A (Chapter XIX) (Appendix 7, No. 30 ).

9.11 A Detonator Comittee composed of Alvarez, Bainbridge, and
Lockridge, was appointed in October 1944 to decide all quéstions connected with
the external procurement of eleétric detonators, Bacher, Fermi and \Wilson composed
a committee for the detailed planning and scheduling of experiments w;th U235
metal in order to save time and make the experimental program as fruitful and
illuminating as possible. In February 1945, Oppenbeimer appointed 3ethe, Christy
and Fermi as an advisory committee on the design and development of implosion
initiators, Njels Dohr met wiéh this comittee when he visited Los Alamos, and
members of the committee kept in close touch with the Initiator Group and with
the Radiochemists,

9,12 Early in March 1945 two new organizations were created, with the
status of divisions - the Trinity Froject, and the Alberta Project - one to be

respensibile for the test firing of an implosion bomb at Trinity, and the other
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Noe

to be responsible for integrating and directing all activities concerned with the
combat delivery of bofh typés of bombs. The Trinity Project was led by Bainbridge
witl Penney and Weisskopf as consultants. Project A was led by Captain Farsons
with Ramsey and Pradbury as technical deputies. The werk of both of these projects
i8 discussed in iater chapters (XVIII and XIX).

9¢13 The last division created almost at the end of this second perioq
of the laboratory's history was Z Division under J., P. Zacharias, who came to los
Alamos from the MIT Radiation laboratory in July 1945, The new division was
intended to carry out an engineering and preduction program, chiefly concerned with
airplane and ballistic problems, to replice the prograim which had been carried out
at Wendover Field, Utah. The Project had'by this time zequired a2 smell airfield
of its ovm near Albu.uerque, formerly an army base called 3zndia; wis to be
assigned its own rlanes and also had the use of the large army base at Kirtland
Field near Albuguq;que. %lthough plnnﬁcé at a time when a prolonged program of
nanufactﬁre was thousht necessary, the new division was barely organized before
tte war ended,
Liaison

9.1, Many of the problems of liaison which had proved so difficult
in thé first period cf the laboratory's history (3.12 £f) had been solved or were
no ldnger rajor problens By the time of the general reorganization. Liaison witk
the Army and Havy becane increasingly important as designs were frozen, zctual
airborne tests becare necessar;, ond preparations were made for cormbat delivery,
Details of this will be discussed later (Chapter (IX).

9.15 The rrincipal liaison prcblem which existed iuring tlie second
period of the lLaborutory's nistory was that with the Camel Troject at the
California Institute of Technology. The Carel project wis crezted ns the last

of a series of expansicns of the laboratery in its transitiorn fram resecrch
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trrough development erzineerfhg to final bamb production. In the {all of 1944, ,
Oppenheimer lexrned that the Caltech rocket project had zlmest canpleted its
research und development program and was entering the stage of producticn. The
group at the Caltech project combined high professional scientific ability with
practical wartime experlence in wezpen engineering, and had noreover their own
procurement,, laboratory and field facilities. Since both manpower and facilities
were becoming badly overstrained at gos Alamos, iﬁ Noveriber 1944, Oppenheimer
discussed with C, C., lauritsen, head of the Caltech rocket group, the possibilities
of collaboration between ﬁhe two projects, The matter was discussed further in
cdrrespondenCe with Bush, Conant and ngves, épd after same negotiations about
contracts, the Cémel Project was formed,

| 9.16 The character of the work done at Camel wes determined by the
facilities existing there, by the experience of the staff, and by the stage of the

i

work at Los Alamos at the time the' Camel Projectlbegan. Thus the Camel staff did

no wort on nuclear physics or the nuclear specifications of engineering$ their

work was confined to problems associated with the barb assenbly mechanism and its
combat delivery.. Specifically, their work can be.classified'under_the two heaas
of implosion désign and delivery. Under both categories wide use was made of
Camel procurerent facilities. Under the first category they did résearch and

engineering of special components of the implosion assembly, cdetonators, lens mold

'deéign, impact and proximity fuzes and high explosives components. In addition tc

these special programs carried out as a division of labor with Y, Camel had its
own general implosion program. This was set up at the time of the final "freeze™"

at Los Alamos in April 1945, when a shortening time schedule forced the abandonment
R

of alternative lines of implosion development. At that time the/ %E@hristy (3

bomb (10,11) with 2 modulated initiator was adopted as Tinal by Los Alsmos, while

it was decided flat Chumel would carry out a stardby rrozran.. The Camel sroup ww

to work ot Clrasb oon u/ . = ‘ :)Sjttwﬁ, iiffering only in itz |

g
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Administration

9.18 In July 1945 the administration of the laboratory was organized

irto the following groups:

A-1 Office of Directcer D. Dow

A-2 TPersonnel Cffice C. D. Shane (Assistant Director)
A-3 Business Office J. A D, \Vuncy

A—a Procurement Office D.lP. Mitchell (Assistant Director)
A-5 Library, Docunent Room C. Gerber '

A-6 Health Group ‘Dr. L. H. Hempelmann

A=7 (absorbed in Groups A-l and A~9)

A-8 3hops £, A. long a
A=9 Maintenance J. H. ¥illiams

A=10 Editor D. R. Inglis

A-11 Patent Office | Maior K. C. Smith

A-12 Jafety Cffice S. Kershaw .

Office of Director

9.19 The office of Dow, Assistznt to the Dirertor, handled a variety of
administrative duties of a.non-technical sort. One of the most important of these
continued to be that of construction liaison between the using technical grourps
and the Post Operation Division which handled construction (3.122). During the
fall of 1944, increased consumption caused a number of power failures, am solution
of this problem was the responsibility of Dow's office. Eventually power was
increased by tying-in with the Albuquerque line. Another responsibility of this
office = shared with the Personnel Office ~ was the preparation of employment
contracts for staff members on lezve of absence from academic institutions. The
first of a series of these was prepared in September 1944, covering six months and

extending to the beginning of the next academic year if the precject terminated.

Dow's office also cooperated with the 3usiness ilsnager's office in securing
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insurance policies for personrel, One of the latest of tlese, made availible for
purchase by University of California errloyees in July 1945, was an accident policy
issued by the Indemnity Insurance Co. of North America, insuring "against bodily
injuries caused by accidents and arising out of and in the course of the insured's
dutie$ in connection with war research undertaken by or on behalf of tle
contractor", Unlike previous Manhattun District Master Policies (3.6%), this one
insured against certain aviation hazards, which were important because c¢f the
expanding test program,

Personnel

9.20 Abandonment of the Plutcnium gun program in the general re-
orgaﬁization of the lLaboratory (9.1) released a number of chemists and physicists
but these were readily absorbed into the newly strengthened implosion program. In
fact a general expansion was necessary and Shane, Bacher and long went on recruit-
ing drives to the other projects of the District., As a resull of their efforts a
considerable group of c¢ivilian scientific personnel was secured fraam the
Vetallurgical laboratory and from Oak Ridge, and 2 numnber of technical military
personnel from the SAM laboratories in New York and from Cak Ridge.

9.21 Personnel procurement wus always hampered by the housing shortage
(3.28), and the situation grew worse as the lLaboratory continued to expand at a
rapid rate, The third section of the housing area was completed by lic¥ee in
December 1944 (3.121) and it was tentutively determined that no additioral multiple--
unit housing would be constructed, 4 peclicy had to he established tlit employees
should be housed whenever 15 2 class they could not be procured withoul housing -
specifically this included michinists, scientifie personnel, essentiil administru- j
tive personnel ani sixte:n tecinical maintenance men (3.119). an effért was me~
te relieve the shortage by encourz :iig machinists to come without *heir Famili o,
in exclonge for a bonur payment, 4 o o of additionail dorslteries wore Hﬁilt,
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Procurement

9.23 The Frocurement Office was not directly affected by the
laboratory's reorganization, except that the volune of its work increased and
continued to do so until shortly before the Trinity test (see graph 7, Appendix 1).

9.24 In October 1944 the Property Inventory 3Section was established with
Capt. W. A, Farina in charge. Capt. Farins was responsible for making 3 physical
inventory of the laboratory, for revising the Procurement Cffice’'s recqrd system,

to make it caapatible with War Department regulations and for advising the

University concerning government prorperty policy. The necessity for havinz an
_ £ 8 perty y X S

inventory’nnde and for having someone at the site responsible for the account=-
ability of material had been discussed since the early days of the Froject but
always. postponed begause of more urgent work,

9.25 By the end of 1944 the Ordnance Division had ést:blished its ewn
special Procurement Group under lLockridge, and to avecid confusicn it was necesaaryb
to cutline the réSponsibilities of each procurement group. Vitchell continued ;o
be responsible for all stock catalogue items, Lockridge w:s responsible for ali
fabrication jobs invoiving nachine shop work and mechanical assembly, and either

’ PR
Kitechell or lockridge could plaée orders for fabrication jobs invelving chnmicai
and metallurgical techniques, plastics and electrical work. In the last case, to
avoid duplication, the office makins cut the requisition wcull notify the ot%ef‘
office, 'uch of Lockridgze's purchasing was Jdone throurl special channels rather
than through the University purchasing office in Los Angelea? but he workei in
close cooperation with the 6ﬁfice of Col., 3tewurt, A considerable propcrition of
Lockriige's ordering was done from the CIT'project, and also from 3, Chadwiek of
the Detroit Cffice,

9,26 In Aprril 1545, the time schedule for the Trinity tot hai become
exacting, ond tha numb?r of urgent, rurchase requests inerecced rorlily, so rapiily

that it becase receszivy Lo inflate the urcerney rabinge whlsh haol bes iy ouse,
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Up to that time the Procurement Cffice had used four ratings - ¥, A, B, and C, in

v
Pl

order of decreasing priority, Early in May Mitchell announced that tle "super"
rating of urgency X would be subdivided into three - X, X1, and X2, X priority
could be used only if failure to obtain the material would produce a setback of
major importance in the oveg§ll program of the laboratory, and authorized the
Procurement Office, througﬁ the Washington Liaison Office, to have recourse to the
higheat authority of the WFB and of all government agencies, and to use a special
dispateh or cargo plane from anywhere in the United Stztes for delivery.

9.27 Delayed deliveries on a number of urgent requests led Oppenheimer
to call a meeting in May %6 review the procurement situation. One of the
principal ;e;sons for the delays was found to be the shortage cf rersonrel in the
Ios Angeles, New York and Chicago Purchasing Offices.. 4ilthough the nurber of
requisitions had increased greatly, there had been no increase in the number of
buyers since January 1944 . The Contractor's representative Underhill blamed the
lack of adequate personnel on salary restrictions, As the result of this nmeeting,
additional personnel was secured for all three Purchasing Offices, the Contracting
Cfficer azreed to pernit salary adjustrents, direct ¢amrunication was established
between the Project and the New York and Chicago offices and project rembers were
requested to submit improved drawings and specifications. There was a considerable
" effort to imprové service as a result of this meeting.

9,23 Vhile the number of purchase requests reached a peak in May, the
amount of goods handled by the msain warehouse of the Frocurement Cffice reached
its peak in June. Some notion of the quantities invelved may be had from the
following figures: During lay, the Warehouse handled an averase of 35 tons per
dey (89% incoming and 11% outzoing): During June the daily average rose to 54 toms
(874 ircoming 2nd 13 outgoing): and during the first half of July it was 4O tons
(0% inconing and 204 outzoing). OQut-oing goods, chiefly for “rinity and
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929 During the second period of the laboratory's history, the
problems of the Health Group became progressively more numerous and more complex,
as the number of persons exposed to radlation and radioactive materials increased.

9.30 In August 1944, following an accident involving plutonium (3.97),
members of the Health Group and the Chemistry and Metallurgy Division expressed
the dissatisfaction which they had felt for some time with ﬁﬁe progress of
biological studies on plutonium at other projects., Fermission was obtained fram
the Director to undertake a research program at los Alamos to study the biological
problems ;rrﬁpecial interest to this Project.. This program was begun by a group
of chemists under the direction of a steering committee consisting of Kennedy,
iahl, and Hempelmann, with the primary purpose of developing tests for detecting |
overdosage of personnel with plutonium, Up to this time it had beeﬁ necessary to
rely on "nose counts" (fiiter paper swipes of the nostrils) to indicate exposure
of personnel and these gave oﬂly a qualitative idea of the amount of material
inhaled, For a more quantitative tesp it was thought necessary to determine the
amount of plutonium excreted daily in the urine, and also to determine the amount
present in the lungs. A satisfactory urine test uastdifficult to develop because
of the small quantiﬁies of plutonium involved ( ..10'10 micrograms per liter of
urine), and begause of the difficulty of collecting specimens free of alpha
contamination, A successful method of analyzing urine was developed in January
1945, but was not used as a routine test until after the first human tracer
experiment (Appendix 7, No.Bl) had been performed in April, Becaﬁse of the
difficult time-consuming nature of the urine test, it was impossible to do
fréquent examinafions for any individual, and a system was worked out by which the
persons most heavily exposed, as indicated by nose counts, had the most frequent
examinations. A satisfactory method of detecting plutonium in the lungs was not
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21 Tlach of adequzate monitorins equipment coﬁtinued to be a problem
for some tine, Instruments supplied by the Chicago laboratory did not at first
meet specifications of tlis laboretory, and the developmeni of equipment, beghn
in May 1944, by the ilectronics Group of the Physics Division, continued for
severz1l months. A proportional counter of adequate sensitivity was developed
by this group.

9.32 With the reorganizaticrn of the laboratory in August 144, the
Monitoring and Decontamination Section of the Chemistry and Yetullurgy Service
Group was reorganized and part of its personnel and éart of its function trans-
ferred to the Health Croup. The division of responsibility between the Healgh
Group and the Monitoring and Decontamination Secfion did not prove satisfactory,
and in January 1945, a new group was orgénized which would have full resBonsigility
for the entire alpha contamination problem of the Chemistry and letallurgy Division
William Hinch, formerly of the Metallurgicai Laboratory, became leader of thls
group in April 1945, and assumed responsibility for developing new methods of
monitoring and decontamination, arranged to procure monitoring instruments from
Chicagéland added an eiectronics section to maintain existing instruments. The
large quantities of plutonium produced at Hanford began to arrive during April
(see graph 13), and one of the new group's mosﬁ important functions was that of
adapting existing facilities for prccessing plutonium to meet safely the increased
demand upon them. Except for a short pericd early in July the facilities proved
adequate, At that time the Plutonium Recovery Group handled excessive amounts of 1
plutonium, and urine analyses showed that four persons had in their bodies more b
than the one microgram of plutonium considered safe, As large amcunts of mater.
arrived??nd pecple began to worry ahout the accidental bringing together of crit
amounts; a policy of gnantity control was inaugurated in which any transfer of
mterial fram group to group bad o ge through a reqcrd office, Ivepntw lly DP

. L. o a ’ . . . e et .
site was built (17,72 ©f) 1=1/2 wiles from the rest of the Tecrnical jrea to
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minimize the many dangers of this work, expecially that of fire,

9.33 The polonium hazard, though parallel in many wys to the plutoniux
hazard; never becarme és serious a problen for the Health Group, Neo research was
dorie on the subject at Les Alamos, but rcutine urine tests were done on all
exposed personnel in accordance with tlre standards of the ManhattaniDistrict
Medical Section., Polonium is not so aangeréus as plutonium per unit of radic-
activity even though it spreads around a liboratory very readily. Health group
records indicate that only two people exceeded temporarily the tolerance lﬁnit fer
’polonium excretion. The typical costume c¢f = worker with plutonium or polonium
included coveralls or laboratory smock, rucber gloves, cap, respirator, shoe
covers and often a face shield, . All of these items were worn only once and thenh
laundered, The following figures give some notion.of the magnitude of the
decontamihation problem, In July 1945 when personnel‘in CM Division approached
LCO, 3550 rcoﬁs wére monitored, 17,000 pieces of clothing were laundered, 630
respirators were decontaminated and 9000 pairs of gloves, of which 60 per cent
were discarded. In June 1945 decontamination of laboratories was made the
responsibilit} of the laboratory workers themselves, To this end they were
instructed in cleaning procedures and methods of detection.

9.34 The hazards of external radiation which had been negligible and
confined largely to accelerating equipment and radidactive';ources in the early
period of the Froject became more critical in the fall of 1944, At that time
three potgptial sources of danger appeared - the water boiler and later the power
boiler, tﬂe implosion studies of the Rala Group and critical assemhly experiments,
Opér&tion of the power boiler resulted in several ihstances of miid overexposure
to radiation caused by leaks in the exhaust gas line and one serious exyosure
of several chemists during decontanirn.tion of active material. The implcsion
studies of the Rala Croup which used lzarge amounts of radioactive barium and

LN . . . :
lanthanum brought a2 seriovus situation which the health group mcenitored constantly,
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A series of 2ccidents and ejuipment failures caused considersble overexposure of
the chemists in this group. This condition persiéted for about six months until
the system of remote control operation was finally perfected (17.51). The rost
serious potential radiation hazard was that of the critical assembly experiments,
and here the Health Group had no responsibility, exceﬁt that of beins sure that
the men were aware of the dangers involved. These experiments were especially
dangerous because there is no ab;olute way of anticipating the dangers of any

particular experiment, and because the experiments seem so safe when properly

, carried out that they lead to a feeling of overconfidence on the part of the

experimenter. Two serious accidents resulted from the critical assembly work
during this period of thé Prolect's history - one of them resulted in the acute
exposure of four individuals to a large amount of radiation and the other resulted
in the death of one person,

9.35 The Health Group made extensive reports of the radiation hazards

caused by the Trinity test, and trese are discussed in a later chapter (Chapter

”

- XVIII),

9.36 With the rapid expansion of the laboratory tlat began in the fall
of 1944, the Health Group found itself understaffed and umable to maintain personal
contact with all tre individuals engaged in technical work. Consequently its
records of external radiati;n dosage to personnel beceme less accurate, This was
particularly true 1in the cases‘%here the radiation hazards were not serious and
did not change frequently and where exreriments using natural sources were
performed after transactions which involved transfer of these sources frcm one
perscn to a2nother without the knowledge of the Heﬁlth_Group. This was not true
of grours where exposure to gxternal radiation was prolonged or se¢vere, There are
also instances where blood counts of exposed personﬁel were not mzde or were made
less frequently than desirabvle, largely bechuse of poor cooperation of personnel,

Complete radiaticn and hematology records are valuuble ctiefl: s lezzl svidence
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1944, both C and V shops were combined under the supervision of Long and Schulta.
Peters was promoted toibe superintendent of C Shop, and Henry Brockman became
superintendent of V Shop. The reorganization of thevLaboratory was coupled with

a rapid expansion of the new divisions to several times thelr initial size, and

- entailed a corresponding increase in the volume of shop work. Additions to C

Shop of 3500 and 3300 squaré feet had been built in May and July, but the
recrulting of competent personnel was going very slowly. The personnel problems

of the shop, particularly those of salary adjustment, had been presented to Shane
on his arrival in June as Fersonnel Director. S5hane reported totho(krnﬁming
Board in August the results of an extensive survey of the shop situation. He had
found a bad morale situation in the shop resulting from salary inconsistencies, and
proposed to remedy this by salary adjustments and by releasing certain men whose
work was below standard, In order to fill these vacanc*es and inerease shop |
capacity rapidly, he proposed an extensive recruiting déive by army and shop
representatives, OJuch a recruiting drive was undertaken on a 1arg? acaie, early .
in November, after one unsuegessful attempt to obtain the needed machinists by less
drastic methods. This drive wds carried out simultaneocusly by six teams of armyh'
and shop representatives; 1ts résults can be éeen from the rapid increase of the
nunber of man-hours per month in graph nurber 9, ) |

9,39 During Nuvaﬁber and December the shop situation was improved
considerably as the result of a more consistent salary adjustment and employment
policy. For the month of December 1944, a peak was reached, for C SKop, of
25,000 man~hours,

9.40 On January 18, 1945, part of the roof of C Shop was gestroyed by
fire. This fire started in the heat-treating shop where a large pie;e of metal
ignited the tank of quenching oil in which it was being,dipped. The fire traveled
rapidly and spread to about half of the shop roof before it could be controlled.

9.41 The loss in shop hours is indicated in graph number 11, Part of
% _
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this loss was absorbed by increasing the load in V Shop. FEstimates at the time
were that not more than a weck was lost, Some machines were in operation within,
two days after the fire and major construction repairs were émfleted within a
month of the fire, The!longest delay occurred in the repair of heét-t.reating
equipment; because of difficulty in obtaining heavy crane parts from the ‘
mnufacturer, this equipment was not in operation until the end of Mérch.

9.42 In February a second recruiting drive took place, more successful
in the calibre of men obtaineda: The recruiters had more experisnee t:han in the
first drive, and found a bettér labor market, As va result of this drive the
nuuber of machiﬁista rapidly approached the limiting figure determined by shop
capacity; the actual peak was not reached until the end of June, when the two
main shops empleyed, on a two shift basis, 446 men. '

9.43 The rapid increase of shop loads in the fali of 1944 and éprirxg
of 1‘5‘;5 reflects the transition of the Laboratory from research to development ard -
production, and its rapid expansion a.fter the formation o;‘ G and X Divisions.

9.44 Some mention ha# been made above of moralo problem.s in the Shops.
In addition to the difficulties arising out of salary inequalities, the shop
situation' was camplicated by the mixture of enlisted‘and civilian machinists, and
by the quality of housing and community re.ci-litjies which the civilian recruits met
oh their arrival at Los f\.laame, ‘ .

9.45 Machinists éh& to%g'nakers alre;cty in the army were secured through
the SED beginning in June 19141;‘, when the shops were falling behind Iand eivilian
machinists became increasingly hard to find. As a group these men were excellent,
perhaps slightly superior on the average to the civilian group. They should be
espacially credited for the quality of their work, in view of several obvious
sources of irrlt,ation. These men worked the 54 hour week which prevaﬂ.ed in the
shops, whereas other enlisfed men worked the 48 hour week standard in the

laboratory generally. The disparity of income between enlisted and civilian

SECRET &~









Eaﬁfiffffgiﬁifiigqéﬁﬁi,
X-1 ‘
Chapter X

T}ﬁ PmIOD AUGUST 19Lk - AUGUST 1945

TI'X!HNICAL REVIN

Intguotion.

- - - 10,1 As t.ho prcvious chagtor \d.ll tutify, th. gronth of tho

Ltborat.ory plant and progran du.ring tho poriod rcviewod 'm dotormjnocl primril,y _

tho firat imploaion bomb‘ wu toatod "&nd. fou.ncl mcuaful 1{'. iz ohar thtt by
thc httcr d.ntc a najor tochnolngical victory had bnn won. Tho poriod mimud,
howcvcr, h not complotoly deﬁ.nod by t}mt victory Tho succou of tho Trinity

tqst na pouiblc onl: in thc flaring togothor of -ovcral partl of tho Lnboratory .

0

SR Gun Program.

0- G

hrxolr by a lingln oup.‘v_ Bocau:. .i, 'wa htivclly smallor and mor. ctraight-
for'ard than thc 1mploc‘ion, 1& accomplishmnntl, will bo rovinod firlt. PRI

10.2 During thin hlt ywur of tho vrar tho gun prog,ra.m was consolidatod

_ undor ‘one group, the. Gun Group of tho Ordnanco Divicion.‘ This group cemp]- tod

b@ tha dnign of the U235£uembly, tcl‘tod ita compononts' at reduced l.nd

full -cale, undortook thoir final engin«ring and procuromont and after an
ohborate program of final field and drop tests produced a weapon mare cort.ain
of high-order opemtion, without having been tested, than the more radlcal

implosion design tedted at Trinity. During the earlier period of the Iaboratory
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the possibility of a y235 implosion bomb had not been ruled out. With the
acquisition of accuréte means of calculation and reliable cross section data,
it became evident that such an implosion would be considerably less efficient
than the plutonium implosion. This fact, added to the uncertainties of the
whole implosion program, made it seem desirable to plan for the use of y235 by
the gun method alone, Toward the end of the war the possibility of composite
(0235-+ Pu239) implosion bombs was considered (11.2, 20.2). By the time of
the "freeza" of the Labaratory program in February, 1945 (ll 16), the decision
was final to use U235 only in the gun model,

10,3 This quief and efficient group continued at the center of an
affiliated program in the Research Divisioﬁ, the Theoretical Division, other
groups of the Ordnance Division, and in the Alberta Project (Ch. XIX). From
the Research Division,Group T-2 was able to obtain information on the nuclear

propertles of 0235/ o W ufficient to provide accurate data

for critical mmss calculations and calculation of the amount of material that

could be safely used. From the sphere multiplication experiments of R Division

a still more accurate calculation of the critical mass could be ohtained, by
extrapolation. The'gun was "mocked" by the model experiment 1n the same division,
and this provided an integral‘check of the calculations of the ;erformance of the
weapoﬂ; including predetonation probability. The finished projectile and target;
finally, were brought to the critical point by the Critical Assemblies Group of

d Division shortly before shipment to Tinian for combat use. This assembly was

a final check of the accuracy of predictions as to the:point at which the system
would become supercritical. Reliable efficiency calculation was made possible

by theoretical and experimental estimation of the initial multiplication rate
s

of the fully assembled bomb,
10,4 The fabrication of the projectile and target was the responsibility

of members of Groups CM 2,7, and 11 of the Chemistry and Metallurgy Division.
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10.20 The experimental program in nuclear physics u;.s continued by
Divisions R and F. In R Division the original program of differential
measurements was brought to comp]zt:l_.oni - Neutron nurber measurements, spontan-
eous fission measwurements, measurement of the fission spectrum and of fission
cross aoctiona.‘ and scattering oross sections. Increasing emphasis was put on
1ptogral expermenta » including tamper measurements and integral miltiplication
experiments, usmg solid sphom of U235 ‘InF Division, meanwhile, new
measurements were made of the dsuterium and tritium cross sectioms, which
indicated a materially lower ignition temperature for tritium~deuterium mixtures
than had been first obtained. The development of the high-power water boiler
was carried through, an:i the inati'ument put into routine operation as a neutron
source. Other work of the Division included cooperation with R Division on

sphere multiplication _expu'imehta, and the preparation for radiochemical

| measurements at the Trinity test,

‘ 10,21 In G Division the Critical Assemblies Group carried through a
program of eritical ;asemblies' viih uranium tivdridea‘ of varfaus compositions,
and finally undertook the task of making metal critical assemblies with active
materials to be used in the first bombs, |
Chemiatrg and Metallurg

10,22 The period under review aa.w, in the Chemistry and Metallurgy
Division, the bringing to completion of full scale process and plant design, .,
and full scale plant operatibn for product;on of active and tamper materials
of both the U235 gun model and the Pu>’ implosion model bombs. In addition
to this the processing and handling of highly radiocactive materials was carried
out, both for the Rala implosion test program and the neutron initiator program
(polonium). As already pointed out the basic research program, ‘plutonium

purification, had already been solved on the research level by the time of the
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10,26 The information gained from this trial run proved valuable
for the -larger Jjob ahead. As the July deadline of the test approached, larger
and lar.gei'.contingent.s of personnelAarrived from Los Alamos to make ready the
equirment for firing the bomb, for recording measwremsnts of blast and shock,
of spect:t':gnphic and photographic information, and of nuclear data, The two
hemispheres of plutonium were 'delivered from Los Alamos on July 11, and
assembly of the high explosives began July 13.

10.27 The first atomic explosion was set off on the morning of
July 16 after weeks of intensive preparation, and hours of tense waiting to
gee if the weather, which had turned bad Fhe night before, would ¢lear. The
event can hardly be summarized more concisely than in 18,26 - 13.28. ‘

10,28 With the impressive succeas of the Trinity feat—-whoso yleld
certainly exceeded the expectations of most people, and was soon estimated to
lie in the range 15,000 -« 40,000 tons of TNT--~the machinery of Project Alberta,
the overseas mission, began to operate. Since the histary of this project is
largely an account of its test program, its liaison arrazigem’enta and. general
administration, the present technical swmary ends with the successful

dbmpletion of the Trinity program.
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Chapter XI

THE THECRETICaL DIVISICN

Introduction

11.1 During the second period, from August 1944 to August 1945, .
the Theoretical Division took part in the general expansion of the lLaboratory
to the extent of increasing the size of its groups, and adding three new Groups,
In comparison with other divisions it had relatively little administrative
history. It was not seriously involved with the general laboratory problems
of personnel, construction, transportation, nor was it involved except invan
a&visory way with the complicated procurement and scheduling operations of the
Trinity test and Project A. It was therefore able to administer itself and
do its work rather unobstrusively. Nevertheless it was an essential part of the
final development program., As it gathered power from its earlier work, it was
able to handle more realistic and complex problems with increasing efficieney,
and to gain ihcreased understanding of the difficult hydrodynamical questions
involved in the implosion and the nuclear explosion, to refine its earlier
calculations concerning critical masses and efficiencies, and to provide reliablo

. “‘

11.2 The Group Structure of the Division by August, 1945, was as

follows:

T-1l. Implosion Dynamics R. E, Peierls

T-2. Diffusion Theory Robert Serber

T-3. Efficiency Theory V. F. Weisskopf

T-4. Diffusion Problems R. P. Feynman

T-5. Computations D. A. Flanders

T-6. I1BM Computations E. Nelson

T-7. Damage J. O, Hirschfelder

T-8, Composite Weapan G. Placzek

11.3 Group T-6 was added in September, 1944, to operate the IBM
machines, under 3. Frankel and &. YMelson, Frankel left this group in January
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1945 to join the Theoretical Group of F Division. Group T-7 was formed in
November, 1944, by a change of name,. It was the Former 0=5 Group, already
for practical purposes a part of the Theoretical Division. At the time of
this formal change of status, however, the group was given the responsibility
for completing earlier investigations of damage and of the general phenome-
nology of a nuclear explosion., Group T-8 was added in May 1945 upon the
arrival from Montreal of G. Placzek. The responsibility of this group was to
investigate future fission bomb possibilities, specifically the levitated and
composite core implosion, intended to use y235 (with Pu3%) more efficiently
than would be possible by gun assembly, |

Diffusion Problems

11.4 Although by August 1944 the essential difficulties of the
one-velocity diffusion problem had been overcone, even the most eccnomical
method (expansion of the neutron distribution in spherical harmonics) was
still rather expensive, A very great simplificatiqn of these calculations
was accomplished by Group T-2 in the Fall of 1944, when an analytical
expression was developed which by comparison with previously computed critical
radii gave accuracies within 1-2%, This method made use of simple solutions
for the ghape of the neutror distribution far from boundaries (such as the
boundary between core and tamper), and then fitted‘these solutions dis-
continuously at the boundary in such a way that the critical radius was given,
From this time on, solutions fcr a great variety of critical radius or mass
problems were proliferated extensively, and even reduced to nomographic fomm,
permdtting very rapicd calculaticn,

11.5 Throughout the pericd under review varicus groups in the /
Theoretical Uivision, but particularly Tw-<, were corncerned with special problems )

arising out ¢! sphere nultiplicaticn experinenta carrjed out in R Division. /
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These calculations had to take into account the variation of the average cross
secticns after the initial and each follcwing collision of neutrons epergirg
from a central source. The number of neutrons caming out of the sphere as a
function of the number of source neutrons was calculated for varicus size
spheres and for various dispositions of the source. These calculatiocns

agreed very closely with the measured values; and as larger spheres of y235

became available, it was possible to extrapclate to the critical mass with

. very high accuracy (12.18-12,23).

11,6 Critical mass calculations for the hydride were developed, by
Group T-4, as a means of predicting the size of the hydride critical assemblies
carried out by Group G-1 of the Yeapon Physica Division. When the first
agsgsemblies were made, a sizable discrepancy between the actual and the pre-
dicted criticel size was found, of the order of 50%. Efforts to track down
the cause of this discrepancy were partially successful; when newer values for
the fission spectrum were used, the discrepancy was materially reduced. The
conclusion was reached that the discrepancy arose from the sensitivity of the
calculations to experimental errors in nuclear constants employed, and not
from errors in the theory. This however was not certain, and some doubt was
cast upon the adequacy of the methods employed. Hydride calculations,
fortunately, were much more complicated than those for metal assemblies, and
here the theorists had already demcnstrated their ability to make accuraté
predictions,

The Gun

11.7 During the period uncer review relatively little 2pw work had
to be done on problems associated with the gun-assembly. Group T-2 renzained

in charge of this werk, and prepared final calculaticns of the expected

efficiency, including the predetcnation probability. In the latter calculaticna
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stages of the explosion, the formation of the "ball of fire", the attenuation
of the blast wave in air at greater distances, and the effects of blast and
radiations oW human beings and structures. Much of this information was of
importance in making plans for the Trinity test. It was essential to know
also the probable fate of plutonium and fission products in the ball of fire
and the smoke cloud ascending out of it, These calculations, plus calculations
of blast and radiation, wére essential in planning experiments and observations
at Trinity, and in planning for the protection of personnel. Theoretical studies
of damage to structures and to personnel were of course made in anticipation
of combat use, Extensive use in this connection was made of British data on
damage to various kinds of structures caused by high explosive bambs, General
respansibility for this work was given to Group T-7, with the advice and
agsistance of W. J. Penney.
Experiments .
11,29 As in the earlier period reported (éh. V), the consulting
services of the Theoretical Division continued to occupy a considerable part of
its time., Some of the more important lines of relationship ha}Fbeen discusséd
under the previous sections, Among the large number of neutron experiments on
which the Division gave advice or performed computations may be mentioned the
Gun Model experiment of Group R-1l, the scattering experiments of R-3, the
integral tamper experiments of R-l and R-3, the multiplication experiments of
R-1., For the Weapon Physics Division the £heorists asasisted with problems
such as the design of Rala experiments, the theory and analysis of magnetic
pick-up data, and the focussing of x-rays for the x~-ray method. Assistance was

given, as before, in the design of various counters and detectors, and in

calcu’ating their efficiencies,
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11.30 The most varied assistance was given to the operating groups
engaged in the conduct of the Trinity experiment, all phases of which were
under surveillance by the Theoretical Division which, as mentioned above, was
responsible for preparing adequate order-of-magnitude calculations of the .
effects to be expected, and also for being sure that, in terms of these
calculations, the experimental program was properly planned and coordinated.

11.31 In this place credit must be given to the computing Group,

T-5, for its essential services in obtaining numerical solutions, required

in most theoretical investigations.
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ntroduction

12,1 In the first period of this history the emphasis of the
experimental physics program was placed on the measurement of quantitisa
ﬁoeded in determining the nuclear specifications of the bomb. By the end
of this period two essential dcvelopments had occurred: the Laboratory had
acquired a full view of the difficulties in the field of implosion dynamics
and was ready to begin the integral investigation of chain reacting systems.

The first development was the most important organiiing influence from this

I!ime on. A considerable number of experimsntal physicists went into the new

G Division, to assist in the investigation of implosion dynamics. The
second development also drew personnel out of the old Experimental Physics
Division. A number of experimentalists went into G Division, to work with
hydride and later with metal critical assemblies. In additi~n the Water
Boiler Group and part of the Detector Group went into the new F Division,
This left for the new experimental physics division, called the Research or R

Division, four groups:

R-1 Cyclotron Group R. R, .Wileon
R-2 Electrostatic Generator Croup J. He Williams
R-3 DD Group J. H. Manley
Re4 Radioactivity Group E. Segre

R. R. Wilson.became Division Leader, while mnaq.nir}g Group leader of the
Cyclotron Group. |

12.2 The program as well as the composition of the Research
Division was affected by the new stage the Laboratary was entering. Some

part of its work can be described as a continuation of the previous Experi-
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mental Physics Divisicr jrogram, Incre.sin-ly, however, the experimental

(g A work reflected the maturing of the Laboritory program as a whole; differ-
ential experimenis were carried out to investigate the finer points of
the chair. fission reaction, and an increasing nunber of sermi-integral anrd
integral experiments was made. Finally, in January 19L5, Division R was
asked to assist in preparation for the Trinity Test scheduled for July 19L5.
¥ith this all but the highest priority experiments were postponed, and the
four groups began to develop instrumentation for the test. Their work on
that project is described in:Chapter XVIII, The account of the experimental
physics resumed after the test (July 16) brings us close to the ernd of the
reriod covered by the present history. The ﬁresent chapter closes trerefore
with an account of work in progzress in August l9h5, or planned for the
immediate future,

Mevutron Murmber Measurements

12.3 Cne of the neutron measurements_fof which only preliminary
data had been obtained in the first period was the comparison of neutron
nuibers from fissions induced by slow and fast neutrons. Thé Cycletron
Jroup, the van de Graaff Group and the D=D Group 4ll made further comparisons,
cf tﬁese experiments those of the van de Graaff Group had the highest reliabillty;

but all showed that there was no appreclable dependence of the neutron number

on energy.

233

12,4 1In September 1944 a sample of U was received and enough
mewsurerents (Appendix 7, No. 33) made to show that it was a good potential
bomb material, Its neutron nurber, in particular, was messured by the
_Cyclotron Group, and found to be slightly greater tgaﬁ that of U235.

;2.5 The only other direct measurement of a neutron nurmber was

40

F‘
that :made by the Radiocactivity Trour, for spontanecus fission of Pu™',
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Over a period of months enocugh dita were rpathered to show that the nusber
of neutronz per fisszion was in the neiztborhood of 2,.5.

12.6 s incidental to the construction of apreratus to measure
the decay constant of neirly critical assemblies of U235, the Cyclotron
Srcup measured the preduct of the neutron number times the fission cross
section at high energies,

Spontaneous Fission Meusurements

12,7 In the f2ll of 1944 the Radioactivity Oroup moved its
spontaneous fission work from its old Pajarito Canyon Site to a new site,
called the East Gate laboratory. This ctange had the advantage of a much
shorter comutirg distance, ;nd also of avoiding closé‘contact with new
iizk explosive firing sites, as the test area of the implosion program
exjanded toward Tajarito Canyon.

12,3 In the year between August 1944 and August 1945 spontarieous

fission data were taken with a long list of heavy elements, including isotopes

of thoriuz, protoactinium, uranium, neptunium, plutonium, and element 95,
Careful measurements were made with a nuuber of samplez of plutonium,
including early samples produced by cyclotron irradiation, later samples
“rom the Clinton pile (including oﬁe re-irradiated sample) and stlill later
samrles of Hunford material, This work was necessary in order to knéw the
ho in ¢

neutron background coming from the spont:aneous fission of Pu” he

Hanford bomb rmaterial,

Fission Spectrum
3

>

2.9 The principal experiment performed during this period wis

4 ueasurement by the Electrostatic Generator Group of the fission spectrunm

from fast neutrons impinging upon a plate of enriched uranium. These measure-

ments were made by the phetographic emulsion technique, They gaive results
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in quazlitative agreement with those obtained earlier by the same group
using slow neutron initiztion., The average energy of fission neutrons was
somewhat hizher; but it was not possible to decide whether this was a
real difference, or caused only by diffcrence in the experimental arrange-
ments,

12.10 JVork was begun by the Electrostatic Generator Group tp
investigate the low energy end of the fission spectrum, using the.cloud
chamber technique, a mock-fission saurce and a surrounding sphgre of
enriched uranium, Data were obtained which gave good agreement with éxtra-
polations from earlier measurements, Completion of this experiment had
to be postponed because of the pressure of Tfinity work in larch 1945,
Measurements were completed, however, for the bare mock-fission source.

In the low energy region its spectrum was relatively close to the fission
spectrum, . - :

12,11 Three mock-fission sources were built by the Radlochemistry
Group, using 2,2, and 25 curies of polonium, the last giving 4,106 neutrons

per second, These were used in the various sphere multiplication experiments

(12,19-12,23).

Fission Cross Sections A

12,12 Cne of the series of experiments cgmpleted in the last months
. 235 239
of 1944 was a remeasurement of the fission cross sections of and Pu as
function of energy. Earlier results had been accurate enough to show the
existence of resonancegs at low energies and to indicate the general cheracter
of tle energy dependencé over the spectrum., This reweasurement was intended
as a check on the earlier data and to obtain more accurate data in the inter-

mediate energy region. As before, this work was done by the Cyclotron Group

for thernal up to one kev neut;%nz, and by the Zlectrostatic Generator Group

.
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at high energies, collatorating with the D=D Grour at the highest energiés.

The Cyelotron Croup, in particuliar, measured both the fission and absorption
crogs sections., To obtain the latter they measured the transmission of
neutrons; i.e., those not captured (or scattered) in passing through the
fissionable material, 3ince absorption is fission plus radiative capture,

this experiment zave additional data on radiatlve capture. An impo;tant
physical result was that the ratio of radiation capture to fission was a senai-

tive function of energy.

12,13 These same groups also measured the fission cr633 ;ection of
U233 as a function of eﬁérgy, as part of the program to estimate the virtues of
this material, They found that at high energies its 'fission crosé section was
about twice that of U235, placing it between U235 and Pn239hboth in cross
section and in neutron number,

12,14 As a continuation of investigation of fission thresholds,

comparisons were made by the Electrostatic Generator Group of the fission cross

sections of neptunium 237 and 0235. The cross section of the former was measured
from the threshold at about 350-400 kev up to 3 Mev,

Scattering Experiments

.12.15 The principal scattering measurements in this period, a; before,
were the_work of the D=D Group. Differential measurements of the type carried out
earlier were continued, For this purpose A new directional proportional counter
was aeveloped with a higher direétionality factor than the one previcusly used,
Differential measurements were completed for some materials used in the bamb

: . _
construction that had been incoupletely measured'before; namely, aluminum, cobalt,
copper; and wwranium,  Finelly, mention should be made of ine neasurement of

235

scattering from the first amount of beta stage U large enough to provide cdata,

Scuttering.turhediout to be smaller than for ncrmal uranium by an amount comparable

[ Y .
to the difference of thleilr average fission cross sections. This experiment was
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imporﬁént negatively, in that if a large inelastic scattering cross section had
been found in U235, this would imply a lonzer timne between fissions and hence
smaller efficiency than expected.

12,16 The difficulty with differential scaittering measurements was that
they did not give reliable information on inelastic scattering as it would actually
effect the operation of the bomb, A number of more nearly integral eiperimenta
were carried out by the D-D Group for this reason. In the principal series of
these experiments, the technigque used was to measure'nehtrons at the inner surface
of a hollow spherical tamper, using a central D-D or rhoto-neutron source. By
using source neutrons of differen£ enérg;es and detectors of different thresholds,
it was possible to measure the integrai ehergy degradation for various tampers,

12.17 Another means of attack on the same problem was the measurement
of the "decay time" of tamper materials, A burst of neutrons sent into a tanper
gives an intensity of‘reflected neutrons.that falls off with time, and this can
be measured by means of a time anmalyzer. ithat is rneasured here is again an inte-
gral effect, depending on the path and energy degradation of the acattered neutrons;

but it is jJust this integral effect by which the timé scale of the exploaion 1s

!

affected,

Multiplication Experimenis

»

12,18 Hultipliéation experiments, using iarger and larger spheres of
U235 and Pu239 as thiese materials became available, were among the meost important
interral experiments made in this period. The technique common to the various
experiments was the use of & mock fission source suriounded by a sphere of active-
material and in sorne cases tamper. These experiments were the work of the
zlectrestatic Gensrator Group and the D-D Grour, The intere;t of the latter group
was lnrgely the measurément of neutron distr ibution and inelzstic scattering in core
and tamper., Neutron multiplication was also measured in the process, More accurste
measurement of neutron multipliecstion, plus the nessurement of the iverage fission

a
cross section feor fiasion neutrons, plus data whiich set wn upper limit to the valus
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of the branching ratio for fission neutron energies, came fron the experiments
of the Electrostatic Generitor Group. These experimcnt§'pyerlapped somewhat; for
example both groups measured the inelastie scattering in the‘gpherea of active
material, by comparing the spectrum of outcoming neutrons with that of the mock
source and with earlier fission spectrum measurements, in which not enough material
had been used to produce substantial energy degradation. |

12;19 The ratio of neutron intensities with and without the surrounding
sphere of fissionable material is a quantitj which depends upon the avérage fissicn

ros3 section, the neutron number, and the branching ratios, In order to set an
upper limit to the last named quantity, the Electrostatic Gﬁnerator Group measured
the average fission cross section simultaneously with the multiplication., The
method of doing this was to place foils or thin sheets of active material in the
equaterial plane betweep the two hemispheres, so arranged that the area of exposed
foil at a given radius was proportional to the volume of a shel¥ of material at
the same radius, In ihe untamped sphere measurements the hemispheres ;ere separated
by insulators and used as the two plates of a high pressure ionization chamber.

One hemisphere with foil attached was kept at high voltage, while the other was
used a3 the collecting electrode. 1In this ;Qy it was poséible to count the fission
fragments from the foil; the total number of fissions in the sphere was then this
number multiplied by the ratio of sphere to foil masses, | '

12.20 Vhere a surrounding tamper was used the abpve techniéue»ias
unwieldy; instead thin plates of raterial were placed between the hemispheres,
separated by cellophane "catchers"., The nurmber of fissions was estimated by
measuring the radiocactivity of fission fragments deposited on the cellophane.

12,21 One ocutcamne of these experiments was.the conclusion that the
braﬁching r:tio averaged over fission neutron energies was small, as had been hored
on general ttecretical grounds, Thils expsriment messured the net increase of
neutrons pe: neutron eapture. Compurison of thls with the net increase of neutrons

per flssicn, nown frow surlier experlments to be eszentially inderendent of energy,
g
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showed that the high enerygy branching ratio was quite small.,

12,22 Another outcome was tle poatibility of exirapclatine the sphere \
mnltiplications'as a function of radius to the point where multiplicstion would
become infinite; i.e., to the critical radius. These cxtrzpolations gave, in
fact, a prediction of the critical radius that was extrenely close to the vnlues
obtalned with the first metal criticil assemblies (15.12).

12,23 Because of uncertainty as to thre accuracy with which the mock

fission source reproduced the true fission spectrum, the multiplicition experimen

was repeated by the Cyclotron Group'for sral’ spheres and by the Water Doiler

(roup in F Divislon for large spheres, using a true fission source. The results

checked very closely (13.47).

Other Integral Fxperirents

k.24 In late 19Ab,‘%q'fxferiment wis devised in the Cycleotron Group
to measure the number of criticsl iiwseg that could be dispesed safe-ly in the
target and projectile of the gun asserbly. In place of active noterizl and tamjer,
a mock-up was used which. for therral neutrons imitated.the absorbins and
. \
scattering preperties of these materials. By this time it was pescible accurately
to caleculate the critical mass of an untamped sphere. lHence a mock sphere was

constructed which was equivalent to a just-criticzl metal sphere, The dceay tinme
of this sphere was measured with pulsed thernal neutrons. Cnce this mexsurenert
was made, comparison with odd shaped tamped systems could te made, such :s e gun
rrojectile and target. This experiment not only deterumired appreximutely the
nwiber of critical masses that would bé safe in the projectile and target, but
also gave information on the change in decres of critic.lity as the projectile
moved toward the target, and herce on the gredetuenstion prohability,

12,25 Another integral experiment rude by the Cyclcirorn Troup wes tle

nezsurement of the multiplication rate zs a furctior of tle ruse of 2ctive anteriul,

This experiment was performed by two metiods, one devized hy
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its half-life w: s measured by the Radioactivity Group. The same group continued
its investigation of gamma radiation and ulpha particles emitted with Tission.
They also reasured the gamma rudilation of radio-lanthanum, reeded in correction
with the Rala measurements of the irmplosion. This group also meusured neutron

backgrouad from assembled initiatcrs as tlese were constructed,
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Chapter XIII

F DIVISION

Introduction

13,1 A8 purt of the administrative renrga;izatinn of the Laboratory,
F Division was formed ih September 1944, shortly after Fermi's arrival from
Chicago, As Aasociate Director Fermi wes given general responsibility for
the theoretical and nuclear physics reéaarch of the Laboratory. 4s Division
Leader of F Division he was given fhe directive to investigate potentially
fruitful lines of development not inclwled under the main program of the
Laboratory. This responsibility included the Super in its theoretical and
sxperimental aspects, and means of fission bomb assembly alternative to the
gun and the imvlosion, Because of Fermi's previous association with piln.
development, the Water Boiler Group was alsco placed in this divisiom., The
last group in the division waa added in February 1945, to do experimental
work with the high powér water boller as a neutroh aouréo, and te prepare for
the measurement of fiseion fragments at the Trinity test. The werk of F
Division in the Trinity test ie reported in Chapter XVIII.

13,2 The group organization was as fcllows:

F-1. The "Super" and General Theory " E. Teller

F=2. The %Water Boiler L. D. P. King
F=3, "Super" Experimentation E. Bretscher
F-4. Fission Studiens H. L. Anderson

The Super
13,3 During June of 1944 Teller's group had been separated from
the Theorstical Physics Division and placed in an indspandent position, re-

ncriing to the Director, This separation wes a reacopnition of the axploratory
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The fellowing usecount is highly tentative, both quantitatively and In degree
of thoroughness,

13.22 The ten-million ton Super described above would not ta
ihe largest explosion seen <n the Furth., Voleanic exploslons and the -
collision of larye meteorites such as the Arizona or Siberian have undoubtedly
produced larger lLlast enargies, verhaps a thousand or ten thousand times larger,
On the other hand these explosions were very cool corparsd to a thermonuclear
explosion, and comregrondingly more familler in thelr effects,

13,03 The blast effects fram a4 ten-million-ton Super can be scaled /
wp frem the know; damage at Hircshima and Nagesaki. Taking the destroyed
area from a-ten-thcusand-ton bomb to be ten scuare.milas, the Surer should
reoducs eqnél blast. destructicn over a thauénnd—Square-mile aroas, This
| would be more than ennugh to saturate the largest retropclitan areas,

13.24 lore widespread pround damage would perhaps result’'from
an explosion undersround or underwater nesr a continental shelf, Since if is
astimuted that & severe earthquake produrces enersies of the save order as
tke Super, the surface effects might be cuuparable, To produce these effects
vould require ignition at a very great derth, cf lhe order of several niles,

13,25 This bomb begins to Feach the uprer limit for blast
destruction. thet is rossitle from detcnation in nir, Just ma a ﬁissicm
bomb exrloded in shallow water will have its rndius of destruction in water
limited by the depth at which ft is exploded (14.21 ), so w?th a Super in the
atmosphere, It "blows a hole" in the‘atmoéphere, so that the maximum radivs
of destructicn 1s comparable to the depth of the atmosphare,

12,26 Yeutrons und gamma rays from the Super would not be a sig-

r’Ticant sart of its Jdamage; thair intensity falls »ff more rapidly with
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" 22 and Ta were wensured, and ig e course of these measurencnts cross
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sertlons were » 132 chtiired for a layge numper of otrer elerents,
12,49 Tn oorder to imike c.librations for the easurs.ent of zuma

ray ol neutron intensities at the Trinity test, tle .ater Roiler Zroup iade

239

ts ol deleyed neutron wid At ray emission from shmples of Pu T,

a fuection of the deluy time (i.e,, the tire after irradiction). Trese

L8 A

experimerts niote aze of 2 patber sjectrcular technigue, whichk wias to shoot

[
a slug of mut~-rL.1 with 2 preunntic mn into a pipe through the niddie of

the boiler, and measure the deciy of achivity with time by seins of ~n ion-

e . .
ization chamber for gu ma rays znd » horon trifluoride counter for neutrons,.

[y

13.5¢ Tn addition te yroviding a strong neutron source for the

exyeriments described above, the water boller also was used to ma'e neutron

irpadistions for cother :roups in the Laboritory.
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Introduction
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4.1 s a result of the .‘ugust l?LA‘feorganization of tle laboratory,
three groups of tte old Ordnonce Division were transferred to the new Ixplosives
Division: The Tinplosion Experimeuatition “roup, the Fizh "xplosives Development
Croup and the 5 uite Group. Two sroups, the Instrumentation G?oup and the Rala
and Plectric Detonater Srour, becize rort of the new Jeapon Thysics Division.

The remaininz 5ix groups (7.1) constituted the new Ordnance Division, bui with
the old Frovinz Ground and Projectile, Target and Scurce fGrouis combined as a
sincle Jun Groupe. Added shortly were two new grours, one to investigate the
poscibilities of underwater explosion of the weapon and to compile bombing tables
for the Little Boy and Fat l~n, and one 2s a special ordnance procurement‘group.

By tre end of Sertember the organization of the Crdnance livision was as follows:

0-1 The Gun Group ‘e 7, Birch

0-2 Delivery V., F. Ramsey

0-3  Fuse Develorment . ®, Brode

O-4 Engineering 3. Galloway

0=-5 CZalculations J. O, Hirschfelder

0-6 Water Delivery, Exterior Ballistics ¥. Y, Shapiro

0-7  Procurement It. Col, R, W, Lockridge

142 During the period under review the activities of the Ordnance
Division followed two paths. Cre was the completion of its earlier research and
design ectivities, and tlie other was its increasing weszpon test program and pre-
paration for final delivery. In March 1345 this secornd activity was formulized
zs Project nlberte., For the sake of continuity, however, the test und delivery

rregrens of O Division are deseribed in tre chapter or the Aluerta Project

(Chapter XIX) for the entire rerivi under review, This leaves “cr tle present
chapter tre compiofion of certiin Loplice continved fran tie e cilier history of
o

LVie Ordidirce Division sniilcl,, Jlthtow boinerer singly ecotirecled Lith the worr of
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for the two bombs and radio informers in the bomb case to signal informat ion
4
to observers., As .in all parts of Project A, this program served to train combat

Crews,

Bomb 3allistics »
==

14,20 C(ne of the tasks carried out at Los Alamos was the construction
of bombing tables for the Little Boy and Fat Man. For this work the necessary
ballistic data were obtained from field measurements at Sandy Beach, the Salton
Sea Naval'iir Station, a small rocket testinz station, used by Los Alamos because
it afforded an approach over water nearly at sea level, simulating the conditions
which mould be encountered over Japay. Similar data were cbtained for the block=-
buster "pumpkin" program by the Caunél ‘project at Im}okefn, and theé ‘tWwo*groups
were in consultation on techniques of measurements and ;,he data obﬁa'ined. The
work at Los Alamos was in the hands of Group O-6.

surface and Underwatep %&osions

14,21 As mentioned earlier, one of tho tactical uses considered for
the bomb was as a weapon against harbors, by surface or underwater detemation.

At about the beginning of the period under review, it became élear th.a‘t surface
or shallow underwater detonation would expend a large part of the énergy of the
explosion in producing cavitation, and relatively little would go into shock wave
in water. To maximize shock-wave damge it would be necessary to detonaie much
deeper than would be possible in harbors, .

14,22 The effects of shallow explosions were investigt;ted sxperimentally
at a very small scale by the sudden withdral;al of an immersed cylinder which
resulted in the creation, and sudden collaps;, of a cylindrieal cavi-fy in water,
Ia*er experiments were carried out with amounts of explosive of a2 few ounces at a
de;th of one or two feet, The amplitudes of gravity waves produced in these tests
zonld be scalel up to give rough azre.ment with existing data on underwater

explosicns of several hundred poursis of exrlosive, From this point the resulis
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were scaled up to explosions of the order of magnitude of interest to the
Iaboratory,

14.23. From the experimental data it was discovered, contrary to
expectation, that a surface explosion produced larger grav}ty waves than a
subsurfice explesion of the saime size, Frém a theoretical analysis scaling
laws weré derived which made it posaible to predict with some assurance the
effects of the surface or near-surface detonation of atomie bombs., This program
was the work of the ‘Water Delivery and Exterior Ballistic Group, with the
assistance of Penney and von Neumann. It had been begun at the end of the

previous period by Mclillan,
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Chapter XV

WEA POM PHYSICS DIVISION

Introdustion

16,1 At the time of its organization im August 1944, the Weapon
Physics or G Division (G for gadget, cede for woapén) was given a directive to
oarry out experiments on the critical assembly of active materials, te devise
metheds for the study of the implosion and te exploit these methods te gainm
infermatien tbout the implosiom. In April 1945, the G Divisiea directive wus
extended te inelude the respemsibility for the desigm and precuremeat ef the
implosion tamper, as well as the active cere. In additiom to its primary work
' with critiosl assemblies and implosion studies, G Division underteek the design
and testing of am implosion initiater and of eleetrie detenators for the high
explosive, The Electronics Group was transferred frem the Experimental Fhysios
Division to G Division, and the Photographic Sectiom of the Ordnance Divisiom
heoume G Division's Photegrephis Group,

15,2 The initial erganization of the division, unchanged during the

yoar whioh this saccount oovers, was as follows:

G-l Critical Assemblies OeRe Frisch

Ge2  The XeRay Methed L.!W. RAarratt

Ge«3 The Magmetio Method Be.We. MoMillam
G-«4 Eleostronics We A, Higgimbotham
G5 iho Betatron Method Se He Neddermeyer
Ge8 The Rala Methed B, Ressi

G«7 Bleastriec Detonaters Le We Alvares

G-3 The Electric Method D. Ko Froma

G=5 (Absorbed in Group G-1)
G-13 Initiator Group Ce Lo Critchfield

Gell Opticl Je Eo Maok
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15.3 Peor the work of G Divisicn ‘a larze new laboratory buildinz was
constructed, Camra Building. New firing sites were esta!;'lishad, with small.
laboratory buildings associated with them (see map Appendix No. 3). Yost of the
wcﬁ‘k of G Division occupied new office, laboratory and fieid facilities; despite
this, its work was well under way by the beginning of October- 194k, -

Critical Assemblies

15.4 The work of the Critical Assemblies Group was carried out at
Omega Site, (6.64 ff) where it shared space with the Water Boiler Group. Its
main work was to carry out experiments with eritical -a.noum';s of active xnateri&ls;
including both hydrides and metals. It was givem the further reaponsibility of
investigating the necessary precautions to be observed in ‘t.,'he handli:'wg and fab-
rication of active materlals at Los Alamos, to be certain that in these operations
no uncontrolled nuclear reactions could occur. When G Division acquired the
definite responsibility of deaigning‘and preparing the core and tamper - the
"pit assenbly" - of the Trinity and subsequent implosion bombs, members of the
Critical Assemblies Group were given this responsibility.

| 15,5 During the early period of this group's existence a large number

of critical assez‘lblies were made with various uraniun hydr:;Ldé mixtures, A rel-
atively large amouﬁt of effert was spent in inv‘estige;ting these assemblies for
twvo reasons, The first was that’ there wos not yet enough :ﬁaferial for a metal
critical 1ssembly without hydrogen. The second was that by successively lowering
the hydrogen content of the naterial as mere U23 5 cecame aviilable, experierce
wis zained with fuster and faster reactions. It was also still not ruled out, at
this time, that hydride bombs using szell amourts of materlal mizht be bullt,

15,2 By November 1945 enougl hnydride-plastic cubes of composition
UHlO iad bes=n accumuluted to make a cubical reacting assembly in the beryllia
tamper, if the effective composgition was reduced to Ullyy by stacking seven polythene

cubes for each cube of UIIlO plzstie. FPurther experiments were rade with less
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hydroSOn and other tempers, In February 1944 this hydride was sent bacx to the
chemists and metallurgists for recovery and conversion to metal, and the program

ef hydride critioal assemblies was ended.

1647 The mcst spectaoular experiments perfcrmed with the hydride were

' those in which & slug of Uﬂso was dropped through the center of an almost oriticsl
assexbly of UHSO' so that for & short time the ussoqbly was superoritical for

prompt neutrons alone. This experiment was called "tickling the dragen'e tail®,

or simply the “dragon®, *he velocity of the felling slug was measured electrically,
Before the experiment was sotually performed & number of tests were made to prove
that it was safe, for exsmple that the plastic would not expand under strong
Ineutron irradiation, thus causing the slug to stick and cause &n explosior,

Cn January 18, 1946 strong neutron bursts were cbtained, of the order of 1012 neutrors.

15,8 These experiments gave direct evidence of an explesive chair.
reaction. They gave an energy production up to twenty million watts, with a
temperature rise in the hydride up to two degrees centigrade per milliseocond,

The strongest burst obtained produced 1015 noutrons, The dragon is of historical
importance. It was the firat contrelled nuslear reaction which was superoritical
with prompt neutrons alone.

1609 Because of the intensity and short duration of the bursts obtained,
better measurements of delayed neutrons were possible than had been made prévioualy.
Several short periods of delayed emission were found, down to about ten
nilliaeo;nda. that had not been reperted before.‘ These experiments suggested a
promising future method for rroducing medulated bursts of fast neutronse

16,10 The Critionl Assemblies Group made large numbers of safety tests
for other groupse Most of these irvolved placing various amounts of enriched
uranium with various geometries in water, in order to deéermino the conditions

. under which the aooi&ental flooding of aotive material might be dangerous. During

the course of these tests the first accident viith oritical materials ocourred,
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XN-17
used, were proved in X Division (16.58) But with a firing circuit adequate for
experimental purposes it soon became apparent that there was a serious lack of
gimultaneity and source of failure in the detonators themselves,

15,50 Detonators of two types were studied, the bridge wire and spark
gap types. Impetus for the study of spark gap detonators with lead azide came
from England in the summer of 1944, where detonators of this sort were being fired
with timing errors reduced to microseconds. The reduction of errors came from the
use of powerful high voltage spark discharges. The use of similar high voltage
energy sources with conmercial bridge-wire detonators at Los Alamos also showed a
comparable reduction of timing errors. It was wrongly assumed that even with
powerful electric discharges only primary explosives -- i.e, those normally used
for detonation of less sensitive explosives —-- could be used. A contract was
arranged with the Hercules Powder Campany for the production of several types of
experimental detomators, mostly loaded with lead azide,

15,51 Because of delays in manufacture, only a few batches of these
d;tonators were received, In the meantime facilities for rapid loading of experi-
mental detonators were developed at Los Alamos, and this local supply\bécame the
primary one.

15,52 The main path of detoﬁator development was determined by another
discovery at Los Alamos in the‘lafe sumer of 1944, This was the fact that, with
the high energies necessary to detonate primary explosives with small timing errors,
PETN could also be detonated with comparable timing errors, and could not be
detonated at.éll'with lower energies, This was of great importance from the stand-
point of safety, particularly safety in battle use, because it reduced the
possibility of accidental detonation from such sources as accumulated static charces
or leakage from low voltage energy sources in the bomb. The use of PETN detonators
made it possible, among other things, to eliminate the use of "safety gates",

mechanical separators between the detonator and tre hich explosive; which would
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ments of G Division and the laboratory would not have been done as well,
they would have rejuired more time, and the completion of the bomb itself

would have been delayed,
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ELFLOSIVES DIVISICN

Organization and Idaison

16.1 The Explosives Division, organized in August 1944, consisted

originally of the Explosives Experimentation, High Explosives, and S 3ite Irours

of the old Ordnince Division. Its rapid growth frem that time (see sraph lo. 5)

was accomplished by subdivision of groups into sections, and by addition c¢f new

groups.

August 1945:

September 1944

Two organjzation lists are given below, for september 1944 and for

X-1 Implosion Research Comdr., N. E. Brudbury

1A  Photography with Flash X-Rays K. Greisen

1B ° Terminal Observations E. Linschitz

1C  Flash Photography e Koski

1D Rotating Prism Camera J. Hoffman

1E Charge Inspection T/3 3. H. Tenney
X=2 Development, Engineering, Tests K. T. Bainbridge

2A Enginecering R, W. Henderson

2B  High Explosives Lt. . F, Schaffer

2C Test Veasurements L. Fussell, Jr,
X=3 Explosives Development and Production Capt. J. (. Ackerman
" 3A FExperimental Section Lt. J. D. Hopper

3B  Production 3ection J. B. Price

August 1945

X-1 Implosion Research Comdr. N. E, Bradbury

1B Terminal Observations H. Linschitz

1C  Flash Photography . Koski

1D Rotating Prism Camera J, Hoffman

1E Charge Inspection M/S G. F. Tenney
X-2 Engineering R. V. Henderson
X=3 Explosives Development and Production Mal, J. C. Ackerman

3A FExperimental Section Lt. J. D. Hopper

3B Special itesearch Froblems D. V. Gurinsky

3C  FProduction Section R. ... Popham

3D Engineering Z. .Jeidenbaum

3E faintenance and Service Lt. G. C. Chappell
Xl ¥old Design, Engineering

Service and Consulting i. Ao Long

X=5 Detonating Circuit L. Fussell, Jr,
X-6 Assembly and Assembly Tests Comdr. N. E. Bradbury
X=7 Detonator-Booster Developments K. Treisen
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16,2 The following are the principal developments in the administrative
history of X Division., The rew Division was headed by G. B, Kistiakowsky, whose
previous status had been Deputy Division Leader of the old Ordnance Division,
in charge of the Implosion Project., Kistiakowsky was assisted by Major W, A,
Stevens for administration and conetruction. Group X-4 was created early in
October under E. A.’Long~hnd J. W, Stout, It was charged iith the engineering
of molds for S Site, research on sintered and plastis bonded explosives ( 15-3C),
and miscellanecus services, for the Division, A section was added to this group
in December 1944 under W, G, Marley, responsible for some aspects of lens research,
In November 1944 a second research section under D, H. Gurinsky was added to
Group X-13, o

16,3 A major organizational change occurted in March 1945, when
Group X-2 under Bainbridge was dissolved, Bainbridge was put in charge of the
new Trinity Project, preparing for the Trinity test. Three new grouﬁa wera
formed to continue the work of X=2: an Engineering Group under R, W, Hendersom,
X=2; a Détonator Piring Circuit Group, X5, under L, Fussell, Jr,, whose section
of X-2 had slready acquired the responsibility for the design and develomment of
a firing unit for the electric detonatora; and an Assembly and Asgembly Test
Group, X-6, under N, E. Bradbury. In March 1945, M. F, Roy jcined the laboratory
staff as Assistant to the Division Leader of X Division, In May 1945, Section
X-1A was discontinued and a new group formed under K, Greisen, X7, to carry
through the final development of bo-oetera and "handlebar” detomators.

16,4 The directive of the new division was, in essensce, to develop
the explosive components of the implosion bomb. In the same sense it was the
directive of G Division to develop the active components, These directives did
not mark out separate areas of work so much as they did specify the directions
from which the two divisions should attack the central problem, which was to
produce the optimum assembly of active material. X Division was specifically :

1, To investigate methods of detonating and booatering the high
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explosive components,

2., To develop maethods for improving the quality of high explosive

castings,

3. To develop lens systems and the methods for fabricating and
teating them.

L. To develop engindering design for the explosive and detonating
components of the actual weapon,

5. To provide éxploaiye charges for implosion studies in G and X
Divisions. '

6. To specify and initiate the design of those parts of the final

weapon for whose development it was responsible,

16,5 Since it was the joint responsibility of X and G Diviéions
to carry out the fundamental implosion development work, these two divisions
worked in close cooperation, Both, for example, carried out studies of implosion
dynamics, In these studies G Division was primarily concerned with the

measurement of the assembly velocity and compression of the bomb pit; while

X Division was rrimarily concerned with the explosive techniques for achieving

high assembly velocity and compression, But no real separation along these lines
is possible. 1In practice the methods of i1mplosisn study which were already
developed and known to be reliable remainedrin X Division, while G Division
concentrated on the development of new methods.

16,5 The division of labor between X and O Divisions in relation to
the implosion bémb can be described }oughly by saying that the former was
responsible for the explosive components, the latter for the case,including
under the latter mainly what was necessary to convert such a bomb as was set off

at the Trinity Test into a combat weapon.
16,7 The important outside connections of the Explosives Diviaion

were with the Explusives Research laboratory at Bruceton, and lster with the

Camel Project of the California Institute of Technology. Work was done also st the
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Jets might be ortical illusions. Early in 1945, this hemisphere technirjue
became standard, and the cylinder work was dropped.

16,13 Apart from timing studies and lens developrent work, discussed
in the next sections, the rcmaining work of the Implosion Research (roup also
centered on the investigation of jet phenomena. Ixperimental data nceded to
test the theory that jets were caused by shock-wave interiction was obtained by
so-called slab shots, Slabs of explosive were placed on top of metal slabs and
detonated at two or more points. The effects of interaction between the shock
waves were observed by flash photography and terminal observaticn. It was thus
possible to study jetting as a function of the angle between detonation waves,
Another type of investigatioh, which began as a check agzainst the possibility
that jets were caused by flaws in cast explosives, was tihe X-ray examination
of charges, This investigation ended as a standard service examination of all
castings, by a section set up for the purpose, X-1E,

Timing 3Jtudies

16.1, The experiments described above led to an understanding of
the nature of Iimplosive jets, and demonstrated the importance of simultaneous
detonation. The history of this growth of understanding was of decisive
importance for the development, and to some extent perhaps the end-product,
of the work bf the implosion project. Had the control and understanding of
timing errors which came at the end been available in the beginning, many
complexities in the program would never have arisen. It is even possible that
a successful weapon woula have been produced without tle use of lenses. On the
other hand there was no foundation in experience for such a development. s
in other parts of the laboratory the .end result was not so mick d§Ve10ped 1§
evolved; it derended upon the interaction of several relatively inderpendent
series of investigations,

16,15 The need for special means of initiating the high exjplocive

at several points "simultaneously'" was recognized from the beginning. ‘hat was
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of high quality chirges one pcund to 120 pounds in size compared with a small
number of large uﬂits weighing thousands of pounds each,

16.51 Because of the requirerment of the site for meg with scientific
or explosives experience and willingness to work with explosives, each new
request for assignment of enlisted men or civilians was followed by a long
delay. The site was always hampered in its work by a shortage of manpower.
Cn the other hand the growth in manpower which did occur made the training of
new men a continuous problem,

16,52 Similarly, the general shortage of personnel available to
the construction contractor delayed construction at S Site., It was necessary
always to reduce building requirements tc the minimum in order to meet time
schedules,

Recovery Progsram

16.53 The early work of the recovery program has been discussed in
Chapter VII, This was one of the branches of the laboratory‘'s activity which was
dropped, after extensive research and development, for reasons extraneous to the
program itself, It was argued, originally, that the chances for a nuclear explosion
at the first test might not be great, and that in this case it would be necessary to
recover the actiye maﬁerial. As the time approached for the test, however, two
arguments were sufficient to justify the abandomment of recovery plans, One was
that with the weaﬁon finally designed the chances for no nuclear explosion became
very small; the other was that the use of a containing sphere or "water baffleﬁ
would make it quite difficult to obtain information that would explain a partially
successful nuclear explos;on, by this time a more realistic worry than complete fail-
ure, l!lence when the firs£ test was made, Jumbo, which was such a magnificent piece
of engineering, stood idly by, half a mile from the test tower, After the test

Juwbo was unscathed; but its crumpled rigging tower was a preview of the damage to

steel structures in Japan,
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Chapter XVII

iMISTRY g .TALLURGY

Ent.;odggt ion )

17.1  In August 1945 the Chemistry und Metallurgy Division h.d evolved

to the following group organizations

Ch-1 Service Group R. #, Dunlap
CM-2 Heat Treatment und Metallography G. L. Kehl
Cl-4 Radiochemistry . L. Helmholtg
CM-5 Plutonium Purification C. S. Garner
CM-6 High Vacuum nesearch S. I. Veissmun
CM-7 Miscalluneous Metsxllurgy A Us Seybolt
CM-8 Plutonium Metallurgy . E. R, Jette
CM-9 analysis H. A. Potratz
Ci-11 Uranium Met:llurgy S, Marshall
CM-12 ' Health W. H, Hinch -
Ck-13 D P Site J. E. Burke :
CM-14 Rala Chemistry G. Friedlander
Ci-15 Polonium I. B. Johns
E. Wichers

Ci-16 Uranium Chemistry
This organization evolved by the following steps:

1) In September 1944 Group CM-3, Gas Tarper and Gas Liquefiction, was
- transferred to.the new Explesives Division,

25 In april 1945 the following changes occurred: Uranium and plutonium
chemistry, formerly concentrated in Ck-5, was divided between Ci-5 and a new éroup,
CM-16. CM-1 was divided into a Service Group (CM-1) and a Health Group (CM-12).
The old Radiochemistry Group (CM-4/) was split into three grounss, with CM-14 ‘and
.CM-15 taking charge of Rala and polonium work respectively., =n. W. Dodson, former
group leader, became Assoclate Division Leader in charg; of radiochemistry., C., C.

Balke, former group lesader of CM-7, left the Laboratory. Miscellaneous metallurgica

services were transferred to this group with its new group leader, .. U, Seybolt.

CM-11 remained as the Uranium Metallurgy Group. CM-1U, the racovery Group, was

absorbed into the new D P Site Group, CN-13,

17.2 These changes were motivited prim.rily by the expansion of radio-
chenical work associated witr the expanding Ral.« implosion studies and the preparation

of polonium for the implosion initiator progrum, und by the need to streumline the



processing of uranium and plutoniws, arriving in evér increasing quantities.
| *17.3 The transition to large scale operation involved a constant

growth of personmel in the Division, and a constaont expansion of laborztory, shop
and plant facilities., The main steps in this physical expansion were the completior
in August 1944 ©of a large annex to D Building; the completion of the metallurgy
building, Sigma Building, in October 1944; the construction of the Rala Chemistry
Building in Bayo Canyon in November 1944, The last and greatest addition was tté
chemical and metallurgical production plant, DP Site. The first buildings of tl.is
site were completed and being occupied in the summer of 1945,
Uranium Purification and Recoverg

17.4 The flow of beta stage enriched uranium received from the Y-12
plant was generally as follows: The material was received as a purified flucride,
and reduced directly to metal. For hydride experiments the metal was converted te
hydride and formed by plastic bonding. When hydride or metal experiments were
completed the material was returned for recovery, as in the meantime were crucibles,
liners and other containers that had been used in fabrication. Recovered solutions
were converted to hexanitrate, extracted with ether, and precipitated as reduced
axalate., The oxalate was ignited to oxide and converted back to the original
tetrafluoride.

17.5 The essential step of purification was the ether extraction method

that had been developed at the end of the first period (8.18). This method was

also applied by the radiochemists to the decontamination of water boiler solutions,

and by the Recovery Group in experiments on test-shot recovery methods. In April
1945 uranium recovery and purification was concentrated in a new group, CM-16.
Before that time extensive investigations had been made to determine the best
reagents and ion concentrations for the extraction.

17,6 The dry purification step--reduction of U0, to UFL-was developed
to a point where fluoride yields were as high as 99.9%. Fluorination of the tri-

oxide and oxalate were also investigated,
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17.7 The studies of recovery from liners and slag revealed the necessity
for camplete dissolution of these materiuls prior to recovery. Lther extraction
w.s then employed. GLontinuous extraction apparatus wus designed and built by the

Recovery Groujp, capable of extracting a large volumé of solution psr hour, and giving

r

£

recovery ylelds averuging better than 99.9%. The average amount of urunium rercin-

ing in stripped solutions w:s not more than 6U micrograms per liter,
17.8 4 very difficult research problem, undertaken by the recovery lroup,

i

was that of recovering active miterial in case or a test shot failure. itecovery of
) similar mntarials
uranium dissipated through a l.rge voluwe ot 8and, sawdust and/ was attempted. This

was in imitation of the conditions that would obtain if the bomb miterial were

scattered over a l.rge area by high explosives. Recovery by this method was found

to be very poor. Recovery from sealed containing spheres was entirely successful.
A 3/4 inch sphere of uranium, scattered explosively imside of a 12 inch "Jumbino"

containing sphere, was recovered about 99%.

g;gn;um ;tallggx

17.9 By august 1944 it wus possible to obtain metallic uranium with a

neutron count below tolerance. A number of developments.atter:that date vere essentiaj,

however, to the final U235 weupon., The principal topics are the stationary bomb re-
duction, uraniur renelting, uranium fortiing, cladding and protection of surtaces,
use of ursuium sponges and production of finsl weapon puarts.

17.10 After the adoption of the statiaonary bomb reductiocn
technique a large number of minor improvements were made. A better product
wag obtained by increasing the bulk density of the tetrafluoride to be reduced.
A wide survey of liners was made, resulting in the final choice of two: one
& magnesia liner developed by the Miscellanscus Metallurgy Group, the other a
magrwsia plus silica liner developed at the Kassachusetts Institute of Technology,
Other investigations included the effect of impurities in the calcium reductant,

grain size, firirg technique, and the use of inert gases in the boab, The net

i, 450
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"A" Frocess "BY Process

Nitrates from X or ¥

Nitrates from X or W

++
| PuO2

reduction with dilute
HNO3 and HI

v
Pu,(C50y,)3, 9HZ0

l oxidation with NaBrO3
and HNO3
Pu02++

!

HNO;

ether extraction
with NHLNO3 and HNQ3

reduction with dilute
HNO3 and HI

Y

Pu+++

Pu,(C,0,)3, 9HZ0
yield 95 per cent

supernatant 60 liters
16 - 24 hours run

oxidation
Puoz + 4
ether extraction
l Ca(NO3)2 and HNOB
+ +
Pu02 . .
reduction with
l dilute HNO3 and HI
P + ++

Pu, (C,0, )3, FHa0

yield near 100 per cent
supernatants 30 - 4O lite:
10 « 11 hours run
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DRY CONVERSION

17.21 After it was decided to employ only fluoride retal reduction
(8.43), effort was concentrated on the production of the fluoride. Three m?thods
were investigated, involving nitrate, oxalate and oxide hydroflucorination. The
method finally chosen was tre axide methrod, which involved the conversion of tlre
axalate from wet purification to oxide by heating in oxygen, and introducing
hydrogen fluoride at 325° C_in the presence of oxygen. The process involved a
24, hour cycle, and gave yields of 92=99%.,

RECOVERY
17.22 Aside from recovery methods developed earlier (8,34 ff), the

principal development of this period was that of peroxide precipitation. Of the
four steps first employed-—-axalate precipitation, éther extraction, sédium plutonyl
acetate precipitation and a2 final oxalate precipitation—— the ether step was elim-
inated, and the sodium plutonyl acetate step used only for rather heavily contam-
inated material,

17.23 The danger of plutonium to the health of operators was greatest
in the recovery operations. The need to vary procedures to fit the type of contam-
ination inveolved made the development of enclosed apparatus difficult., Such
apparatus was in fact not developed until after the period covered by this history
(November 1945 at DP 5ite). The main safety effort was perforce the careful
monitoring of personnel; those who showed exposure in excess of body tqlerances

were taken away from further exposure until counts returned to normal (9.30).

Pluionium Metallurgz

17.24 #hen the new purity tolerances were established, all metal reduc-
tion methods were eliminated except the stationary bomb reduction of the tetra-
fluoride. ‘lork continued as before in the field of crucible research for remelting.
It became possible however to use magnesia, since with increased tolerances tle
danger of nmgnegium impurities was less sericus, A good deal of recearch was done

on the physical properties of plutoniuvm metal, since more than two allotropic
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wall, The irradiatéd material wis run directly from the boiler into an under-
ground tank, From there.it was pumped up into the extraction colummn by means of
air pressure, After extraction of the solution it could be run back into an
underground vault, or let out into the "hot" laboratory if concentration was
desired. Concentration was carried out behind a shield of lead bricks.

17.50 The heavy irradiation of the nitrate in the boiler cawsed de-
compogition and loss of nitrogen. This caused precipitation of the basic nitrate.
To avoid this, frequent analyses of the boiler solution were made, and nitric acid
was added to make up the deficit,

RADIO-IANTHANUM

17.51 The first remot® control apparatus mentioned in 8,70 was developed
largely before August 1944 but its first use falls in the period after that date,
and the entire subject is discussed in this place., The determining feature of the
Rala chemistry, essential to the Rala method, was the enormous radioaetivity involve:
A single batch of material ecould represent up te 2300 curies of activity,

17.52 Thé isolation of radio-barium from the fission products of the
Clinton pile was arranged in April 1944, The material received from Clinton con-
gisted of a mixture of Balko and Lalko.. After arrival, the short-lived lanthanum
had to be separated from its parent barium.

17.53 The first control apparatus and associated means for separating
lanthanum from barium was designed as protection against about 200 curies of
activity, and operated by the so-called phosphate method., In small scale tests,
the separation of the lanthanum from about 100 times its mass of baripm was found
to be nearly quantitative when tﬂé phosphate was precipitated fram an acid phos-
phate solution, But in full scale practice the method did not turn out well,
Difficulties were encountered beczuse of long 'filtration times and strong hydrogen
ion dependence,

17.54 As the Rala method was developed, moreover, the requirements on

source strength and dimensions became more stringent. It became necessury to
develop a new and better method, This method would h:ve to provide shorter fil-

MW



SEEr &

tration time and precipitation on a smaller filter area, and would have to give
good separation with higher yield., And the operators would have to be given pro-
tection against higher activities,

17.55 In March 1945 work began on a new method, with collaboration
between the radiochemists and the Plutonium Chemistry Group and Recovery Group.
For greater radiation protection the controls were removed to a distance of 90
feet. The separation method developed was a hydroxide-oxalate process, lLanthznum
hydraxide was precipitated with sodium hydroxide, filtered on a platinum sponge
filter, dissolved in nitric acid, and reprecipitated with oxalic acid; the oxalate
was allowed to stand appraximately 25 minutes, and then a sméll quantity of hydrc-
gen fluoride was added. The resulting precipitate was crystalline, which could be
filtered rapidly on a small area and was not affected by intense radiationm,

17.56 Half-life measurements of carefuliy purified 12140 gave a value
of 40.4 hours,

INSTRUMENTS AND SERVICES

17.57 Mention has.béen made of boron trifluoride investigations for
filling proportional neutron counters. The preparation of'very pure trifluoride
was investigated, as were methbds of récovery of the costly isotope 10 from
counters no longer needed, In addition to filling counters in large numbers as
a service io the experimental physicists, the radiochemists developed a very sensi-
tive counter, the "quadruple proportional counter®, for quick measurement of wesk
neutron sources,

17.58 Among other important services a large number of foils were pre-
pared for the experimental physicists, The essential problems and accomplishments
of this work have alrea&y been described.

17,59 A calorimeter was built for use in connection with the measurement
of the half-life of pol&nium. A microtorsion balance was constructed for weighing
polonium samples, The comparison of weight and activity of samples was found to

be a reliable method of purity analysis,
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17,60 1In the early work of the Analysis Group, the rain emphasis

Analysis
eSS E S S

had been upon,the determination of very small amounts of light element impuritieg,

Pu240

After the discovery of » however, the need for strict contamination centrcl

was eliminated, as was that for further research on methods for determining
these elements, Tolerance limits were easily determined by existing methods,
and it became possible Lo turn attention to investigations which had previously
been secondary, particularly in heavy element analyais, fhe Analysis Group
devoted increasing effort to the problems of the metallurgists, to improvement
of instrumental techniques and development of routine methods, [fhe follow;ng
'is an outline of the principal analytical methods investigated after August 1944,

1, Spectrochemical methods
a- Plutonium
(1) The cupferron method for heavy elements
(2) The gallium oxide pyroelectric method
(3) The determination of gallium in plutonium metal
b. Uranium
(1) The determination of zirconium in uranium
(2) The determination of uranium in urine
¢. Miscellaneous
(1) Impurities in calcium and magnesium oxides
2, Volumetric methods
an. Determination of acid soluble sulfide in U and: Pu
b. Determivatiom of sulfate in Pu
3, Gravimetric methods
a. The détermination of gallium in plutonium metal
4, Assay wmsthods
a- Radioassay
t.. Fhptomstric assay
e. Grawimetric asssy | -
d. Mierovolumetric essay

1

Spectrochemiegl Methods,

17,81 "The cupferrcn procedure as applied to heavy element determination
was essentially the same as that developed garlier for light element trace analysis,
It eventually proved applicable to thirty nine elément impuritles, In addition to
its use for plutonium analysis, it was applied in analyses of other elements,

including uranium, The procedure consists in forming the acid-insoluble cupferri'e
of plutonium, and #ke extracting the compound from the impurities with chloro-

form, The aqueous impurity solution is then evaporated on coppcr electrodes,
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sparking of which gives the impurity spectrum, It may also be noted that this

\

method was used by the Health Medical Greup to determine plutonium in urine
samplesg,

17, 62 Ihe pyroelectric gallium oxide method was developed in the .
first period for uranium analysis, but became one of the important methods for
plutonium analysis as soon as such analysis became necessary., in this case the
material was arced in a dry-box to reduce health hazards,

17, 63  Gallium was determined in plutonium metal by a method which
illustrates the value of seemingly irrelevant research, A considerable time
before the need for such a method appeared, the spectrochemical staff decided
to conduct some studies in the extraction of iron and gallium complexes with
di-isopropyl ether, The results of this work were imnediately applicable when
gallium became important in the stabilization of & phase plutomium (17.28 ),
The complex extracted with the ether named above is re-extracted into a small
amount of very pure water, and evaporated on copper electrodes, The residue is
excited by sparking, and the amount of gallium determined photometrically,

17 64 For certain elements, notably titanium, zirconium, thorium,
columbium and tantalum, no'satisfactory gpectrochemical method was discovered
by the end of the period considered in this history, None of these elements,
fortunately, was of crucial importance,

17,65 Some further investigation of uranium analys{s was made in
this period At the end a method was being studied for the determination of
zirconiun in uranium, A process was being investigated for determining uranium
in amounts of one tenth to one microgran in urine samples, This method was being
sought for use in h=2alth control work;

17,66 The analyseis of impurities in calcium oxide and magnesium
oxide became important with the adoption of th2se materials as crucibles and
liners in plutonium metallurgy. The inv;stigation wasg begun early in 1944, but

was pursued more intensively after they were adopted for that purposs, The

method was one of direct arc spectrographj. Dtﬁﬁtsgltins were encountered in
S w-k



obtaining conslstent results, most of which were found to be caused by variation
in the state of subdivision of the oxides, This was overcome by very fine
grindiny of the samples,

17,87 Several useful developments of spectrochemical techniques
were made during this period, These included the double spectrograph, the double
slit spectrograph and the dry box arc, The double spectrograph consists of two
spectrographs aligned in opposition, and passes light emitted from the source
through the slits of both instruments, The double slit spectrograph produces
Juxtaposed spectra of two wave length fanges cn the same film, The advantazes
of these method; lay in halving the sample size in one case, and the time for
a complete analysis in the other, They were important because of economy of
yaluable material, reduction of analysis time, and reduction of exposure to
plutonium on the part of the operator, The dry box arc with outside conirols was
developed becmuse of the extrsme danger from arcing plutonium, laboratory con-

tamination 13 serious with ordinary arcing, and the danger to operators very great,

2, Volumg&;ic Methods

17, 68 Acid soluble sulfide was determined by distillation of hydro-
gen sulfide, which was absorbed and detemined volumetrically, The method was
used for plutonium and uranium metals, Sulfate in plutonium was determined by

redduction to sulfide, followed by volumetric measurement of absorbed hydrogen

sulfide, _
3. Gravimetricﬂ!!&ﬂggg
) 17,69 A method for determmining gallium in plutonium-zallium alloys

alternative to the spectrochemical method was one which, after ether extraction

of gallium, determined the latter gravimetrically as the 8-hydroxylquinolate,

4, Assay Methods,
17, 70 Photometric, volumetric and gravimetric methods were invesiigated

tc establish a procedure for routine plutonium assay, Resilts from the photometric

The gravimetric was good but too slow. The volumeteic

SHEERET W0
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method wa3 the one finally aQOpted, After its developrent in early 1945, ;ll
danford material was assayed by this method,

17, 71 Assay problems connected with plutonium bookkeeping at Los
Alamos were frequently troublesome, The volumetric assay results were found
to be systematically too low in comparison with radioassay results, which had
bz=en used from the beginning. Invest igation of the aberration uncovered the
fact that the specific activity of Hanford materiai was about four percent
higher than that of Clinton plutonium, Since Clinton activity was used as a
radiocassay basis, the discrepancy was accounted for,
D P Site

17,72 At the beginning of 1945 all plutonium production work had
been planned for and was being carried out in the Chemistry Building, Building
D, Three things contributed to the alteration of this plan, The first was the
increasing realization of the seriousness of the plutonium health hazard, As
has been pointed out before, Building D was originally planned with the idea in
mind of preventing the contamination of plutonium by light element impurities,
In fact the most serious contamination problem was to prevent the contaminatioﬁ
of personnel with plutonium, The building was not ideal from this point of
view, and as larger amounts of plutonium began to arrive, adequate decontaminaticn
becane increasingly difficult, The geconq factor was an increase in the expected
rate of flow of the Hanford material, which would, at maximum producticn, tend to
overstrain the resources of D Bullding, The thind factor of.importance in
chanzing the plutonium prodyction plan was a bad fire which occurred in C Shop
on January 15, 1945 ( 9-40 ), This fire demonstrated vividly the pogsibility
of fire in D Building, The consequences of such a fire, including the spread
of contamination over a wide area of the I-'cborat.ory, indicated that it was
imperative to build a new production plant, designed so that fire was unlikely,
and go located that accidents would not retard the work of the Technical Area,

17,73  In February, consequently, a committee was appointed to design

_ .. ¥ED
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and expedite the construction of a new plant, The plans for this plant were
enlarged 30 as to accommodate the processing of polon‘um, which in the mean-
time had shown itself to oe a serious hazard, and which was inadequately housed
in the Technical Area,

17,74 The new plant, the so-called DP Site, located on South Point,
was divided into two arcas, The first of these, the East Area, was designed for
the processing of polonium and the production of initiators, under the super-
vision of Group CE-15, the Polonium Group, The second area, the so-called West
Area, was designed for the processing of plutonium and the production of bomb
cores, This arsza was under the control of Group CM-13,

BUILDING DESIGN

17,75 When building désign work started, the final processes were
not worked out, ﬂowevér, it was necessary to desién buildings which would
house any finally accepted process, The buildings consist of four identical
working bulldings, plus an office, in the West Area, and one working building
plus an office in the East Areca, The buildings are of entirely non-ccmbusti:le
construction, steel w4lls ani roof, rock wool insulation, metal lathe and plaster
lining, All rooms have smooth walls and rounded corners for easy cleaning,
Fach of the West Area operating buildings is 40°x 200 feet and contains two 30x30
feet operating rooms and two 40 x 50 feet operating rooms, The East Area cperating
building 1s 40 x 240 feet and is broken up into small rooms,

17, 76 The chief feature of the buildings is the ventilating system,
The air is withdrawn from the rooms thro:zh hoods at 2 rate of about two cubic feet
per second, Where the hood capacity of the rooms is too small, additicnal
exhaust ducts are furnished so that the air in every room is éhanged once every
two minutes, Ths exhaust ducts assemble into ; comron duct, The exhaust air
from each Area (Fast and West) i3 then pasaed through a bank of electrostatic
filters to remove contamination, through a bank of paper emergency filters

and finally through a series of fifty foot stacks. The air is exhausted

P
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by four fifty horsepower bla;ers in the West Area, and by two forty horsepower
blowers in the East Area, ' |
17,77 A few preliminary building drawings were made early in February

and serious design work started about the first of March. About March 15 work
was started on the East Area buildings, The latter set of buildings was essentially
complete June 1. Installation of equipment was camplete by July. 15, and operations
started shortly after that date, The West Area buildings were camplete by July 15,
The much more extensive process installation was essentially complete by October 1,
but minor difficulties prevented plant operation until November 1, after the end
~of the period deseribed in this history. ’ |
PROCESS DESIGN B o '

l'f.78 When \work- started on designing a new plant the operating pro-

cedures were not fully work,_hd‘wt. Subnquenély, these processes were worked out
by various groups in the (X %-Divis'ion. While these procedures were being used in
D Building, a new plant committee supervised the redesign of the equipment for
use at DP Site. ‘

17.79 For safe operation with plutonium and polonium, all operations
are carried out in! closed systems, For easy plant operation, all operations are
designed to be carried out in a routine fashion. Finally, to prevent chain reactions
with plutonium, all equipment is desighed so that no more than a safe amount can
be charged into any piece of apparatus, . |

17,80 Improved proteetive furniture. (hoods, and dry boxes—sealed
baxes containing an inert at.mosphez}'o with inserted gloves) was designed for every
operation, This equipment was all made dut of stainless steel for carrosion and
fire resistance and ease of decontamination., A total of abouﬁ 20 carloads of
this furniture was fabricated by the Kewaunee Manufacturing Company (Appendix 7,

No.35 ) in about 100 days,
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Gamma Rays - recordlng in plane edropped '"gauges" - (not used)
gamma ray sentinels .
Nuclear efficiency
Photographic studies ~ fastax cameras at 300 yards
spectrographic studies, radiation characteristics

photometrie
ball of fire studies

SCR-534 Radar

Meteorology
Additional nuclear measurements were considered in three reports by Moon, who
anticipated some of the experiments later adopted.

13,3 One of the early problems of the test group was that of selecting
a site. At one time eight different sites were considered - the Tularosa Basin;
Jornada del Muefto; the Desert training area near Rice, California; San Nicolas
Island off the coast of southern California; the lava region south of Grants,
New Mexico; Southwest of Cuba, New Mexico and North of Thoreau; sand bars off the
coast of south Texas; and the San Iuis Valley region near the Great Sand Dunes
‘National Monument in Colorade. There were 2 number of factors to be considered
in making the selection. GScientific considerations required that the site be
flat to minimize extraneous effects on blast and that the weather be good on the
average because of the large amount of optical information desired. Safety pre-
cautions required that ranches and settlements be distant to avoid possible
danger fram the products of the bomb, Tight time scheduling required a minimum
logss of time in travel of personnel and transportation of equipment between
Project Y and the test site, whilg security required complete separation of the
activities at the test site from the activities at Y, The choice finally
narrowed to either the Jornada del Muerto region in the northwest corner of the

Alamogordo Bombing Range, or the desert training area north of Rice, Californis.
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The f}nal choice of the Jornada del Muerto was made, with General Groves!
approval, after consgltation with General Ent of the Second air Force early
in September 1544. The project secured the use of an area approximately
18 x 24 miles within the base, with the nearest habitation 12 miles away and
the nearest town about 27 miles away,

18.4 Once a site had been selected it became extremely important
to secure good maps of the region. Arrangements were made with the Second
Air Force for a 6 inch to the mile mosaic to be made of a strip 6 x 20 miles
including point zero (the point of detonation) at the center;‘ These aerial
mosaics were extremely useful both for the early exploratory work and for
final precise planning. A great deal of delay was occasioned because of an
inadequate supply of maps, which had to be obtaiﬁed through the Security
Cffice in order not to reveal the laboratory's interest in the regions in
question. The maps finally used were obtained by devious channels and
included all of the gecletic survey maps for New Mexico and southern Calif-
ornia, all of the Qogtal charts of the United States, and most of the grazing
service and county maps for the state of New Mexico,

13.5 The original plans for construction of the base camp at the
test site were drawn up by Capt. S. P, ngalos (Assistant Post Engineer),
Bainbridge, and Fussell in October 1944 and provided for & maximum of 160
men. This was suppdrted by a memorandum (Appendix 7, No.37 ) from
Kistiakowsky outlininz the plan and scope of the proposed operations and justify-
ing construction rejuirements. These two documents were approved by Gen. Groves
and contracts were let for the initial construction early in MNovember., The camp
was completed late in December and a small detachment of Military Police under

"Lt. H. C. Bush took up residence., laboratory personnel concerned with the Trinity
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tests agreed that the wise and efficient running of the Base Camp by Lt,
Bush under extremely primitive conditions contributed greatly to the
success of the tests,

18.6 With the concentration of the laboratory on the implosion
program beginning in August 1944 the test program lost in priority. The
shortage of manpower for research and development work resulted in the
members of the Development, Engineering, Tests Group devoting most of their
time and effort to engineering problems and abandoning to a large extent
their work on the test. Among the few accamplishments during this period
were the layout of the test site, the design and construction of shelté;s,
the collection of earth samples, the procurement of meteorolcgical and
blast gauge equipment and a certain amount of planning for the measurement

of nuclear radiations,

Trinity - Organization

18,7 By March 1945 almost all the essential physics research for
the bcmb»had been completed and Oppenheimer proposed the establishment of
Project TR, an organization with division status, composed of personnel
chiefly from the Research Division, which was to have full responsibility

for a complete test, As originally organized, Project TR included the

-

following:
Head K. T. Bainbridge
Safety Committee S, Kershaw
TR U.S.E.D. Capt. 3.F. Davalcs
Security Lt., R. A, Taylér
CO MP Detachment It, H. C, Bush
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TR Assembly Camdr, N, E, Bredbury
G. B, Kistiskowsky, Alternate

TR=1 Services J. H. ~nilliams

TR-2 Air Blast and karth

- Shock Jo H. Manley
TR=3 Physics R. K. ¥ilsen
TR~4 Meteorology J. 3. Hubbard

TR=5 Spectrographic and
Pho.cgrajtic leasurements J. E. Mack

TR=6 Air Blast - B. waldman
TR-7 Medical Group ur. L. F, lempelmann
18,9 By the time Project TR was set up, all of the elaborete

schemes for recovery of active material were virtually abandoned, including

thé use of Jumbo (16-53) and the use of large quartities of sand or cf water,

At the time recovery methods were considered seriously the supply cf active

material was extremely limited and trere wes a very strong feeling tlat tre

bomb might fail completely tc explode. A3 canfidence in the ultimate success

¢f the bomb increased and zdequate production :of avtive materials s:enred
assured, the recovery prograx no longer seered essential. Perlzps the
rost important deciding fector, however, was the fact that any effective

recovery program would interfere sericusly with securing informatd cn on the

nature of the explosicnywhich was,after all,tle crircipal reascn for the

test, Juubo was taken to tre sjte and erected at a point 800 iards from

its originally plannec location, 3i:ce it was not to be used for this test,

Rehearsgsal Test

18,10  The first task of trhe new group was trat of preparing a

rehearsal shot known as the 100 tun shot. Tris rad heen propesed in tre

~
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time anmnouncements were made begzinning at minus twenty minutes until minus
45 seconds, At that time automatic controls were switched on, setting off tte
eiplosion at 5:29 a.i. on Yonday, July 16, 1945, just before dawn.
Trinity '

13,26 There have been a great many descriptions of the explosion;
one of the most graphic is that of Gen. Farrell who saw it from one of the
10,000 yard observation points. He said, in part: "The effects could well
be called unprecedented, magnificent, beautiful, stdpendous and terrifying.
No man~-mande phenomenon of auch.tremendous power had ever occurred before. The
lighting effects beggared description, The whole country was lighted by a
searing light with the intensity many times that of the midday sun. It was
golden, purple, violet, gray and blue, It lighted every peak, crevasse anq
ridge of the nearby mountain range with a clarity and beauty that cannot be
described but must be seen to be imagined ...." Several of the men statiocned
at Base Camp andjmémbers of the Coordinating Council of the laboratory who
watched the explosion fram the hills about twenty miles away prepared eyewitricc:
accounts of th;ir experiences. All were deeply impressed by the intensity cf
the light, and also by the heat and the visible blue glow. Of the heat, one man
said, "I felt a strong sensation of heat on the exposed skin of face and arms,

lasting for several seconds and at least as intense as the direct noon sun." (I

-

the blue glow, another reported, "Then I saw a reddish glowing smoke ball rising
with a thick stem of dark brown color., This smoke ball was surrounded by a hlue
Zlow which clearly indicated a strong radicactivity and was certainly due ‘o thre
gamma rays emitted by the eloud into the surrounding air, At that moment the
cloud had about 1000 billions of curies of radioactivity whose radiation must
have produced the blue glow', There were also many detailed accounts.of the

appearance of the now familiar mushroom-shaped cloud., It was several minutes
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before people noticed that Jumbo's steel tower had disappeared (16.53). At Los
Alamos, over 200 miles away, a number of people who were not directly involved
in the test and were not members of the Coordinating Council, watched for a
flash in the southern sky. As the shot had originally been scheduled for 4:00
a,m,, many watchers grew imp;tient and gave up. A few did see it, however, and
they reported a brief blinding flash of considerable intensity.

18,27 For many of the men who watched the test at Trinity, the
inmediate reaction was one of elation and relief, for the auccessful explosion
of the firast nmuclear bamb represented years of difficult concentrated work,

With this elation and relief came a fbeling'of awe and even of fear at the mag-
nitude of what had been accamplished, For many the successful completion of the
Trinity test marked the successful completion of the major part of their work
for the los Alamos Laboratory, and there was a general letdown and relaxation
after the intensive efforts of the past months, For those men who were going
overseas, however, there was no rest, and their preparations for tfinity were
simply a rehearsal of their duties at Tinian,

18,28 Segurity, which always pervaded the work of the laboratory, was
not forgotten even in the hectiec hours after Trinity. As~th¢ first cars of wéary
excited men stepped for foo& in the little town of Belen on thelr way back to
Los Alamos, they spoke only of inconsequéntial things, and the occupants of one
car did not recognize the océupants of another, In fact, the members of the
coordinating council were required to return directly to Los Alamos in buses,
avolding any stops in New Mexico commnities, Not until they reached the guarded
gates of Los Alamos did the flood of talk burst loose., There was a great sale
of Albuquerque néwapapers the following day because in them was an aecount of
an "explosives blast" at the Alamogordo Air Base, The story was credited to tin
Associated Press, but appeared in very few papers outside of New lexico, and

then only as a brief note about an unimportant accident.
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records were Sotqinwd vec.use tre shot had
wren tie pliares were out of position.

Tne excens velocity of tlhe shock wave in relution to sound
velocity was mezsared with 2 uoving coil loudsyeaker ick-
ur, by the cptical nethod with blast-operated switches

and torpex f{lash bombs and by the 3clklieren method, By
the moving coil loudspeaker-method the velocity of scund
was obtained for a small charge and then the excess
velocity for the bomb; this measuremert zave a yield of
10,000 tons and proved to te one of the most successful
blast measuring methods.

Feak pressure measurements were done with spring loaded
piston gauges at un intermediate pressure range of from
2.5 pounds to 10 jounds per square inch, with the same
kind of gauges above zrcund and in slit trenches at a
rressure range of from 20 to 150 pounds per square inch,
with crusher type zauges and with aluminur diaphragm "box"
gauges at a range of from 1 to 6 pounds, The first of
these methods gave blast pressure values which were low

compared to 11l other methods, the crusher tyre gauges

ssave the hirhest rressure range and the "boax" zauges

gave & TNT equivalent to 9900 € 1000 tons., This last
rethod was £ound to Le inexpensive and reliable,
terobe presoire baiogriph recorders gave regults con-

sionent mith 17 000 tors,  These were iocescury [or
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studies 134 dnclude 2 v die suady witl JCR=504 radops ool e 1nng
trne ~loud were obtainel; rader reflectiur, however, was ot
able, Frnotogruyhis epuipment wsel for Uiose stwlles inclule i Fust .x carerus
ronzing from 20C to 3000 fr.wes per s=zcond, standard 15 willincter coler ¢ aerss,
a 2 frose per second Cine-Jjpecizl, 100 frames per secand Liteha21ll ~wieras,

o]

rinhole cane~zs, samma ray camerusd, Falrchild 7 x 99 aero view canmeris ot 17,000

yards and at 20 miles {or stereo-phot s, These photograylic records were =xtrensely
riluable.

The rise of the colunn wzs followed with searchliziit equipment und the
first 12 miles of the nain eloud rath w.s obtained by trianzulition, A part of
this roup of experiments was a nuwber of spectrogriphic and photoetric nensure—
ments “nd weasuresent of total radilaztion. Spectrograrhie measreunents wer: done

th I'ilzer and BEausch and Lonb i t-time-resolution spectro-riphs, rhotretric

ey

b

w
measvrerents with soving Film 2nd filters and with photocells and filters recoriing
on deunr oscillographs, «nd total rudistion vweasurerents vith thernocoiyies and
recorling equipment.
5. Fost—stobt radiaticn aeasurerents includedi:
a, samma-pray sentinels - these ionization climbers which recorded
at 10,000 yard stelters were extremely vzluuble in giving the
distributiecn of radiosctive products immedi~tely after the shot
until safe stable comiitions were :3sured,
2. Portable chaumber observations in the high cumns £7-.X razion
qere made fron heavily shielled army bapks nsing portable ion-
ization cia~bers of standord lesign ibout Io.r tolps 2Frer the

snob oand lonlzation lata Troe iese chanlers were ~uliced bick

Lia control sheltor,
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PROJECT ALBEMTA

Dalivarys Group
Koerns L.

19.1  Althnugh Project Alberta was -0t organized formally until
March 1345, t%s work had d2en done by the Delivery 3roup of the Ordaance Divi:
stace Juna 143, (See Chapter VII, Delivery). The group was responsible far '
delivery of the honh as & practiseal airborne military weapon, snd during the I
ract of the Project's history participated in design of the final baab, and
dartonk to act as liaison with the Al‘r Force on such matters as the selazti
of aircraft sand the supsrvision of fleld tests with mook bambs,

1.2  After the general reorganizatlon 27 the laboratory, whan !t wxas
alaar that the plutoninm gun asssmbly method would not he usnd, three molels
remained - the Littls Boy for the i35 gun assembly (7.3,), tha 1222 Fat Man
modal of the implorion asseambly and the modsel whish became the fiqally udoptsi
1561 %a% YMan, By Septemler 1, 13LL, it was decided to frests the sxtarual she, o3
and airuralt requirsments of the throe models so that the Alr Force sould hagin
tumed iately to 4rain a combat unit' for the dolvlwery af the Swmbd, A prolicti-a
1a% of 15 B-29's was aodified at the Martin Nebrasim plant under the gulianze 7
3. Diks and M. 3olstad of Los Alamos. The liret aircraft bécumeﬁvailenbls in
October, Wendover Army Air Base in Utah, sometimes called by the sxds nama Xin.-
nr the symbnl #-L,7, was designatad as the tralning and tsst zenter for the aax
Atamlis RBomb Group, and Col. P. W, Tibbets was appointed cannding «fficar
the sombat group knowa as the 509th Camposite Group.

19.% Tne first toests Yegan at ANendover in October 1¥J, aad .40 -
up to the tlms of the first comdat drop., A nmuuder of groups frea O, X an! 3
Dicisixs, in additinn to the Dallivary Sroup, cartizipated in thn Nand oo
frelding the Fasing Jroup, the Tun Groap, the B Aszambly Group, tue 20e-

Det»ato jryvep and the Tallistic deoun, Ta Yavsmber 1_,34'-1'3, Cemaldr., S. 7. 4
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TN, asgumad the respoasibllity of supsrvieing these tield sparaticns, The 1 ng
sarias of tests whlch “ad »san hagun with three tentative and later with the ‘'wo
firal madels insluded tests foar ballistics Information, for electrical I'using
informatin, for flizht perforuancs of elsctrlsal detonatora, for oparatim ul
the alroeraft relaase mechanism, for vidbration informatisa, for asseably expesriersa
and for temperature effects., Becauss the firat lot of B-29's proved to nhave paoc
Plying gqualities and the speoial Project modifications to have a number of weak-
n9sy93, a new lot of 15 planes was obtained in the zpring of 194,5. Thase aircralt,
wnich proved extremely satisfactory, had fuel injactor sngines, electrizally
sontrollsd propallars, very rugged provisions for sarrying the bomb and all
arnmansnt removed except the tall turret. In addition to the testis based at Wanlover
a nunber of %ast Arops wore’made at the Camel Project's filald at Inyokern during
1945 (9.1%). In connectim with the Wendover testn, the Ballistiss Groupn of
0 Divisi;n did soae research on the problem of aireraft safsty in delivery. They
wore concarned with such problems as the shock pressure that a 5-29 sould safely
withstand, the manauver that would carry the plane a maximum distance away from
the target in a minimum time and the use of special shock dbrasling for personnal.
19.; During the fall of 13L); and winter of 3.5, the Dellvery 3roap
3% Los Alamos continusd a program of dssign and produstion of mock boabs in an
offort to achisve a final model. During thie period the 1561 Fat Man was adopted
in planas of the 1222 model. In additio %o the Wendover tests numerous physics
anl englneariag tests on conplsts units were made at one »f the sutlyling aitas
at Los Alwunos, The Delivery Group also began formulating plans for the sstadlish-

ment of an oversseas operating bases, knuwn by the sode word "Alhsrta®,

Orﬁgpizatlon and Tasts

1.5 In March 1345, Project Alberta or Projsct A was sstablished to

provide a more 2ffective means of inteprating the activitias of the mrelous

i

Lea Alamnas grouns woccing o oroblems of praparation and Adellvery o0 a cinlat

=~ ah than thas Delivary Group by (tsslf had bsen able to offer. Tha new Projast A

#as Indapendant ~f any oxisting

-~y

divirtun ?‘ndm"‘f’g’,aﬂ‘l'ﬂ‘i a9 a4 lyoww oo omdinatiag
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tealy, with all specific w ok bainzy doas by groups of sther civis’ me, aad win
Projact A provlilng dire-timn mly insofar as preparatius I+ :ombrt delivaery
were consernad., Captain Parscus was the »fficer {n charge -7 Prayfect Albar-a,
with Ramsey and later Bradbury as deputiss for sclantific and terhnizal matiars,
Tne organitation included thres groups - an administrative group inwn as *he
dsadquarters staflf, a technizal policy committee salled the Weapms Zxunittiame
(3.10) and a working group of represantatives from other divislons. Comdr. Asim:r*h
was operations offlicer and military alternate for Capt. Farsais and served as
chief of the Headguarters staff wnich eventually included Alvarsz, Bolstad, S. Dike,
G, Fowler and S. J. Simmons (dsd). Simmons cams to the Projeact in Juns from
Massachlisetta Thstitute of Technologzy Radlation laboratary, whare he had engaged
in similar liaison activitieg with the Air Force. The Weapons Committes of which
?amsey was chairman, ntll he went oversesas and was succsaded by Bradbury, in:luded
Birch, Brode, G. Fowler, Fuasell, Morrison and Warnsr. Group repr2sentatives
included

Tests at Wendover = Comdr., Ashworth

Tests at Wendover after June, 13,5 - Simmona

Measuremen ts, alrborne obserwmtions - Maldnan and Alvare:

General Theory - Bathe

Gun Assembly - Birch

Aircralt - Bolstad and Dike

HE Asssmbly for implosion - Braddbury and Narmmr

Fusinz ~ Brods

Electrinal detonator system -~ Fussell

Engineering - Galloway

Supply - Lt. Col. Lockridze

1he

>

b
-
]
rJ

~;

Pit (active material and tampoer of Fat Man) - Morrison andl
Radiologzy - Capt, Nolan
mags - Penney

"allisting -~ Shapir» lRB
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and Do~ks Navy Departmeant, NOTS Inyokera, NMD Yorkt-wn and NAD Mcalaster,
After Parsons and Asimorth went overssas mush of this work was nandled bny
Capt. R, A. larkin, USN, who arrived at Los Alamos in June,

13,8 The Nendover test program under the supervision of Projuct Albhaerta
continued at an inoreasing ratse. The principal difficulty encountered in carrying
>ut this program was the unfortunate failure of the cmpany manufasturing Fat Man
firing units, known as X-units, to meet its delivery schedule. 1In addition to
readucing the number of tests possible on the X-Units, this failurs preven tad
efficient ovarall tosting since many tests had to be repeated twize -~ once at
an early date with all components except an X-unlit and once at a crifizally late
date with an X-Unit, The tightness of schadule resulting oan Hest bte illustrated
by the fact that it waa not until the end of July that sufficlent X-Units had been
tested to sonfirm their safety with HE, The first live tests with the X-unit were
not made until August ), (Wendover ) and August 8 (Tinian ). Despite these difficultie:
a total of 155 test units were dropped at Wendover or Inyokern betwesn Octobsr 1Y,
and the middle of August 1)45. Much information was obtained from these tests
and the correspond ing changes incorporated into the design of the bombs.
Destination

15.9 Perhaps the most important fimetion of Project Alberta was
planning and preparing for ovsrseas operations. As early as Dessmber 1, the
tnitial planning and proocarament of some kits of tools and matarials had begun
and thess activities continued at an accelsrated rate through July., In February
Comdr. Asworth mas sent to Tinian to make a preliminary survey of the losation
and seleact a site for Project activities, By March the construction nesds for the
Tinian Bass, known as Dastination, were frszen, and construstian bdsgan in April.

The buildings whizh weres used by Projec£ Alberta had all besn sspecially oconstruntad
by the Seabess. Noat of the hbuildinzs were located in the araa assigned to ths lst
Ordnance Squadr-on (Spscial) of the 509th Group, near the bamch. Thoue bulldings

included ; airconditizned yionsat huts of the typs normally usad for bwmbsigh?
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reapalr, in whieh all the labratory and iastrument work was performed. These
tuildings were enclospd in a specially guarled area within the guarded working
area of the Group. In addition 5 warehouse bujldings, a shop bullding and an
administration building wera located here. About a mile away were thrae widely-
spaced, barricaded and guarded, airceonditioned asssmbly buildings., Ten mazaziies
and two special loading pits equipped with hydraulic lifts for loading bombs into
t2e aircraflt were also constructed. A third such pit was constructed at Iwo Jima
for possible emergency use. Materials for equipping the buildings and for handling
heavy equipment in assemdbly, tools, scientific Instruments and general supplies
were al. included in spscial kitas preparsd by the various groups sonzernsd, A kit
for a central stockroom was also started, but the matarials for ths latter had not
+aen shipped by the time the war ended. Beginning in May five batches »>f kit
materials and of components for test and cambat units wers shipped by boat to
Tinian, and a number of air shipments for critically needed items were made in 5
C-5l, aircraft attached to ths S09th Group, Projsct Alberta was able to beat its
schedules largely becau;e of the availability of these C-54's for emsrgency
fnipments.,

13.10 As early as June 13.l;, the need had been considered for seiszting
personnel for fisld crews required in final delivery of the bamb and in the later
stages of experimentatim and testing prior to delivery. At that time it was agreed,
however, that since the type of work might change and sin:ze there were many peopls
anxious to voluntearit mould be wise to delay recruiting. Actually the persomel
for the prolect teams at Tinian were selected marly in May 13,5, and wers organized
a8 follows:

Officer-in-Charge - Captain Parsons

Scientific and Teohnical Deputy -~ Ramsey

Operatisne Officer and Military Alteinats - Comdr. Ashworth
Fat Man Assembly Team - Narnesr

Little Boy Assenbly Twam - Biroh




Fusing Team - Doll

Electrisal Detonator Tsam - Lt, Camdr. E. Stevenson

it Team - Morrison and Baker

Cbservation Team - Alvarez and Waldman

Alraraft Ordnanze Team - S, Dike

Special Consultantz - Serber, Penney, and Capt., J. F. Nolan
Team members included: H. Agnéw, Ens. D, L. Anderson, T/5 B. Bederson, M. Bolstad,
T/Sgt. R. Brin, T.Sgt. V. Caleca, M. Camao, T.3gt. E. Carlson, T/} A. Colli?s, T/Sg!
R. Dawson, f,5z%. §. Fortine, T,% %. Goodmar, T/3 D. Harms, Lt. J. D. Hopper, [, Srt.
J. Kupfertery, L. Jobnsten, L. langer, T/Sgt. ¥. Larkin, H. Linschitz, A. Machen,
Ens., D. Mastick, T/3 R, Matthows, Lt. (3g) V. Miller, T/3 L. Motichke, T/Sgt. W.
Murphy, T/Sgt. E. Nooker, T. Olmstead, Ens., R, O'Keefe, T. Per lman , Ens; #¥. Prohs,
Br.6., C. Reyr.:ids, H. Russ, R. Schreiter, T/Sgt. G. Thornton, Ene. Tucker and
T/ F. Zimrerit, .

19.)31 The Loﬁ Alamos group formed part cf what was kn<wn as the Firat
Tauhi:Zeal Serviee Detachment, and this army admiristrative crganlization provided
houe 'ng and varicus services and established security regulaticrns st Tinisn. Also
cicsely associated with the work of Project Alberte at Tinlan were the members of
the 50yth Composite Group, whose duty it was to deliver the bombs to the enemy.

19,12 It was deciced that laboratory employeea would remain on the
Contractcr's payroll. They were provided with per diem and uniform allcwances in
addition to thelr regular s=alaries and also with insurance pclicles, Each civiliar
was recuired to wear a uniform snd received an assinilated army rank in accordancs
with his clvilisn sajlary classification.

10.13 Team leaders formed a Fraject Technizal Caumittee :nder thre
cratrmansnip of Ramsey to 2oordinate technical matters and %o recommond fechrical
actiony, Project personnel were responsible for providirg and testing zertalr of
tre hamb cumpenents; for supervialcen and inspection durirg the mszerntly of *rmic;

£~y Snspection prior to take-ff; for testing cumplieted units; for cverail cn-




crdirdaticn of jroject activities, incloding the certificatiocn if the satisfactori-
ness of the unit and finally for rrovidirg advice and recommendations abcut the
wse { the weapcn,

15,1, Although preliminary conetruction et Tinlan bepgern in April,
technical work did not begin to any great extent until July. The firast half of
July was cccupied in establishing and installing all of the technical facilities
reeded for assembly and test work at Tinian., After completion of these technicail
freparaticns a series of four Little Boy tests was carried ocut with uriformly
excelleut results. The last of these included as part of the teat a check of
facilities at Iwo Jima for emergency reloading of the bomb into another aircraft,

The first of three Fat Man tests was made con August 1 and showed essential Ccmpkments
cperating satisfactorily; the last of these tests w August & was conducted as a
final rehearsal for delivery and used a unlt that was samplete except for active
naterial,

14,15 The <25 projectile for the Little Boy was delivered et Tinlan by th
crulser Indianapdlis on July 26, only a few days before its traglc sinking off
Psleliu. The Indianapolis had teen especially held at San Franoiscc to wait for this
cargoe, and had then made a record run asrcss the Pacific.- The U255 target ingert
arrived on the 28th and 29th of July in three separate parts, as the only cargo of
three Air Tranaport Command C-5L's. Since the carliest date previously discussed
fer ccmbat delivery was August 5 (at one time the official date was August 15),
Parsons and Ramsey 2abled Gen. Groves for permission to drop *“he first aotlve unit
as sarly as August 1, Although the active unit was completely ready, the weatler
was not and the first four days of August were spe;t in irpatient walting. Finally
m the morning =f August 5 a rsport came that weather would be good the following
day and shortly afterwardg cfficial confirmation came fram Maj. Cen., LeMay, Commandirg
Jomeral of the 20th Air Force, that tho mission wculd take place wmm August £. Thre
Little Boy was lcaded onto its tramnsporting %raller the moment the ~fficial con-

firawtlen came throwgh and was taken to ths loading pit and leaded into the F-07,

"
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Final testing of the unit was cwompleted and all was ready early in the evening.
Between then and takeoff the aircraft was under continuous watch both from & milita
guard and from representatives of the key technical groups. Final briefing was at
midnight and shortly afterward the crews assembled at thelir sireraft under brillian
floodlights with swarms of photographers taking still and motiom ploturas. For thi:
mission Col, P. W, Tibbets was pilot of the Enola Gay, the B-29 which narried the
bunb. Maj. Thomas Ferebee was bombardier, Capt. Parsuns was bamb commander and

Lt. Morris Jepson was electrcnics test officer for the bomb,

19.16 Only a few days before the scheduled drop it was decided by the
technical group that it was not safe to take off with the bumb completely asssmbled,
since a crash might mean tremendous destruction to men and materials on Tinian. Ful
safing could not be secured, but it was finallf agreed that a partial safeguard woul
come if the cartridge which contained the propellant charge were inserted through
the opening in the btreech block during flight rather than on the ground. This schem
had been ccnsidered before (14.17) but was not finally adopted until this time’.
Capt. Parsons who was already assigned to the crew as weaponeer was given the job.
This decision meant that Capt. Parsons had to be trained in a sghort time to perform
the operation, arnd also that the bomb bay of the B-29 had to be modified to provide
him with & convenient place to stand while completing the assembly. These things
were done and the bomb was not completely assembled until the plane wae safely
in the air.,

15.17 The progress of the mission is desceribed in the log which
Capt. Parsons kept durihg the flight:

6 August 1945 02L5 Take Off )
0360 Started final loading of gun
0315 Finished loading
C605 Heacded for Empire from Imo

0730 Red plugs in (these plugs armed the bumb so {t would detcnate
if released)
0O7h1 Started climd

eathor rapirt received that weather cver primary aund tertiary

W- targets was good but nct over sesondmry target









fncreasing cloudiness was forecast. For this reason tne | riza;,

turzet was selecied.

104, Arrtved !nitial peint and started bembing runs n target. Tacee
was ubscured by heavy grcund hate and smoke. Two additizral -
were macde hoping that the target might be picked up after cl-ser
vbservations, However, at no time was the aiming polnt seen.
It was then declded to proceed to Nagasakl after aprroximataly
L5 minutes spent in the target area.

1150 Arrived in Nagasaki targe® area., Apprcach to *arget was
ontirely by radar. At 1150 the banb was dropped after a *wenty
second visual bcmbing run, The bomb functioned norrally in
all respects,

1205 Departed for Okinewa after having oircled smoke cclumn. larck -{
available gascline caused by an inoperative bomb bay tank buos‘er
praap frerced decisicn to land at Okinawa before returning to Tiniar

17251 landed at Yontan Field, Okinawa
1706 Departed Okinawa for Tinian
2245 landed at Tinlan

Bacause of bad weather good photo reconnaissance pictures were not obtained antil

a'lmost & week after the Nagasaki mission. They showed Ll, per cent of tre ity

destroyed; the discrepancy in res.alts between this misslon and the first was
axplained by the unfaverable contwure of the city.
19.21 Exchange »f infcrmati:n between Tinian and Los Alamos wase

extremely unsatisfactory, and caused conslderable difficulty at each snd.

Nsceassarily tight security rules made direct c:mmunicatioras impossible, and

telstype messages were relayed from nne place to the cther througn the Wasringtsn

Liatson Offiée using an elaturate table of codes prepared by Project Alherta,

{ate in July, the la%uratory sent Manley to ths Washington Liaisem Office in a=z

attempt to make sure that there would be no friction in the ragular channeis 0
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20,1 After the end of the war the laboratory experienced a sudden relax-
ation of activities, Everything had been aimed at a gzoal, and the go;l had been
reachede It was a time for evaluation and stoeck-taking., FPlans for the future of
los Alamos and of nuclear research in general were widely discussed., l‘embers of
the Scientific Panel of the President's Interim Committee on Atomic Energy met at.
Los Alamos, and prepgred for the Committee an account of the technical possibil-
'ities then apparent in the atomic energy field., A series of lecture courses was
/organized, called the "Los Alamos Univerbity"; to give the younger staff members
the opportunity to make up for game of the studies they had missed during the war
years,

20.2 While research projects trat had been under way at the end of the

war were being completed, plans for the period to follow were being formulated.

~® Although their discussion leads beyond the period of the present repcrt, one that

may be mentioned was the outlining and writing of a Los Alamos Technical Jeries,
under the editorship of H. A, Bethe, to set down a more systeratic and polished
record of the laboratory's work than had been possible during the war. Tﬁere
was some concentration of effort to complete the thecretical investigations of
the Super described in Chapter 13, "Veapon production had ;o continue, and plans
were made to finish the development work on the implosion bonb, including tre
‘lavitated core and composite sphere assemblies mentiohed previously (11.2).

20.3 This history has been an account of problens and their soluticn,
of work done, The other side of Lﬁe'history of los ilzmos, the reacticns of
these accomplisiments upon the people who made them, 1is present only by implica~
tion. This account ends at a tire, however, when these reactions assw ed a

sudden importance, ard it is apprepriite that it should end itk some description

1]
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Grapl: Numler 3

Fercertrpe Distribution of Fersonnel amorg Civiiierns, WAC, SED
Date of previcus grepl replotted cr ypercentege basis,
Freje~t changed from being 1(0E civilian during first

five morths to 0% eiviliarn 1r July 194%.
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Graph Number 4
Distribution of Personnel by Occupation Groups

Clagsification of personnel into five large categories, according

to occupation, as of May 1945. Pie charts are proportional in dia-
meter to number representéd. In the chart for the total number

one sees the preponderance of scientific and technical personnel;

in the civilian chart the preponderance of scientific personnel;

in the SED‘chart the preponderince of technical personnel, The
chaff of terminations shows the Qery smzll proportion of scientific
personnel terminating and the relatively large proportion of skilled
labor terminating. The latter fact reflects some of the difficulties
encountered by the shops in retaining persconnel, as well as a.difference
in motivation.

Information was obtained from card files in Tech area and SED personnel

offices,
-
Un - Unskilled (laborer, Messenger, darehouse Ass't,)
Wh - White Collar (Clerk, Secretary, Nurse, Teacher)
3k - Skilled (lachinist, Toolmaker, Glassblower)
T - Technical (Technician, Draftsman, Scientific Ass't.)
Sc - Scientific & Administrative (Jr. Scientist and up)

: SR M .
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TOTAL=223l
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Graph Number 5

Total Personnel - Distribution by Divisions
Shows growth of various divisions, reflects change in
emphasis from research to engineering, especially after
redrgahization in August 1944, ‘Engineering divisions G,
X and O assume large proportions while research divisions

Rand T re@ain small,

Information was obtuined from group assignment records of

Tech Area and 3ED personnel offices,

Abbreviations and letters refer to various divisions:

Exp. Tr & A T
Eng. F Ch
Theo. R L Shops
Chem. G Admin.
Shops X

Admin, 0
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Graph Number 6

Percentage Jistribution of Personnel among Divisions
g g :

Data of previous graph replotted on percentage basis.
Shops, G, X and O account for more than half of total

personnel,

Abbreviat ions and letters refer to various divisions:

xp. Tr & A
ing. F
Theo. R
Chen. G
3hops X
Admin. 0

T

Cl

Shors

Admin.,
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Graph Numher 7
Purclase Fequests Eandled by Procurement Office - Teletype and Mail

Total number of requeste handled each month by Procurement
during 1944 and part of 1945. Mail requests represent bulk

of routine business, teletype requests those items needed

with special urgency. Peak month, especially for teletype
requests, was May 1945, in rreparation for Trinity. Note

the sharp slump which follows. Each request involves at least

6C pieces of paper, according tc Procurement records.

>
Information was obtained frem a mépthly record of purchase

requests kept in the request file section.
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Graph Number &8
Total frem of Technical Construction - Tecinical Area and Cutlying Sites

Shows steady growth of constructicn both ik Technical Area and
outlylrg sites, Sharp rate of increase in outlying site cens-
truction in June 1945 represents completion of first buildings

at UF site, For more inforratio: esee map of sites, Arpendix

Infcrration was obtained frem files of D, Dew in Directcr's »
Office, files of Post Construction (fficer and files of W, C,

Kruger, Project Architect.
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Graph Number 9
Tetald Man-hours of Work in Naschine Shors

Shews rapld eypansion of shops after recrpanizaticon, Slump
in C Shop in Jeamuary and sharp rise in Februsry indicate
results of fire, Peak of activity In ¢ shop {n June rrepara-
tory to Trinity, follewed by sharp Jdecrezse in activity;

one nenth lag o peek for V Shop, but same ahary; Jecresse
follows,

InCrrmation was obtalred from weekly reccerds kept isn office

.

~

of machine shops.
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Graph Number 10

»

Total Man-hours of Jork in V Shop and Distrihution by Divisions
shows larygest rroportion of worik done in V Shop for 3 and
(M Divisions., York ione for A Division represents work done
for shops thenselves, lecrease in activity for all divisions

excert A after June 1945,

Inforiation was obtrined from weeltly records lcept in machiine

shop office.

letters refer to various divisions:

C G
p i
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X - 0



~HOURS OF WORK IN V SHOP AND

SECRET

S ll
N = e el ot ] e m
T \
L2 (2
S
(=) Mﬂrg\
»IT«x
- w
-+ Q
97T w
ST E
z 3113 5
S @x b S -
- W <
3 24+4 N
- Q44 S w <
o ~ °og
L w o
- O -
< w 1}
o o Ju
(o) 0 (o]
b o « 0 = 0 ©

¢O! X SYNOH-NYW

SECRET me



Graph MNumber 11

Total Man~-hours of Work in C Shop and Distribution by Divisions

Shows largest proportion of work done in C Shop for
X Division. Fire aeceounts for slump in activity in
January, no apparent reason for subsequent slimp in

March,

Information was obtained from weekly records kept in

machine shop office,

letters refer to various divisions:

X A
G Project A
o - F
CM " R

- RB-
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Graph Number 12

High Enrichment Uranium’ 235 Receipte from Beta Stage of Y-12 Flant

Cumulative total of U 235 received up tc date of Trinity
test. This represents all highly enriched U 235 produced
by the District. Such material was shipped after the

finml processing done in the teta stage of the Y-12 plant

at Oak Ridge. Enrichment of U 235 in tubeamlloy increased

from 63% to £9%.

Information was obtaired from records of receipts in
Directer's Cffice, now filed with the Guantity Contrel

Section of the Chemistry and Metallurgy Division,
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Graph Number 13
Plutcnium (fu 239) KReceipts - Clinton and Hanfor¢

Cumulative %total of Fu 239 receipts from Clinton and from
Henford. Clinton production very small, increasing elcwlj unti]
it ended in Februery 1945. Hanford startup wes in Septerber
1944, and first material was received from there in Februsary

1945,

Infermation was obtained from recerds of receipts in Director's
Uffice, now filed with the “uantity Control Section of the

Cremlatry and Metallurgy Division,
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OFFICE. FOR EMERGENCY MANAGEMENT
OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT
1530 P STREET NW.
WASHINGTON, D. C.

VANNEVAR BUSH %
a ms

February 25, 19L3

Dr. J. i, Q)penheimer
University of Calitornia
Berkeley, Caiifornia

Dear Dr. Oppenheimer:

We are adaressing tnis letter to you as the Scientific
Director of the special laboratory in New Mexico in order to con-
firm our many conversations on the matters of organization and
responsibility, You are at liperty to show this letter to tnose
with whom you are discussing tne desirability of their joining
the project witn you; tney of course realizing tneir responsibility
as to secrecy, including the details of organization and persomnel.

I. the laboratory will be concerned witn the development
and final manufacture of an instrument of war, whicn we may desig-
nate as frojectile S-1-I., 1o this end, the laboratory will be
concerned with:

A. Certain experimenta.l. studies in science,
engineering and ordnance; and

B. At a later date large-scale experiments
involving difficult ordnance procedures
and the handiing of hignly dangerous
material,

‘The worx of the laboratory will be divided into two periods in

time: one, corresponding to tne work mentioned in section A; the
other, that mentioned in section B, During the first period, the
laboratory will be on a strictly civilian basis, the persomnel,
procurement and other arrangements being carried on under a con-
tract arranged between tne War Department and the University of
California, 7The ¢onditions of this contract will be essentially
similar to that of the usual OSRD contract. In such matters as
dratt deferment, the policy of the War Department and OSRD in regard
to the personnel working under this contract will be practicaily
identical, When tne second division of the work is entered upon
(mentioned in B), which will not be earlier than January 1, L9LL,
the scientific and engineering staff will be composed of commissioned
officers, ‘his is necessary because of the dangerous nature of the
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worx and tne need for speciai conditions of security. It is ex-
pected that many of those employed as civilians during the first
perioa (A) will be offered commissions ana become members of the
commissioned starf during the second period (B), but there is no
obiigavion on the part of anyone employed during period A tvo accept
a commission at the end of tnat time,

IT. ‘+he laboratory is part of a larger project whicn has
been placed in a special category and assigned tne highest priority
by the President of the United States. By his order, the Secretary
of War and certain other hignh ofticials have arranged tnat tne
control of this project shall be in tne nands of a Military Policy
Committee, composed of Dr. Vannevar Bush, Director of OSRD, as
Chairman, Major General W. D. Styer, Chief of Starf, SOS, rear
Admiral W. He Purnell, Assistant Chief of Statf to Admiral King;
Dr. James B. Conant serves as Dr. Busn's deputy and alternate on
this Commivtee, but attends all meetings and enters into all dis-~
cussions, Brigadier General L. R. Groves of the Corps of Engineers
has been given over-all executive responsivbility for this project,
working under the direction ot the Milivary rolicy Committee. He
works in close cooperation with Dr. Conant, who is Chairman of the
group ot scientists who were in charge of the earilier phases of
some aspects of tne investigation.

III. Responsipiiities of the Scientific Director.
l. He will be responsibie for:

8¢ lhe conduct of the scientific work so that
the desired goals as outiined by the Military Policy
Committee are acnieved at the eariiest possible dates,

be The malntenance of secrecy by the civilian
personnel under his control as well as thelr families,

2. He wili of course be guided in his determination of
policies and courses of action by the advice o1 his scientafic
staff,

3+ He will keep Dr. James B. Conant and General Groves
informed to such extent as is necessary for them to carry on the
work which falls in their respective spheres, Dr. Conant will be

avallable at any tme for consultation on general scientific
probiems as well as to assist in the determination of definite
scientific policies and research programs. <1hrough Dr. Conant
complete access to the scientific world is guaranteed,

SEGREE we
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IV. Responsibpilities of the Commanding Officer,

1, ‘the Commanding Ofticer will report directly to
General Groves,

2. He will be responsible for:
a. ‘'he work and conduct of ail military personnel.

b. 'The maintenance of suitaple living conditions
for civilian personnel, '

ces 'the prevention of trespassing on tne site.

d. ‘The performance of duty by such guards as may
be estabiished within tne reservation for the purpose
of maintaining the secrecy precautions deemed neces-
sary by the Scientific Director.

v. Cooperation.

‘Ine closest cooperation is of course necessary between
the Commanding Ofticer and the Scientific Director it eacn 1s to
perform his function to the maximum benefit of the work. Such a
cooperative attitude now exists on tne part of Dr, Conant and

General Groves and has so existed since General Groves first
entered tne project, ‘

Very sincerely yours,

(};M, B Cocod—
’&4/ s \y# /imm\
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Apperdix Number 2

Hircehime Teletype

Copy of teletype announcing success of Hiroshima
mission received at los Alamos from Washington

office, prepared by Manley (see Chapter XIX).

Note compents by teletyre operators at end., They
were T/3 Flora L. Little of Jackson, Mississippi in
the Washington office and T/3 Mildred Weiss of New

Orleans, Louisiama in the Los Alamos office,
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At rerndix Numtier 3

Site Map
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Scale « 1,8" 2 1 mile, snunreas are Y2 mi. x 1,2 mi.
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Apprendix Number 4 -

Trinity Project Detail location Plan

obuu_}m

Distances thus (8200
Distances thus (75'

Scales

!

1500 Yard circle - 1" = 300 Yards. -
10,000 Yards - 1% » 2750 Yards. -

are Radial Yards from "O®

Station Group leadeg Sypbpl
Piezo Gauge VWalker X
Sentinel (Type A) Moon 9
Sentinel (Type B) Moon N
~ Geophone Houghton A
Paper Box Gauge Hoogterp ]
Flash Bomb Mack [}
R 4 Ground Station Segre L
R 4 Balloon Winch Segre 2
E. D, G, Moon *._
Mack Slit Camera Mack R
Impulse Meter Jorgensen ®
Condenser Gauge Bright B
Excess Veloeity Gauge Barschall (3]
Tank Range Poles Anderson A
Tank Flag Poles Anderson p
Primacord Station Ma ck 3
Metal Stake (Earth Disp) Penney .
Piezo Gauge Amplifier Walker ®
Balloon Richards ]
Ralleon Winch Richards (s
Ground Station Richards 22
Roads e - S
Buried Wires or Cables —_—— —
Center lines — —
Tank Right of Way b e T r
Note: Angles are Azimuths on "OA" Line:

are Offsets from L of Roads and Center L‘lnu.
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Apperdix Numher &

Tecimizal Ares Flot Map

Map showing tuilding layout of the Techrilcel
Area, as 2rsfted in Decerber 19L2. Tecunical
Buildirgs T, U, V, W, X, Y and Z were cm-~

structed as map Irii-ates.

For a camparisa of the growth of the Tecinicel
Area, refer to the Technical Ares Flot Map
(21 December 1A,6) shown in Appencix 4, Voline I

of Book V111, .

.
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Apperdix Number 7

: ‘% File References

Descrigtion

Although the specific locations of certain references made in
the technical part of the history of Los Alamos have been given below,
generally copies of all cited reports including LA and LAMS reports will be
found in the Document Room, and copies of other items including correspondence
- will be found in the Central Mail and Record Section of the Los Alamos

Scientific laboratory, Los Alamos, New Mexico.

Ref, No, Item Par, No,
1l Prime Contract No, W=74L05-eng-36 between University L.

of California and Manhattan Fngineer District of the
War Department became effective 20 April 1943. A
copy of this document is located in the Central Mail
and Record Sectiorn, los Alamos, New Mexico, The
Contractor's original copy is retained at Berkeley,
Californiz with Rovert Underhill, Secretary-Treasurer
of the University.

2 Li=1 - The Los Alamos Frimer was written by Edward U, 1.27
' Condon and Robert Serber. It is based on a five
lecture indoctrination course given at Los Alamos,
April 1943, A copy is located in the Document Room,
Ios Alamos Scientific laboratory, New Mexico.
3. Memorandum of March 1943 from J. R. Oppenheimer on 1,82
initiation of experimental work in Ordnance, Personal _

files of J. R. Oppenheinmer,

4 Report of Special Reviewlng Cormittee dated 10 May 1943. 1.83
Personal files of J, R, Oprenheimer

5 Memorandum of November 1942 from J., K. Oppenhzimer to 2¢3
R, L. Feierls discus:ing points of difference between
British and Amerlican theoretical work., Ferson:l files
of Jo X. Oppenleimer,

3 Atorie Frerty for “ilitsary Turposes {3myth feport' and 2.4
the British Informuaticen wervice Statenent "Brit.in and
. The .itomic Bomb", Au st LD, 1045, reprinted s a
) Supplement (Aypeniic 7Y to Trinceton University ITess
Sdition of the wmptt sercoou.

=
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Ref., No,

7

15

- g

Copies of the minutes recorded from Governing
Board Meetings are located in the Central Mail
and Record Section, Los Alamos Scientific
Iaboratory, Los Alamos, lew Mexico,

Ttem

Letter dated 29 June 1943 from President F. D,
Roosevelt to Dr. J. li. Oppenheimer. Personil files
of J. R. Oppenheiner,

OSRD Health and Accident Policy (master Policy U, S,
No, 1) with the Fidelity and Casualty Company, New
York City became effective 14 October 1942. A copy
of this policy is retained in the Business Office,
University of California, Los Alamos, New Mexico,

The Manhattan District Master Policy No. 1, with Sun
Indemnity Company, New York City became effective
September 1943. A copy of this policy is filed in
the Business Office, University of California, Los
Alamos, New Mexico,

The Manhattan District Master Policy No., 2 with

Sun Indemnity Company, New York City, became effective
July 1944. A copy of this policy 1s filed in the
Buginesa Office, University of California, at lLos
Alamos, New Mexico.

The Manhattan District Master Policy No., 3 with

Sun Indemnity Company, New York City, became effective
3 July 1944, as a supplementary policy to Master
Folicy No. 2, The Business COffice, University of
California, at los Alamos, lew Mexico retains a copy
of this document,

The original of the secret letter written to the
University of California, concerning possible injuriles
from extra hazards, is in the office of the Secretary-

Treasurer to the Regents of the University of California,

Par, No.

3.2

3.19

3.68

3.68

3.68

3.68

3.68

Berkeley, California, A copy of this document is retained

in the Central Y¥all and Records Section, los Alamos, New

Vexico,
CL 697, Chapter 12, Revised Edition of the Project

Handbook compiled by the Chicago Chemistry and Metallurgy

Health Group with informaticn on radiocactive materials.

A copy of this handbook is on file in the Document Room,

Los Alamos, New liexico,

3.96

The Purdue Research Foundation took over an OGRD Contract, 3.125

under Contract No, W=7L05-eng-146 and operated it fram
15 July 1543 until 3C Septemper 1943 at total cost of
$11,37C,72. A cory o this cortract is locited in the

efice of the . i, U, rea Liniser, Tes Angeles, California.



Ref, No,

17

19

21

22

<3

Item Par. No,
Sub=Contract No, 3 under the University of California 3.125

Prime Contract No, W=7405-eng~36 was made with
Frederick Flader, Buffalo, New York to cover special
consultant and engineering services of his fim. The
total costs of this sub-comtract were $47,99C.34, A
copy of the contract is in the A, E, C. Area Manager's
office at los Angeles, California.

The California Institute of Technology was under an 3.i25
OSRD Contract No., ORMsr-418 for various phases of
research. A copy of this contract is on file in the

A, E. C. Area Manager's Office, los Angeles, California,

1A~9, ~ Pirst report of IRM Calculations of Implosion 4,20
Hydrodynamics by H. A. Bethe, 20 June 1944, A copy of
this report is located in the Document Room, Los Alamos,

New Mexico,

Contract No., W=22-075-eng-54 with Harvard University 4,27
covered the high pressure experiments performed by

P. W, Bridgman, The total cost of this contract was

$2,441,89 reimbursed by the Manhattan Engineer District.

A copy of this document is in the office of the A, E. C.

Area Manager, Los Angeles, California.

See Governing Board minutes referred to in Note 7. 5.‘63
Originally/there wag an O3RD contract, No. OEMsr-1233 713
with the University of Michigan. This expired 30 7elsS
November 1944 and work was continued under Contract 14.19

No., W=22-075-eng-30. This latter contract expired
31 December 1945, but was continued until 28 February
1946 for purposes of fisczl and property clean-up work,

Sub-Contract No, 2 under the University of California‘'s 7.15
Prime Contract No., W~7405-eng-36 covered services with
George B, Chadwick at a totzl cost of $23,359.35,

Primarily, he was to aid in employing personnel and

training them in tool making and other precision work,

A copy of this instrument is held in the office of the

A E, Co Area Manager at los Angeles, California.

O3RD Contract No., T=111 with Norden laboratories 7.46
Corporation. See files of OSRD, Washington, D. C. for ;
coplies of Contract and reports,

LA-147 - Production of U by Electrolysis of Fused 8423
Salts, Author: Morris Kolodney, written September 28,

1944, A copy of this report is filed in the Document

Room, Los Alamos, New Mexico,

IA-124, ~ Preparation of Pu Ketal on the One-Gram Scale 8,24(a)

by Means of the Graphite Centrifuge. Written August 18,
1944 by Nieholas Dallas, D, B. Loeb, Theodore T. Magel,
A copy of the report is on file in the Document Room, los

Alamos, New Mexioco,



Ref, No,

26

27
28

30

31

32

33

35

1A~432 and 1A-472

IA=412 by R. D. Baker, Chemical and Metallurgical
Operafions Involved in the Fabrication of U=235

for use in Nuclear Weapons: Part III, Reduction of
Uranium Tetrafluoride to Metal, March 19, 1946.

TA by R. D. Bakér, June 25, 1944, Preparation of
ranium Metal by the Bomb Method, Copies of these

. reports are on file in the Document Room, Los Alamos,
New Mexico.

u-m ~ See Refererce No, 25,

1A-73 =~ Preparation of Pu Metal by the Bomb Method
by R. D. Baker, May 15, 1946. A copy of this report
15 filed in the Document Room, Los Klamos, New Mexico,

Files of the Los Alamos I@lwion Program Reports are

located in the Directorts Office, Los Alamos, New Mexico,

The Weapons Camnittee Mimites and other files peﬂaining
to this Administrative Group are located in the Central
Mail and Records Section, Los Alamos, New Mexico.

The first human tracer experiment was performed in

Rochester, New York, 9 April 1945, This is covered by
a report written by the Rochester Health Group entitled
#"Plutonium Excretion Analysis « Statistical Swmmary”, a
eopy of which is on file in the Bio-Chemistry Office of
the Los Alamos Health Group, Los Alamos, New Mexico,

A Safety Manual was prepared July 1945 by Bradbury,
. ‘Marley, Fitzpatrick, Hopper and Bradner, on the proper
handling of high explosives, equipment, etc, A copy of

this manual is on file in the Director's Office, los
Alamos, New Mexico, . v

$5-2229 - A Chemistry Division Report by T. R. Hogness,
September 1944, A copy of this report is in the
Document Room, Log Alamos, New Mexico,

Acceptance specifications and fabrieation procedures
files are located in the Office of the Director, los
Alamos, New Mexiso.

Purniture and laboratory equipment for DP site was
built by Kewaunee Mfg. Co, under contracts administered
by Major Edward White, U.S.E.0., P, O, Bax 1539,

Santa Fe, New Mexjico. The contracts covering this work

were:
Date , Number Cost

17 Sep. Lk W-7425-eng-68 $4,3,880,04
3 Apr. 45 W-17-028-eng-15 9,990,00
23 Apr. 45 W-17-028~-eng-19 27,703.00
5 May 45 W-17-028-eng-20 523,589.18
21 May 45 W-17~028-eng-25 5,h9h.05

b SR Re

Par, No.

8.24(b)

8.41
8.42

9.10

9.30

937

2.4

15.46

17.80



Ref., No.

36

37

Jtem

Measurements Proposed for Gadget Test by L. Fussell,
Jr. and K. T. 3ainbridge, 1 September 1944, See
Appendix 2, Volume 24, Los Alamos Technical Series
for complete report.

Complete report outlining plan, scope, and jJustification
of Trinity was written by G. B, Kistiakowsky to Dr.

J. R. Oppenheimer on the subject Activities at Trinity,
dated 13 October 1944, This is given in its entirety
as Appendix 6, Volume 24, los Alamos Technical Series.

Par, No,

12,2

18.5
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{(x,nj reaction

Any nuclear reaction in which an alpha particle (helium nucleus)

is absorbed by a nucleus, with subsequent emiesion of a meutron,

Autooatalytic Assembly

Any mothod cf aseembling super-critical amounts of nuclear explcsive,
in which the initial stages of the explcsion are made to assist the
further assembly of the explosive, e.g., by expulsion or compression of
neutron absorbers placed in the active materiel,

Baratol

A castable explosive mixture of barium nitrate and TNT,

Baronsal

A castable explosive mixture of barium nitrate, TNT and aluminum.

Betatron

Induction electron accelerator for generating electran beams of very

great energles,

Branching ratio

The ratic of the capture cross-section to the fission crose section.

Cockeroft-Walton Accelerator

Ar eccelerator using voltage multiplication of the rectified output
of a high voltage transformer to obtain a high potential.

Composition B

A castable explosive mixture containing RDX, TNT, and wax in the

proportion 60/L0/1.

Critical Mass

That amount of fissicnable material which, under the particuler con-
ditions, will produce fission neutrons at a rate just equal to the rate
»
at which they are lost by absorption (without fission) or diffusion out

of the mass, .
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Tamped Critical Mass

The oritical mass when the active material is surrcunded by
a tamper,

Critical Radius

The radius of a spherical arrangement of fissionable meaterial equal -
to one critical mass under existing conditions.

Cross~Section

A quantitative measure of the probability per particle of the
occurrence of a given nuclear reactian. It is defined as the number of
nuclear reactions of a given type that oosur, divided by the number of
target nuczlel per square centimeter and by the number of incident particles.

O

Absorption Cross-Section

The cross-secticn for the absorption of a neutron by a given
nucleus,

Capture Cross-Section

The crces=-section for the (n,¥ ) resctiam, in which a neutron
is absorbed by a nuoleus, with subsequent emiscion of gamma radiation.

Fission Crose-Section

The cross-section for the absorption of a neutron, followed by
fission,

Scattering Cross-Section

The cross-sectian for the scattering of a neutron by the nucleil
of scme target material. Since scattering is a quantitative matter,

the definition is incomplete. The differential scatteringcrocss-

section 1s the cross-section for scattering at an angle between

Gond G+d 6 . The transport oross-section 1s an average or integral

scattering oross-section, so defined as to give the average scattering

in the forward directiom:




3,
| ” - .
0}-277'[ (1-31n @) o; () sin 64 €

where O (6) .s the diffarential
scattering cross-section defined above.

Czclotrun

Mrgnetic recomance accelerator, used in investigating atamic structures.

D(d,n) reaction

The nuclear reection produced by bombarding deuterons with deuterons,
producing high energy neutrons.
D=l Source

The above reaction used as a source of high energy neutrans, At Los

Alamos, the Cockeroft-Waltan accelerator was prinoipally used for this

purpose.
Deuterium

Heavy hydrogen, Dp or Hg, the hydrogen isotcpe of mass two.
Deutsron

A nucleus of deuterium or heavy hydrogen.

Electrmm Volt

An electron volt is the energy acquired by an electror falling through
a potential of one volt. Ome electron volt is about 1.6110'12 ergs. In
thermodynamio unita, cne electron volt corresponds to a temperature of

about 12,000 degrees absolute. Thus a fortieth of a volt per particle

corresponds to “room temperature®. Energies of this order are called “thermal®,
10

degrees

~One million electron volts corresponded to a temperature of 1.2x10
absolute.,

Fission Spectrum

The spectrum, or energy-distribution, of neutrons emitted in the

fission prccess,
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Inelastic Scattering

The soattering of neutrons in which energy is lost to exoitation

of target nuclei,

1i(p,n) reaction

The nuclear reactim in which neutrons are produced by bombardment

of lithium by protens,

Neutron Number

The number of neutrone emitted per fission. This number is ntatis-
tiocally varisble; the expression refers therefore to the average number

per fission.

(n, 7 ) reaction

A nuclear resction in which a neutron is captured by a nucleus, with

subsequent emission of garma radiation,

PETN

Pentaerythritol tetranitrate.

Cyslotrimethylenetrinitramine,

Thermo<iuclear reaction

A mass nuclear resction induced by thermal agitation of the reactant
nuclei. The reaction is self-sustaining if the energy release is suf-

ficient to counter balance the energy losses that may te involved,

Ta.mEer

A neutron reflector placed arocund a mass of fissionable material to

" decrease the neutror loss rate.

Taylor Instability

A hydrodynamical principle which states that when a light material
pushes against a heavy one, the interface between them is unstable, and

that wher a heavy material pushes against a light one, the interface is

stable.
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Tritium

The hydrogen isctope of mass three. This isotope wes discovered
in the Cavendish laboratory by Olirhant in 1934, It was there produced
by deuterium-deuterium bomtardment. Tritium is a radicactive gas with
a half-life of about twenty years, and therefore does not occur in nature,
Triton

A nucleus of tritium,

Thermal Neutrons

Neutrons of thermal energy - see Electron Volt,

T«l reaction

The nuclear reaction of tritorns with deuterons.

Toraex

A castable explosive mixture of RDX, INT and aluminum.

Van de Graaff Generator

in accelerator using the electrostatic charge collected on a mechan-

ically driven belt to obtain a high potential.
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NAME INDEX

Ackerwan, Major J. O., 1l6.1
Agnew, H,, 19,10
Allen, He S., 3.80

,-‘All.ison, S. Ko, 1026, 6.61, 9.5

9.7¢£

Alvarez, L. W., 7.1' 7.9, 9.1”

9.6, 9.11, 15.2, 19.5, 19.10
Anderson, Ens, D, L., 19.10
Amerson’ HO LO’ 1302, 18.29020b’

App. 4
Arnold, Dean Samuel T., 3,46
Ashbridgo, Col. W,, 3425, 9.4
Ashworth, Candr.gi: 9.6, 19.3,

19.5, 19.7, l9.9ff 19.19, 19.22
Ayers, % '., 70.46 ’

Bacher,‘R. F., 15, 3.7, 6.1,
779, 962, Febiy 9.6, 9.81f.,
9420

Bainbridge, Ke Tey 307, 679, 7.1,
70‘0, 70 7 25’ 7 36 7 l"c\) 7 53’
9.4, 9.6 9.11ff,, 16 1, 14.3,
18, lff., 18,5, 18.7ff., 18,2,

Baker, C, P,, 19,10

Baker, James, see Bohr, Aage

Baker, Nicholas, see Bohr, Niels

Balke, C. C., 8.2, 17.1

Barnes, Lt. Philip, 19,19

Barschall, H. H., App. 4

Beahan, Capt. Ke Koy 19,19

Bederson, T/5 B., 19,10

Bet'he’ Ho Ao, 103, 1 15, 3 7’ 5.
5635ffe, 5457, 9ok, 9.11, 19, 5,
20,2

Bireh, It, Comdr. A, F,, 7.1, 7.8,
7.27, 9.10, 1.1, 4.5, 19.5, 19 10

BlOCh Fo, 1-03) 1. 15

Bohr, Aage, 2.5

Bohr, Niels, 2.5ff., 9.5, 9.11

Bolstad, M¥,, 19.2, 19,5, 19.10

Boltzmann, L., 5.5

Bonbrake, L. D., 7.1, 7.6

Bradbury, Ltao Cmdr. N. Ec’ 9.6'
9.10, 9.12, 14,1, 16,3, 12.8, 19.5

Brezier, B, E.,, 3.20, 3.25, 3.118ff.,
8.5

Bretscher, E., 2,14, 13.2

Bridmn, W, P., ko27’ 5623

Bright, W., App. &4

Brin, T/Sgt. R., 19.10

Brockman, Henry, 9.38

Brode, R. R., 7.1, 7.4, 7.43,
745880, 965, .10, 1.1, 19.5

sheRel oo

Brower, W, M., 3,110

Burke, Je Ee, 17.1

Bush, Lt. H. C., 18,5, 18.7ff

Bush, Vannevar, 7.3, 7.13, 9.15,
18,25, App, 1

Butler, S. A., 330

Caleca, T/Sgt. V., 19,10

Camac, K., 19,10

Carlﬂon’ Ro '.’ 16056, 18.3

Carlson, T/Sgt. E., 1%.10

Chadwick, George, 7.5, 7.1, 7.l4ff,,
750, 9425, 1415

Chadwick, Sir James, 2,11, 2,13,
9.4, 18,25

Chappell, Lt. G. C., 16,1

Cherwell, Lord, 2,12

Christy, R. F., 1,15, 5,1, 9.11

Church, P, E., 18.8

Churehill, Winston, 2,4

Chusen, R, Eo, 3457

C]ine, Co’ 3.108, 3.u»o

Collins, T/k 4., 19.10

Conant, J. B,, 1,10, 1l.13ff,, 7.3,
9.15, 18.25, App. 1

Condon, E. U., 1,15, 3,20

Cook, We We, 3425
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design, 14.3ff
1561, 7.90, 19.2
fusing, M.lg
pit assembly design, 15,13ff
tests, Tinian, 19.14
1222, 7.88

Feasibility of bomb, 4,1, 6,8ff

Feasibility of initiator, 15.45

Feasibility of super, 13.16

Field crews, Tinian, 19.10

Field measurements, ballistics, 14,20

Field tests, 19,1ff
arming and fusing, 7.46ff
dummy bombs, 7.80ff

Field work, detonmators, 15.55

Fire, C shop, 9.40

Fire danger, 17.72

Firing circuit tests, 14.19

Firing sites, G Division, 15.3

Firing units, Fat Man, 19,3

First Technical Service Detachment,
19,11

Fission bomb, priority of,
reconmendations of Reviewing
. Committee, 1.86

Fission cross sections
absolute measurements, 6,37
early work, 1,63
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measurements, 6.,29ff., 10,20, 12,12ff
Pu-239 and U=235, 4.12
U-235 by Cyclotron Graup, 6.38
Fission detector, 6.56, 6.83ff
Fission products
Hiroshima, 18.29.Z.c.
rehearsal test, 12,11
Trinity, 18.29.2.c.
Fission spectrun
determination, 6,26
early work done, 1,62
measurenents, 10,20, 12,9ff
Fission Studies Group, F Division, 18,12
sphere multiplication experiments,
13.47
509th Composite Group, 19,2
Flash photography
of c¢loud chamber for betatron, 15,26
of HE, 7.70, 16.12
Flash X-ray photographic methed, 7.70,
15.19, 16.12
Flight performance, detomators, 19.3
Flight test models, fabrication of, 7.1
Fluorine analysis, 8,76ff., 8.84
Foils, preparation of, L.L7, 8.56ff.,
- 17,58
Fareman
C shop, 3.108
utilities, 3.119
V shop, 3.103
Forming uranium, 17,12
France, report of Joliot, L.L9ff
Freezing of bomb models, 19.2
Freezing of design, 9.9, 9.16
gun, 14.15
lens mold, 16.44
outer case, 14,3
Frijoles lodge, temporary housing, 3,30

‘Fu;;_gg§}$~$§glosixg castings, shop, 9;}9
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Full scale lenses, 16.45
Full scale shots .
electric method, 15,40
magnetic method, 15.23
Full scale test, 18.1ff
bomb models, 7,84ff
gun assembly, 14,10
Fuse Development Group, Engineering
Division, 7.43ff., 7.80
Puse Development Group, Ordnance
Division, 10,4, 14.13, 14,.18ff,,
19.3 .
Fuses, 7.13
impact, 7.48
radio proximity, 7.45
tests of, 17.13
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Joliot effect, spontaneous neutron
emission, 4,50, 6.20, 8,60

Jornada del Muerto, 18,3

Jornada del Muertc Site, (see
Trinity Site)

Jumbino, 16,56, 17.8

Jumbo, 7.74ff,, 16,53ff., 18,2, 18,9
tower, 18,26

K Site, 15o27

K-25 diffusion plant, safety
calculations, 13.34

Kewaunee Manufacturi

Kingman (see Wendover

Kirtland Field, 9.13

Company, 17.80

Laboratory relations with U. S,
Engineers, 3.,17ff.

Laboratory shop, (see V shop)

Lead azide (detonmators), 15,50

lens program, 7.77ff., 10.10, 10.15,
11.13ff,, 16.20ff,
molds, 7.55, 10,15ff., 16.25,

16,51 .

S site production, 1lA.42ff,

Lens shots, canpression studies,

A5e29

{ -
LIaison, J.12ff., G.1Lff,
Air Forces, 7.4L, 7.80ff.
Alberta Project, 19.7
Chemistry and Metallurgy Division,
B4tlf.
Explosives Division, 16.7
recommended by Reviewing Committee,
1.84
University of Michigan, 7.45

Library, Los Alamos, 3.82ff,

Little Boy, 7.88, li.3ff., 19.2ff.,
19.7, (see also gun assembly)
ballistics, 14.20
tests, Tinian, 19,14

Liverpool, (sce British)

Log of Comdr, Ashworth, 19.20
of Captain Parsons, 19.17

Los Alamos, (see also 3ite Y)

Log Alamos Canyon, water boiler site,
60614

Los Alamos conferences, April, 1,26

Los Alamos Project offices, 1,25

Los Aleamos Ranch School, 1.5

Los Alamos Technical Series, 20,2

Los Alamos University, 20.1

Low energy fission spectrun
measurements, 12,10

Low power Water Boiler, 17.47
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Machine shops, (see shops)

Machining explosives, 16,31, 1l6.45

Magnesia, 17.24, 17.35
crucibles, 17.11
liner, 17.10
molds, 17.12

MVagnesium oxide impurities, 17,654

"Magnetic Method", 7.70

Magnetic Method Group, G Division,
15,201f,

faintenance Group, Tech Area, 3,119

Manhattan District
construction, 3.117
draft deferment, 3.44ff,

DSM transfer to, 1.7
selection of site, 1,8

Manhattan District laster Policies,
1,2,3, 3.68

Manhattan District Medical Section, 9.33

Manpower shortage
S Site, 16.51
Trinity, 18.6, 18.13

Manufacture, explosives, (see
Production, explosives)

Maps, Trinity, 18.4

Martin Nebraska plant, 19,2

Mass spectrographic method, isotopic
analysis, 6.791f., 12,27

Masgsachusetts Institute of Technology
crucibles, 17,36
liners, 17,10
research on refractories, 8,9ff.

McDonald's ranch house, Trinity, 18,20

McKee, R. E., contractor, 3.121

"mechanical chemist”, L.47, 8.70

Medical officer, Trinity, 18,24

Metabolism of Plutonium, (see hazard
of plutonium)

Metallurgical laboratory, l.l, 9.20,
(see also University of Chicago)
purification research, 8.4
spectrochemical methods, 4.26

Metallurgy, 1.75, L.18ff., 8,3, 17.31ff.,
(see also micro-metallurgy)
of plutonium, 4.36, 17.24Lff.
of uranium, 4.34, 8,19ff.

Vetallurgy groups, 7.33

Meteorology, Trinity, 18,17

kichigan, (see University of Michigan)

Micro-chemnical investigation plutonium,
Lo b

Licro-metallurgy of plutonium, 1,53

Microtorsion balance, 17.59

Migration of polonium, 17.4Off,

"Military Intelligence, Trinity, 18,15






]

D 0 5 9.27 _

ok

New Mexico, (seec University of New
Nexico)
New Mexico State Director of
Selective Service, 3.44
New Mexico Statutory Workmen's
Compensation, 3.£8
New York, (see Columbia)
New York Purchasing Office, 3473,
)
B L N
Nitrogen-nitrogen reaction in
atmogphere, 1,49
Non—-lems implosion studies, 9.16,
16,911,
NOTS Inyokern, 19.7
Muclear efficiency, Trinity, 18.2
Nuclear experiments, early, 4.12ff.
Nuclear explosion, 13.33
damage of, 5.67ff.
experimental, 18,1ff.
formation of chemical compounds
in air, 13.35
predictions, contributions of
Taylor, 2.9
radiation effects on, 5.43ff,
Nuclear measurement, energy release,
18.29.2,
Nuclear reactions
cause detomation, 1,39
controlled, 15,8
Nuclear specifications for bamb, 4L.Lff.

0 Division, (see Ordnance Division)
Oak Ridge, 3.l4ff., 8,12, (see also
Y-12 plant)
personnel, 9,20
Observation points, Trinity, 18. 25
Occupation Groups, App. Graph &

‘Office of Director, construction,

3.12, 9.17
Office of Scientific Research and
Development
DM transfer from, 1.7
letter of intent, 1.11
patent headquarters, 3,128
patent procedure, 3,123
salary scale, 3,37
Officer, Alberta Project, 19.5
Ohio 5tate University, 5.60
storing liquid deuterium, 2,97ff.
Omega, Water Baeller Site, &.04, 15.4
Operating procedures, DF, 17.,pff
Lical method, blast meusureuert,
Trinity, 18.29.3.1.(3)
Ortics Oroup, & vivisior, (see
Fhotcirarhy #rl Optics Group)
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ties shop, 3,105

Ordnance, recomrendations of
Reviewing Committee, 1,88

Ordnance Division, 5.3, 5.,17ff., 5.73,
Te1ff,, 9.2ff., 1C.2ff,, 14,111,
Procuremnent section, 9,25
X~raying charges, 15,15

Ordnance Instrumentation Group, 7.70,
774

Ordnance liaisons, 7,10ff,

Ordnance program, 1,77, 1l.82

Ordnznce Shop, (see C Shop)

Organization of laboratory, 3.1ff., (see
also group organization)

Organization of Site Y, 1,10{f,

Oscillograph, high speed, Trinity,
18.29.1.c.

Oscillographic tests, detenators, 15,54

Outer case design frozen, 1.3

Output of plutonium, 17,19

Overcasting
HE, 16.30ff.
lenses, 16.45

Overseas operating base, 19.4

Overseas operations, 19.9

Oxalate precipitation, 17.19

Oxide method
fluoride production, 17.21
plutenium reduction, 8.4<

Oxygen micro-determination by gasometric
analysis, 8,76, 8,92ff.

F Site, 15,17
Pajarito Canyon Site, 6. 19, 12,7, 15.21
Paraffin sphere, use in autocatalytic
assembly, 13.30
Patent agreements, 3,126
cases, 3.127ff, S
notebooks, 3,85, 3.126 -
office, 3.,123ff, ‘
Officer, 3,123
Payroll records, 3.61ff.
Peace negotiations, 19,22
Peak pressure measurements, Trinity,
12.29.3.a. (4)
Pentolite, 16,27, 16,36
Permanent earth displacement measurement,
Trinity, 18.29.3.b.(3)
Personnel Administration, 3.22ff., 9,20ff,
clearance, 3.33
Director, 3.43, 3.57ff.
distribution in divisions, App.
Graph 5, 6
eny loyed, App. Graph 2,3
erployec.., construction, *,118ff,
first majicr expanczion, 1,27
overseas, 19,10
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Joliot effect, 6,20
processing, 17.73ff.
purification, 4.47
taxicity, 10,23
used in mock fission sources, 12,11
Poloniur Group, CM Division, 17,74
Fartable ionization chawbers, Trinity,
18.29,5.b.
Postdetonation, 1,43
Post Operations Division, construction,
3.121
Poet Supply Section, 3,74
Post-shot radiation measurements,
Trinity, 18.29.5.
Powder metallurgy, 4.38
Powder lMetallurgy Group, water boiler
specifications, 6.65
Power consumption, 9.19
Preassembly, HE, 15.13
Predetonation, 1.40, 5.4L8ff,, 11.25,
12,24, 15.1,
Preliminary experiments to prove
feasibility of bomb, 6.8ff,
Preparations, Trinity, 18.,13ff.
Prescott micro-gsas analyzer, 8,94
President's Interim Committee, 20,1
Pressing, (see also hot pressing)
HE, 16.27 '
uranium, 17,12 B
Pressure switeh, gun, 14,18
Primacord
detonation, 10,10, 10,15, 16,15ff.
systems, Rala, 10,13, 15.33
Primary explosives, 15,50ff,
Prime Contractor, University of
California, 1,11 '
Prioritie$
construction, 3,122
procurenent, 3,75
shops, 3.112
Priority, implosion, change in, 4421
Procurement
early difficulties, 1,16
of guns, 7,20ff.
of lens molds, 14,25, 16,61
of personnel, 3.46
of reagents, University of
Chicago, 8.9
‘of refractories, 8.9ff.
recomt:endations of Reviewing
Camr.ittee, 1,91
special, 3,81
Procurenent Group, Ordnance Division,
G
trocuremcnt Offic., 1,12, 3.99f7.,
3.30, 2.23ff., Ayjve Grayh 7

Iz

Frocurezment Officer, (see director of
procurenent office)
Production,
electronic switch, 16.59
exp].OSives, 16.27fo, 16.31&ff¢
lendes, S Site, lo.42ff,
of isotopes, see isotopes
rlutonium, 17,.72ff.
radiobarium, radiolanthanur, 8,12
schedules, Pu-239 and U-235, 1,53, 3.15
Production casting, 16.50
Project A, (see Alberta Project)
Project Editor, 3.96
Project Engineers, (see G Engineers)
Project Office, 1.19, 1,25
Project Technical Committee, Tinian, 19.13
Project Trinity, (see Trinity)
Project Y, selection of site, 1,6ff.
Projectile Target and 3ource Group,
Ordnance Engineering Division, 7.33, 7.36
Pramotion policy, enlisted personnel,
3.5211,
Prompt Measurement Group, Trinity, 18,22
Prompt neutrons, 15.7
Prompt period, determination of, 6.70ff.
Property Inventory Group, Procurement,
3.80, 9.2,
Proving ground, 7.24, 15.42
Proving Oround Group, 7.2%, 7.38
Proximity fuses, 7.82, 7.85
"pumpkin' program, 14.20
Purchase Requests, Procurement, App.
Graph 7
Purchasing Office
Chicuago, 3.T3
Local, 3.47
Los Angeles, 1.]2, 3059; 3073’ 3'78’
9627
New York, 3.73
Radiation laboratory, Berkeley, 3,72
University of California, 1.91
Purdue University sub-project, l.4, 1,15,
3,125
Purification Group, Chemistry and
Metallurgy Division, 8.13
Purification Program
plutonium, 4. 44Lf., 17.16
recomuendations of Reviewing Camnittes,
1,87
research at Los Alamos, Chicago,
Berkeley, Iowa, 8.4
U-235, 2.12ff.
Purity analysis, 8,71ff,
Purity of polonium, 17,39
Mirity requirements,
pictoniam, 4,36
Tu-23% and U-.025, 1,73
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Reduction of plutonium, 8,39ff,,

17.25
teduction to practice, patent
cuses, 3,128

Refractories, heavy element, 4,36
procurement, production and
researchk, 8.8ff,
research, 8,53
Rehearsal test, Trinity, 18.10ff,
Rehearsals, Trinity, 18,20

Remelting

plutonium, 8.44, 17.25
uraniuwa, 17,11
Remote control apparatus, 17,48,
© 17.5MLf
Remote pregsure barograph recorders,
Trinity, 18,29.3.3.(5
Remote seismographic observation,
Trinity, 18.29.3.5.(4)
Reports, Los Alamos, editing, 3.86
reproduction and distribution, 3.%4
Research Division, 9.,2ff., 10,3, 10.20,
11.5, 12,1ff,
Research and Development Sectien,
S 3ite, 1£.38
Research, health, 3,90ff.
Research, meaning of, 1,53ff.
Resistance wire method, 15.39
Results
of rehearsal test, 18,12
of Trinity test, 18.29ff.
Reviewing Committee, 8.4
merbers, 1,26
report of, 1,32ff,
Rice Institute
cloud chamber data on energy of
neutrons, 6.25ff,
sub—project 1.4 '
work on fission spectrum, 1.62
Risers, HE casting, 16.30
Risk of explosion, Tinian, 19.15,
19.20
Rollinz Uranium, 17,12
Roosevelt letter, 3.19
Rossi experiment, 6.70ff., 12.25
Rotating mirror
camers, detonator tests, 15,54
photography, 16,12
Rotating prism cameras, 7,70
Rotiting pyramid technique, 16,12
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Safety
aspects, Trinity, 18.15
calculations for K-=25 diffusion
plants, 13.34
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in delivery, 19,3
detonators, 15.52
Dr site, 17.75ff.
explosives, 16.31
features, water boiler, 6.65
plutonium, 3,95, 17.23
polonium, 17,37
precautions, sctive miterials, 15.4
tests, 15.10ff,
Safety Comittee, 3.88, 9,37
Safety Engineer, 9.37
Safety Group, 9.37
Safing, weapon
Fat Man, 19,20
Little Boy, 19.16
Salary policy, 3.56ff., 3.37ff., 9.22
Salton Sea Nuval Air Station, (see
Sandy Beach)
SAM Iaboratories, personnel, 9,20
Sandia, 9.13
Sandia Canyon, 15.42
Sandy Beach, 14,20
Santa Fe office, 1,19
Sawmill Site, (see S Site)
Scaler, 6,83ff.
electronics, 15.58
Scaling circuit, 6.86ff.
Scattering cross-sections, 1.45, 10,20
Scattering experiments, 5.4, 6.49ff.,
12,1511,
Scattering, inelastic, 4,13
Schedule
combat delivery, 19.15, 19,19
Trinity, 18.13ff.
Scheduling
of construction, 3,122
of experiments, Trinity, 18,13ff.
Schlieren method, Trinity, 18.29.3.2.(3)
Schools, 3.25ff. |
Scientific Panel of President's Interim
Comnittee, 20,1
Seabees, 19,9
Second Air Force,
Security
policy and administration, 3,32ff,
policy of colloguium, 3.11
responsibility of Director, 1,6ff.
Tinian, 19.21
- Trinity, 18,15, 18.28
University of California, 3,17
Security restrictions
business office, 3.59
patent office, 3,124
military personnel, 3,51
personnel, 3.36
procurement, 3,77
SED, (see Special Engineering Detactunent )

18,3ff.


















