THIS FILE IS5 MADE AVAILABLE THROUGH THE DECLASSIFICATION EFFORTS AND RESEARCH OF:

THE BLACK WAULT IS THE LARGEST ONMLIME FREEDOM OF INFORMATION ACT { GOVERNMENT
RECORD CLEARING HOUSE IN THE WORLD. THE RESEARCH EFFORTS HERE ARE RESPOMNSIBLE
FOR THE DECLASSIFICATION OF THOUSANDS OF DOCUMENTS THROUGHOUT THE U.5. GOVERMMENT,
AMD ALL CAM BE DOWNLOADED BY VISITING:

HTTP:{WWW.BLACKVALULT.COM
YOU ARE ENCOURAGED TO FORWARD THIS DOCUMENT TO ¥YOUR FRIEMDS, BUT

PLEASE KEEP THIS IDEMTIFYING IMAGE AT THE TOP OF THE
-PDF 50 OTHERS CAMN DOWNLOAD MORE!


http://www.blackvault.com/



bensokr
Line


L€



1k

MLHfUmg DISTRICT HISTORY
BOOK IT..7. PIVS, PROJECT
X-10

TOLP1C | - RESEARCH

?7*H? | - METALLURGICAL LABQRATOKT

31 D*o«rabar 1946



I

FOREWORD

This volume of Book IV of the Manhattan District History presents
a briaf discussion of the research and development work performed under
the auspices of the Metallurgical Laboratory, with headquarters at the
University of Chicago, during the period from mid-January 12U2 to 31
December 1?2U6. Basic nuclear concepts and early nuclear research
culminating in the discovery of neptunium and plutonium are outlined
briefly to give the reader the necessary background material. Minute
details and highly technical discussions have been avoided, wherever
possible, in order to present a clear, comprehensive history of this
unigque research program.

This volume is divided into two parts, each having 1ts own table
of eontenta, summary, iIndex, and apcendicee. The research work describ-
ed in Part 1 is that conducted at the University of Chicago and at other
laboratories under the auspices of the Metallurgical Laboratory. Part
Il presents a discussion of the research and development work conducted
at Clinton Laboratories.

Sinoe much of the design work for the actual production units at
the Hanford Engineer Works was proceeding concurrently with the re-
search work conducted by the Metallurgical Laboratory, a considerable
amount of the research and development work which affected major design
decisions is discussed in Volume 3*

The summary contains an abstract of every main subject treated in
the tgjct and is keyed to the text iIn such a manner that paragraph num-

bers and headinge in the summary correspond to the various sections in
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Appendix references have been made iIn the text as a combination
of letters and numeralsj the letters denote the appendix divisions and
numerals refer to the position of the item in the particular appendix.
Thus (See App- A-12) woulld refer to Appendix A, itam 12 of that app-
endix.

Other phases of the history of the Pile Project are described In*

Volume 1 - General Features
Volume 3 - Design

Volume h - Land Acquisition, HEW
Volume 5 - Construction

Volume 6 - Operation

31 December 1?U6
72
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1. Introduction. - Ths objectives of the research conducted by
ths i"etallurgical Laboratory were ths development of a process for the
production of plutonium and ths development of a process for ths sep-
aration and purification of plutonium fron ths uranium and fission by-
products* Ths work was authorised by the President of the United
States under the First War Powers Act*

Ths structure of ths atom is analogous to that of the solar
aysteai the nucleus being the "sun" and the orbital electrons being
ths "planets*™ Idsntity of an atom is determined by the atomic num-
ber, which is ths number of protons in ths nuclsus, and the mass
number, which is ths sum of ths protons and neutrons in ths nuclsus*
Ths periodic tabls lists nuclei ranging from one proton (hydrogen) to
R protons and 116 neutrons (uranium)* Ths nuclei of naturally
occurring elements of atomic number 90 or above are characterized by
instability because of unbalanced mass to charge ratios* This con-
dition leads to radioactivity, ths process by which unstabls molei
return to stsbls states*

In 1932, J. Chadwick™s discovery of the neutron began the
chain of research, which, strengthened by 5* Fermi"s work in Italy,
finally led to the fission of uranium, announced in 1939 by Hahn
and Strassmann in Germany* It was realised that the tremendous quan-
tities of energy liberated in the fission process were potential
sources of power* Ths problem was to make ths fission reaction self-

sustaining* By 1900, It was demonstrated that uranium-235 was ths

\
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readily fissionable material in uranium which could be used for prop-
agating a chain reaction. However, H-235 was chemically identical to
other uranium isotopes and its concentration by physical methods
might hare been unfeasible. Therefore, the search for other more
satisfactory fissionable materials was continued. In December 1200,
a transuranic element of atomic mas* 238 and atomic number Sh, pluto-
nium, was discovered at the University of California by G, T, Seaborg
and his co-workers. A few months later, another isotope of the same
element was produced, which, based on considerations of fission theory,
could replace U-23% as the fis3lonabis element In a chain-reacting
system. The early work on plutonium-239 revealed that this material
could be produced and separated successfully from natural uranium.

2. Operating Arrangements. - Prior to August 1?2U2, Pile Project
research was conducted through arrangements with OSKD at various uni-
versities throughout the country. However, in January 1202, Or* A, H.
Compton, Director of the Metallurgical Project, decided to concentrate
the research at one location. To this end, certain contractual ar-
rangements were made between the Govermment, represented by the OSRD
and later by the Manhattan Engineer District, and the contractor se-
lected, the University of Chicago. These arrangements included con-
tracts No. W-7U01 eng-37 for research and development and No. W-7k0$
eng-3? for the operation of a semi-works plant. Some research facili-
ties were provided by the University of Chicago. However, as the Met-
allurgical Laboratory expanded, the need for construction of new facil-
ities became evident. These new facilities were provided by the con-

struction of new buildings such as those at Argonne LaT>oratory, and the
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New Chemistry Buildingj and by modifications to existing buildings,
such as Site B and the Armory, Uooa completion of the facilities at
the Argonne National Laboratory, Contract No, *-71*05 eng-37 tos termi-
nated and operation under Contract 51-109 eng-38 commenced at the rww
location, Because of the nature of the Pile Project, substanoss re*
quired for research purposes were comparatively rare. The procurement
of materials for research and experimental purposes was performed by
the Ctovemment through the Manhattan District,

3, Development of Piles, - The understanding of how a Pile
operates and the various types of Piles requires some knowledge of
certain introductory concepts. In particular, neutrons are being
produced continuously during Pile operation. aowever, many of these
neutrons are ineffective for the production of plutonium. Some are
lost through leakage and others are absorbed in ths Pile materials in
an ineffective manner. However, these Pile materials serve a definite
purpose iIn Pile operation. Ths moderator reduces neutron speeds to
thermal levels in order to promote the chain reaction) the coolant is
required to draw off and dissipate the heat formed in the Pile by nu-
clear reactions) and the shisld is nscessary in order that personnel
be protected from exposure to excessive radioactivity. The chain re-
action is further sustained by placing the uranium and moderator in s
geometrical arrangement called a "lattice,* A lattice arrangement of
the uranium and moderator is a characteriatie of a heterogeneous type
of Pile, in contrast to a homogeneous type in which the uranium and
moderator are in a uniform mixture throughout the Pile, within these

|
two general classifications, Pils types can be further enumerated by
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epacification of moderator and coolant. In order to develop the first
chain-reacting system, considerable experimental work was necessary in
order to determine accurately certain nuclear constants* This experi-
mental work utilised snail laboratory Pile* for the measurement of
neutron intensities end various Pile factors* The first chain-reacting
Pile was constructed la the latter part of 1&2, and operated as a
chain-reacting system early la December 19U2* In the consideration of
Piles for plutonium production, theoretical considerations led te the
elimination of certain possible moderators and oodaats» while practi-
cal considerations led te the ellnlnatlom of others* These considera-
tion* narrowed the choice of moderator to graphite only, and ths choice
of coolant to either helium or water, with ths possibility of diphenyl
cooling, necessitating only slight changes to ths water-oooled plant*
While preliminary design problems associatedwith ths development of s
production Pile were being investigated, a program for ths design and
construction of certain experimental Piles at Argonne was being initi-
ated# this programwas an outgrowth of ths dire need for providing
Pile research facilities required for the development of larger pro-
duction Piles] and also to obtain important operational data on a Pile
employing heavy water as a moderator. Consequently, a uranium-graphlte
Plls was buillt at Argonne, using ths materials that were employed la
ths first chain-reacting Plls* In addition, s uranium-heavy-water Plls
was also constructed at Argonne* Ths experimental data and information
gained through the use of these Piles were invaluable la testing mate-
rials for production Piles, and fer the study of important nuclear con-

stants* Before construction of production Piles could begin, it was
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necessary that a decision bs roads as to whether helium or water should
be employed as the coolant* the selection of a graphite, water-cooled
Pile for the production of plutonium was made only after careful eval-
uation of the advantages of helium on the on* hand and water cooling
on the other* With regard to this final choice, the consensus is that
water cooling was the wiser,

U* Problems in Pile Design, - Pile design problems arising fucs
nuclear phenomena were extremely complex* Other problems arose from
technical, engineering, and constructional aspects of design for a
production Pile operating at high power* Certain design problems,
although difficult, did not involve the extensive long-term experi-
mental research required of more intricate problems of Pile design*
The problem of designing a lattice that would permit easy removal of
the uranium, and provide adequate circulation of the cooling water,
was solved by designing a lattice in which the uranium is in the form
of slugs placed end to end in horizontal tubes* Adequate protection
of personnel from dangerous Pile radiations was accomplished by use of
a Pile shield made of iron and masonite* Control of the Pile was
achieved by inserting into the Pile neutron-absorbing material in the
form of rods or pipes* On* of the difficult problems of Pile design,
however, was the development of a means of retarding tube corrosion
and film formation by the coolant on the iInside of the tube* This
corrosion and film formation is caused by oxidation of ths aluminum
cooling tubes by water under the effects of Pile operation* After
extensive research, ths solution to the problem was found in ths con-

trol of the acidity of the cooling water, and the addition of certain

S
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chemicals to Inhibit ths formation of film* Another difficult Pile de-
sign problsm arose from the necessity of protecting the uranium slugs
from corrosion and of minimising the eacape of radioactive fission pro-
ducts into ths cooling water. To protect the uranium slugs, It was
necessary to develop methods of coating or canning the slugs to iInsure
s close continuous bond between the slug and coating. This was neces-
sary in order to prevent contact between the water and the uraniumand
to provide a high rate of heat tranafer from the slug to the cooling
watar. Early considerations of the problsm 1ml to research iIn various
methods of spplying protective coatings, and the study of various mate-
rials for possible use as a coating. Development of the canning method
led to the realisation that an aluminum can held many advantages.

Final developments iIn the coating and canning program were marked by
the ultimate design of s process utilising both a coating and a can.

In close coordination with the design of production Piles and chemical
processee, It was necessary to inveetigate the metallurgy of Pile mate-
rials and ths new element, plutonium. The scope and objectives of met-
allurgical research were determined by the needs of the Mstallurgical
Laboratory as emphasis on various research programs shifted from time
to time. During the early stages of Pile design, the metallurgy of
various Pils materials such as canning materials, coolant tubes, shield
materials, and the uranium itsslf were iInvestigated thoroughly. Later
on, extensive studiss were mads of the metallurgy of plutonium and al-
ternate Pile materials, A program as broad and varied as this utilised
the facilities of other research organizations. These contractors par-

ticipated actively in Project-wide metallurgical developments. The

N
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operation of a Pile and a chemical process Involving the handling of
highly radioactive materials required the design of considerable
associated equipment and inatrumsnts, Over an extended period of
tine, tke Metallurgical Laboratory served ae a deeign and manufaetur™
ing cantor for special optical and electronic instruments.

5% Pile Operating Problsn>« e Piles operating at high poser
levels Introduced problems which were not elgniflcant in the earlier
work with lov power experimental Piles. The effect of radiation on
solid naterials In the Pile, especially graphite, received constant
attention. The accumulation of fiscion produete which reduces Pile
reactivity did not cause difficulty except in the case of xenon pel*
coning* Alee, several asthods for the detection of elug swelling and
can failure were investigated by various reeearch organisations to in-
cure a trouble-free Pile operation*

6, Devsloposnt of Plutoniv Separation Process* - Early tracer
studiee with alcroeoopio quantities of plutonium at the Univereity of
California demonstrated the feasibility of a separation and purifica-
tion process for plutonium®* In I?7b2, organisation and expansion ef
plutonium etudles resulted in the construction of new facilities at
Chieagof subdivision of the probleae to include work on the radio-
active fission productsj and arrangemsnts for cyclotron Irradiation
of several hundred pounde of uranium aalte. The general problem
facing the chemlete was the development of a satisfactory process for
the separation and decontamination of the plutoniumwithin a time
schedule which did not permit leisurely pursuit of the objectives*

The concentration of plutonium and fission produots iIn the uranium

~
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from which they were to be separated was less than 200 parte per
million. Thle separation was difficult, hut even more formidable
was the necessity of removing the fission product elements from the
plutonium to such a degree that less than one part in 10 million of
the original concentration of fission products remained in the pluto-
nium. All this had to be done with remote control apparatus because
of the extremely high degree of radioactivity associated with the
fission products. There were four types of processes considered™
volatility, adsorption, solvent extraction, and precipitation.
Volatility methods depend on differences in vapor pressures between
the materials to be separated. Though this process is mechanically
the most simple, its development was hampered by severe corrosion
problems and insufficient knowledge of the 'dry* chemistry of pluto-
niun. Adsorption methods, employing the adsorptive and dasorptive
properties of inert materials under varying conditions, eliminated
the severe corrosion problems, but the impracticability of complete
removal of the fission products from the adsorbers resulted iIn a
severe radiation hazard. Solvent extraction processes utilize dif-
ferent degrees of solubility of salts of plutonium, uranium, and
fission products in water and organic liquids as a means of separa-
tion. These processes provide the only completely continuous sepa-
ration methods which can be developed. Although a satisfactory solvent
extraction method had not been demonstrated by the time process design
had to be started, laboratory investigations of these processes were
continued and the solvent extraction process appeared very promising

for future use. Precipitation methods involve formation of chemical
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ooapounde which are insolubls unasr chemically controllable conditions*
The vary low oonecntratione of plutonium and fission products aan
ba handled efficiently by meena of *oarriers* In suoceselve precip-
itations and dissolutions until tbs dasirad purification of pluto-
nium iIs achieved* Ths sequence of rapaatad operations would simplify
aguiyment design and parmit considerable prsoaaa change without equip—
mant changs* This advantage was an important faator iIn tha selection
of ths aeperation process. Furthermore, sines preeipitetion methods
had been employed from ths earliest days of pluteaiimi research* it was
logical that they wprs ths most advanoed at ths time a ohsles had to
be mads. A precipi_tation proeaaa was outlined with two carrier mater-
1ala, bismuth phosp;hate and lanthanum fluoride, in mind. Final deci-
sions combined thW moat favorable features of both. Plant operation
of this proosss has been mors sucoeesful than had been expected and
has pro-red beyoa™ question ths wisdom of Its ohoiee.

T. Organisation and Personnel. - The Metallurgical Laboratory
was formed under the direoterahip of Ihr. A. H. Compton who later be-
cams Pile Pro’\'ct b\irector* Ths thrss original groups, nuolssr phys-

oh(7etr meoretlcal soon were supplsasntsd by health,
sngina™ ng and olher seotlona for specialised work. About 2000
persons were «aplo™ed at the peak of aetITitles in July 1944* Ths
Chicsgo irea Office, originally hsaded by Captain J. P. Grafton and
I/ater by ‘:aptain, néw Lieutenant Colonel, A. T« Peterson and Captain,
now Major, J. H* jUol&nley, was sstabliahed in August 1942 to supervise
the construction OFf new research facilities. However, when the lien-

batten District a!slsumed full reepossibility for sll activities of the

e


bensokr
Line

bensokr
Line


Project in Kay 1?U3» the Chicago Area Office was charged with adminis-
tration of certain government contacts with the Metallurgical Labora-

tory and associated organisations.
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MANHATTAN DISTRICT HISTORY
BOOK IV - PILK PROJECT
VOLUMB 2 - RESEARCH

PART 1 - METALLURGICAL LABORATCRT
SECTIOM/ - INTRODUCTION

1-1# Objectives. - The objectives of the research and development
work performed by the Metallurgical Laboratory were to procure those
theoretical and experimental data necessary to develop a controllable,
chain-reacting system (termed a *Pile'), producing plutonium from
natural uranium, and to develop a chemical process for the separation
and purification of the plutonium from uranium and the Ffiseion by-
products.

1-2. Scope. - The research work necessary to make the Pile
Project feasible included consideration of the following important
featuresi

1. Development of s self-sustaining, controllable chain-
reacting system.

2. Determination of the most suitable materials to be used
in Pile construction as seen from the point of view of
nuclear physics as well as flran that of engineering.
These materials were those to be used as "‘moderator,'™*
shielding, and coolant.

3. Shielding of all personnel from hasardous radiations
during operation of the production and separation units.

U. Suitable and reliable means of removing heat from the

1.1
I
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production units.

5. Investigation and choice of the most feasible chemical
separation process for extracting the plutonium from the
irradiated uranium and fission by-product elements.

1-3» Authorisation.

a. General. - The karihattan District Project was authorised
by the President of the United States under authority conferred on hi*
by Public Law No. 580, 77th Congress and Public i«w No. 35U (First *ar
Powers Act) 77th Congreee (See Book I, Vol. 1).

b. Specific. - The original specific authorisation for the
research and development work on the Pile Project is contained in a
report to the President of the United States, dated 13 June 1&2, by
Dr. J. B. Conant, Chairman WDRC, and Dr. V. Bush, Director CSRD. It
was approved by the Chief of Staff, the Secretary of War, and the Vice
President of the United States. The report was transmitted on 17 June
19U2 by Dr. Bush to the President, who ap roved it.

1-1*. Basic Nuclear Concepts.

s. Introduction. - To aid the reader in hie understanding
of certain necessarily technical discussions that appear In succeeding
paragraphs, a brief explanation Is presented of eertain fundamental con—
cepts which form the basis of nuclear physics and its application to the
Pile Project.

b. Elements. - Every material substance is composed of a
limited number of distinct varieties of deralcally-indivisible matter
called "elements.* At element is not to be thought of as an ultimate

constituent of matter, although each element has a real chemical

1.2
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existence and a true order of chemical magnitude. The term "‘element,”
to this day, retains the same meaning as heretofore, but the physical
conception of the element has been altered. In particular, under pres-
ent concepts of the atomic theory, each element iIs composed of atoms,
haring their individual chemical and physical characteristics.

C. Fundamental Concepts, - Atoms, in tum, are composed
essentially of throe different kinds of particles, namely, neutrons,
protons, and electrons. Thus, each element is nade up of atoms, and
all atoms are composed of the same kinds of particles* However, one
element is distinguished from another by the difference between the
relative quantities of neutrons, protons, and electrons in the atoms
of each. For example, an atom of beryllium contains five neutrons,
four protons, and four electronsjy while an atom of gold contains 111*
neutrons, 79 protons, and 79 electrons. Moreover, each element may
exist iIn several different species called "isotopes.” All the isotopes
of any given element are chemically identical, since their atoms con-
tain the same number of protons and electrons, making the atoms elec-
trically neutral. However, isotopes differ physically from each other
because their atoms differ in the total number of neutrons comprising
each atom. Briefly, a neutron is a particle having a net electrical
charge of zero, and having 1.00893 "mass units.'™ The proton has a
positive electrical charge of unity and has a mass of 1.00757 units.
The electron has an electrical charge equal to that of the proton,
but opposite iIn sign, that is, negative) and has a ma3S of 0.0005U8
units. Thus, the mass of the electron is negligible In comparison to

that of a proton or neutron.

1.3
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dn Atonic Structure* - In describing the structure of the
atom, the analogy of a planetary system is undoubtedly familiar to the
reader. Employing this analogy, the center or "'sun™ of the "'solar
system” of the atom is the nucleus, consisting, in general, of neutrons
and protons. The only exception to this is the case of the hydrogen
aton, whose nucleus contains a single oroton. The revolving "planets*
are electrons, one to balance the electrical charge of each proton in
the nucleus, revolving in orbits about the nucleus. Even tho:gh atoms
are inconceivably small (diameter of an electron orbit is lees than
1/100,000,000 of an inch) the atom consists mostly of empty space* To
illustrate this fact, if the cross section of ths nucleus of the atom
were the sise of a S"0-cent piece, the nearest electron would be revolv-
ing in a circle of radius of one-half mils* The opposite charges
(those of protons in the nucleus and slectrons in the orbits) develop
a force of attraction between the nucleus and the revolving electrons,
but the high speed (about 1360 miles per second) of the revolving
electrons kseps them iIn their circular orbits, in the same manner that
the sun"s gravitational pull on the earth is balanced by the centrif-
ugal force of the revolving earth* As explained previously, the weight
of the electron Ls negligible in comparison to that of the neutron or
proton, so that virtually all of the weight of the atcm is in the

nucleue.

e. Mass Number and Atomic Nurber* - The mass number of an
iIsotope Is det rained by adding together the number of neutrons and
protons in its aton. The atomic number of an element is determined by

the number of protons in its ator* Slelents are known by their atomic
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number, whille various isotopes of the sane element are distinguished by
the mass number. Thus gold (79 protone) is krown as element 79t uranium
(92 protons) as element 92. The predominantly abundant isotope of uran-
iun Is known as uranium-238 (U-238), i.e., its nucleus contains 92
protons and IP6 neutrons) *hile other isotopes (all with 92 protons) are
designated as uranium-235 (3-235) and uranium-23U (U-23U). A table of
natural ly-occurring elements, commonly called "The Periodic Table of
Elements, 1L lists 92 elements ranging from hydrogen (element 1) with the
simplest atom consisting of one electron and a nucleus comprised of only
one protonj to uranium (element 92) with 92 electrons and, for U-238, a
nucleus comprised of 92 protons and IP6 neutrons.

T. Nuclear Stability. - While it has been correctly stated
that a neutron has a net electrical charge of zero, it is important to
realize that, for the purposes of clarity in further discussions, it i»
assumed that the neutron itself is composed of a proton and an electron
more or less "bound” together. The nucleus, in tum, 1is subjected to
two different forces* (1) the electrostatic force* of repulsion between
the positively-charged protons, and (2) the mechanical forces of attrac-
tion between all the closely-packed particles. The corparative magni-
tude of these two opposing forces is dependent, partially at last, upon
both the size and complexity of the nucleus, and upon the relative pro-
portions of neutrons and protons. The combined effect of these forces
of attraction and repulsion is such that only certain nuclei are stable.
Although conditions for stability vary widely within all rangea of the
periodic table, it can be stated that, in general, iInstability exists to

a greater degree in the upper ranges of the periodic table of elements,
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where nuclei possess 90 or more protons and about 150 neutrons.

g- Radioactivity* - A condition of instability in a nucleus
may be illustrated by considering the analogy of a hot piece of metal
in a cool surrounding* An unstable condition then exists, but a stable
condition is reached when the metal cools to a point where there is no
transfer of energy from the metal to its surroundings or from the sur-
roundings to the metal* An unstable nucleus may be compared to the hot
metal, iIn which case the nucleus seeks a stable condition be emitting
alpha particles (helium nucler), beta particles (hegatively charged
particles or electrons), or certain radiant energy. This nuclear pro-
cess of seeking stability is referred to as "radioactivity- and elements
which “disintegrate’” in this fashion are termed "‘radioactive. 1

h. Pranlum-238 and Plutonium. - Uranium-238, to all intents
and purposes, may be considered a stable isotope of uranium (actually
it is not, but Its rate of disintegration Is so slow that, for practical
purposes, it may be considered as stable), and, under proper conditions,
1ts nucleus can be made to absorb s neutron with a result that i1t forms
P - (Notes The symbol "92U2"" 1s used to indicate the uranium
isotope whose nucleus contains 239 particles of which 92 are protons.)
AVARS a radioactive isotope, each nucleus of which emits a beta
particle. It is assumed that this beta particle is the negative portion
of a neutron, and its emission, therefore, leaves one free positive
charge, i1.e., a proton. The additional proton increases the atomic num-
ber by unity, resulting in an element of atomic number 93, to which
the name neptunium has been given. Thus, radioactivity accounts for the

change from N to Myip239. Neptunium, however, is only one stage
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In the disintegration* It, too, is radioactive, and emits, likewise,
a beta particle, becoming another element, plutonium, with atonic number
9K, and indicated as ngu’V‘-

1-5* Early Btaclesr Research*

a* Introduction* - Ths discovery of the neutron by Sir James
Chadwick and his associates in England in 1932 revolutionised atomic
research. As explained iIn the preceding paragraph, the neutron became
established as a fundamental particle of the atonic nucleus* Further-
more, the newly found particle was recognised as a remarkable projectile
for atonic bombardment experiments* Its lack of electrical charge
assured its penetration of ths strong electrostatic fields within the
atom™*

b* First Neutron Bonbarchents. - In 193b, a scientific group
led by Snrico Fermi in Italy started systematic neutron bombardment of
practically all the elements* They showed that the nucleil of atoms were
affected by neutrons in various ways* One process involved absorption
or "capture' of the neutron fay the nucleus* Presumably, this caused an
unstable statef then the nucleus returned to stable conditions fay emit-
ting a beta particle (high-epeed electron) to form a new atom, one unit
greater in atomic number than the parent atom* By this mechanism,
copper atoms were converted to sine atons, and gold atoms to mercury
atons. In other cases of neutron bombardment, other types of changes
within the nucleus occurred, resulting in the formation of many radio-
active isotopes of naturally occurring elements, eventually ending in
a stable atom of lower atomic number than the parent atom.

c. Interaction of Uranium and Neutrons. - The question arose
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as to what would happen if uranium, the element of highest known atom-
ic number, were subjected to neutron bombardment. Would a new "‘trans—
uranic* element be created, or would the neutron absorption cause
radioactive decay to an element a ftew places lower in ths periodic
system? “fen the experiment was performed, resolution of the results
was extremely difficult, and even consideration of elsmsnts of atomic
number up to 97 could not account for all the findings.

d. Discovery of Fission. - At ths sod of 1938, Hahn and
Strassmann In Germany became interested in the problem and concentrated
their efforts on ths chemical separation of ths products of reaction of
neutrons with uranium* They presented indisputable chemical evidence
that at least one of ths products believed to have been a transuranls
element was actually an Isotope of the element barium, which has about
half ths mass of uranium. A nsw mechanism for ths reaction of a neu-
tron with uranium was obvious* ths splitting or fission of the uranium
nucleus.

e. Energy Released by Fission. - The Ffission of the uranium
nucleus caused the release of a tremendous amount of energy. The total
mass of the fragments was less than ths mass of ths parent atom plus
the captured neutron. According to Einstein®s theory, this mass was
not lost but converted into energy. Measurements of photographis and
electronic manifestations of fission confirmed that enormous quantities
of energy were evolved in ths reaction*

f. Mass Energy Relationship. - The equivalence of mass and
energy iIs not apparent iIn ordinary combustion or chemical processes.

As expreseed by Dr. Einstein, Energy s Mass x Conversion Factori ths

\
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conversion factor is equal to the square of the speed of light, a
number so large that mass changes accompanying ordinary releases of
energy are too small to be detected. The energy from the usual burning
of one kilogram (2*2 pounds) of coal is about 3.5 kilowatts. However,
if this quantity of coal could be completely a nihilated so that no ash
or coriibusion gases remained, U-billion times as much energy would be
produced.

- The Chain Reaction and Associated Problems. - It iIs easy
to understand the sensation that Hahn and Straasoaim™s report created in
the scientific world. Huelear ohysicists everywhere started investiga-
tion of the fission process. Heretofore, utilisation of energy from
nuclear disintegration was not practical because the processes were not
selfmesupporting. The total energy necessary to taring the* about was
always far greater than the total energy which resulted. The scientists
reasoned that if nuclear fission was accompanied by the release of Tore
neutrons, these could be used to propagate furth r nuclear disintegra-
tions, and the reaction might become self-sustaining or ‘‘chain®* iIn
character. A chain-reacting system would make available the quantities
of energy released by the individual atons as a power source of unlimited
possibilities. The following problems were attacked to determine the
feasibility of a chain-reacting system*

1. Hoe many neutrons were released by the fission of
the uranium nucleus?

2. IT these neutrons were available for further reaction,
why was there no chain reaction under existing ex-

perimental conditions?
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3. Three isotopes of uranium wsrs knowmn™* ?ere all three
subject to ths fission reaction? Would othsr ele-
ments behave similarly?

k» “hat energies of bombarding neutrons wars most effi-
cient iIn producing fission? How could nsutron ener-
gies be varied and controlled?

5, hat were the identity and radioactive properties of
ths fragmentary atoms and radiation accompanying
fission?

h, Development of Nuclear Theory, - Partial or complete
answers to the above questions were soon known to the scientific world.
In addition, the nuclear-drop model theory was developed by Niels Bohr
and his associates to account for ths fission procsss* This thsory
regards ths nucleus as held together by coheslvs foress similar to
those binding ths molecules iIn a drop of water. If an extraneous nsu-
tron is absorbed by the nucleus, equilibrium conditions are disturbed)
ths nucleus is distorted and eventually broken apart, just as a drop
of water is affected by increasing its sias, Ths mathematical treat-
ment of the forces within ths nuclear-drop model provided scientists
with a means for correlating the vast amounts of experimental evidence
that had been obtained, and deciding what information was still needed
for complete understanding of nuclear fission.

1, Review of General Knowledge in 1?U0, - By the tins
organized voluntary or enforced censorship had been placed on the pub-
lication of information concerning fission, about the middle of 1900,

ths following faets were generally knownt
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1. An average of one to three high-speed neutrons are
released in the fission of a uranium nucleus.

2. These fast neutrons can be slowed down or "moderated™
to the speeds of gas molecules at ordinary tempera-
tures by elastic collisions with relatively inert
atoms such as carbon, helium, or hydrogen.

3* Fast neutrons causs fission in uranium-235 and
uranium-238. However, slow neutrons causs fission
of 0-235 but do not cause fission of U-238j instead,
thsy react with U-238 to form transuranic elements,
neptunium and plutonium*

U. Fission of thorira and protoactinium, two other heavy
elements, is caused only by fast neutrons.

5. Extremely high kinetic energy is imparted to ths
fission fragments, which are idsntified as radio-
active Isotopes of elements with atomic masses
approximately half the mass of the uranium atom.

1-6. Early Plutonium Research. - Early research work on the trans-
uranic elements (those with atonic numbers 93 and ?U) was dons at ths
University of California. Element 93* named neptunium (Np), was dis-
covered by E. McMillan aw! P. H. Abelson. Element 9h *a.a discovered in
Deembar 19U0 by G. T. Seaborg, A. C. 7ahl, and J. 7. Kennedy by ths
bombardment of uranium-238 with deuterons (nuclei of the "‘heavy hydro-
gen'™* atom), giving Np-238 which disintegrated to plutonium-238. Thus,
ths first isotope of plutonim discovered and studied was not ths iso-

tops of paramount interest, Pu-239, but, rather, the isotope Pu-238.
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In March I?Ul, the important isotope, Pu-239, was discovered. Considera-
tions of fission theory confirmed by experiments led to the conclusion
that plutonium (Pu-239) would undergo fission when bombarded by neutrons.
This conclusion led to a realization that if relatively large amounts

of plutonium were available, i1t would be likely that a chailn reaction
with fast neutrons could be produced. The release of enormous energy
(See Par. 1-5) would accompany such a reaction. In the meantime, how-
ever, much had been learned concerning the fission process and the
isotopes U-23S and U-238, Thus knowledge lent support to the possibi-
lity of producing plutonium from uranium by means of a slow-neutron
chain reaction. Furthermore, the separation of the plutonium from the
uranium could be accomplished by ordinary, albeit complicated, chemical
means} since plutonium, although produced from uranium, is a different
chemical element. Production of the other material of possible military
Importance, U-23*, however, would require a difficult isotopic separa-
tion of i1t from U-238, since these isotopes are chemically identical.

By the end of 19U1, it was generally recognized that, with practical
certainty, an atomic bomb capable of exerting tremendous destructive
force could be made from either concentrated U-235 or from the newly*-
discovered element, plutonium. Also, considerable theoretical progress
had been made. Certain nuclear and physical constants had been deter-
mined with a relatively high degree of accuracy, and earlier estimates
of properties of plutonium had been checked. On the practical side, how-
ever, little progress was recorded. Although the chain reaction had
been demonstrated clearly to be theoretically possible, no self-sus-

taining chain reaction had been achieved. Furthermore, the establishment
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Of * chain reaction did not necessarily insure an affective atomic boob
even though the bomb "explosion* is a nuclear chain reaction* “ore-
over, only microscopic aaounts of ,<lutoniun (these were in the fora of
plutonium salts) had been produced* Virtually no uranius metal or
graphite of required purity were available for construction of Piles.
By the end of May 171]2, however, the experimental work, for which

Or* A. H* Compton was Director, had been centered at the University

of Chicago (See Par* 2-1) and considerable progress, both theoretical
and practical, had been made* The most urgsnt problem in the “re-
duction and procurement of uranium metal and graphite of hifth purity
had been solved and initial production was getting under way* At the
Metallurgical Laboratory, problems associated with the design of the
first chain-reacting unit ware nearing solution, and uranium and graph-
ite were being received and processed for its construction! and for the
cons ruction of small experimental units for the study of neutron ab-
sorption and nuclear properties of Pile materials* In addition, other
research required for Pile design and construction was being pushed
vigorously (See App- Cl1), including neutron studies and engineering
aspects of Pile design* Simultaneously, research in the chemical
separation and purification of plutonium was making rapid strides, even
though, as pointed out previously, only microgram amounts of plutonium
were available from "cyclotron™* production* The chemical properties of
plutonium and chemical reactions between plutonium and chemicals pos-
sessing required characteristics for separation processes were being
actively Investigated (See App* C 2)* Having available only minute

amounts of plutonium, ths achievements of microehemlsts In their studies
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of chemical properties of plutonium and the evolution of likely separa-
tion and purification proesssss was, indeed, a remarkable achievement,
The result\s of their studies proved invaluable in ths couplets devel-
opment and refinement of largs-ecale separation processes when mors
plutonium became available, early in 12V, from operation of the
Clinton Laboratories Pile (See Vol. 2, Part II). It is to bs remem-
bered that, although the Metallurgical Laboratory of the University of
Chicago, under arrangements with ths Office of Scientific Research and
Dsvslopsent, served as ths nsrvs center of this broad program of re-
search, considerable theoretical work was bsing dons at other univer-

aitiss and laboratories under similar arrangansnts with OSRD (See Par.

2-1).
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SSOUGH 2 - OPSHATJKO AIiRAIGEKE*T3

2-1= Arrangements with GH). - Government sponsored research
directed toward the development of ohain-reaoting fissions vas
inaugurated under oontraots of ths Office of Scientific Research
and Development by small groups of scientists at the University of
Chicago, Columbia University, Prinoeton University, the University
of California, the University of Virginia, Cornell university, the
National dureau of Standards, and the Naval Research Laboratory* In
January 1942, Dr. A. H. Cocpton, who. had been appointed Oireotor of
the Projeot for studying controlled chain reactions and tbs measure—
cent of nuolear properties, deoided to coriocentrate the studiee,
insofar as possible, at one location. These vere cer.-tered at the
University of Chicago under OS ) Contraot Ho. OEM sr-410. The
Manhattan Oistrlot of the Corps of Engineers, foiloaring its establish-
aent effective 16 August 1942, coordinated the workI and pushed plant
conetrnotion while the OSRO continued to supervise the research and
development work on atomic fission under iIts exislting contract. This
arrangement continued until 1 May 1943 vhen the Manhattan Oistrlot then
and since September 1942 under the comsmnd of i1lajar Qeneral (then Brig-
adier General) L. H. droves, assumed full responsibility for all
phases of the atomic bomb program. |

2-2. Contractual Arrangements with the pnlverslity of Chicago,

a. Selection of Contractor (See MNip. 3 1). - As pointed
out iIn the preceding paragraph, It was decided to concentrate the
research and development work for the Hie Project at one location In
order to coordinate and expedite its completion. Ths University of

Chicago had been selected because of (1) 1ts nationally oantral
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location and distance from tha s«a coasts, (2) ths facilities availa-
ble for immediate use and future expansion, (3) the supply of trained
physicists and chemists available in the Midwest, and (U) housing
facilities, which were not as critical in Chicago as in some other
locations. Consequently, in the spring of 19U2, the research groups
from the various universities were moved to Chicago and organized
under ths nans of ths *Metallurgical Laboratory.” Therefore, at the
time that the Manhattan District assumed full responsibility for the
administration and supervision of the research and development work,
the facilltlee and pereonnal were already established at the University
of Chicago snd it was economically sound to continue the work at this
location.

b. Contract So. *-7U& eng-37. - On 1 May 193, the Univer-
sity of Chicago entered Into a contract, No. W-7U01 eng-37 (See App-
HI), with the Manhattan District for conducting rasaarch and develop-
ment work leading toward the deelgn, construction, and operation of
chain-reacting production units and chcnlcal separation plants. The
work was undertaken by the University on s non-profit basis, the con-
tractor being reimbursed for all costs incurred In connection there-
with.

The total coat to 31 December 1?U6 under this contract was $27,
933,13b.83, of which $61*7,671.80 represents the cost for remodeling
existing facilities and nsw construction. In addition, construction
completed under prims contracts and including Qoveraaent Purchase
Orders, amounted to $2,1$*,912.36* None of the funds of this contract

were spent for restoration of facilities, and the net cost for
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operating the Laboratory under th® contract was 127,285,U63.03.

Contract No. W-7KQl eng-37 was terminated as of 30 June 12U6,
the research work continuing under Contract 31-109 eng-38, with the
name of the Laboratory changed to tha Argonne National Laboratory*

0. Contract 31-109 ang-j6. - The new contract covering
research and development work on chain-reacting unite and chemicgl
separation plants wee initiated upon ocmpletion of the Argonne Labo-
ratory facilities and became effective 1 July 1<&6. For the period
ending 31 December 19U6, the new contract coete were $2,756,730.5k,
of which $161,636.10 represente coet for remodeling and new construc-
tion, and the balance of $2,575,0U2 .Ul represents the cost of operat-
ing the Laboratory*

Ae of 31 December 1?7U6, lump sue settlements for a total value
of $*9,509.83 were made with the University of Chicago, for restora-
tion of facilities. Payment of the ssttlcmente will be made with
funds from Contract 31-109 eng-38 which includes provisions for all
restoration in connection with the old and new contracts.

d. Contract Ho. W-7h05 eng-39. - The Ketallurgical
Laboratory of the Univereity of Chicago alee undertook the operation
of a semi-works or pilot plant at Oak Ridge, Tenneesee, to be designed
and constructed by B. T. du Pont de Nemours and Company under another
contract. This operation was covered by Contract So. *~7h05 eng-39,
whloh also became effective on 1 Kay I?1i3 (See Vol. 2, Part 11).

2-3. Provision of Research Facllitiee. - When the kSstallurgical
Laboratory was established, space for the neoessary offices and labo-

ratories was provided by the University of Chicago in campus buildings
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(Sas App- A 2)* The administrative offices wars located in a part of
Sskhart Hall (See App. AA)jJ tbs phyaica group was aaaigaad spaee la
ths flset and North Staadi of Stagf FlcU (See App. A 5) and la ths
Ssrvios Building (See App- A 10) for usa of ths cyclotron located
th«re] and ths chemistry group ess allooated laboratory space la Jones
sad Kent Laboratories. This last spaee was vacated shsa ths Xev Chem-
istry Building (Sms App. A 6, 7) mas soaplsted. As ths Frojest grew,
ths University withdrew its activities from Sckhart Ball and the ad-
Joining Syerson Hall (Sms App. A 8) and these two buildings war* almost
entirely occupied by the Mrtallurgioal Laboratory. Later, apace was
assigned la the Inatoay Bnilding and Bill Inga Hospital (Sas App- A ft,
9) and the bulldlaga now known aa Dremal Houae (Has App. A 9) and
Ellis Laboratory (Sas App- A 10) warm turned ever entirely for the use
of the health group. In all, the latellurgioal Laboratory occupied
approximately 209,000 e y re feet of spaee la sanpas bulldinga (Sas
App- 1 3). From tins to time, nodlflaatlona and alteratlona to these
campus buildings had to bs aads la order to adapt them te the nseds of
a oonoentrated, av«rchanging reaeareh and dewwlopmant program, and to
make all of ths spesa occupied a “Restricted" ares for obvloua security
raaaona (Sea Book 1, Vol. U). la addition. Interior modifications
ware aade la the Reynolds Student Clubhouse, Barnes Laboratory, ths
Botany Building, the Alpha Delta Phi fraternity houae, and the Htisan
of Sclenoe end Industry to adapt than for the use of University
functions dlisplaoced by ths e-eking over of other campus buildings by
the Hatellurgieal Laboratory. This work waa ascospllshad originally

by the University"s Buildings and Qrounda Department, and later by
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Laboratory subcontracts and purchase orders supervised ky ths fihiwg*
Area Offios of ths Manhattan District. Ths oost of theae alterations
awaited to approxinately $131,000 under subcontracts and purchase
orders (See App- D 2) and aa estlwted $300,000 tor work done by
University fore*s.

2“4 - Qeestreetl«i of m—

a.- &MOki* * N ths summt of 1942, it boeeas evident that
mare research fheillties would be required in order to expedite
accomplish— nt of the objaotlvea of the Istallnrglsal Laboratory*
Sines ths facilities that the Oolwsrslty of Chlosgo sea able to supply
had beca overtaxed by the rapid expansion of the flstallnrgieal Project,
it sea decided to construct several new buildings* The Manhattan
District estebllshed the Chicago Arec Office la August 1942 to lease
the property required aad to supervise the construction work. The
Stoas and Webster Kngineering Corporation had aocepted a contract, Sc.
1-7401 aag-13, te psrfora architectmenglnear nanagcasnt servicec far
all sonctructioa required by the Manhattan District* (It wac later
determined that it would be necessary for other contractors to taka
part in this work if the Project was to be oospleted on schedule.)
Plans to construct a pilot plant near Chicago 1_=9r sna.il icale produc-
tioa and separatloa of plutoniun sere reconsidelred and it was decided
te construct this plant st s morn reacts location under another con-
tractor (Sec Tol. 2, Part I1)* Stoas and Webstar then prepared the
design and supervised the construction of an experimental Pile build*
Ing with related laboratories, and a chenlstry laboratory building. It

was later found necessary to more than double these facllitiee to take
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car* of the growing program,

b. Argonne Laboratory (See App, D 2), - For security
reacons, it wae felt thet experimental work in a Pile laboratory could
beet be handled away from population centers, A decision was made to
construct the laboratory in an isolated area on a site, selected in
June 1?U2 by Colonel Marshall, District Engineer, about twenty miles
southwest of Chicago in a Cook County Foreet Preserve known as the
Argonne Foreet, This location was chosen because i1t was sufficiently
isolated and yet within easy cannutlng distance of the University
campus (See App- A 1, 3), With the aeeistanoe of the Heal Estate
Branch of the Oreat Lakee Division, U, 3, Engineers, a lease was
negotiated between the Forest Preserve District and the “far Department
for the use of 1088 acree of this area at a rental of one dollar, for
the duration of the war and one year (See App, C 19)* The construction
of the original laboratory building, service buildings, an access road
and protective security fencing was initiated in September 122 and
completed in the early part of 19U3« In August I$i3, construction
was started on a new laboratory for a "heavy water'# Pile and necee~
sary service buildings at this site involving the erection of eight
buildings including a doraltory and mess hall for resident oembere of
the Contractor®s staff. In addition, a 328-foot well was drilled to
provide adequate water supply and a 75,000-gallon steel water tank
was erected for storage capacity. This work was completed in October
19hU (See App. A 3, A 11-15j D 2),

c. New Chsmistry Building, - To take care of the expanding

chemistry group it was found neceeeary to provide 20,000 square feet
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of laboratory apace specially equipped for developing separation and
purification processes for uranium-23% and plutonium-239, The Uni-
versity offered to lease to the Oovernment, for thie purpose, 0.73
of an acre of land located at 56th Street and Ingleside Avenue (See
App* A 2), then occupied by tennis courts, for a one dollar rental
fee (See App* C 20)* Stone and debater alee acted ae architect—
englneere for this construction under Contract No. ?WUO1 eng-13.
<York was initiated ia August 19nZ and completed In December 1$+R
(See App* A6, 7] D 2). InMay 1?2U3, the chemistry program had
been increased to the point where It was necessary to provide
additional facllltiee for this work* Action was taken to supplement
the above lease to include an additional 0.85 of an acre of land ad-
Jacent to the New Chemistry Gilding on which to construct a 30,000-
square foot annex (See App* A 16, 17). Thie Mew Chemistry Annex wae
completed in November 1?2U3» Extensive modifications to the New
Chemistry Building were aleo necessary and wore started in February
I?lU  Thie work ineluded the inetallation of a complete ventilation
system to provide dust free laboratory spaoe for research on pluto-
nium*  This work was completed in October 1?Ui (See App. 0 2)*

d. Site 8* - In April 1?2U3» the University made availa-
ble to the Metallurgical Laboratory an ice house and stables that
it owned at 6111 University Avenue in Chicago (See App* A 1, 2, 18)*
Thie location, known ae Site B, was remodeled and enlarged to pro-
vide laboratory, ahop, and service faoilitiee for the rapidly grow-
ing metallurgy and health divisions of the Project* These facili-

ties were completed for occupancy iIn June I?M3. As the technical
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and health urograms continued to expend, it wee necessary to double
these faoilitiee in the fell of that year* In all, approximately
62,670 square feet of faeilitiee were provided at this location (See
App* B 3| 0 2)*

e. Armory, - Te solve the critical space problem a lease
(See App* C 21) was negotiated In March §?214i, between the State of
I1linois and the U* 3* Qevemeant, for the use of the 12I*th Field
Artillery Armory located at 52nd Street and Cottage drove Avenue In
Chicago (See App* A 1, 2, 19), Extensive alterations and modifica-
tions were made te convert the space taken over te laboratories,
shops, stock rooms, and offices for the Laboratory adainistrative
personnel and the staff of ths Chicago Aree Office (See App* B 3)

0 2),

T* Construction Costs* - All of the above construction
was accomplished under Imap son contracts let by ths Government or
under eubeontracts of ths University* A total of 360,000 square
Teet ef new facilities were constructed and/or leased at a cost of
approximately $2,000,000 (See App* B 3) 0 2)* Since September 19U 1,
ne major construction has been undertaken* However, some alterations
and modifications to existing facilities were continually being mads*
This work was carried out under ths supervision of ths Chicago Ares
Engineer by scans of University of Chicago subcontracts,

2-5* Procurement cf Materials* - Ths subject of ths procurement
of feed materials for the atomic bomb program is given complete
treatment in Book VIlI, However, the procurement of the special mate-

rials required to initiate and carry out the research program of ths
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Metallurgical laboratory la worthy of motion here* In 1342, procure*™*
nent of uranium end graphite wae primarily the reaponeibillty of the
OSKD 3-1 Section Planning Boards Saall amount* of uranium oxide and
natal were purohaaed by the Laboratory with the aeeiatanoe of OSHD
Crm “eatinghouae Electric and Manufacturing Company, the Motel Hy»
dridee Company, the Malllnakrodt Chemloal worka, and the Canadian Re*
dium and Uraniuai Company# with the teohnioel aaeletenee of the 9a*
tlonal Bureau of Standarde, graphite of auffieient purity wae obtained
tram the national Carbon Company and the Speer Carbon Company* In the
fall of 1942, production faoilitlea for producing uraniue metal of
auffielent purity mere eetabllahed at lean State College under an 08BD
oontraot* Thie work «u continued under Manhattan Dletrlot Contract
Se* »v7405-eng-T# Arrangeoenta alee were made late In 1942, by the
Manhattan Diatrict, for the Increaeed production of natal by the
lialllnokrodt Chemioal Worka ae veil ae the Union Carbide and Carbon
Corporation and the dn Pont Company* Early In 1943, the Manhattan
Diatrlet took over all precuramant of auoh materlele for the Metallur*
glcal Project* In addition to the above, the following aaterlale

were prooured by the Oovernment for the oontraotorei radium, plati-
nur* iridium, fluorine, and hydrogen fluoride, oalelun, tungaten,
thorium, and berylllun* The Univaraity of Michigan under Contract
w»740koxeng™»9S prepared e number of pure ohemioala for use in the

purification reaeareh program being done at Metallurgloal Laboratory

and eleewheree
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SECTION 3 - DEVELOPMENT Of PILES

>*e SQ02SL2LMSE»
*e Introductory Concept™* - Certain fundamental considera-

tion* of flaaion and the chain reaction hare already been presented
(See Par* 1-$)# The fission process, and the formation and "‘noo-fie-
siooP loss of neutrons within a Pile, required sane amplification la
order that the reader may appreciate the problem* involved in design-
inf a Pile* within the Pile Project* the primary purpose of the Pile

is te produce plutonium by a nuclear reaction which sustains itself*
Unfortunately, many of the neutrons produced in the Pile by fission pro-
cesses are nonproductive from thla viewpoint* Son* of the neutron* arc
absorbed la the Pile materials other than ths uranlua) others are lost
by leakage) still others are abeorbed by the uraniua ca impurities in a
manner such that (1) radioactive by-products, and not plutoniua* result
or (2) no fission (is continue ths reaction) occurs* If toe many neu-
tron* are abeorbed without fI1**lon occurring* or* even though f1**lon
doe* occur* i1f the number of neutron* emitted by the fis*lon process is
toe small, the reactionwill not austain itself and will die out. Thu**
la a Pile, if * specific number of flret-generation neutrons 1* produced
by flsalon, * certain nuaber of thcawill be ineffective for ths reasons
Just described. Sens of them, however, will be effective and will cause
fission, thereby producing more (next generation) neutrons* If these
fissions arc sufficiently numerous and effective, this next generation
will have an equal number of neutron* and th* system 1* chain react-

ing. This change In the number of neutron* ftroa one generation to the
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next is described, mathematically, by a factor called the "multiplica-
tion factor'” ar "reproduction constant,” and Is designated by ths letter
"k.“ 1t is the factor by -which the average number of neutrons in a Pils
changes during one jer»ration. rhus, iIf 100 neutrons at the start of

-a generation cause Fission that produce 10$ new neutrons availabls to
cause additional fisaion, the multiplication factor is 10S/L00 or 1 .0%.
Clearly, "K' must have a value equal to unity, or the system would not
be a aelf-eustaining, chain-reacting unit. Within a Pile, a myriad of
factors affect ths value of k™ and all of them have to be taken into
account in the design of a chain reaction that would maintain itself.

At the outset, the ultimate success of the entire Pils Project was
synonymous with the construction of the First chain-reacting unit (See
Par. 3-2) in order to demonstrate clearly that such a unit or system was
actually attainable— not just theoretically possible.

b. Pile Materials. - fhe materiala that comprise a Pile nay
be divided into five categories in accordance with their purpose. Brief-
ly, these categories are the uranium, the moderator, the coolant, the
Pile shield, and the auxiliary equipment, including control devices,
equipment for insertion and removal of the uranium, and recording instru-
ments. The part that uranium plays as the "raw material’ in the produc-
tion of plutonium in the Pile has been amply described (See Sec. 1).

(@D Moderator. - It has been mentioned (See Par* 1-6)
that fast neutrons can be slowed down or moderated by certain substances.
The slowing down of these neutrons is a result of a series of elastic
collisions between high speed particles and particles virtually at rest.

The more nearly identical the mass of the fast-moving neutron and the
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particle that is struck by it, the greater is the lose of kinetic energy
by the neutrons. Consequently, substances or elements with nuclei of
lov mass are most effective as noderatora. These elements are the so-
called "light” elements such as hydrogen, helium, Iithium, beryllium,
boron, carbon (graphite), and deuterium oxide (heavy water). In addi-
tion to the requirement of low atomic weight, another requirement

(among many) of a moderator is that its tendency to absorb neutrons be
very low— too high an absorption of neutrons by the Pils moderator

may cause the Pile multiplication factor "k to be less than unity,

thus making the chain reaction ixpossible* Thua, by a series of
elastic collisions between the fast or high energy neutrons, resulting
from fission in the Pile, and the nuclei of the moderator, ths energy
of the neutrons is reduced to very low or "“thermal* energies. This
reduction in energy of neutrons to thermal levels is required in order
to establish a favorable balance between the relative number of neutrons
absorbed by the uraniua-23$ (resulting in fission to produce more
neutrons) and those captured by the uranium-239 to produce plutonium,
since low-energy neutrons are more effective than fast neutrons in ths
fission of U-23* Conditions for this favorable balance must be created
within the Pile by use of a moderator and other means, otherwise there
would exist an unfavorable condition in which neutrons would be more
readily absorbed by the IO times more abundant U-238, with a consequent
reduction in the number of neutrons available to cause fission in ths
rare isotope U-23>, resulting in the discontinuance of the chain reaction
and the cessation of Pile activity* Consequently, major problems assoc-

iated with the design of the Pile, as for example, the noderator, arose
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from the primary necessity of promoting fission to sustain the chain
reaction.

(@ Coolant. - Since the production of appreciable
amounts of plutonium in a Pile is accompanied by the continuous libera-
tion of ener gr in the form of heat, a cooling system is required to draw
off and dissipate this heat in order that ths Pils may operate for ex-
tended periods of time. Substances used for cooling may be divided into
three classes) namely, gases, liquids, and molten metals. Nuclear,
physical, and engineering considerations established ths following ,
criteria for a Pile coolants

1. Leer absorption of neutrons.

2. Chemical stability.

3. Desirai le thermodynamic properties.
U. Resistance to radioactive disintegration®
5. Simplicity of design of cooling system which

includes pumps, heat exchangers, circulatory

system, and auxiliary equipment.
No one coolant satisfied these criteria completely. Among the gases,
air or helium could be employed. In the case of liquids, ordinary water
and heavy water (deuterium oxide) offered poeeibllities of use. Other
possible coolants included liquid bismuth and alloys of lead and bis-
muth. -ach of these coolante had certain advantagee and disadvantages
for use in a Pile (Sec Vol. 3)«

(@ Shield. - TrThile in operation, a Pile emits radiations

of various types. Fheae radiations are definite health hazards to oper-

ating personnel, since they are somewhat similar to X-rays, To prevent

——
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personnel from being exposed to this hazard, a Pile requires a shield
to confine these radiations safely within the structure* The shield
else serves as a major structural member of the Pile* Various mater-
1als or combinations of materials could be used as a shield* Thick
walls of concrete appeared ths obvious sad best, although concrete and
water, "masonite,’e or lead eould also be used) as could also a combina-
tion or “sandwich* type shield of masonite and iron or other materials*
e* lattice. - Ths essential File ingredients for production
of plutonium bj nuclear reactions are ths uranium and the moderator*
The extent and nature of nuclear reactions that occur within the Pile
are dependent upon ths manner in which the uranium and moderator are
placed or distributed in ths Pile with respect to each other) upon ths
comparative volume and weight of ths uranitmi and moderator! and alsm
upon the physical shape of ths pisoss of uranium motel and ths moderator*
Ths geometrical arrangement of pieces of uranium in ths moderator is
termed ths "lattice*™ However, to desoribs a specific lattice uniquely
requires a precise delineation of considerably mere factors than those
Just described (See App* C 3)* A Pile employing a fissionable material
such as uranium in ths foam of sithsr lumps or definite shapes (cylind-
rical, spherical, or cubic) imbedded la a moderator is termed s Pile
of ths "hsterogeneous” type* This type of Pils Is to be contrasted to
a type termed ths "homogeneous™ typs, in which ths uranium is in ths
form of fins partielss mixed with the moderator) or in which ths comp-
osition of ths material within ths Pils is uniform throughout* Litas
ths moderator, the general purpoee of the precise arrangement in a

hsterogeneous Pils, iIn contrast to a homogsnsous Pils, is to promots

ek
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fiasion to sustain the chain reaction.

d- Pggcriptlon of Pile Types. - Within each clasaifioatlon
as to type (heterogeneous rs. hoeogeneoua), Pilot are eustomrily des-
cribed *ith respect to ooolant *nd moderator. For example, a Pile could
be described as aa air-cooled, graph!te-uoderat«d, heterogeneous type;
or a water-cooled, heavy watar-noderated, homogeneous type. Thus,
various coolants could he confined with different asxkrators to fora
different combinations such as the followings graphite-noderated, with
hellos, air, or water as a coolant} or heavy water-moderated, with air,
helium, irster, or heavy water as a ooolant. %ile these substances can
he easily ennneratad for possible use in a Pile, obvious nuclear physi-
cal engineering considerations led to the ellwlnation of sobs of then
at the outset* Other possibilities were investigated to s considerable
extent before they, toe, were discarded for less obvious reasons (See
Par. 3-3)« As has been pointed out above, the prinary purpose of both
the moderator and lattice is to pronote fission In order to sustain the
chain reaction. The likelihood of effective fission may Vs increased
by still another nsthod which is a characteristic of s type of Pile
known ss an "enriched* Pile (See Vol. 3). It is ths isotope uranlun-
235 that is the highly fissionable naterlal in uranium, but it exists
in uranium omly in about one part in 140. Also, the abundant isotope
CJ-2%. captures neutrons, without fission resulting* If the U-235 could
be separated from the R»23$, and a Pile using a high concentration
(enrichment) of U-235 could be constructed, the probability of fission

occurring to sustain a reaction would be greatly enhanced*

3-2* First Cheln-Kesoting -fagtfS.

3.6
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a, Introduction* - It «u recognized la the early stage* of
investigation that a mathematical analysis of th* processes involved in
neutron absorption and reproduction could not give th* degree of accur-
acy required for actual construction of a high power, chain-reacting
unit* Th* varied factor* to b* considered sere so complex that expert*
mental determination of neutron reproduction constants of suggested
system™ was necessary™

b. Laboratory Piles, = The first experimental Piles which
were constructed at the Metallurgical Laboratory were heterogeneous
system* of uranium metal, uranium oxide, and graphite* Many such sys-
tems (called lattioe*) were subjected to nsutrcn irradiation from ex-
ternal "radium-beryllivns source*s# and Mm University of Chicago cyclo-
tron* Then, by mean* of probing channel* through th* lattiee*, measure-
ment* of neutron intensitis* within th* systems were mad** Theoretical
calculation* of Pil* factor* were thus checked sgainst experimental
findingse Th* experimental lattiee work provided essential information
on the following major problem* i

1* Th* multiplication constant "K' was shown to b*
greater than unity for certain lattices of uraniiss
metal, uranium oxide, and graphite of the purity
available to the Project*

2* "Thermal stability'™ experiments indicated that the
"reactivity** of the system* under investigation be-
cane less as temperatures increased. Therefore, an
accidental rise in temperature was not likely to in-

crease the development of energy, causing a further
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rise in temperature, and a probable catastrophe,

3, The value of using large lumps of uranium, instead
of relatively small pieces, for optimum neutron
utilization was established,

U. The importance of delayed neutrons in controlling
Pile operation confirmed. A small percentage
of the neutrons available for uranium fission are
delayed for periode ranging up to a few aeconda
after the splitting of the uranium nucleus. This
phenomenon produces a lag in reactivity of a Pile
instead of a rapid multiplication of energy which
would result if all fission neutrons were iInstan-
taneously liberated. The experimental Piles, in
particular the first chain-reacting unit describ-
ed below, measured the effects of delayed neutrona
on Pile reactivity and control,

C. First Chain-Reacting Pile. - flyOctober 1902,
materials were available to attempt the construction of a self-sustain-
ing, reacting unit. It “yas designed as a spheroid of graphite blocks
containing bricks of uranium and uranium oxide iIn the proper geometri-
cal spacing. Movable strips of neutron-absorbing cadmium metal were
inserted in the Pile as construction advanced to keep the neutron radia-
tion low enough to prevent accidental attainment of the chain reaction.
Measuring instruments were also placed at strategic points for purposes
of constantly checking neutron intensities and energies. Thus, It was

discovered that critical conditions were attained before the lattice

sufficient
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was completed, i.e., ths multiplication factor exceeded unity. Aa
a result, the find shape of the Pile approximated a flattened sphere
with a polar disaster of about 20 feet and an equatorial disaster of
about 26 feet (See App. C U). On 2 December 19U2, operation of the
Pile was started at an energy level of J-watt by careful partial
withdrawal of the cadmlua octal strips. On 12 December 19n2, the power
level waa raised te 200 watts. However, the latter power level could
not b* maintained because of the radiation hasard to people in the
vicinity* Therefore, the testing was continued at ths )-<watt level
until ths Argonne Laboratory (Ses Par* 2-4) was constructed* In ths
early part of 19U3* the first chain-reacting unit was dlisasntled t
Its campus sits and reaaseabled with proper "biological shielding”™*
for higher p<mwr outputs at th* Argoons Laboratory*
3-3* Pil- Coneldered for Platcalua Production™

a* Theoretical Considerations. - Certain typos of Piles
and various possible coolants and moderatore have been enumerated la
the previous paragraph* Early considerations, however, led either te
the outright elimination of certain materials, or to the determination
that definite advantages accrued in the uss of one type of material over
another. Late in I2Ul, 1t was shown that ths heterogeneous type of Pile,
employing s lattice, possessed definite advantages over a homogeneous
type (See App. C £)* OF the po**ihl* moderatore, lithlua and boron were
quickly discarded because of their high tendency to absorb neutrons*
Helium, likewise, was struck from the list of likely moderatore sinoe,
being a gas, It* neutron moderating properties were relatively low under

normal pressure, and also, being chemically Inert, helium forms no

I
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compounds.  In the case of the coolants- air, water, heliun, biswth,
and heavy *ater— none was eliminated solely on the basis of theoreti-
cal considerations. Thus, early considerations narronved the choice of
moderators to either water (a carmpound of hydrogen), beryllium, carbon
in the form of pure grephite, or heavy waterj the choice of coolants
lay in either air, water, heliun, bismuth, or heavy water. It is to be
realized that no one choice of moderator and coolant was better iIn
every respect than all the others, and certainly none of them could be
guaranteed to give smooth, trouble-free operation.

Ib* Practical Considerations. - In addition to the theoretl-
cal considerations, certain practical considerations led to the further
elimination of certain pile types and materials. Such practical consid-
erations included the complexity of a cooling system for a specific cool-
ant) Pile efficiency) relative plutonium production rate) safety of oper-
ation) ease of Insertion and removal of the uraniun) speed of construc-
tion) availability of materials) and status of knowledge (In mid-1?7U2)
of Pile design iIn foreseeing possible trouble and complications. The
enriched Pile was eliminated at this time because of ths scarcity of
uraniun-235 (See Book VII). The use of heavy water as a moderator or
coolant for a production Pile was eliminated on the sare count as there
were only a few kilograns of heavy water available and 1t was estimated
that two years would ®erequired 10 supply adequate anounts. Heavy
water and the heavy-water Pile, honever, offered distinct advantages
that warranted the continued production of heavy water and development
of heavy-water Piles iIn the event that insurmountable difficulties arose
in the use of other Piles for plutoniun production. Actually, a

3.10
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comparatively small heavy-water Pille was built (See Par. 3-U) and hae
proved to be an invaluable iInstrurent in the study of nuclear physics.
Berylliun appeared to be considerably lees advantageous than heavy water
and just as difficult to dotain. In the case of gaseous coolants, hel-
iun offered many advantages over air. In particular, the inert quality
of heliun lessened corrosion problems arising frost chemical reaction of
the coolant with the Pile materials. Bisnth as a coolant had certain
advantages In comparative plutoniun yield and rate of plutoniun produc-
tion. These advantagee, however, were more than offset by the diffi-
culties in handling an Intensely radioactive molten metal} and aleo by
the fact that the use of bisnuth as a coolant would require the use

of "uraniun carbide™* iIn the Pile iInstead of uranium (the melting point
of uranium metal being lower than that of molten bismuth), and the manu-
facture and fabrication of uranium carbide presented many serious prob-
lems that would require long-term study.

c. Statement of Problem at End of 19U2. - Thus, for ths
purposes of designing a plutonium-producing Pile of high output iIn as
short a time as possible, theoretical and practical considerations, by
the end of 122, had narrowed the choic* of a moderator to one, narely,
graphite} and the choic* of a coolant to two- helium or wvater. It Is
to be realised, however, that the elimination of certain possibilities—
for example, enriched Piles and heavy-water Piles- from a role as high-
poner plutonium-production Piles was a result of a situation existing
in 1902. Questions of whether or not a graphite-moderated, water- or
heliun—cooled heterogeneous Pille was the best type of Pile from all

points of view, could be answered onlly as a result of considerably more
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research after altemative Pile materials becare available. In tha
meantime, honever, a plutonium-producing Pile had to be built* Before
construction could start, hovever, there remained the one question
as to whether it should be water- or heliun-cooled.

>iw  Argonne BExperimental Plica

a. Introduction. - The first chain-reacting unit constructed
in the West Stands was dismantled early In 12U3 (Sec Par. 3-2) and i1ts
materials were used iIn the construction of a uraniua-graphite Pile iIn
an isolated location about 20 miles souttwest of Chicago (Sea App- A D)*
Early investigations of possible plutoniun-production Piles revealed
that the use of heavy water as s moderator had certain advantages, tut
ths amount of heavy water then available was negligible, and graphite
moderation was chosen for production Pilles. However, a program was
established for the production of heavy water (See Book 111) for possible
altemative use iIn production Piles, and also for use in lov-ponered
experimental Piles that would sernve as a source of valuable information
on this type of Pile and also as a valuable experimental instrument for
use In the design of production Piles. A heawy-water-moderated Pile was
constructed early in 120U at the same isolated location to which the
graphite Pile was moved. This location is known as "Argonne’ and the
two Piles and experimental facilities are knomn as the "Argonne Labora-
tory” (See Ap- A 3).

b. Argonne UranlunOraphltc Pile. - The greater part of th*
materials used In the Argonne uraniun-graphite Pile was taken from tha
~est Stands Pils after the latter was dismantled. Honever, the Argonne
Pile, knomn as the CP-2 Pile, was built substantially cubical in shape,
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instead of spherical, and contained considerably more uranium. This
CP-2 Pils is about 30 feet square in plan and about 25 feet high (See
App* A 20). The lattice consists of s geometrical arrangement of
graphite blocks, bored with cylindrical recesses in which small uranium
cylinders are inserted. Ths Pils is shielded on all sides by a concrete
wall 5 fast thick, and on ths top by a six-inch layer of Isad and 50
inches of wood®* Ths Pils contains about 52 tons of uranium and U72 tone
of graphite, and firat becams chain reacting in May 1A3» *ts owverall
multiplication constant "V* Is about 1.055 (Sss App* 0 6). No cooling
systsmwas provided for this Pils so that i1t is normally operated st s
poner level of only a fir kilonatts, although ths power level haa been
raised for brisf intervals. This Pils has bsen used extensively for
determining the "neutron-capture cross sections'™ of many elements which
might be used iIn future Pils construction or might be pressnt as Impur-
itiss la Pils materials. It has also been used for studies of shield-
ing, controls, thermal stability, and instrumsnts, as well as a train-
ing school for production operations.

Cc. Argonns Uranlun-Hcaw-jr«tor Pils. - Ths reacting unit of
this Pils, knomn aa ths CP-3 Pils, is a cylindrical aluminum tank with
a diameter of six feet, In an upright poeltion (See App* A 21-23)* Ths
tank i1s filled with heavy water* Ths cover of ths tank la pierced with
hollea regularly spaced, through which aluminun-sheathed uranium rods
project vertically into the heavy water In the tank* Ths system (includ-
ing tank and cooling system) requires approximately 6.5 tons of heavy
water, and 121 rode suspended vertically in the heavy water* Ths tank
itself is surrounded by a graphite "‘reflector’” which serves to reflect
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neutrons bed<: Into the reacting unit. A lead shield surrounds the re-
flector, The usual biological shield of concrete surrounds the entire
structure. The top of the structure is shielded by several layers of
thick, one-foot square removable "brid<*' composed of altemate layers
of 1ron and masonite. Various holes for experimental purposes traverse
the shield. Control is achieved by rods of neutron-absorbing material
which are pivoted so a* to siring domn and dip Into the heavy water.
Cooling of the Pile is accomplished by circulating the heavy water
through an extermal water—-cooled heat exchanger system. Safety feat-
ures for emergency purposes include an automatic mechanism which can
plunge the control rods into the heavy waterj and also a subterranean
tank Into which the heavy water iIn the reacting unit may be dumped
rapidly. The CP-3 Pile becare chain reactive in May 12U* and was oper-
ated at full power (30tor) in July 190U, Both the CP-2 and the CP-3
*lles at Argonne have proven to be extremely valuable instrurents iIn
the general study of nuclear physics and iIn the testing of materials
for use at other sites (See Ap- C ?),

35, Selection of Oraphlte, 7ater-Cooled Production Pile, -
the end of 122, 1t had been determined that a plutoniun—producing Pile
of the heterogeneous type employing graphite as a moderator appeared
the best from most theoretical and practical vieypoints. Actually,
scientific design and technical data regarding various types of Piles
was incomplete, and 1t was not possible to make a carefully weighed
decision as to the best type of plant, Tet a decision was necessary iIn
order that full scale design and construction could get under way. The
one decision remaining was whether helium or water should be used as e
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a. Helium Cooling. - The Metallurgical Laboratory favored
helivra cooling during the early stages of Investigation. Preliminary
plans for such a plant were drawn up, and 1t was felt that full scale
design could be achieved more rapidly for the helium—-cooled plant than
for the water-cooled plant. Among the many recognised problems inher-
ent in heliun cooling werei

1. The large quantity of helium required.

2. The early procurement of high-capacity bloners.

3. The relatively low poner output per kilogram of
uranium metal.

U. The difficulty of charging and discharging the Pile,
especially 1T the helium were under considerable
pressure.

5. The removal of neutron-absorbing impurities from the
large quantity of heliu*.

6. The hasards resulting from leakage of the radicactive
ges.

7. The relatively low heat-absorbing capacity of helium,
making It desirable to maintain the heliun under
pressure with the attendant need for an enclosing
pressure tank.

In spite of these evident difficulties, hovever, a design for a helium-
cooled Pile was prepared by the Metallurgical Laboratory in considerable
detail (Sea Ap. C 8). This design was submitted to the du Pont Com-

pany who inrtially accepted it

319
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b. Tatf Cooling. - fhile the designs of the helium-cooled
plant were being worked out, further experimental results indicated that
water cooling was possible and tentative plans were prepared (See App.-

C ?) on a water-cooled production Pile# These plans made provision for
ths use of erther of two coolants— water or *‘diphenyl’™— necessitating
only minor changes to the plant i1n going from one type of cooling to the
other. The onlly construction change that would be necessary in the Pile
proper in going from water cooling to diphenyl cooling would be to
increase the thicknese of the annular space between the slugs and the
aluminum tubes (See Vol. 3). Disadvantages iIn this type of Pile were
also apparent. The advantage of a lesser volure of coolant was part-
1ally offset by problems of corrosion caused by the water or diphenyl

in contact with the Pile materials, and the radioactivity "‘pick-op”

of the coolant In passing through the Pile. Itwas knowmn also that

the intemal complexity of the Pile would be considerably greater if

a liquid were employed as a coolant*

c. Final Choice. - Sarly In 103« honever, after the du
Porit Company had studied the proposed designs for s helium-cooled plant
and the tentative plans suhnitted by ths Metallurgical Laboratory for
a water—-cooled plant, including the possibility of a diphanyl«cooled
unit, It favored the water-cooled plant iIn view of the engineering
problems involved in the design of the other two types. The consensus
now Is that water cooling was the wisest choice™
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SSCTION U - PHBRICS IN PILE DK3IOM

U-1" Introduction. - Early in 19U3 the first objective of th*
Metallurgical Laboratory, i.e., the deaign of a plutoniun-producing
Pile, had bean reduced to the design of a graphlt*~«od*rated, water-
cooled Pile (or several such Piles). Also, the object!had been fur-
ther delimited by decisions as to the rate of production (See Vol. 6)
and the location of the plant site (See Vol. U)* Clearly, speed of
construction was necessary to provide the United States with a military
weapon of unprecedented porer for use In current military engagements*
The complexity of problems iIn the design of a Pile, mainly from th*
nuclear physics vieypoint, has been implied by previous discussions of
nuclear theory (See Par* 1-U) and certain preliminary considerations
(See Sec* 3)* These problems were further complicated and new problems
were Introduced by technical, engineering, and constructional aspects
of Pile development. Moreover, iIn a production Pile, operating neces-
sarily at high poser, the dissipation of consid«rabl* heat was a problem
which wa* not present to auch a great decree In lov-poner experimental
or seraiworks Piles. It has been calculated that th* production of o™
gram of plutoniun 1n a Pile would be accompanied by a* much heat as th*
buming of thre* ton* of coal* Th* solution of each of thes* problem*
required considersble concentrated research. Son* of thes* problent,
such as probler* of the lattice, shielding, and control rods, turmed
out 1 be less troublesome than others. Other problems, particularly
thos* arising fran th* need of cooling th* Pille, proved extremely
difficult, and their solutions required, over a period of tine, th*
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concentrated efforts of both ths Metallurgical Laboratory and other

research organisations* Other problems, too, such as sffscts of radia-
tion on Pile materials, ths dsslgn of Pils control instrurents, optical
instrunsnts, and "‘remote control'’ devices required extensive study and

development*
U-2. Certain Design Problems.
a. Lattice. - Tha lattice has been described previously as

consisting of lumps of uranium imbedded at specified pg(lnts ina
graphite moderator* There were several objections to this point lattice
for use In a production Pils* First, ths Pils would have to bs almost
completely disasserbled in order to remove ths uraniun) secondly, con-
centration of tha coolant at the uraniun lumpa (which are points of
maxImnm production of heat) would be extremely difficult* In order to
overcome these difficulties, 1t was decided to have ths ursnium in ths
Pils iIn ths form of "cylindrical slugs'™ approximately eight inches in
Isngth and F» Indies in dianeter placed end to end in horizontal,
Intermally-ribbed tubes with the water coolant flowing In the annulus
bstween the surface of ths slugs and ths Inner surface of ths tubs*
When ths uranium slugs had been in the Pills long enough so that s prede-
termined emount of plutonium hsd bscn formed, the slugs could bs pushed
out of ths Pile by forcing freah uranium slugs into their place* In
addition, this "rod” lattice would be superior structurally* Hownever,
It became necessary than to determine whether such s rod lattice could
be built with a multiplication factor greater than unity* The calcula-
tions mads by the theoretical physicists were confimmed by the experi-
mental physicists, with the result that thie form of lattice was adopted™
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b. Shi*ld. - Ae has been aantionad previously, dagertraa
and vary intenaa radiation™ ara emitted by tha Pile reacting unit whan
In operation. Thia radiation 1a, in fact, so INtanaa that It ae pre-
cautio™ were taken, rtwould ba fatal to ranain la tha neighborhood of
a Pila for aa short a tlaa aa ot saeond. Furthemore, thia radiation,
particularly neutron*, ha* a pronounced capacity for leaking oat
through holaa, cracks, or othar faults. Itwas neceseary, therefora,
to Intarpoaa between ths chain-reacting unit and ths oparating persons
nal s shisld to absorb ths dangarooa radlatlona. Tha ahlald had to bs
not onlly iInpervioue to dangerous radiations, bat alao gastight to pro-
vant sssaps of redleaetive gasss. Ths problaa was further complicated
by tha fact that ths tabss la «hl«h ths slags wars placad and ahlah
carriad tha coolant had to travaras tha ahlald la ordsr to pandt ths
reaovel of urenlua aluga. Tha aatarlal t bs usad i1a tha ahlald, tha
thieknass of tha ahlald, and a multiplicity of othar probleas ragqulrad
fall IBVSstlgstloa ia ordar that tha ahlald would aatlsjy nuclear
physics and enginssring critarla. It was dscidsd to use a ahlald of
about aix-foot thicknaaa containing altsmat™ layars of iron and a hyw
droganou* aatarlal. watar was first considsrad for ths hydrogn-co»-
tainlng layars, but aasonits was tha final doica bacausa of tha great-
ar aaas and apaad with which an 1ron~asonite ahlald could ba erected.

c. Control and Safety Rods. — It was nscasaary to control
tha naclaar reaction as that tha anltlplleatlea constant *k* would re-
nain equal to unity. IT this wara not doma, ths reactionwould become
divergent with conaequent destruction of ths Pils das to excessive
temperatures and exposure of surrounding areas to exessslve host and
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radiation hasards. Control was achieved by Inserting into the Fils a
neutron-absorbing material in the for® of roda or pipes* Ths extent to
which these control roda were inserted into the Pile was automatically
regulated by instrurents in auch a manner that "K' was held at or just
ibhove unity* In order to deaign a control rod It was necessary to first
determine what neutron-absorbing substance was to be used, how such of
it would be required, and how much heat would be generated in the
control rode by their absorption of neutrons, rurtheraore, the number,
dacenent, and degree of control of the rods had to be determined (See
\ol. 3)*

I1-3* Tube iprroaion and File Formation* - The selection of water
aa a coolant, and the use of a "rod" lattice, required that water be
conveyed to the uranivsa through tubos or pipes* Nuclear physical con-
siderations (lov neutron absorption), and relative stability and
strength in the presence of high radiation United the choice of tube
materials at the outset* Further requirements of availability of eats—
rials, relative reeietance to leakage, warpage, and corroelon led to
the selection of aluninum aa a material for coolant tubes, although it
waa realised that, even using aluminum, the problem of corrosion and
oxidation of the aluminum by water under the effects of Pile operation
would not be solved easily* The problem of corrosion of the aluminum
tubes and the formation of a fillm by chemical action on the inaids of
ths pipe was an Important onej for leakage of water through openings
caused by corrosion might stop th« chain reaction, and the formation of
a thick ftin could retard coolant flov to 3uch a point that excessive
heating raidit result. Slther of these conditions, also, would require
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th* removal of th* tube from th* ?ile— an arduous task that would first
require shutting domn ths ?ila, and allowing tims for decay of radio-
activity, thus seriously impeding production and exposing personnsl to
possibls radiation dangers. It was recognized early that the method

of solution lay in ths control of ths chanicsl makeup of the cooling
water. HYever, Itwae not a case of merely adding certain fairly
obvious chemical ingredients that would retard corrosion, and others
that would reduce film formation* Ths problem was soon found to be
extremely complex and required extensive work for s period of about

two years— right up to ths tims that ths production units want into
operation. Many chemicals were Investigated. Some, while tending to
reduce corrosion, would have undesirable tendencies under iIntense radia-
tions, or, while effective at one rate of flov, would be considsrably
less effective at another. Othere, while reducing film formation at
certain temperatures, would be comparatively ineffective at other temper-
atures, or would form corrosive compounds under ths sffecte of radiation.
In addition, not only was It necessary to investigate various chemicals,
but also various concentrations of then. "‘Synthetic” water of the nat-
ural composition avallabls at ths plant site was prepared in the labora-
tory) tests were run employing various minerals, adds, and alkalies at
various tenmperatures, ratee of flov, and concentrations) and the effects
under radiation ware noted. The corrosion studiee showed that optimum
conditions were achieved with respect to ths corrosion of ths tubes when
the water was only slightly acid ('pH'™ of 6.5). This effective acidity
is controlled by treating the cooling water with dilute sulphuric acid
before it enters the Pile. Other chemicals are also added to inhibit

Uu.5
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th* formation of flov-retarding film. These chemical* Includ* sodium
silicate, sodium dichromate, oxalic acid, and certain insolubl*™ "'scour-
ing* solids* Llay scientific reports on thi* problem of corro»ion and
film formation have been written and are in the files of th* Metallurg-
ical Laboratory (See App* C 10)*

Wu  Coating* and Canning*

a. Introduction* - la order that corrosion of th* uranium
slug by the cooling w*t*r b* eliminated and th* radioactivity of th*
cooling water be lessened, 1t was necessary to develop a protective
coating for th* uraniua slug® Thi* work Involved Investigation* of
possible material* for ooating*t and also, mean* of applying the coat-
ing** It was necessary that th* substanc* selected for the coating not
only protect the uraniua froa corrosion but also be relatively non-
corrodible itself. Furthermore, 1twas required that the coating pre-
vent radioactive Hflesion products'™ from entering the cooling water,
and also be gastight* These requirements were over and above the ever-
present nuclear physical requirement of low neutron absorption. More-
ower, itwas vital that th* method of applying th* protective coating
b* such a* to provide a close, continuous seal to prevent water froa
leaking Into the can and to incur* a high rate of heat transfer froa th*
uranium slug to th* cooling water. Th* problem wa* critical, a* * fail-
ure of th* coating or Jack*t not only would incr«as* th* radioactivity
of th* water discharged from tiv* Pil*, but probably would caus* th* slug
to swell and bind in the tube* Were thi* to occur, the flow of cooling
water would be impeded or perhap* stopped entirely, and th* removal of
th* swollen slug would be exceedingly difficult. It wa* believed
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conceivable at the outset that failure of the coating on a single slug
might require shutdown of the entire Pile, Several processes were
ultimately developed, but there was no certainty that any of themwould
prove entirely satisfactory* In fact, sone modifications were made la
the process in August and Septerber 120U just before the First produc-
tion Pile was placed iIn operation (See Vol. 6). All 1n all, the develop-
ment of a satisfactory slug closure was perhaps the most difficult of
all research and development problems undertaken in connection with Pile
design and development (See Vol. 3)* The cceiplete development of a
“'canning'™ process required a treed program of research Including such
lines of Inveetlgation as the folloving*

1. Nuclear physical requirements.

2. Analysis of requirements and limitations imposed by

Pille design.

3. Intensive and critical appraisal of the general
field of protective coatings and their application,
Investigation of the metallurgy of uranium.
Study of corrosion problens.
Development of teeting methods.

N oo o -

Proceee development and manufacture.
b, Sarly Conslderations» * In surveying the general field
of applying protective coatings, the following general technlquee were
studied and experimental work carried out on all of them! electroplate
ingj hot—clipping) spray coating) cementation coating) and mechanical
Jacketing or canning (See App- C U), In addition, the possibility of
developing corrosion-resistant alloys of uraniun was investigated. The
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work on electroplating methods revealed that a variety of suitable
metals could be applied to the uranium but to achieve adherence and
continuity of the electroplate was extremely difficult, although an
electroplate coating consisting of altermate layers of nickel, copper,
and lead appeared not too objectionable* The hot dip method, hownever,
appeared better than the electroplating* Mechanical jacketing or
canning also revealed definite advantages, largely dependent upon the
quality of the final closure, which was to be accomplished by same
~elding technique* OfF the large number of materials studied for possi-
ble use as a protective coating, comparatively few proved to be practi-
cal* These Included copper-tin alloys, zinc, sinc-aluminum alloys,
alurainum-silicon alloys—-all of which appeared likely for use in the
hot dip method, -or the camning method the aluminum can appeared to
offer many advantagee™ As a result of further Investigations, the
canning method employing an aluminum can proved definitely superior ad
was selected for use in the air-cooled pilot plant erected at Oak Ridge,
Tennessee (See Vol. 2, Part I1).

C. Final Developments* - As work progressed toward the
final choloe of a coating for slugs In a water-cooled production Pile,
the aluminum jacket remained the chief candidate. Honever, 1twas
recognised that a can and canning procedure that proved suitable for a
lon—ponered pilot plant in all likelihood >ould be Inadequate for ths
production Pille because of the vastly greater amount of heat developed
in this unit® The magnitude of this hsat is such that, iIn the central
portion of the production Pile, the heat equivalent of approximately
13 kilonatts must be transferred fran each slug to the cooling water*
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*0 iInsure that thia heat be removed from each slug continuouslly during
the life of the slug In the Pile, It *as necessary to achieve a posi-
tive and uniform contact between the cylindrical slug ad the can, ad
teats indicated that the simple canning procedure developed for the
Clinton pilot plant would be Inadequate* These considerations led to
a program of research to develop a method of bonding the aluminum can
to the uranium slug® Previous experimental work in hot dipping and
the aluminum can suggested possible methods for bonding a can to the
uranium cylinder* In particular, two methods were investigated simul-
taneoualy* One of these methods employed sine, containing a small
amount of aluminum for the bonding* This method proved satisfactory
from the point of view of corrosion resistance and mechanical require-
ments but teats on the canned slug in the Argonne Pile revealed unde-
sirable nuclear physical properties. The second method employed an
alloy of aluminum and silicon for the bonding agent* Severe mechani-
cal difficulties were encountered in the development of this process
due to the comparatively small difference between the melting point of
the alloy and the aluminum can, causing penetration of the bond into
the can* &owever, It was felt that this difficulty could bs overcome
and the development of the alunlnum-ellicon bond and canning procedure
was pushed vigorously through the sumer and into the fall of 1”Ub, and
was finally adopted for use in ths production Piles (See Vol. 6). The
development of the canning procedure, however, required thorough inves-
tigations into posslbls methods of final closure of ths can so as to be
gastight, waterproof, corrosion-resistant, and durabls under Pils op-
eration. Early experimental ~ork on welded closures did not reveal
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clearly that a completely satisfactory welding method could be attained™
Consequently, two canning methods obviating the use of a -\eld were
considered (See App, C 12), Howewver, a suitable welding technique was
developed by the use of electrie welding (with tungsten electrodes) iIn
an atmosphere of argon gas (See Vol. 6)* In order to insure a sufficient
nurber of slugs for the initial charging of the Pilles, 152 tons of
unbonded slugs were procured and tested* A very small fraction of this
total was found unsuitable for operation (See Vol, 6), The extensive
program of research required in the development of s satisfactory canning
method utilized the facilities, equipment, and trained personnel not
only of the Metallurgical laboratory, but also of other universities,
Govermment and industrial research organisations, and other sites (See
7ol. 2, Part Il) of the Manhattan District Project* Worthy of partic-
ular mention are the valuable contributions made by the National Bureau
of Standards, lona State College, Massachusetts Institute of Techno-
logy, and Bettelle Manorial Institute in the studies of th* metallurgy
of uranium and the development of canning testing methodsj and by the
Grasselli1 Chemicals Division of the du Pont Company In the investigations
of possible canning materials and methods (See App* B 1).

U-5* Metallurgy,

a* Scope and Objectives* - The program of metallurgical re-
search conducted by the Metallurgical Laboratory was unusually broad In
its soope and varied iIn its objectives* The metallurgical research
activities at all times were coordinated closely with other research
prograns. During th* early stages of Pile design, it was necessary to
investigate thoroughly the metallurgical properties of various materials
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proposed for use In the Pila, including the canning materials, metals
for use as coolant tubes, shield materials, and the "iraniun 1tself*
Various methods of fabricating Project material™ were investigated.
These methods included hot piercing, extrusion, casting, drawing, and
rolling. The final purification of plutoniun and the handling of th*
pure plutoniuo were beset by problems of a metallurgical nature. For
example, 1t was necessary to develop surtable materials froa which to
make crucibles to handle th* highly reactive plutoniun, and success iIn
the develoment of such m terials was dependent upon a sound knowledge
of the chemical and metallurgical properties of the new element, plut-
oniun. A considerable portion of the metallurgy research progrms wa*
devoted to a thorough study of the alloy syster™ of uranium and th*
metallurgy of altemate Pile materials.

b. Contractors (See Aop. D 1)* - A program a* broad a* thi*
and as varied In 1It* objectives required special facilities and highly
specialised technical skill*. This work, therefore, was conducted not
only at the Metallurgical Laboratory, but also at other Project site*.
In addition, the facilities of several induetrial research organizations
were utilized. The Massachusetts Institute of Technology performed
considerable work in the development of crucibles and the manufacture
of experimental quantities of plutoniun) and same work also in studies
of th* alloy systems of uranium and the T.etallurgy of material* of
construction, particularly berylliun. The group at lonva State Colllege,
In addition to their fundarental research In the production of uranium
(See Book VID), carried out excellent work In regard to uranium alloys,
the metalllurgy of thorium in connection with Its use as a possible

full
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primary fissionable material, and preliminary 2ok In the metallurgy and
production of berylliun. The work of the Orasselli Chemicals Division
has been described previously in connection with tha canning program
rith ~hich considerable metallurgical research was coordinated. The
Battelle memorial Institute participated actively in the development

of methods of fabricating uranium in slug (cylindrical) form suitable
for caéning. These and other organisations perfumed this research and
development work under contracts with the Govermment (See Ap- B 1).

The scope and objectives of the research prograns under these contracts
were established by the Govermment through representativee of ths
Metallurgical Laboratory} and the progress of the work was checked
periodically. By these means, the work of each individual contractor
was carefully integrated with the research objectives of the Pile Pro-
ject. Other facilities were utilised by subcontracts between the

Metal lurgical Laboratory and other organisations. In particular,
aluminum fabrication studies were carried out through thia arrangement
by the Wolverine Tube Division of ths Caluret and Heels Consolidated
Copper Compary, the Aluminum Corporation of Averica, and other organisa-
tions (See Amp- B 2).

U-6. Associated Equipment. - ~hlls performing research associated
with the design of a production File and the development of a chemical
separation process, It was necessary to carry on a vigorous program for
the design and development of certain auxiliary equipment required iIn
Pile operation and chemical processes. Some of this equipment was
available comercially and could be adapted to Project use with compara-
tively few modifications* Honever, the need for most of the equipment

e —
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arose from the health hazards present iIn ths processing of highly radio-
active substances and the necessity of determining ths strength and na-
ture of radioactive emanations# Thess hazards required ths use of re-
mote control technique* which In tum, required special equipment* Far
these reasons It was necessary for the Project to design, tast, and manu-
facture equiprent and Instrurents* A predominant role was played by
ths Metallurgical Laboratory in the d sign and manufacture of these
instrurents, in particular, optical and electronic instrurents* The
optical instrurents included horoscopes (for examination of Pile tubes),
periscopes, telescopes, extensoscopes, peritelesoopes, '‘fly-eye” view-
ers, and other inspection devices (See App* C 13) Vol. 6)* Ths main
problens 1n ths development of these instrurents arcse from the color-
ation and other effects of radiation on their materials of construction™
This complication necessitated thorou™ investigations and testing of
various types of glass, cements, and plastics* IXiring 1902 and ths
forepart of 1903, the Metallurgical Laboratory was ths design center
for the electronic instrument prograr* As ths activities increased at
other Project sites, the demand for electronic instrurents grew rapidly.
During this period of Project development, the Metallurgical Laboratory
continued research to improve electronic circuits and to design new Instru-
ments, and also expanded Its facilities for ths production of Instru-
ments* IXiring ths year 19Ui-19U5 the Metallurgical laboratory served
as ths mein source of supply for electronie Instrurents* Many Instru—
msnts were developed for experimental use and for uss In conjunction
with Pile operation* Honever, the majority of these slectronio instru-
ments wers built for ths primary purpose of measuring radiation levels
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in order to protect personnel from excessive radiation of various type*
(See Book I, Vol. 7). Instruments have been constructeg for the detec-
tion and raeasurement of specific type* of radiation such as "‘alpha
radiation,’'™ "bets radiation,”™ gama radiation, and slow neutron radi-
ation* Other instrurents can be used for detection of several types
of radiation. These instrurents also have various applications such
as surnveying of large areas, surveying of confined areas (probe type),
and monitoring of air, hands, equipment, and clothing® Additional
research facilities for the development of special electronic devices
were obtained through Govermment contract with the Victoreen Instrument
Company* Demand for new Pile Project instrurents and the increasing
stringency of specifications required s continuous iInstrument research
progran (See App, C IU)*
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SECTIOM 5 - PIUS OPERATING PROBLEMS

5-1. General, - Concurrently with the design and construction of
plutonium producing Piles, the research and development program concem-
ed itself with problems aasociated with successful and uninterrupted
operation of ths Piles* Honever, there were many troublesome factors
which did not loom into significance until Pile operation at high power
levels was actually attained. Extrapolation of small scale date did
not guarantee perfect evaluation of results under enormously magnified
circunstances, although allonances for all foreseeable variables were
made iIn design and construction* Therefore, research and production
facilities were organised to collaborate on any operating problems that
developed,

5-2. Effect of Radiation on Solids (Wjgner Effect) (See Vol. 6), -
Atoms of solid Pile materials are dislodged Aram their normal lattice
positions by the constant bembardnsnt of high energy neutrons during
Pile operation. Interatomic forces prevent a fraction of ths displaced
atons Aram retuming to their normal lattice positions. Ths unchecked
development of this phenomenon of atamic displacement (generally term-
ed the "Wignsr Effect’”) is deleterious to the physical and structural
properties of ths Pils materials affected. Any adverse changes in den-
sities, elastlo moduli, or heat conductivities of ths Pile contents would
endanger successful Pils operation. Sinoe atomic displacement Is
accompanied by a storing of the energy abeorbed in the process, the
suddsn accidental release of this energy during File operation is another
factor to be considered. Furthermore, graphite which camprises the bulk
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of the Pile materials, is particularly susceptible to atomic displace-
ment because of I1ts rigid crystalline structure* Consequently, the
Metallurgical Laboratory, in collaboration with Clinton Laboratories and
Hanford iingineer forks, undertook the development of methods for measur-
ing and controlling the Wigner Effect in the Hanford Piles, Specialized
fecilities at the Camegie Institute of Technology and the National
Bureau of Standards also were pressed Into service. To date, It has not
been necessary to reduce intemal stresses caused by atonic displacement
in the Hanford Pilles* Newvertheless, research has provided the means

to follow conditions very carefully, and methods for controlled stress
and energy relief have be«n devised*

5-3* Xenon Poisoning (See \Wol. 6), - Many of the radioactive fis-
sion elements produced in an operating Pils are parasitic to the chain
reaction. That is, they compete against uranium-235 for the capture
of slow neutrons, thereby "‘poisoning'™™ Pile reactivity. Extensive re-
search prior to the design of production Pilles revealed several fission
elements which were recognized as potentially troublesome* Fortunately,
the extremely short half lives of most of then prevented accumulation
of dangerous concentrations In an operating Pile* However, when the
first Hanford Pile became reactive, and a certain power level was
reachsd, the Pile reactivity suddenly began to decrease, until after
a few hours operation the Pile 3hut itself ow* The fact that after
a short shutdowmn period the Pile again could be started only to repeat
this mysterious behavior suggested the accumulation and decay of some
unfamiliar radioactive poison* Operating records of the Pilles at
Chicago and Clinton were searched for evidence of the same difficulty,
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but apparently tha effact at loner Pile lewels was negligible. How-
ever, under carefully controlled conditions, the phenomenonwas identi-
fied in the Clinton Pile and attributed to a radicactive isotop* of
the rare gas xenon. Thi* poisoning effect due to xenon was not elimi-
nated In the Hanford Pile*. Honever, th* poisoning effect was over-
care by increasing th* excess (v anmount above 1.00) multiplication
factor “k* by Increasing tiv* nunber of slugs la the Pils and by proper
adjustment of control rods* This procedure, honever, would not have
been possible had the original Pile designs provided for the availabil-
1ty of only slight excesa "1e* (See Vol. 2, Part II) \ol. 6).

$45° Detection of Slag Srelling and Can Failure. - It ha* been
pointed out previously that failure of the jacket surrounding the
uraniua sing would eeriously Imperil Pile operation. A broad program
of research had evolved * slug-canning process which withstood all
teat™ to which 1t had been gubjected. Honever, to Insure minimum
interruption of Pile operation, 1twa* necessary to taka Into account
th* possibility of can failure under conditions of hlgh-poner Pils
Qperation* There is no Indication of failure la a can until a swell-
ing of the uranium slug caused by water penetrating the can and re-
acting chemically with the uranium restrict* the flow of cooling
water. 11**, mmperfection™ In th* boal cause variation* la tempera-
ture at the surface of the slug* These variations cause sore dis-
tortion of th* slug* Advanced stages of can deterioration are marked
by excessive sielling and distortion of th* slug, causing th* slug
to bind in th* tube and preventing the easy removal of th* slug® For
these reasons 1t was necessary to investigate possible method™ of
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detecting can failure in it* early etagee (See App, C 15), Among
various method* 1nvestigated were the follovingt

1,

Optical Methods, - The decrease in intensity of
light transmitted through ths axrulus from one
end of the tube ts the ether would indicate the
presence of blisters on one or more slug sur-
faces, Considerable difficulties were introduced
by the turbidity of the flowing water, and the
turgidity In the water caueed by the presence of
Imourities, Ths method was not explored further
after the initial teete with floving water is the
tubes,

Shliding Collar Method, - 1 cunved plate, with
horseshoe shaped cross seetion, is alloned to float
donnstream through the tube. The fit of the plate
over the slugs Is such that the preeence of a
blister which attains appreciable else will bind
the plate, and can be detected when the plate iIs
drawn back to a starting point by means of a
wire. This method produced good results in that
early detection was possible. Honever, the iIn-
duced radiocactivity in the wire and reel mechanisa
contributed some difficulties® The investigation
was discontinued In favor of other methods,

Feeler Vethod, — A taut wire attached to spokee at
each end of the tube rotates in the annulus


bensokr
Line

bensokr
Line


lu

5*

)=y =

parallel to th* center lia* of the slugs, A
blister will cause the wire to catch and the effort
mey- be felt by stress on the rotating mechanise.
The 1nherent difficulties ware caused by the extras*
length of the amnullus with reference to 1ts clear-
ance, and the ambiguity of interpretation of the
effects contributed by slight boving of the tube
and miealignssnt of the slugs,

Slug Pusher Methods. = The entire row of slugs iIs
pushed e short distsnee through the tube and then
retumed* Increase In the mount of pressure neces-
sary to acconplish the task would indicate dbstruc-
tions on the surface of the slugs® The netted allso
gave good results, but ths constant poshing of the
row shoned signs of wearing through the can and In-
creasing the rate of the almdnan* The
aethod was adapted and incorporated into the "W*
Pile operations as aa auxiliary teat far detection
of can swelling*

Radioactivity of the Watsr* - This iIs ths aethod
which was finally adapted for use la the Pilles.

The water discharged fro* the tubes is monitored
through a proportional counter placed at a distance
such ae to give the narber of neutrons present at a
specific tlae interval after discharge* A sinple
automatic alarm indicates neutron density rates
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suddenly increasing arer tha normal background,
which In tum reflects ths baring of as little as
25 rau of uraniua due to a break la the can.
Supersonic Heflection, - Investigation was Bads of
the possibility of sending supersonic eaves through
the entire tube, thus detecting can failures by ths
changes la transalssioa* The asthod did not prove
practical for the purpose (bat eas better sdapted
to the testing of the soundness of Individual slugs,

sad ths effectivensss of the boad).
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SECTION 6 - DEVELOPVENT OF PLUTONIUM SEPARATION “NOCESS

6-1. Background Research.

a* Early "Tracer1t* Studies# - Although the available quan-
tities of plutonium were extremely small for many months after its dis-
covery la December 1&0, chemists at the University of California were
able te study its chemical properties by utilising its radioactive
emanations (alpha rays) to trace i1t through various reaction processes.
In this way, ths solubilitiss of many plutonium compounds In several
liquids were determined, even though only mieroeoople quantities of
ths substancss were in existence* It was also shown that plutonium,
like many other elements, had at least two oxidation states or com-
bining rstioe with markedly different chemical properties.

b* Organisation and Expansion of Plutonium Studies. - At a
conference held in Chicago in April 1&2, the main task of plutonium
chemistry was stated ae the separation and purification of plutonium In
the amounte required for war purposes. Subsequently, chemistry groups
were organised at Chicago to study separation, fission products, and
analytical problems) and a new building was erected with the nseeseary
facilities* In order to supply research workers with weighabls quan-
tities of plutonium and fission products, several hundred pounds of
uranium salts were exposed to nsutron irradiation in cyclotrons at
Washington University and at the University of California. About 500
micrograms (500-millionths of a gram) of plutonium salts were obtained
from these sourcee by the end of 1?U2» By means of epeoial micro-

chemical and remote control techniquee, sufficient information about

6.1
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plutonium and fission products was secured for ths development of th*
separation processes discussed in the following paragraphs.
6-2. Oeneral Problems.

a. Separation and Decontamination. - Both th* plutonium and
th* Fission products, from which 1t was to b* separated, were present
in th* uranium In extremal/ small concentration*— less than 200 part*
per million. Th* design of an Industrial process for the concentration
of such relatively small quantities of d*sir*d materials in Itself was
an extremely difficult task* Th* formidable feature of th* undertaking,
honvever, was that the minute amounts of fission product element™ would
in tum hav* to b* s*parated fran th* plutonium C'decortamination™*) to
an extent such that only a'jak 1 part per 10 million of th* fission
product* would remain. To add to the camplication™, th* separation
process would hav* to be carried out entirely by remote control becau™*
of th* d*adly lewvels of radioactivity assoelated with th* fission prod-
ucts* Itwas mmp*rativ*, therefor*, that th* proc™™* b* adaptable to
equipment that would require a minimum of maintenance and that process
control limits be not too stringent.

b. Tim* Factor, - Another Important factor that influenced
th* nature of th* development programwas the necessity of maintaining
tin* schedules* THenever a decision had to be mad* regarding a course
of action, the approach taken was that which showed promise of pro-
ducing results with the greatest certainty iIn the time allotted* As a
result, iIndirect methods were sometimes chosen Instead of attempting
more direct ones, because the fonaer seemed to be the more certain
approach™
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6-3* “ecesses Considered (3- Vol* 3),

a. Introduction* - fhc oat promising processes for seo-
arating plutoniun fro« uraniun Ird associated fission products nay b*
divided Into four categsri si wolatility (C'dry'")| adsorption} solvent
axtroetionj and precipitation (See Agp* C 16)* In all processes except
those Involving volatility, 1t iIs necessary first to diasolve the ura-
niun etal containing the plutoniun and the Fission products™

b* Volatility rToc"sses* - These methods of separation of
plutoniun depend on differences iIn vapor pressure* between olutonium
or a plutoniun axa>oud and 1ranlun and Fission products (metal or
compounds)*  The onlly system investigated extensively inwlved the
fluorides of plutoniun, uranium, and fission products* In this process,
ths uraniun slugs from the ‘He -wauld have their aluminun jacket* broken
and then be exposed to hydrogen to form finely pondered hydrides of all
the constituents* The hydride "ould then bs converted to a tetrafluo-
ride by treatment with hydrogen fluoride 3a* at elevated tenceratures*
-"are of the flasion products would form volatile fluorides st this stag*
and bs carried away from th* plutoniun end uraniu™ Fluorine would then
b* pa sed through the residual material to convert the uranium and plu-
toniun to the hexafluorides, >hich, In tum, could be vaporised from
the remaining fission products ad be ollacted separately* Thi*
process is mechanically the :ost sinple, and the cranium -xd plutonium
ars recovered iIn relatively pure, concentrated forma* Honever, the us*
of fluorides at high temperatures presents severe corrosion prableis*
in large seals operation* Furthermore, carplete development wae
Iwpoeslibl™* without a thorough knowledge of t? dry chemistry of

—
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plutoniun™  Inefficient quantities of plutoniun wore available to
permit conpletion of such studies in time to develop a volatility
process for lar-o seal* use,

c* Adsorption Crocessea, - Some mineral* and certain
synthetic material* hav* th* property of aBoxr"ring foreign eubatano™*
on th*ir surfaces* Th* ux? of activated charcoal to remov* undesir-
abl* gases from th* atmosphere 1™ a w*l1 known application of adsorp-
tion properties. Similarly, a synthetic resin, called Anberlite IR-1,
has been shown capabl* of completely adsorbing plutoniun from * solu-
tion of uraniun salts. In practice, th* solution of Irradiated slugs
is passed through * colum containing th* resin, Th* plutoniun and
fission products ar* completely adsorbed fram solution but most of th*
uranium passes through th* colunn. Then th* resin colum I* treated
with suitable solutions to remove successively the little uranium that
was adsorbed, most of the fission products, and finally the plutoniur™
Further decontamination of the plutoniun can be effected by subjecting
the dissolved material to another cycle of adsorption and desorption
iIn a second colum™ This process has the advantage over the volatility
methods of eliminating the severe corroeion problens. Amnong the dis-
advantages appears the difficulty of obtaining the complete removal of
the Fission products from the r"SIn*  Successive accunulations of these
products produce a severe ra iation hazard. At the time i1t bee me nec-
essary to select a process, high yields of plutoniun and high decontami-
nation factors had not as yet been demonstrated for adsorption methods,

d. Solvent Extraction Processes. - This type of process
depend* on dogree* of solubility of salts of plutonium, uranium, and
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fission products In organic liquids and agueous solutions. Ths earlier
work on plutonium extraction and dscontaaination was dons with other as
ths extracting agent, Tims did not permit a demonstration of ths feasi-
bility of complete decontamination or complete separation of plutonium
from uraniu Furthermore, the explosion hazard associated with the use
of ether mads this process appear almost prohibitive. Ths facts that
solvent extraction la the simplest and the only camplstsly continuous
process for separation and decontamination of plutonium have convinced
research workers of ths desirability of its development. Consequently,
even after the choice of a production process had bsen made, solvent
extraction studies continued, with the preeent knowledge of the chem-
istry of the materials inwlved, a solvent extraction method now iIn
laboratory development (See App- C 17) ie likely to replace present
methods iIn efficiency and simplicity of operation.

S. Precipitation Processee. - Precipitation methods involve
the formation of chemical compounds which are Insoluble under chemically
controllable conditlone. The Insoluble compound, called the precipitate,
can then be separated fran the materials still in solution by filtration,
centrifugation, or settling. The extremely low concentration of pluto-
nium resulting from Pile operations makes separation and purification
of the element by ordinary precipitation methods very difficult because
the precipitated partlclea are too dispersed and minute for efficient
processing. For this reason a relatively large quantity of a substance
knowmn as a “‘carrier™ is added to the solution. This material can be
precipitated satisfactorily, ad, when its Insoluble compound is formed,
atans of plutonium are preferentially adsorbed and occluded by Its

6.*
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partial®™* whil* th* bulk of uranium and fission product* remain* in
solution* Th* carri*r and carriad material oan then be redissolved iIn
smaller quantitie* of solution and treated under another set of chemical
conditions* Thus, by suoc***iv* precipitation* and dissolution*, th*
plutonium can b* separated successfully from uranium, Ffission product*,
and, finally, froa oarri*r material, Th* distinct sdvantag* of th*
precipitation methods lias la ths *equ*ns* of repeated operation™,
thereby Halting th* number of diffSrent *quipa*nt pieces requiring
dssign, and allowing oon*ld*rabl* pro— ** change without equipment
chang*,

6>4u S*I*ction of Pros—- (3*s Vol. 3),

a, Cholcs of Precipitation Method*« « In ths preceding para-
graph ths principal advantage* and disadvantage* associated with ths
various separation proce***s w*rs sited, Ths early work la plutonium
chemistry consisted largely of pr*olpitatioa reactions involving radio—
chemical carrying Area which solubility propsrtie* wars deduced. It
wa* logical, therefor*, that precipitation method* w*r* ths moat
advanced and wars chosen for production units at th* tia* plant design
had to bs started (Juns 19h3), Furthermore, it wa* f*It that if it
wars n*c***ary to d*v*lop any separation proo*** on * partly empirical
basis, there would b* lea* risk la th* soale-up of a precipitation
process than In ons which had not been completely proved in th* labo-
ratory.

b, Outlln* of Pro*—~ *, — Final choic* of a separation meth-
od lay between th* uae of "lanthanum fluorid*'* or "blsauth phoophats’*

a* a carrier. In both of th**s methods, plutonium is pr*ciplt*t*d

6,6
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from the initial solution of irradiated slug* with one of the above can-
pounds ae the carrierj some fission products accompany the plutonium as
contanminanta. The precipitate is then separated fro# the solution and
rsdisaolved under another set of conditions such that reprecipitation of
the carrier 111 leave the plutoniun In solution and remove the remaining
fission products* This single process doee not separate completely the
plutonium and the Fission products, but the cycle can be repeated suc-
cessively until the desired decontamination Is achieved™

c* Final Decisions* — Lanthanum fluoride appeared to have
acee advantage chemically over bismuth phosphate, so the br.sie plant
design was made with the lanthanum fluoride method in mind* Honever,
there were two factors favoring the bismuth phosphate process which
out-weljhed those favoring the lanthanum fluoride process* oOne was the
fact that bismuth phosphate wae more readily soluble than lanthanum
fluoride* The other, and moat important for large soale operations, was
ths problem of corrosion* Fluoride solutions preeﬁznted many more corro-
alon problems than did the nitrate—phosphate solutions involved in ths
bismuth phosphate proceee* The process, as finally chosen, actually
represented a conbination of the bismuth phosphate and lanthanum fluo-
ride proceases with a final precipitation of plutonium peroxide (See
App* C 18)* Details of the process aa developed on a eeai-works scale
are pree-nted in \olunte 2, Part Il and aa developed on a production
baaie in Voluns 6% Ths behavior of ths preolpltation procsss iIn pro-
duction has exceeded all expectations* The high yields and decontam-
ination factora and the relative eaae of operation have demonstrated
amply the wladom of i1ts doicg*. Further developmente may make the

67
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present process obsolete, but the principal goal, which was to have
workable and efficient process for use as soon as production Pilles

were delivering plutoniun, was attained.
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SECTION 7 - ORGANISATION AKD 7" aSOVKI I

7-1. Metallurgical Laboratory. - Th* Metallurgical Laboratory
was formed with Dr* A* H* Compton iIn the position of Laboratory
Director. Three divisions were established- the nuclear physics
group which concemed Itself with inrtiating a chain reaction) the
chemistry division which conducted research on the chemistry of
plutoniun and on separation asthods) and the theoretical group which
wae interested in the deeige of production Piles. In March 19h2, an
engineering division (later te be knom aa the technical division)
was added* In ths swtrer ef 19h2, the laportance of health problems
became apparent mad a division to study these problems was organised.
Under these major divisions the work was subdivided Into various sec-
tions and groups (See App* S U, 5). Ae the Pille Project grew in size
and scope, Dr. Compton was appointed Director of the Metallurgical
Project with N. Bilberry ae Associate Director* N. L* Doan succeeded
Dr* Compton as Laboratory Director at Chicago* The shifting of empha-
sis on various phases of the Project necessitated changes frost tine
to tine iIn key personnel* 3. K. Allison, J. C* Stearms, and ~.
Daniels, successively, were Directors of the Metallurgical Laboratory.

Effective 1 July 1206, the Argonne National Laboratory was estab-
lished under Contract 31-109 eng-38* Twernty-five mid-westem educa-
tional and research institutions participated in the organization®
The councill composed of representatives, one from each Institution,
meets annually and elects a Board of Govermors, who advise the Labo-
ratory Director and the Contractor (ths University of Chicago) on
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aatters of prograns and policies, Because of security restrictions,
active participation of the institutions has not yet been Initiated™
As of 31 December 19H6, the Argonne National laboratory was devoting
about 10# of i1ts research efforts to problems of Hanford operations,
specifically to development and Improvement of the Redox separation
processes and to the study of the effects of irradiation upon ?ile
graphite.

Froa a small group of technical personnel iIn ths spring of 122,
ths Laboratory developed into an organisation of 2008 technical, ad-
ministrative, shop, and service personnel In July 12U» (See Ap* B 6)*
As of 1 July 15» there were U employees in ths organization (See
App* B 7)* The changeover to operation at the Argonne National Labo-
ratory made practically no difference in personnel utilisation and,
as of 31 December 1206, the total number of employees was 1273 (in-
cluding U6 part-time employeee who devoted an average of 57*2£ of
their time to work for the Laboratory) (See App* B 7a),

7-2* Chicago Area Office™* - *hen the Chicago Area Office was
established 1n August 1?7h2t Captain J. 7* CGrafton waa appointed Area
Engineer* He was succeeded by Captain, now Lieutenant Colonel, A* 7*
Peterson In December 1902. In October I'’Wit Captain Peterson waa
transferred and was succeeded by Captain, now Major, J. H* McKinley,
ths Area Engineer as of 1 July 19"5* The Area Office”s First func-
tion was to supervise construction of ths research facilities* When
the Manhattan District assumed full responsibility for the research
and development work In May 113> the Area Office was charged with
all functions necessary to administer Contract Ho* W-AUOQL eng-37

7.2
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and the associated contracts* The organisation (See App* B 8)
expanded with the Metallurgical Laboratory, from a handful of person-
nel in the fall of 122 to a total of 2h3 in July 125. As the Area
Office assumed responsibility for Contract 31-109 eng-38, little
change i1n numbsre of personnel resulted so that, on 31 December 1206,
the total mmber of employees was 176, which included officers and
no enlisted personnel (See App* B 8s)*

7~3* Acknomledextents™ - In addition to those individuals men-
tioned above, the following are deserving of special mention for
their individual contributions to the Metallurgical Projectt B*
Fermi, Q* T. Seaborg, 3. P* Signer, R. & Stone, W* H. Zima, F. H.
Spedding, C* M* Cooper, P* E* Church, L* Ssilard, T. R* Hogness,
J* Frank, A* J* Dempster, and J* Chipwaxu The several contractors
associated with the Metallurgical Project that made great contribu-
tions to Ita success aret loas State College, Columbia Univereity,
Massechusette Institute of Technology, University of Califomia,
Camegie Institute of Technology, Washington University, Princeton
University, Broen Univereity, Bettelie Memorial Institute, Qrasselll
Chemicals Division of the da Pont Company, and the National Research
Corporation* Contributing research was also conducted by the Na-
tional Bureau of Standards.
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WANEA/TAN DISTRICT HISTORY
BOOK 1V - PILE PROJECT
VOLUWE 2 - RESEARCH
PART 1 - METALLURGICAL LABORATORY
APT-FDIX A
MAPS AND PHOTOGRAPHS

Description

1" - Vicinity Map for Metallurgical Laboratory

Map - Looatlon of Metallurgical Laboratories

Uap - Plot Plan - Argomt* Laboratory

Photo * Eohkart Hall

Fhoto - West Stand™, Stagg Field

Photo - Now Chemistry Building

Fhoto - Interior of New Chemistry Building

Photo - Ryerson Ball

Photo = Drexel Rouse; Billings Hospital in Baokgrcund
Photo - Ellis Laboratory* Serrioe Building In Background
Photo - Argonne Laboratory from West

ifooto = Argonne Laboratory from South

Fhoto - Argonne Laboratory from Southeast

Photo - Dormitory and Mess Hall, Argonne Laboratory
fhoto - Fence Line Protection at Argonne Laboratory
Fhoto - New Chemistry Annex

Photo - Typioal Laboratory - New Chemistry Annex
Photo - Site B - 6111 Univareity Avenue

Fhoto - 124th Field Artille Armori/

Photo - Argonne Uranium-Q ite Pile (C(P-2)

Foto - Argom™ Uraniun-Eoary-tfater Hie (CP-3)
Photo - Nucllear Control Panel for CP-3 Pile

Photo - Physical Control Panel for CP-3 Pil*
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INTERIOR O MW CGHEMISTRY BUILDING
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At-?FIIDIX a 10

ELLIS LABORATORY* SERVICE BUILDING IN BACKGROUND
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APPENDIX A 12

ARCONNE LABORATORY FROM SOUTH
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AKGONRE LABORATORY FROM SOUTHEAST
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DORMITORY AND MESS HALL, ARGONNS LABORATORY
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FKWCS LHT? PROTECTION AT ARGONHB LABORATORY
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TYPICAL LABCRATCRY - [fiww CHEMISTRY AMEZ
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3ITS 3 - 8111 UNIVERSITY AVBNIB
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124TH FIEID ARTILLERY ARMCRY






APPENDIX A 20

ARGOSUE “JRAKIOMICIRAPHITE PILE (CP-2)
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APPENDIX A 21

ARGONHB URANI UMFHBATTTATKH FILE (OP-3)
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APPENDIX A 22

IIICLSAR QONTRCL PANEL FCR CP-3 PILE
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APPENDIX A 23

r'WBICAL GONTRCL PANEL FoE cP-3 PIIS
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m m m ? DISTRICT HISTORT
boce xv - Pit- mojzcr
vouom z - RESEARCH
PAST | - METALLURGICAL LABCRATCRY
APR'SOIX B

(UXK AIT TABUUTIOIEI

Description

Priae Eesearch and DeTOlop»at Contract* Associated, its
Whole or in Part, with the Activities of the Metallurgical
Laboratory.

Subcontract* under Metallurgical Laboratory Contract
¥*7401 ong-57.

Areas Oocupied fey the Metallurgical Laboratory.

Metallurgical Laboratory Organisation Chari (§8 July 1M4).

Metallurgical Laboratory Organisation Chart (¢ July 1945).

Monthly Force Report for Month Ending 50 Jum 1944*

Monthly Force Heport for Month Endinr so June IMS.

Argonne Rational Laboratory Organisation Chart (SI Deo. IMS).

Chicago Area (Engineer*# Organisation Chart as el* 1 July 1945.

Chicago Area lagiaeerl* Organisation Chart a® of SI December

1946.
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AREAS ‘WIFIEP 3Y T1Bs L»TALLUFGICAL IABCHATPRY

LOCATION LoUAKB FSBT

Campus Resoaroh Fajllltles

Eokh&rt flail 68, 350
Hyerson Hall 71,176
Tost Stands, Stagg Field 29,G3D
Morth Stands, Stagg Field 9,000 *
Service J?uilding 3,165 *
Jones Laboratory 5,756
Sent Laboratory 12,158
Anatomy Building 1,230
Billings Hospital 4,900
Drexel House 4,830
Sills Lab. (5700 Bills Avenue) 1,760

TOTAL 206,260

+Space released and returned to University of Chicago.

Hew Facilities, Constructed and/or Leaped

Argonne Laboratory 54,200
Hew diesistry Building and Annex 34,255
Site 3 31,670
Armory, 124th Field Artillery 188, 1QQ

TOTAL 359,125
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Reported

EI M Fora
8 October

MONTH.Y FORCE REPCRT

District Engineer

Manhattan Engineer Oistrlet

Attention: EIDVP-7

Departaenta

(8)

Total

Office

Plant Operation
Plant Maintenance
Lab. a Research
Alt Others

Total

Labor

Craft*

Non-Manual
by:

40
19*8

Ho. on
Payroll
End of
Month

()
1872
550
190
329
715
5«

(1)

Contractor

unlrmnlitj of Chloogo
ffliullargiotl Laboratory

(1

Location: ,

Chicago, Illinois

Average
Dally

Abaentee

Percent

(7)

0.0
9.4

12*0

aR -

Nuaber
of New Huaber
Hires Terminated
(a) (»)
*41 155
g 50
29 30
n 38
64 37
ft -
>

Nuaber:

(Letter of Transmittal Unnecessary)

Reporta Control Symbol
EICMP 7 -»
(2) Month Ending:

30 Juro 1944

(H) Contract Ho.

W-7401-onf57

laaodlata Anticipated
Heeda Releases
(») (11)
507 0
100 0
tr t
m -
- 0
AN
/ -
Bate:



() Qrtractor: Ryota Grid Sed

MONHY FORE RFORT Wilrenlty of Chletgt HOR
ittlfugiM | Tabor*to] X)) Norh g
_ ) J) Lodtian
T* District Engineer 0) . 30 XObCF’h _1945
Venhettan Engineer_District CklaigSg Illinois () Grtret Ro:
Attention: DM/ W.7401-on#-37
N Adah
Rayrdll B Nz
Lratata Frlof Amb{aa of Hw Netar leedlaia  Anticipete
(Vg FPaeat Hrea Tadreiad Nech Rilasam
S « @) © ) O )
@ Tad 1397 7.4 77 156 235 271
%(b) Offlca 412 8.0 24 34 29 00
% (c) Plant Oparatlon Iff U 20 11 149 0
r?] (d) Plant Malntananca 292 10*2 10 23 30 1
05' (=) Lab. A Raaaarch 452 59 7 07 19 200
(f) Al Othara 4* 13.0 0 1 0 2
(g) Total
% (k) Labor
g (1) Crafts

(j)  Non-Manual

Reported by: Tolophono Nuabar: Data:

EICM Foni 40

8 October 19*3 (Letter of Transmittal Unnecessary)
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ARCCBW, K/ TI0KAL LABCRATCRY

ORGANI EATICS CHART

(as of 12/S1/46)

LABORATORY DIRFCTOlt
Assistant to the Director

ASSOCIATE DIRECTCR

Pile Research A Development Division
Four Groups

Metallurgy Division
Three Groups

Shops

ASSOCIATT, DIRKCTOR

Theoretioal Physics Dirision
Two Group*

Kxperlaental Kuclear Fhysics Division
Nine Groups

Chemistry Division

Section |
Fourteen Groups
Section 11

Five Groups

Biology Division
Fifteen Groups

Mass Spectroscopy A X-Ray Division
Two Groups

Instrument Research A Development Division
Si* Groups.

Kedioal Division
Four Groups*

Health Physic* Division
On* Group

Information Division
Two Groups

Patents Division
Ore Group

BUSINESS MANAGER
Assistant Business Manager (Staff Capacity)
Assistant Business Menager
Personnel Officer
Chief Accountant
Purchasing, Agsnt

I B-7ti
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DEPARTMENT

k** k”T'm St 'e.

A* Supo”rlalng A-courta™*, euperrleee and
eetteltlee neeeaaary to Inaure control
~u*Mt «"* dc”~uaantary data perta'ning tr

A~nccirrs ksv atpit branch

& Chief Project Auditor, dlreeta and a«fcalnlet-re
funetl ««= of Ac”ounte end Audit Branch through
a*cll<n auper”taora.

Hr. J. R. B«rbour CAF-11 Auditor
Secretary - 1 CAP-I*
1 CAT-5 Clerk-Typlet
I PAr-3 Hark

ionrHnnit»i
of flow of
relaburee-

nt of prlae cnntrecte m1l*r a'kalrl e»*e¢1*n of

*>1-ego ir»«,

H it B. Caetlenerry CAF~ ™lar%a

1

piscai ««c*iot

Recorda and aaln*alna control
ef funde allocated for a<te!sla-

latad eub-coatrecte tr'dar ed-

malntalne aooountablllty of
proper eoet dietrlbvtlon and
ter*.*»g prlae contracta and re- eoatrol,

panda’l oa prlae

1

MATERIAL ¢ OTHEP A”!)!? S1CTIOB

Audlte public eouchera aubaltted
for ralaburaaaant by prlae oon-

raoordlng funde ex- traotori under Chicago Area
‘eortracta and

eoeeriag aatarial, auppllee.

ilnl atretior cf CHleego Ar-e; eub-coatracte a”~Inletarad by equipaant, eeraieae, travel and
le*l ur aubeldiary eoatrol ae- Chlear~ Areaj aalatelna control utllltleei reriewe all Iteau of
coon*a of all fUnda ana\aibarad of ecat raeorda of Oceanaaont expandable and non-axpeodable

by purehaa- -rdere, aub—eoetrac* eoaehorai

e~*m\taa-ata and aleeallanecne
en*-mhrmr.aaei praparaa all fle-
eel and analytical rap”rte;

aalatalna control ef all in* mlee C.
1 CAP-? Clerk

coalng and outgoing e>cohere.
rla« and aupportinj d»>*j-
W ..l e

mre. f. 1. Churchill CAP-lj
Clark
2 CA*« Clerk-Typlat
1 CAP-$ Clark
1 CA>-3 Clarfc (f.)

PIT*f)lJ POS* Al®r sec*:na

Audita Coatractora’ payrolle; ~ariflae laar»|
audita laaaa racrrd oardaj eharka o*arfcaad

paraar.tagae, annultlaa anl aaaldact eaeaa
taac lrirf eeepaeeatlro payaaa™a

H aa B. landlor CAP-* Clark
1 CAP-3 Clerk
1 CAP-2 CI*f%-Typlet

a ?r b* ra-TWan”e", tc M»* Mgh***. jr-la.

aa Tr *a r»ipaaa-la3 tc 'AP-S

eontrole etpandlturea
of Coetraetcra aa ao”chera are
reiaburaad.

euppllee and equlpaent, un-
authorltad proouraaant of Itaae
appearing on aandatory e”hadule
or reetricted and prohlblta<
rlerk lletj Inatltatee eontrol and ra-
oorda for partial ahlpaante.
eeaeurrant aarrlicaa and rental*.

mlae J. A. Ahraaa CAP-i» Clark
2 CAP-? Clerk
2 rAF-5 "lerk (la)

cra»sArtors’' PERsnawti rbcoips **cricm

Eetahllahea ani aalntaiae coaplete payroll
aard ayataa for all aaployaea of varlooa

"ontraotorai audita all ULR 100 fonaa fcr
adherence t iial*atlor.a Inltleted by lar
Labor B~rd, ~raaajry lkepartaent and labor
Acta.

Vi, r. . Piaack ‘'Ar-* rlerv-*yplata
1 rkT-5 N-rk
1 Al- ‘lork - typ*. *t

CORPS OF ENGINEERS. U

MfttONNCt.
ornctue

-P
CAP
CPC
mtCL.
VAC.

TOTAL

RFPOPAS % STATIS*IrS SECTTa*

Recorde certain hletorloal data portalning
to all pheaee of contract expendltureej main-
tain* log of recurring reporte, expediting
thoee froa other aectlones praperea ap-"ial
roporta.

Mr*. P. R. P»«umm CAP-5 Clark
1 CAF-5 Clerk-Typlet

SUB-CCWTRACT RECORDS A IMSURAWCE SICTIOi

Edit* eub-oontracta and eaandaante tharato]
praparaa Apodal reporta oorerlng etatue of
eaaej aalntaina aard ijnt«a eoatrol of all
Information In oonnoatloa with aub-eontraotaj
aalntaina fllee to eoatrol expenditure* of
all typee of Inauranea.

mlee P. R. Illoy CAP-7 Ada. Aeet. a
1 CAP-9 Clerk-Steno.

5TTB-C(fT*Ar? A”DIT SECT10*

Audita all eab-oontraot rouohere aubaltted
by prlae eoatrectore for ratabureeaaati ro-
eonellee bank accounta and ladhere of two
prlae ~ontraetore enl praper-* mridance of
payaent reporta tor ‘faoaral Accounting O ffla

mre. 9. Sorkln CAP-7 A<* Aeet. =
1 CAP-5 Clerka.

ORGANIZATION CHART
MANHATTAN OISTRICT

UNIT ic'cuitl ft Audit branch, Chicago Area

X n AT Tal«l|*>
atCOUUfaOED OATf
Aaaaovco OATF

»HCET NO 2 OP a

»HflIrj
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Vr.

euf-rr* »e» *11

I'M iituU *

« 1wt

*

*f iropert-

*r, V. Atnl*r  Af-~ kSm, Aset#
»r, 1. "e»l CA*-7 »*». III* *
Af«rt far A*«curt«l>1» rrrperty
Offloor
HGR WSS iy
s % :
> oiuT = -o».trol ot#r fP«péhrtjr
. \*?2 cf ertvNim*r* r*r«ived m ‘Wirtnrw* prtv
rf . ef* %2 «Jjervivo* pr«poroti«
r t to »f <f orerr*-«» cf « r™-ji er%ra»\*e Sal **c« an 1
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CEPARTMENT

oowp» or Eiwmgtwt. u's

acaaoaati
ar»it«a»

antTTM biitmer ItrmisMCg * wcotitt Dim ia _ m
It. Col. W 1. Mr
[- I
I aa —
ancaaom n imun i«mcs ear
meml mu
toyarrlooo UtolUIMM m! (MVIt; atton of Ma- ara- <
kttta Uitrlit U [IIIMIt, M m iU, llehlcaa, IlTu. e r. aw.
bHKte, Im, »i»rl aai Uto, Nrtn, UMrte N
emi it. Jooopk imMw af M |— . aa. <

MJar 0. C. nt>M . M.
m u. e r.auto. jr.

<. 1

uniimnn wenni

kipcailtlt far iM ilitntta afprim | itUcM

to rfclaay >r— rti OfftMi ualiti Chleaca aroo la U>

alaiotratlia Mtlla «a alrllUa aai affloar i
faralrtaaw, ifm tla aai aaalpaaat of

nUilni piMm Mfrlin al ifdiaati aalatotoa all

ftlaa of Chlea(e Iraaoh Offlo*.

1* Rwytrty Offloor ced Cipti|nfUi tiomrity Offloor.

1. J. 1
tr*. a. a. otmu car-5 ciork

1 car*; Clorfe-ltaao.

1 car.) aort

2 car-8 Clort

1 CK-ii (tooffour (aosh. af] .)
tla

cowtb i»r«u.i(i«»ci ticTioa

%%Pcrrlooo Unotlptlioo aodo by t
leoge Bruoh Offloo.

m onn. ci.Raaaici (acnoa

Boopoaoltlo far paroocanol ced fin
olotnaeo, olooraaoco of trmaaforo ca

portonnol oafloyod on HID wort.
Oolvgl)ttla J. I. Mrrajr

Lt. i. a. Colliao 2ad Lt. J 1. fehcsoy _
Lt. a. 1. todlgao Boo a. i. Im car-; n.rt-ryjl«t

d Lt. T. I. Sduut 1 Car-3 Clork-staot.

1 CaT-U Clork-£toao. 1 Car-2 Clork-Tjr"ot

3 car-} ciort-atoao.

| car-)) ci.rt-Typiot

1 car-2 ciort-Typi.t

1 car-) elort-staao. (*.)
t]ioto

iall atfaate afm

aatartala orl«laaUa« to tto

nm . Math Mi toatk MrrIH Caaata Alto am a
fna palat af art(la ta alMaato iaatlaatKai aakaa a th
aat ainoyaalttla nfto, Mato aai too—to Mrvtoa 0 »

¢l haailoa all eaarlar aiw ata aittor arl{toatto(
aat af Mia afflaa ar tna» M p al aaartar aaoaaaatol
tiaalta ta» Marat to aaa aai aatarlalo fna CMaac*
ta ttolr altlaata iaatlaatloa.

M U.I.l. Mta«ar
M. J. I. tolina
lotu. J.a. ana
Mi Lt, t. a. Mltaa
Mi It. J. t. Carr
2ai Lt. T. #. Mllfoyla

1 G5 « O
1 car.) Clort-Tjr»lrt
1 caV* ciort-Tjrjlot

Mraaoamio aiuran iircaunca ucra

Mapoaolblo far M1 pallotaa, lootrtty
oducotleo, cosooroaiF. K rlolatloaa.

flloo.
ar. a. aa%/or
aloa r. (alial Car-} Clort-itooo.
1M

nor sacmrr ncnca

toorrlon plaat aaroaya, *laltor oa>
trol, flra yrataatloa, “ooatlaaltjr af pn>
Auction, ataaaaoa af raofoulkllity
Hat of m> faollltlooi Ualaoa attfc arts
feflaoar a* Moarlty rlliMi! titloao.

ar. (. a. Moataa

Mb. 1. a. Bitot car-4 eioit-itaaa.
itaat

ORGANIZATION  CHART
MANHATTAN DISTRICT

unit cn::*oo tuaca prrtuiiairt orrics
5joa>ino 7 e v« 7-1-tfl
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* Vera M. Funk detailed to this position for a period of 6 months from FN 38-1
(Clerk-Steno., CAF-U) in Security Division.

«« Baplcyee holding this position as Clerk-Typist, CAF-2 due to proposed
cancellation of position.

All personnel of Patent Group employed under Contract No. W31-109-eng-38.

PERSONhAt*

OFFIC

/06

17?7

ORGANIZATION CHART

UNITED STATES ATOMIC ENERGY COMMISSION

UNIT CHICAGO AREA, CHICAGO, ILLINOIS

SUBMITTED DATE 1-1-U7
rvMVNE M MY QATE

APPROVED - DATE
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i — PENBONN”
OFFit
ADMINISTRATIVE DIVISION CNL. oo
Plains, directs and coordinates all aotiTitles of the division. B s
Delegated authority as Contracting Officer and Transportation S P o
Offloer. Authorised to sign travel orders. Responsible for
Work Measurement Program and Service Control. CAF 30
cPC
Chief - (V) Adm. Asst., CAF-11, Chio. 3I* (MR) ungr. I
(Mr. J. T. Harris) e MiscL. .
1 Clerk-Steno., CAF-3 VAC. U
total 5%

PERSONNEL BRANCH FILES BRANCH VOUCHER BRANCH

Responsible for processing all oivilien personnel
actions within authority delegated by the District
Offioa. Maintains raoords and filas. Submits raports
of aotions affecting Officer personnel. Prepares pay
and allowance Touchers.

Responsible for the operation of Mail A Reoords and
Classified Files Sections. Responsible for disposi-
tion and retirement of all reoord and non-record
material.

Responsible for preparation of commercial
and travel Touchers; maintains reoords in
connection therewith.

Chief - Clerk, CAF-U, Chio. UW9

Chief - Mail AFile Supervisor, CAF-5, Chic. 1*3% (Miss K. C. Rea)

Chief - Clark, CAF-6, Chic. 15 (Mrs. V. B. Ringius)

(Miss D. U. Cassady)
2 Clerk-Typist, CAF-U
1 Clerk-Typist, CAF-3

mAGE ADMINISTRATION BBANCH
Responsible for administration of Contractors’

wage rates and the audit of applications for
salary approTal.

MAIL A RECORDS SECTION
MOTGR FOOL Receives, routes, classifies, dispatches and
filas all unclassified mail for Area. Maintains
reoord of mail reoeiTed. Provides messenger and
reproduction service. Maintains stock of office
supplies. Maintains library.

Chief - Clerk, CAF-U, Chic. 27
(Mrs. V. J. Mortara)
3 Clerk-Typist, CAF-3

Responsible for all phases of operation and
maintenance of vehiolea, supply of vehioles
and spare parts, training of all personnel,
maintenance of required reoords, Inspection
of personnel and equipment, prompt and

Lo . Chief - (V) Clerk, CAF-U, Chic. Uo
accurate submission of all required reports,

(Mrs. P. F. Roos)**
1 Clerk-Typist, CAF-3
50U 1 Clerk, CAF-3
1 Clerk-Typist, CAF-2

Chief - Motor Vehicle Dispatcher, CPC-7,
(Mr. G. M. Maronde) Chic.
3 Inspector (Auto Equip.), CAF-5
Cimttour, ‘chog 1P 1 Messenger, CPC-3
d Clerk-Typist, CAF-3 2 Messenger, CPC-2
1 (V) Clark-Typiat, CaF-2, (RR) 1 (V) Messenger, CPC-3 (KB)

PROCUREMENT  BRANCH

Locates supplies, material an”/or equipmentj seoures
bids and quotations! issues purchase ordersj re*
oeives Invoiees) procures mandatory and/or con-
trolled items under TPS contracts! prooesses
contractual doclaa«nts between District Legal

Section and Contractor.

CLASSIFIED FILES SECTION Chief - Clerk, CAF-U, Chic. 178
(Mias J. R. Kulp)

TRAFFIC BRANCH 1 Clerk-Typist, CAF-2

Receives, routes, classifies, dispatches and
files all claasified material for the Area.
Keeps reoord of receipt of incoming special
delivery, registered and inaured mail) keepa

Responsible for all activities of branoh. As civilism
transportation agent, famishes Government bill of
lading and other shipping documents to oover all move-

manta over ocommon oarrlara in aooordanca with existing
regulationa. Advises Area Engineer, Division and Branch
Chiefs on important traffic matters.

Chief - Adm. Asst,, CAF-7, Chic. 12
(Mr. M V. Ellen)
2 Clerk-Typist, CAF-3

1 Clerk-Typist, GaF-2 Submitted o DATE :4ud¢
1 Truck Driver (Med.), Ufcgr. rROOME  tJbidikx. 1-1-1*7
* Employes presently holding PN 200 (Ada. Asst., CAF-9) and will be reoommended for promotion to PN }Lt6e APFROVEO
ee Proswtion to PN UO pending. Presently holding PN (]} (Clerk-Typist, CAF-2). y
SHEET No J 7 SHEETS

detailed accounting reeords on all classified
correspondence.

Chief - Clerk, CAF-U, Chic. 186
(Mrs. K. P. Caveney)

1 Clark-Typlst, CAF-3

1 Clerk, CAF-3

1 Clerk-Typist, CAF-2

ORGANIZATION

UNITED STATES ATOMIC ENERGY COMMISSION

CHART

UNIT ADMINISTRATIVE DIVISION, CHICAGO AREA
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OFF!
OPERATIONS DIVISION
EHL.
Supervises all operations of Tachnioal, Construction and Maintenance and P
Safety Branohes. Reviews for and advises Area Engineer on teohnioal phases
of research and development program, on approval of construction programs oF
and safety programs. Controls inter-project and/or inter Area requests for CAF

teohnioal material* Acts as assistant to Area Engineer handling special
assignments requiring technical background and handles oontaots with cee
participating institutions of Argonne National Laboratory.

MISCL.
Chief - Engineer (Civil), P-5, Chio. 290 VAC. 2
(Mr. E. R. Fleury) oAl 12
1 Clerk-Steno., CAF-U

TECHNICAL BRANCH

Aids and advises Area Engineer, through Division Chief, on teohnioal phases of
programsi oonsults with Contractors' technicians on problems of policy and
procedure. Performs in liaison capaoity between other Areas and Contractors
under Jurisdiction of Chloago Area in progress of research programs and technloal
matters ooncemed with scientific fields. Establishes administrative procedures
for Teohnioal Branch. Supervises all activities of Information and Special

M aterials Sections including maintenance of records. Arranges all natters with
Argonne National Laboratory pertaining to participating institutions.

Chief - Engineer (Chem.), F-U, Chio. 229
(Mr. M. B. Rodin)

1 Adm. Asst., CAF-9

1 Clerk-Steno., CAF-U

INFORMATION SECTION

Reviews Inter-Area distribution of oertain reports and correspondence for com-
pliance with Distriot directives on information interchange and security regu-
lations. Processes and distributes technical information which involves contacts
between the Chioago Area and other sites. Approves and fills requests from the
Distriot and other sites for classified documents. Maintains ourrent file and
index of technloal reports of prime contractors as well as records of all docu-
ments declassified in the Area. Prepares monthly narrative report for trans-
mittal to Distriot Office and other special reports as required by the Area
Engineer. Transmits reports from other sites to their consultants in this loca-
tion. Assists in distribution of information to participating institutions.

Chief - (V) Engineer (Chem.), P-3, Chio. 2J0 (NR)

SPECIAL MATERIALS SECTION

Purnlshss unique technical information concerned with preparation, hsmdling and
disposal of special materials| expedites procursment and release of special
materials of high classification and great urgency in Chicago Area and associated
Areas| schedules routine metal and chemical samples to Contractor personnel for
subjection to functional tests and disposal of material after testing; administers
development and special test problems under direction of Area Engineer; maintains
all records) assists in procuring and reallocating supplies for associated
Contractors| authorises movement of speolal materials made by Contractors under
administration and/or technloal Jurisdiction of Chicago Area. Advises Traffic
Branch in all technloal matters.

Chief - Aide, Scientific, SP-9, Chic. 506
(Mr. H* E. Armstrong)

1 Checker, CAF-5

1 Clerk-Typist, CAF-3

SAFETY BRANCH

Inspects all projects for safety and fire protection; co-
operates with all Contractors to promote services for
safety and fire protection! provides consultation service
on safetyi ocoperstes with Engineering sections, arranges
for showing of salJ*ety motion picture films! provides posters
and other bulletin service; checks construction plans to
include safetyi works on trsffic problems.

Chief - Engineer (Safety), P-U, Chio. 1
(Mr. J. T. Faust)

1 (V) Bigineer (Safety), P-2, (NR)

1 Clerk-Typist, CAF-3

CONSTRUCTION 4 MAINTENANCE BRANCH

Chi.f - Supt. (Con.tr.), P-5, Chic. 558
(Mr. P. C. Mo.f)

Sheet No. g
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ARCOVNE NATIONAL LABCRATORT 8ECTION

i

OPERATIONS DIVISION

Chief- Engineer (Civil), P-5, Chio. 290
(Mr* E. R. Floury)

CONSTRUCTION AND MAINTENANCE BRANCH

Assists Contractor under Contract W31-109-eng-38 in determination of
requirements for construction, modification and restoration, prepara-
tion of plana and apecificationa and supervision of construction;

alao approrea plana, spedfioatione, work ordera, ooata and completion
of abore work within limita determined by Area Engineer) auperriaea
maintenance of Government-owned or leased facilities.

Chief - Supt. (Conatr.), P-5, Chio. J28

(Mr. P. C. Moen)
1 Clerk-Steno., CAF-U

CONTROL SECTION

Aaaiata Branch Chief in aeourine noeeaaary infor-
mation for planning and construction for all new
buildings and sitea. Makes preliminary akotohea,
plana and apoeifloatiocia for the above and re-
viowa the final drawinga, apecificationa and
bida) reoomaMnda acceptance to Branoh Chief.
Aaaiata building oontractor in locating and pro-
curing materiala for construction.

Control Seotlon.

Chief - Clerk-Steno.,

1 Engineer (Eloo.), P-i*

1 Engineer (Arch.), P-U

1 (V) Engineer (Meoh.), Mi, (RR)

1 (V) Draftsman (Aroh.), SP-8, (RR)

SUPERVISION OF CONSTITUTION

Undar Branch Chief, supervises field operations

pertaining tc new construction and modification

ani changes to existing sites, including restora-
tion of such sites. Mak«a topographloal surveys,
runs oontrol lervls and sets building locations

and grades.

1 Engineer (Arch.), P-U
3 Roal Maintenance Laborer, Ungr.
1 tafin*#r (Civil), P-2
1 Engineering Aide (Civil), SP-4
1 Engineering Alle (Civilj, SP-$
2 Engineering alie (CivilJ, SP-J

3a Contractor* a payroll

Reoorda and routea work orders; formaliaea
work ordera prepared by Engineeraj reoeivea
proposalsj distributes work ordersj types
all work ordera and reporta pertaining to

CAF-3, Chio. J8U
(Miss T. S. Piorkowakl)
1 Ftootoatat * Blueprint Operator, CAF-2

) SITS MODIFICATION, MAINTENANCE 9t RESTORATION SECTION

Makoa recommendations to Branoh Chief regarding feaaibility
of woric requeataj prepares plana and specifications for oon-
atruotion and issuanoe of work ordera to contractoraj re-
ceivea bida and oheoka ooat estimates; aaaiata in locating
and procuring materiala by oontraotora) aaaiata Branoh Chief
in negotiations with property owners with regard to restora-
tion) prepares plans and speoifloations and seoures costs
for restoration) reoomnenda acoeptanoe to Branoh Chief.

Chief - Engineer (Aroh.), P-U, Chio. J29
(Mr. V. C. Litt)

1 Engineer (Meoh.), J*3

1 Engineer (Elec.), P-3

1 Draftsman (Arch.), SP-8

1 Draftsman «

OFFICE ENGINEER

Maintains oard index system for work
completed and work now in progress
regarding restoration of oontraotor-
owned buildings) oheoks drawings
completed by Draftsmen against rough
slcetohes) prepares engineering corres-
pondence, reports and estimates to _

ORGANIZATION
sub-oontractor.

CHART

. . - . UNITED STATES ATOMIC ENERGY COMCISSION
Chief - Engineer (Civil), P-2, Chio.

(Mr. H. L. Davis) 383
UNIT OPERATIONS DIVISION, CHICAGO AREA
SUOMITTEO_~XI_ DATE
RECOMMENCE date _1?1-"*7

APPROVED DATE
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VISITOR CCWTROL BRAICH

Administers the issuanoe of visitor permita to intra

Distriot visitors} maintains dose liaison with
Contractors in visitor oontrolj keeps records of
visitors| reports to Distriot Office on foreign
visitors.

Chief - Investigator (Intel. A Seo.), CAF-11, Chio.

(Hr. J. J. Lannon)
1 Clerk-Steno., CAF-U (Partial)

INVESTIGATIVE BRAUH

Responsible for all intelligence and oounter-
Intelligenoe activities. Supervises and conducts
all investigations made by the Chicago Area Offioe
as office of origin and for other Area Security
Offices in the Manhattan D istrict. Supervises
activities of Resident Security Officer in Center-
line Area.

Chief - Intel. ASec. Officer, CAP-11, Chic. 293
(Mr. D. J. Harley)

1 Investigator (Intel. ASec.), CAF-10

1 Clsrk-Steno., CAF-U (Partial)

1 Clerk-Steno., CAF-3

I
SECURITY  <181011

Supervises Manhattan Distriot Seourity and Intelli-
gence activities in North Dakota, South Dakota,
Nebraska, Kansas, Minnssota, Wisoonsin, Illinois,
Miohigan, Indiana and Ohio.

Chief - Seo. A Intel* Qffloer, CAF-12, Chio. 250
(Mr. J* H. Mahoney)

1 Investigator (Intel. A Seo*), CAF-11

2 clerk-steno., CARU (")

PLANT SECURITY BRANCH

Responsible for inspection of all facilities engaged
in MED work under Chicago Area prime and sub-
contracts. Writes reports for transmission to Dis-
trict Offioe on inspections. Makes recommendations
for improvement of seourity oonditions at eaoh in-
stallation when deemed necessary. Responsible for
oontract termination seourity surveys.

Chief - Investigator (Sec. A Intel*), CAF-10, Chic*
(Mr. E. 1. Healy) 330
1 (V) Clerk-Steno*, CAF-U (NR) *e

CRYPTOGRAPHIC BRANCH

Responsible for sending all olassified and unclassi-
fied teletype messages. Responsible for crypto-
graphic security pursuant to AR 38°"5 in trans-
mission and reception of messages.

Chief - 1st Lt. H. B. Biillips, Cryptographio Offioer
1 Teletype Operator, CAF-U

1 Clerk-Steno., CAF-U (Partial)

1 Clerk, CAF-3 (Partial)

PERSONNEL CLEARANCE BRANCH

* Detailed to PN U02 for a period of 6 months.

Responsible for personnel and firm clearance for

transfers on personnel employed on MED work for

** Allocation of grade CAF-U presently under

PERSONNEL
OPFICA *
enl

p

S P

CAF 17
CPC 19

MISCL.

total

MAIL & FILE BRANCH

Responsible for administration snd maintenance of all
Security Division files. Responsible for collection
and dispatch of all Seourity Division mail. Keeps
pending mall system for Security Division. Soreens
current newspapers for news pertinent to security

of Chicago Area.

Chief - Clerk-Steno*, CAF-U, Chic. 35 (Partial)
(Miss E. D. Herro)

1 Clerk-Typist, CAF-3

1 Clerk, CAF-3 (Partial)

SHIPMENT SECURITY BRANCH

Responsible for all guarded shipments of MD
materials originating in the Fifth Army when enroute
from point of origin to ultimate destination! makes
shipment surveys within the Fifth Army! handles

all courier movements! transmits top secret docu-
ments and materials from Chicago to their ultimate
destinations.

Chief - 1st Lt. T. L. Aton

1st Lt. H. K. Doty

1 Clerk, CAF-6

1 Clerk-Typist, CAF-U

U Patrolman, CPC-8

IU Patrolman, CPC-7

1 Chauffeur (Mech. Rep.), CPC-U

ORGANIZATION CHART

UNITED STATES ATOMIC ENERGY COMMISSION

Chicago Area, Site T and related installations. question. Duties being performed by Lillian
J. Horvat who is holding Ffl 69 (Cleric-Stsno.,

Chief - Investigator (Intel. A Sec.), CAF-11, C2h£JJ.

(Hr* 3. 3.

2 Clerk-Steno., CAF-U (1 partial)

1 Clerk-Steno*, CAF-3

CAF-3 in Personnel Clearance Branch).

UN)T SECURITY_DIVISION, CHICAGO AREA
4> frA-gy m DATE 1-1-U7

RECOMMENDE SQ&Htl‘U)7

APPROVED | ___ DATE _

SHEET NO 6 OF 7 SHEETS
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REQUIREMENTS, STORAGE A ISSUE AND WAREHOUSE BRANCH

Responsible for looatlng scarce mandatory or con-
trolled Item* through other Government agencies,
arrange* for procurement of purchase of such items
and of those acquired by KAA site sales. Advises
and inform* scientific and construction personnel
of availability of such equipment, Receive* Con-
tractor* « purchase requisitions. Expedites
deliveries* Reviews AAA and District surplus lists.
Arranges for attendance of Interested personnel at
KAA sit* sales. Supervises functions of Receiving,
Small Stores and warehouse Section.

Chief - Storekeeper, CAF-7, Chic. I£7
(Mr. J. P. Cox)
1 Clerk-Steno., CAF-3

RECEIVING, SMALL STORES AND WAREHOUSE SECTION

Responsible for receiving equipment, packing and
orating outgoing shipments and preparation of
transfer doounents* Arranges for adequate ware-
housing. Controls operations regarding maintenance
of offioe furniture and equipment. Provides labor,
makes looal deliveries and pick-ups for Area*
Operate* small store* stockroom; maintains stock
records*

Chief - Clerk, CAF-U, Chio. }*7
(Mr. D. F. Grelg)

1 Storekeeper, CAF-U

3 Clerk-Typiet, CAT-} (1 partial)

1 Clerk-Typlet, CAF-2

1 Warehouse Laborer (Partial)
1 Laborer *

REPORTS k SPECIAL ASSIGNMENT BRANCH

Responsible for report* required by regulations*
Conducts research of reoords and correspondence
on unique problems. Makes continuous selective
audits of records of reoelpt and issue of Special
M aterials Section. Maintains reoords covering
receipt and issue of-oil and gasoline procured
for and conslined by Area Motor Pool.

Chief - Clerk, CAF-5# Chic. U3

(Mias S. A. Druktenls)
1 Clerk-Typist, CAF-2 (Partial)
1 (PP) Clerk-Typist, CAF-2

* On Contractor's payroll*

PROPERTY & SUPPLY DIVISION

Coordinates, plans and direots the activities of the various
branches of the division* Accountable Property Ag*nt.

Chief - Adm. Asst*, CAF-9, Chio. 53
(Mr. R. L. Quinlan)

PROPERTY RECORDS (CONTRACTOR) BRANCH

Responsible for maintaining property reoords in acoordanoe
with regulations of all Government-owned property in
possession of Contractors under Jurisdiction of Chisago
Area.

Chief - Clerk, CAF-6, Chic* 3#
(Mies M. R. Sack)

2 Clerk-Typist, CAF-U

3 Clerk-Typist, CAF-3

2 Clerk, CAF-3

2 (PP) Clerk-Typist, CAFg

PROPERTY DISPOSAL A INVENTORY BRANCH

Responsible for declaration of excess property to District

Office and of surplus property to WAA Makes small lot sales.
Obtains scrap determination from WAA for disposition of excess

scrap items. Disposes of. nominal quantities of sorap by bid
locally. Controls activities of Inventory 4 Excess M aterial
Storage and Real 4 Installed Property Reoords Seotlone.

Chief - Clerk, CAF-6, Chic. IlIU
(Mr* J. T. Hartley)

3 Clerk-Typist, CAF-3 (2 partial)

1 Clerk-typist, CAF-2

INVENTORY 4 EXCESS MATERIAL STORAGE SECTION

Arranges for and is responsibls for inventory of all Government-
owned property and for assignment of USA mrabers. Makes arrange-
ment for adequate storage space for excess and surplus property.

Chief - Clerk, CAF-6, Chic. 261
(Mr. J. P. Duffy)

1 Procurement Inspector, CAF-5

1 Clerk-Typist, CAF-2

1 Warehouse Laborer, Ungr. (Partial)

1 Laborer *

REAL A INSTALLED PROPERTY RECORDS SECTION

Maintains Aooountable Property reoords of Real and

Installed Class "a" Property.

Chief - Cl«rk-Typist, CAF-3, Chic. 382 (Partial)
(Miss C* S. Burke)

i

EHL.

p..

SP -

CAF 3)
c - "

Proposed S

MISC L ¢ e B

Ungr* Tl

VAC. - s

Contr 2

TOTAL 3®

MILITARY PROPERTY RECORDS 4 CONTRACTORS AUDIT BRANCH

As Special Assistant to Division Chief, establishes
an<yor recommends improvementa in procedures.
Designated Agent. Supervises activities of Selective
Audit and Property Reoorde (Station M ilitary Acct*)
Sections.

Chief - Clerk, CAF-6, Chic. U35
(Mrs* G* C* Finan)

SELECTIVE AUDIT SECTION

Makes' oontinuous selective audit of Contractors*
records. Conduots inventories of items in stock
and submits to Contractor for adjustment, if
necessary. Conduots unanticipated checks of
Contractors' receiving activities to insure
conformance with procedures.

Chief - Clerk, CAF-5, Chic. 262
(Mr. J. Makipaa, Jr.)

PROPERTY RECORDS (STATION MILITARY ACCT) SECTION
Responsible for maintaining property reoords in
accordance with regulations of all Government-owned
property in possession of Station Military Account*
Chief - Clerk, CAF-U, Chio* 305

(Miss M. M. Pokamey)
2 Clerk-Typist, CAF-2 (1 partial)
1 (PP) Clerk-Typist, CAF-2

ORGANIZATION CHART

UNITED STATES ATOMIC ENERGY COMMISSION

UNIT PROPERTY JASUPPLY_DIVISION, CHICAGO AREA

SUBMITTED __ DATE .
RECOMMENDI 0A 1-2-Ur
APPROVED DATE
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MENEATTAK DISTRICT HISTORY
BOOK IV - FIIE PROJECT
VOWWF 2 - RESEARCH

PART | - ESTALLUROICAL LABORATORY
APPENDIX C
REFERENCES

REFORTS

(Note: References listed inp*sdiately below are I&tallurgical Laboratory
reports on file in the library of the Metallurgical laboratory.j

Ro. Report Ho., . Title
1 C-101 "Report for Week Ending toy 50, 1942~
2 A-1S5 "The Chemical Properties of Elements

93 and 947, G. T. Seaborg and A, C.
Wahl. (Maroh 19, 1942)

3 CP-1136 "Loading for Hanford 305 Pile™, H. L.
Anderson. (December 11, 1943)
4 CP-413 "Experimental Production of a Divergent
Chain Reaction', E. Ferrai.
5 A-55 "Reaction in Systems Composed of Ketal
and Carbon", L. Szilard
C-1 "Discussion of the Horaogeneous and
Lattice Arrangeraonte for Power Plants™,
E. P. Wigner
CP-245S A Brief Description of the Argonne

Uraniun-Qraphitc Pile (CF-2)*
E. E. lietcalf. (Deoenber 20, 1944)

Monthly reports, as indlooted, of
research at Argonne Laboratory.

CP-1960 July, 1944
CP-2301 October, 1944
CP-274D February, 1945
CP-3195; Jucus, 1945

I ———
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Report Ko.

CE-277

CE-407

CN-1188

CT-2624

CE-2818

N-129S

S-1145p

CP-1940

CP-2798

N-1S75

CP-1680

CP-1687

KUC-WPJ-154

\

Appendix C (Cont’d)

Title

"Preliminary Process Design of Poorer
Plant™, T. V. toore, C. Leverett.
(September 26, 1942)

*Preliminary Process Design of Liquid
Cooled Power Plant Producing 6 x 10C
KW', G. J. Boissevain, E. P. 7<igner,
et al. (January 9, 194S)

"Report for Month Ending January S, 1944;
General Engineering Section, Technical
Division”, & E. Kidd, J. 0. llaloney.

“"Film Formation in "If Annulus", R. E.
Larson, I*. J. Seulinski. (December
23, 1944)

"Radiation vs* Corrosion™, R. Briggs
(April 7, 1946)

“CoEaaentE on Proposed Canning Procedures”,
S. K. Allison, E. C. Greuta. (January
12, 1944)

"Work on Long Cartridge Jaoket at
Aluminum Company", (IrUG-EG-102)
(July 12, 1944)

"Warping in Long Cartridges”, G. Young.
(July 25, 1944)

"Experimental Production of Die Cast
Slug Coatings”, J* H. Chapin. (March
27, 1945)

"Discussions Concerning Design and Use
of Project Instruments™, G. £# Monk.

"All-Plastic Optical System for Project
Purposes”, G. S. Monk. (May 6, 1944)

"Kotos on Coloration of Optical Mater-
ials”, G. S. Monk. (&ay 11, 1944)

E°BSiiiEMrSURNA(HZ .

1845)
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16

16

17

18

19

20

21

* L W-

Appendix C (Cont’d)

Report Mo. Title
K-1306 "Reports to Swell Committee”, £. C.
Creutz.
CT-2633 "Supersonic Flaw Detector, Model 1T%
R. F. Platt.
CT-1897 "Supersonic Transmission Measurements on

Various Samples”* P. A. Firestone, W.
G, Langton. (July 4, 1844).

CP-2774 "Final Report on Swell Detection by Pusher
Method", $. B. Shank, U» Krankel.
(November 11, 1944)

CN-1017 "Survey of Separations Processes",
W. W. Armstrong, E. R. Gilbert, J. 0.
Maloney. (October 29, 1943)

CH-1315 "A Brief Suiaaary of Methods for Extrac-
tion, Decontamination, Concentration
and Isolation of Product™, (January
28, 1844)

CE-2519 "Survey of Separations Processes”, R, E.
Clark. (August 1, 1944)

avi3000 "Separations Processes for Plutonium™,
0. T. Seaborg and associates. (May, 1845)

CS-2124 "Information Meeting (Chemistry)",
Project Council. (August 22, 1944)

LEASES
bsiSsarLiUm 1&s&Uge:
W-2288 eng-523 Leasu for use of 10SS File 601.53
sores of Argonne Chicago Area Offioe

Forest, Chicago

W-2288 eng-14P Lease for use of area File 601.53
at 56th St. and Ingle- Chicago Area Offioe

side Avenue, Chicago

W-1X-114 eng-570 Lease for use of 124th File 601.53
Field Artillery Armory, Chicago Area Office
52nd St. and Cottage
Grove Avenue, Chicago

LR
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KAKHATTAK DISTRICT HISTORY
BOOK IV - PILE PROQIECT
VOLUVE 2 - RESEARCH
PARI | - METALLURGICAL LABORATORY
APPENDIX D

DOCUVENTARY kiRMS

Description

General Contractual Inforiaation
Extraots from Construction Completion Repor
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GENKRAL CONTRACTUAL  IKFORMATIOK

Government research and development contracts; in connection with
the File Project rerearoh program at the Metallurgical Laboratory are
or a cost plus overhead basis. In the case of each contractor, pro-
portional allowances for overhead are not in excess of those normally
charged by the contractor as evidenced by the records of the contrac-
tor over a period of two years prior to the effective date of the con-
tract.

Payment to the contractor is accomplished by reimbursement on
vouchers submitted by the contractor only after such vouohors have been
approved for payment in accordance with standard Government accounting
procedures.

The specialised nature of the Pile Project research work limited
the ohoice of contractors. Primary considerations in the final selec-
tion of a contractor for specific research work are the contractor’s
experience, facilities, and trained personnel. Other factors, such as
prior relatione with the- DSHD and the iSunhattan District, location, and
considerations of security also play an important part in the final

selection.
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ARMY SSTVICH FARCES
Halted States Engineer Office
tlanhattan Diatriot
Chicago Area Office

EXTRACT?: FHOr CSHSTIirJCTTDL: COMPLETION REPOHT
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EXPENDITURE SO&ARY OF OOHSTRUCTK* WCRK FOR SETALUJHGICAL
LABORATORIES OF THE UNIVERSITY OF CHICAGO

Sit® A= | 609,400.07?
Site "B" $83.868.92
New Chemistry arid Annex — — — — ——— 668,126.41
Armory — —_—— ———— — — 162,196.66°
The University of Chio&go Laboratories — 131,330.43
Total #£,164,912.86
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COKPLETIOf RSPOF1
SITE "A*

SKCTIOR |

1. This project, known as Argonne or "Cite A, is located in the
southwest part of Cook County, Illinois, Palos township, on the south
aide of State highway #4A, also known as Aroher Avenue, approximately
5 miles northeast of the Tillage of Lemont, Illinois, in the area known
as Argonne Forest of Cook County Forest Preserve,

The project is constructed for and is being used for labora-
tory investigation by the Metallurgical Laboratory of the University
of Chicago. Access to the site is provided by a crushed stone and
cinder road approximately 5/4 sile long. Tnis access road begin* at
highway $4A, in an easterly direction at a point approximately 1 - I/e
mile southwest of the triangular intersection of highway $4A and 95th
Street South, Chicago, Illinois.

Transportation facilities include the State highway $4A, the
Chicago and Alton Railroad, the Atchison, Topeka and Santa Fe Railroad,
and the Illinois and tfichlgan ship canal. Thu railroads and canal lie
Immediately northwest of State Highway #4A with terminal facilities in
the village of Lemont.

2. The area consists of approximately 1088 acres, leased trow the
Forest Preserve District of Cook County, Illinois. The area of the
building site is approximately 16 aores and is located within sin inner
double fence at an approximate elevation of 742 feet above sea level.
Flood lighting is provided to illuminate the inner fence at night. An
outer fence eoraprisinp an area of approximately 202 acres encompasses
the inner fence area. A lower lodge guard house is located at the
access road approximately 100C feet southeast of highway #4A, The
terrain is hilly and heavily wooded with hardwood trees and hawthorns
brush, with the exception of the southeast corner of the 108fe acres.,
on which is located an abandoned 16 hole golf course. A disposal pit
for contaminated property brought to Argonne from other sites is located
approxiniately 3/s mile northeast of the building: site at an elevation of
nearly TOO feet above sea level. Thia plot is designated as plot
on the plot plan. It is & ft. x 160 ft, and is enclosed by a concrete
curbing 5* deep into the ground and a cyclone type wire fence 7’ high.

All the buildings exeept Building "A,* the lower lodge and
the lead foundry, were constructed under government contract and are
located as shown on plot plan Drawing No. A-46.

Building ~ is two story arid basement structure, masonry »
first story, stud and wood siding - second story. A guard sentry cup-
olfi located or the roof of this buildinf is manned continuously.

Pert of Building h and Building fi are of masonry construction, the

other buildings and connecting passage* are wood stud an:i cement asbest-
os siding construction except the Mess Hall and dormitory which are
standard T.O. series 700 construction.

The Dormitory building G consists? of 5 unite of 2 bedrooms, £
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toilet rooms with ehower and one living roosi combined, to acoosmodete
single men and scientists requiring overnight stay on the site.

A tennis court is provided for the recrestion of ecadesic
personnel.

Facilities for making special apparatus for the scientists
are provided for by the installation of a carpenter shop, machine
shop, lead foundry, and t glass blowing shop. A stock room carries a
email supply of expendable items most likely needed for laboratory re-

search work and upkeep.
Tne total floor ares of all site buildings is 64,200 «qg. feet.

5. The following contracts were negotiated for the construction
of "Site A™

Humber Contractor Amount

Lump Sum Government Contracts

1-7401 eng-6 E. L. Lonergan $162,191.47
W-7401 eng-10 Bar Brothers 8,126.65
1-7401 eng-11 L, E, Meyers ft Co. 10,078.00
1-7401 eng-16 Piping Contractors 8,428.00
W-7401 eng-17 Davies Electric 12,246.89
W-7401 +ng-18 I. S. Claffey Co. 16,675.71
W-7401 *ng-28 E. L. Lonergan 24,496.22
W-7401 eng-114 E. L. Lonergan 106,518.86
W-7401 eng-147 later Cooling Equipment 2,60S.0
W-7406 eng-263 Perautt Co. 5,680.00
W-7408 <ng-40 Chicago Bridge ft Iron 8,020.00
W-7421 eng-6 S. B. Geiger Co. 2,140.60
W-7401 eng-146 Skidmore, Owinge &Merrill 16,200.00
W-7401 eng-IS Stone ft Webster 55,667.95 672,064.44

Subcontracts to 7401 eng-37

7401-57-81 Samiel R. Lewis 904.00
7401-57-80 K. P. Reger £ Co. £,56C.7S
7401-57-79 Bulley k Andrews 6,060.66 8,516.29

Metallurgical Laboratory Purchase Orders
P. 0. MO-5347 Ernest Frsecian ft Co. 9f.9v 95.95

Government Purohase Orders

P. 0. 5146 B. P. Reger i Co. 220.00
p. 0. 547fc E. P. Reger ft Co. 182.60
p. 0. 5470 Davies Electric Co. 467.90
p. 0. 5474 Davies llectric Co. 485.06
p. 0. 5472 Davies Electric Co. 62.00
p. 0. un Davies Electric Co. 458.56
p. c. 3471 Davies Electric Co. 176.81

\
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r. 0. 2712 Keeterlin t- Campbell 1,163.00
p. 0. 8450 Werterliii & Campbell 375.00
p. 0. 970 £, L. Lonergan 616.43
p. 0. 7062 E. L, Lonergan 1,976.95
p. 0. 5356 ThoDison Engineering: Co. 1,726.90
p. 0. 8746 Illinois Window Shade Co. 23.13
p. 0. urn Davies Electric Co, 81.39
p. 0. 1114C Davies Electric Co, 156.44
F. 0. 11160 Daviee Electric Co, 356.61
P. c. 11166 Davies Electric Co, 29C.17
p. 0. 7476 Davies Electric Co, 1,460.28
P. 0. 12002 Davies Electric Co, 807.23
P. 0. 12678 Davie® Electric Co, 823.85
P. c. 27116 Davies Electric Co. 1,193.87
p. 0. 26118 Davies Electric Co, 749.89
P. 0. 28825 Davies Eleetric Co. 478,26
P. 0. 12723 Daviec Electric Co. 1,794.45
P. 0. 8715 U, P. Reger & Co, 310,00
P. 0. 7411 B. P. Reger A Co. 180.00
P. 0. 7476 K. P. Heger A Co. S595.16
P. 0. 7795 E, P. Reger & Co. 74.7S
P. 0. 7796 B. P. Reger * Co. 1,829.01
P. 0. 12361 H. P. Reger * Co. 1,761.13
P. 0. 11903 Ostberg Seed Co. 66.00
P. ¢. 12010 Schuckaell Co. 461.18
P. 0. 8420 L. E. MeyerB Co. 290,00
P. 0. 12493 L. E. Keyere Co. 94.25
P. 0. 28337 Voss Belting A Spec. Co. 94.71
P. 0. 8469 Builey and Andrews 189.90
P. 0. 763? ffesterlin A Campbell 865.00
P. 0. 7166 J. |. Reeves 247.80
P. 0. 7123 Boom Elec. A Amp. Co. 1,290.00
P. 0. 7832 Boom Elec. A Amp, Co. 8,622.00
Grand total up to 1 October 1945 $609,4QG,Qg

\V:hed Address Type of Contractor

E, L* Lcnergan 203 S. Wabash General Contractors
Bar Brothers Eazon, 111, Fence Contractors

L. E. Meyers 4 Co. 65 W Jackson Building

Davies Elect. Co. 126 H, Jefferson Electrical Contractors
E. S. Claffey Co. 8 W Illinois Beatlag

Water Conditioning
Bridge & lron

40? S. Dearborn
832 S. Michigan

Persautt Go,

Chicago Bridge *
lron Co.

S. B. Geiger Co.

Skidmore, Ownings
tr Merrill

Stone 6 Webster

Well Contractors
Architects

8? R. Van Bure'
104 £. Michigan

Sis S. Clark St. Engineerinf;
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Sa’'miel E. Lewis 40? S. Dearborn Kn;>:ineeri»r

E. P. Reger t Co, 1501 K. 72nd Place Kcating & Plumbing
Bulley & ‘'ndrews 2040 W. HurriBon St. General Contractors
Ernest Freeman & Co. 416 R, Erie Elec. Contractors
Ticster lin L Campbell 111c WA Cornelia Ice Machinery
Thomson Engineering Co. 205 ft. Wacker Pump Contractors
Illinois Window Shade

Co. 4524 S. Cottage Grove Jfindov.- Shades
Gsthere Seed Co. 7501 S. Yioodlwm Grass
Schuctosell Co. 5757 E. North Mndow Shades
Voss Belting & Spec.

Co. 5501 M. Ravenawood Belting & Spec. Co.
J. |. Reevee 164? S. Ardmore General Contractor
Boor Elec. * Amp# Co. 1227 ft, Washington Electrio k Amplifier

4. So unusual conditions occurred during the period of construc-

tion. The architeot-en”ineers anti the contractors executed the work
satisfactorily and with dispatch. It is recommended that these firms
be given favorable consideration for other Government construction

work.

5. Starting date of construction work was 14 September 1042.
The operator started to work in December 1942. Completion of construc-
tion work was 1 October 1944, with the exception of Contract No. 7401-
57-78 which is incomplete and still active.

6. Job reoords comprising legal description of property, maps,
layouts, record drawings, and completion reports arts available in the
office of the Area Engineer, Chicago Area Offioe.

7. Water for the site is pumped from a drilled well 508 feet
deep into an elevated steel storage tank of 75,000 gallon capacity.
The overflow of the water storage tank is looated 154* above the pump
head, and on average water pressure of 66 pounds per square inch is
maintained. A motor- driven chlorinator feeds a chlorine solution into
the pump header* Periodically samples of water are sent to the
Illinois State Department of Public Health for analysis. The weekly
guantity of water pumped, ie approximately 115,000 gallons.

No gas line Is extended into the Site.

Electricity is supplied by the Public Service Company of
Northern Illinois, tc a transformer bank of 1500 kilowatt capacity,
440/220 volt, 5 phase, 9% cycle A.C. and 110 volt, single phase, $L
cycle A.C. is available at inner site Area. An emergency power plant
of 10 kilowatt capacity it automtically put into service, should the
power company service fail.

Heating is provided by one 100 H.P. high pressure Keew&net
boiler located in Building E. This boiler is equipped with an under*
feed bin stoker, and connected through piping to Buildings A-E and E.
A high pressure heat exchange provides recirculated hot water for heat-
ing Buildings B, Cand 1). The Mess Hall and Dormitory aro heated, by
individual coal stoves. The original low pressure boiler in Buildin?
A serves as a standby unit in ease of failure- of main heating- plant.
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For fire protection, six (6) standard fire hydrants with
hope art* installed. A fire squad of non-academic personnel is train*"
ed by the operator* cf the site and in the event of a large fire, ar-
rangements have been made to call the Lecont fire department,

Sewerage disposal ip provided for by the installation of a
septic tank, located east of site, outside the inner fence, under-
ground piping extends from the septic tank to the various buildings on
the site proper.

SSCTIQM 11

1. AIll the above contracts were Ivcnp suti agreements, without
any additional oost to the government, other than the Area Engineers
and District Office overhead, and thin figure is not available,

2. He government Materials were transferred in to this site from
any other project.
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COVPLETION REPORT
8ITS

BECTI )2 |

1. Thie project, known as "Site B", is an additioi, and altera-
tions to two University of Chicago owed building-6 located at 6111
TSiiversity Avenue, Chicago, Cook County, Illinoie, and is in an apart-
ment house district. It is being used for laboratory investigation by
the Itotallurgioal Laboratory of the {Jhiversity of Chicago. There are
no railroad connections directly with the project, but is easily ac-
cessible by true!: or van.

2. Work consisted of the construction of a two story addition
and alterations to the two buildings already oil the site (a plot of
ground 250» x 175*). There was a total of 31,615? sq. ft. floor space
before and 62,671 sq. ft. floor spaoe after construction. The site
is Govornment controlled under the terms of Contract Uo. W-7401-eng-
37,

3.
Number Contractor Amount
Lump Sum Govemrasnt Contract!.'
¥i-7401-eng-146 Skidmore, Owings ft Perrill f 22,300,00
fi-7401-eng—132 Pulley ft Andrews 161,427.62 183,727.62
Subcontracts to 740i-eng-37
7401-37-61 Pulley ft Andrews 88,928.82
7401-37-62 Ernest Freeraa., ft Co. 21,979.22
7401-37-63 Phillips, Getsohon? Co. 45,141.83
7401-37-64 O’Callaghan Brothers 21,840.63
7401-37-78 Skidmore, Owings ft Tterrill 14,000.00
7401-37-77 CCallaghan Brothers 11,020.10
7401-37-74 Ernest Freeman ft Co. 40,280.92
7401-37-70 Pulley ft Andrews 42,431.81
7401-37-71 Phillips, Gotschow Co. 45,620.92
7401-37-75 Narowetu, Rug. &t Vent. Co. 11,058.91
7401-37-79 Pulley ft Andrews 52,649.28
7401-37-81 Samuel P. Lewis 1,700.66 396,720.80
Metallurgical Laboratory Purchase Orders
P.O. 40735 Narowets Htg. &Vent. Co0.3,273.00 3,273.00
Government Purchase Orders
P.O. 8342 Rational Electric Tool Co. 37.50

* Inoaaplete - Still Active “
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P.O. 12153 Cert. Burg. Alarm Systems 100.00 137.60

Grand Total up to October 1, 194f;

3. con*t,
Umo Addregr. fyijo of Coutmetor
Skidmore, Owin-cs tr Icorrill 104 S. Michigan Avo. Architects
Builey = Alldrev;E 2040 W. Harriston St. General Contractors
Ernest Froom;. A Co. 416 W. Sric Street Electrical Contractors
T/iillixJS, Getschav.' Co. 32 Vi. Hubbard Heating Contractors
0’Callaghan Brothere 21 S. Green Street Fluisibing Contractors
J-Jarowetz 11%. fr Vent. Co. 1722 V' Washington Heating ft Ventilatinc
Samuel R. Lewis 407 E. Dearborn Engineering
Jiational Blee. Tool Co. 101E S. State St. Electrical Contractors#
Cert. Burg. Alarm Systems 1410 fv. Augusta Burglar Alarms

4. Thero were no unusual conditions during tho period of construct-
ion, and tho contractor executed the work satisfactorily and with dis-
patch.

5. Tho starting date of the construction wort; wag 1 Hay 1943 and
the completion date was 1 October 1914, except for contract No. 7401-
37-79 which is incomplete and is still active.
The operator started using the building on 10 June 1943.

6. Job records, including layouts end rocoru drawings, arc avail-
able in the office of tho Area Engineer.

7. A 450 KVA 120V-2Q8V, 4 wire sorvioo ma installed for electric-
al power facilities and later was increased to a 600 KVA 120Vv-208V, 4
wire service in order to accomodate the increased demand of the lab-
oratory installations.
The water facilities were extended frota tine existing *I" water
service at 30’ pressure.
Tae gas facilities were extended through a new 3™ line from

g&s Klin in street.
The drainage facilities were extended from existing 4" oast

iron and 4" vitreouc tile lines under floor and rerouted to moot the

dejaands of <ine laboratories.

The building ie heated with cast iron direct stean radiators.
Steam enters the building from the University of Chicago 6" main
through a net; 4” main at 150 p.s.i. It is roduced in pressure to about
5 p.s.i. for ubg in the radiators, to about 2E p.s.i. for heating do-
mestic water and for special uses, and part is tranaiaitted at initial
pressure for laboratory usee.

sscijg;-: it

1. AIl the above contracts were lump sun agreements and there

al—
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wig.no additional cost to the goromrait other them the Area mclnoore
and Dintriet Office overhead arid that figure is not available*

2. There were no mterialc transferred in from any other pro-
jeot.

&1G» §


bensokr
Line

bensokr
Line


o —

CQOICPHITIOK REPORT
KUT- CHEMISTRY BUILDING AHD ANNEX

SECTION |

1. The Kev' Chemistry Building and Annex, whose entrance address
ie 6625 8. Ingleside Avenue, Chicago, Illinois, facet. west along Ingle-
side Avenue from 66th Street on the north to 67th Street on the south
and an alley on the East.

It ie used for laboratory investigation by the Metallurgical
Laboratory personnel of the University of Chicago. The closest railroad
is located approximately one mile east, however, automobile or truck
transportation is convenient. The project is locsated in the midst cf
multiple apartnent buildings. A street oar line it located about 700*

north.

2. The entire building, which is one story high, covers a rectangu-
lar area approximately 697.0* x 116.0* which equals 68,622 sq. feet, or
1.5S aores* Before construction, the grounds were vacant arid formerly
used a6 tennis courts. The land was aoquired from the University of
Chicago under Lease So. T2288-eng-149 and is government controlled under
the terras of Contract Ho. W-7401-eng-3?.

S

Number Contractor Amount

W-7401-eng-13 Stone & Webster t 28,412.62
ft-7401-eng-I I. L. Lonergan 57,326.33
W-7401-eng-2 E. L. Lonergan 4,660.67
W-7401-eng-S H. P. Reger & Co. 29.064.00
W-7401-eng-6 Hoffman Electric Co. 11,666.67
W-7401-eng-6 W. Pi. Kimball Co. 24,361.30
W-7401-eng-7 H. p. Reger & Co. 28,748.24
W-7401-ong-6£ E. L. Lonergan 176,427.93
W-7401-eng-6G Skidmore, OKings k Merrill 13,661.60
W-7401-eng-16C E. L. Lonergan 226,349.77
W-7401-eng-165 Skidmore, Owings & Merrill 19.200.00
W-7401-eng-177 P. Naoey Co. 13,023.00 633,892.19

Subcontracts to 7401-eng-37
7401-37-79 Builey and Andrews 19,181.32 19,161.32

(Still Active}

Metallurgical Laboratory Purchase Ordere

P.O. M33326 H, P. Peger A Co. 19.00
P.O. MB3347 Ernest Free* i Co 38.28
P.O. MO-3885 Reynolds Corp. 64.21

Sl
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P.O. 1£>-3345 Bulloy  Andrews $ 69.55
P.O. 1*0-3340 Fhillipe, Getechow Co. 229.18
P.O. 1*}-44993 Refrigeration Systems, Inc. 1,565.00 1,775.02
Government Purchase Orders
P.O. 2773-3147 Acrae Sheet fetal Works 294.85
P.O. 7131 Hoffman Electric Co. 138.00
P.O. 29085 Hoffman Electric Co. 50.80
P.O. 28955 Hoffman Eleotrio Co. 739.75
P.O. 12692 Hoffman Electric Co. 1,688.77
P.O. 7017 Otto It. Stein 150.00
P.O. 28950 H. P. Reger & Co. 1,748.36
P.O. 27323 H. F. Reger k Co. 747.55
P.O. 12748 H. P. Reger & Co. 1,555.97
P.O. 11805 Schuckmeil Co. 391.10
P.O. 1172£ Weber Costello Co. 36.30
P.O. 12223 Reynolds Corp. 878.00
F.O. 27057 Reynolds Corp. 59.20
P.O. 29466 Reynolds Corp. 1,503.39
P~O. 8469 Bulley & Andrews 473.79
P.O. 28889 Builey & Andrews 50.89
P.O. 11986 Phillips, Qetschow Co. 81.19
P.O. 6487 O'Callaghan Bros., Inc. 5.28
P.O. 12465 Ernest Freeman & Co. 14.69
F.O. 7159 E. L. Lonergan 1,812.00
P.O. 7164 E. L. Lonergan 1,100.00 15,277.88
Grand Total up to 1 October 1945
te& TETor
Contractors t
Address Type of Contractor
Stone & Webster 35 S. Clark St. Architects & Engineers
E. L. Lonergan 205 K. Wabash St. General Contractors
E. P. Reger & Co. 1501 E. 72nd Place Plumbing & Heating
Hoffman Electric Co. 2525 W. Van Buren Elect. Const.
W. W. Kifoball Co. 306 S. Wabash Lab. Furniture
Skidmore, Owings k Merrill 104 S. Miohigan
Ava. Architects k Engineers
F. Wacey Company 927 S. State St. Sprinklers
Bulley jr. Andrews 2040 W. Harrison
St. General Contractors
Ernest Freeman Co. 416 W. Erie St. Eleotrioal Contractors
Reynolds Corporation 4228 S. Lowe Ave. Ventilating
Phillips, Getsohott Co. 52 W. Hubbard Heating Contractors
Refrigeration System, Inc. 646 W. Washington
Blvd. EngineerE
Aat- Sheet Metal Florke 1121 E. 55th St. Sheet Metal Works

—
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Otto K. Stein 14 E. Jackson landscaping
Sohuokiae 11 Co. 3767 W. North Window Shades
Weber Costello Co. 12 & McKinley Chg.
Hts. School Supplies
0 *Call&ghan Brothers 21 S. Green St. Plumbing Contractors
4. There wore no unusual conditions occurring during the period

of construction that would give cause for delaying factors. AIll work
progresfied satisfactorily to all concerned.

6. Construction w& started 22 August 1942. Al contracts have
been completed as of or before 1 October 1944, with the exception of
Contract Ko. 7401-37-38, which is still active. Operators occupied
premises as work was being completed. 11

6. Job records, including completion reports, maps, layouts, record
drawings, catalogs, guarantees, etc., are in possession of the Chicago
Area O ffioe.

7. The utilities on the premises includes

Weter (City of Chicago) 2K line and 2-6" lines serving

sprinkler system, SJjp pressure.

Cas (People’s Oas, Light and Coke Co.) 3" line 3/4” pressure

Oectriclty (Coraaonwealth Edison Co.) 4 wire 3 phase 60 cycle
2Go Volt (for both lifting and power) from 3 - 100
EVA transformer, 1200 Amperes. L

Sewerage 67 & 6" waste lines into oity disposal system

{fe&tlng™ Steasa from a Central heating eyster;. of the University

of Chicago, 4" line, 80 to 86f pressure.

SKCTIOK I

1. AII the above contracts were lucap sues agreeeents and there was
no additional cost to the government other than the Area Engineers and
District Office overhead and that figure Is not available.

I*-

2. There were no jaaterials transferred in from any other project.
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COKPII'TIOK REPORT

ARI'ORY '
SECTION |
1. This project, known as tho "Armory", ic an alteration and
addition to the 124th Field Artillery Armory located at 52nd Street
and Cottage Grove Avenue, Chicago, Cook County, Illinois. The east

side of thle project ie facing Cottage Grove Avenue, the Horth, South
and West sides are facing Washington Park. The project is accessible
by Cottage Grove Avenue Street car and by truck or van. Trie Site is
ueed jolrtly by the Itetallurgioal Laboratory of the University of
Chicago and the Area Engineer for the Chicago Area Office as followsj

The second, third and fourth floors at south end, also the
ehed in the southwest oorner of yard area, are used for laboratory
investigation. The first floor at south end, north part of the arena,
east sida battery section and yard area, are us©d by the Metallurgical
laboratory ac stock room, storage, receiving and shipping rooms, special
material and carpenter shop. The couth end of Arena and cubicles facing
the Arena are used by the Area Engineer as material and oar storage.
The Metallurgical Laboratory and the Area Engineer are occupying the
offices on the first, second, and third floor north end, and also the
rooms in the west side battery section. )

2. Work consisted of remodeling and erecting partitions to suit
the requirements of the laboratories and offioes, installing new over-
head electric power wiring throughout tho eeoond, third and fourth floors
south end, installing a new boiler and steel 6taok. A storage ehed and
laboratory shelter was constructed in the yard area* The approximate
floor area is as followss laboratory and shop space in south end and
east battery section - 76,000 square feet; Office space in north and and
west battery section - 60,000 square feati Storage space in Arena -
60,000 square feet. The property ie leased under lease Bo. WII-114-eng-
670 dated 1 liaroh 1944, from the State of Illinoie and is government
controlled under the terme of contract Ro. W-7401-etig-57.

Number Contractor Amount
Lump Sum Geverrtiaent Contracts

W-7401-eng-99 Skidmore, Owings t Kerrill 12,000.00
W-7401-eng-171 1£S5,207.7S 155,207.72

Subcontracts to 7401-ens -37
7401-37-79 Bulley and Andrews 10,926.67 10,928.87

Metallurgical Laboratory Purchase Orders

I
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P.O. MD3341 Builey and Andrews 1,610.19
P.O. MO-3347 treest Froeraan t Co. 1,494.08
P.O. *50-1646 Karowett P.tg. te Vent. Co. 418.00
P.O. MO-3329 Phillips, Getschow Co. 774.36 4,296.63

Government Purchase Orders

P.O. 12680 Laraaert & Mann 896.00

P.O. 28455-29835 Ernest Freeman 1- Co. 3,396.04

P.O. 28066-28871 Phillips, Getsohow Co. 6,442.73

P.O. 28866 0*Callaghan Brothers 656.56

P.O. 29831 K'arowetc Etg. & Vent, Co. 1,473.00 11,763.36
Grand Total up to October 1, 1945 $ 162,196.58

eIncomplete - Still Active

Address Type of Contractor
Skidmore, Owing® & Merrill 104 S. Miohigan Architeste

Builey and Andrews 2040 W. Harrison St. General Contractors
Ernest Freeman & Co. 416 ft. Erie Elec. Contractors
Narowets Htg. & Vent. Co. 1722 W. ISa&hington  Heating & Ventilating
Phillips, Getschow Co. 32 W. Hubbard Heating Contractors
Lanmert k Manr. 221 K. Woaod Engineering Contractors
O’Callaghan Brothers 21 S. Green Street Plumbing Contractors

4. There were no unusual conditions during the period of construc-
tion, and the contractors executed the work satisfactorily and with dis-

patch.

5. The starting date of the construction work was 11 March 1944,
and the completion date was 1 October 1944, except for contract Bo. 7401-
37-79 which is incomplete and is still active. The Metallurgical Labora-
tory was using part of the building for shipping and storage purposes
before March 1944, and the offices and laboratories were Wing oocupied
from torch 1944 as rapidly ae the alteration work progressed.

6. Job records comprising legal description of property, layouts,
and record drawings are available in the office of the Area Engineer,

Chicago Area O ffice.

7. The existing fire puiap standpipes wore used to supply water for
the laboratory requirements.

Gas facilities were extended through the south end of the build-
ing from the existing gas taain located in the first floor southeast corner
of the building.

Electric power is furnished by the Coirononwealth Edison Company's
Installation of three 150 KVA transformers located on a pole mounted

A> I ————
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platform outside the building at the southeast corner. An overhead four
wire, three phase £08 Volt 60 Cycle feeder system, was extended through-
out the second, third and fourth floors at south end of building to
accommodate the laboratory installations.

High pressure steam facilities for laboratory purposes were
provided for by the installation of one SO H,P, sootoh marine typo port-
able steel boiler 100 p.s.i. working pressure, This boiler was equipped
with a pressurestat controlled blast power type gas burner with thermo-
static type safety out-off.

A steel stack !$&+ high was erected outside the building and
connected through breeching to the boiler. Instantaneous type trans-
fer heaters using steam under thermostatic control wore installed to
provide heated water for laboratory requirements* The original build-
ing boilers are operated for heating purposes,

A 15 H.P. air compressor was Installed arid compressed air lines
were extended throughout the second, third and fourth floors at south

end of building.

The existing drainage facilities were used excopt one drain line
located in the yard area, whichms rerouted to meet the demand of the

laboratories.

SECTION 11

1. All the above contracts were lump sum agreements. There was
no additional oost to the government other than the Area Engineers and
District Office overhead, which cost is not available,

£. The value of materials transferred in to this site from other
projeots is approximately $8000.00.
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REPORT K Iff;1 VERSI TY*OT/NED BUILDINGS USED BY
HETALLURGICAL LABORATORY

The Netallurgicel L&boretory took over some of the buildings
and facilities of the University of Chicago and used their, for labora-
tory investigations. Under the supervioion of the Area Engineer Offioe,
the Metallurgical Laboratory made tome modifications and additions to
the existing facilities, and the following is a list of the buildings
and amount of money spent for alterations, which totals $131,230.43.

ECXHART HALL

Number Contractor Amount

7401-37-60 Bulley tr Andrews $ 3,996.62

7401-37-79 Bulley Ir Andrews 11,118.72

(etill active)

P.O. 3344 Johnson Electric Co. 357.59 15,474.93
RYERSOK HALL

7401-37-66 Bulley k Andrews 12,602.41

7401-37-79 Bulley & Andrews 8,474.16

(still active)

PiO. 3345 Bulley tc Andrews 170.21

P.O. 4427 Ernest Freeman Cc. 161.855

P.O. 3344 Johnson Electric Co. 1,628.55

P.O. 4449 Johnson Electric Co. 558.33 23,695.65
MICHAEL. REESE

P.O. 4437 “rnest Fr@e»an 276.35

P.O. 3884 L.J. Graf Construction Co. 844.49

P.O. 1545 Karowets tefg. b Vent. Co. 392.13

P.O. 3342 0*Call»ghtn Bros. 1,117.04

7401-37-7% Bulley & Andrews 200.76

(etill active) 2,630.77
WEST STANDS

7401-37-60 Bulley & Andrews 3,030.69

7401-37-79 Bulley & Andrews 10,644.87

(still active)

t.0. MO-3345 Bulley k Andrew*. 665.23

P.O. 110-4437 Ernest Freeman Co. 65.90

P.O. KO-3344 Johnson Eloctrie Co. 272.82

P.O. RS0-334C Phillips, Getschow Co. 1,490.77 16,170.88
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P.O. 3349
F.O. 3345

7401-37~71E
(still active)

P.O. MO-3346
P.O. MO-4457
P.O. KO-3884
P.O. 1SO-3349

7401-37-79
(still aotive)

7401-37-79
(still active)

7401-37-65
7401-37-79
(ctill active)

7401-37-7L>
(still active)

7401-37-76
7401-37-112

7401-37-66

7401-37-72

I

ELLIS LABORATORY
Contractor

O»Callaehnn Bros. 3
Bulley tc Andrews

Bulley & Andrews

PEEXEL HOUSE
Builey & Andrews
Ernest Freamn & Co.
L. J. Graf Construction Co.
O’Callaghan Bros.

Bulley k Andrews

BILLIKQS HOSPITAL

Bulley A Andrews

REYNOLDS CLUB

Bulley A Andrews
Bulley k Andrews

JOKES LABORATORY

Bulley A Andrews

KORTH STANDS

Bullej' , Andrews:
Holabird te Root

BARKES LABORATORY
Bulley k Andrews
BPTAKY |APr«ATCHY

Bulley A Andrews

Amount

22.12
384 .0S

2,163.16

126.26
51.49
644.18
1,131.76

3,270.91
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ALPHA DI.LTA HII

Contractor Amount

Builey  Andrews £ 1,526.65 1.62G.85

MBBK OF SCIEMCT & iyPOSTBY
Builey & Andrews 34,815.12 34,B1G.12

KSKT LABCRATOBY

Bulley & Andrews 682.15 682.15

Grand Total up to October 1, 1945 $131,330.45
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MAHHATTAM DISTRICT HISTORY
BOOK IV - PILE PROQIECT

VOWME 2 - RESEARCH
PART | - METALLURGICAL LABORATORY
APPENDIX E

GLOSSART

Alpha Radiation* « Alpha radiation is that radiation composed of alpha
particles* The alpha particle is the nucleus of the helium atom.
Consequently, it is composed of two protons and two neutrons and
has an atomic number of two and an atomic moss of four.

Beta Radiation. « Beta radiation is one of the types of emanation from
a radioactive substanoe* The beta ray is an electron whioh, for
convenience, may be assumed to have been associated with a proton
in the nuoleus of an atok in the form of a neutron. Thus, when
a beta ray is emitted, the nuoleus contains one nore? proton than
before, resulting in transmutation to a new chemical element one
number higher in the scale of elements.

Biological Shielding. - A biological shield is necessary in Pile design
in order to reduoe the strength of radiations emanating frosa the
Pile to a safe level as determined by health and safety standards.
Such materials as steel, iron, concrete, and masonite, alone or in
combination, forra effective biological shieldin.

Bismuth Phosphate. - Bismuth phosphate is th» chemical compound used
as a carrier in the initial steps of the separation of plutonium

from the uranium and by-product elecaents. It carries the

ft2'. i 14 at-_

El


bensokr
Line

bensokr
Line


plutonium at a weight ratio of 90 parts of bismuth phosphate to
one part of plutonium phosphate.

Canning. < Canning is that step in the preparation of uranium for use
in a Pile, in which the uranium slug is coated with a bonding
material and encased in an aluminum sheath or can, and hermet-
ically sealed*

Carrier. « The tern carrier refers to an insoluble oosapound #iioh
possesses the ability to remove from a solution minute quantities
of another solid even though the second solid may remain partly
in the undissolved state.

Cyclotron. « The cyclotron is a complex eleotrotaagnetie device develo*-
*d to accelerate charged subatoiaio particles to the velocities
and energies required to penetrate? the powerfully re'pellent and
positively charged atomic nucleus.

Decontamination.. * Decontamination is a series of steps which form a
part of the separation process for recovering plutonium from large
quantities of uranium and small quantities of many other elements*
It is a series of steps carried out to decrease the fission pro-
ducts end their associated radioactivity to the extent that
furtiier processing may be accomplished without massive protective
shielding.

Diphenyl. - Diphenyl is a white, crystalline; hydrocarbon, welting at
160° Fahrenheit and having a high, thermal conductivity Making it
an excellent coolant.

Fission Products* - The splitting of the ato?a of sue’; substances as

uranium or plutonium results In the formatior, of eheadeal elements

P ———— |
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intermediate in the scale of the chemical elements* These are
called fission products or fission by-products.

Graphite* - Graphite is a forn of the chemical element carbon, of
atomic number 6, and possesses the property of reducing; the
energy and velocity of neutrons to that which will permit capture
or absorption by atoms of uranium or plutonium.

Heavy Hydrogen (or Deuterium). - Heavy hydrogen is that isotope of
atomic number 2, Its symbol is or Dand it is the principal
component of heavy water. Deuterium has a neutron-capture cross
eection of only 0.0009 e* 1024 square centimeterse

Heavy Water* ¢ Heavy water is the isotopic compound of heavy hydrogen,
of mass £ (deuterium) with oxygen and is denoted by the symbol
DgO* Heavy water is the most advantageous moderator yet investi-
gated since the light elements are the most effective in slov/iru
down neutrons and the neutron-capture cross section of deuterium
is very such smaller than that of hydrogen* Heavy water is manu-
factured by one of two methods, the fractional distillation of
water or the hydrogen-water catalytic exchange reaction.

Lanthanum Fluoride* - Lanthanum fluoride is the chemical compound
used as a carrier in the latter steps of the separation of plu-
tonium* It is a more efficient oarrier than bismuth phosphate
in that it carries the plutonium at a weight ratio of 5 partes
of lanthanum fluoride to one part of plutonium fluoride.

L attice. - The uranium lumps of considerable sise imbedded in a
moderator and in a regular pattern constitute a lattice.

Masonite, - Masonite is the trado-name applied to various fiberboardf,

K3
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made froa steam-exploded wood fiber. Masonite is an effective
means of shielding since it is rich in hydrogen which, being a
light element, is effective in retarding neutrons.
Hass Unit. - The unit of mass employed in nuclear physics is I/L6th

of the mass of the predominant oxygen isotope OT , and is equal

*

to 1,6603 x 10 2 grams.

Moderator. - Neutrons emitted in the process of fission of Uranium-535
have high speeds. Before these neutrons can be effectively used
for further fission, their speeds must be reduced to that of slew
neutrons. The process of slowing down or moderation is simply
one of elastic collisions between high-speed particles and
particles practically at rest. The more nearly identical the
masses of the neutron and struck particle, the greater the loss
of kinetic energy by the neutron. Therefore, the light elements
are the most effective moderators.

fteutron-Capture Cross Section, - The neutron-capture cross section of
a substance is the tern used by physicists to refer to the rela-
tive dimensions of an atomic nucleus of the substance as a target
for various substomic particles and the possible types of nuclear
reactions. It permits the evaluation of the probability of any
specific reaction taking place, and is usually expressed as an
aree in units of 10“ square centimeters,

jgk - The pH of a solution is a measure of its acidity. Actually, the
pit it the logarithm of the reciprocal of the hydrogen iron con-
centration of the solution. A neutral solution has a pH of 7.0.

Poisonln-:. - Poisoning is the term applied, to the formation of

——
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substanccs within tho Pile structure, ©specially within the
slu~s, which, due to their high neutron-capture crosr section,
tend to decrease the reproduction factor to below the critical
value with the possibility or aaking the Pile inoperative.
The most prominent of poisoning; agents is Xxenon.

Radiust-Berylllua Source. - k radiuia-beryllium source is used as a
source of neutrons. These are liberated froca the beryllium
through the bombardiaent of the beryllium by the alpha particles
emitted spontaneously by radium.

Heaotivity. - The ability of a Pile to increase the nuaber of free
neutrons within it by multiplication, generation by generation,
is oalled its reactivity#

Slug. - Slug is the non-descriprbive term used to refer to the pieces
of metallic uranium which are prepared for charging into Piles

for the manufacture of plutonium.

Theraal stability. - A Pile in which the reactivity decreases with
increasing temperature is said to be thermally stable. If the
reactivity increases with increasing, temperature, the systeu.
would be tiiermlly unstable because an accidental rise of the
temperature would develop increased energy and consequently de-
teraine a further rise in temperature.

Tracer. - A tracer is a radioactive substance, used to detect saall
guantities of its isotope in chemical analysis. It is mixed
in minute amount* with the isotope, and tht resulting mixture

behavet. as a single cheaical substance, although the foriaei

may always be detected by its radioactivity.
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Uraniua Carbide* - Uranium carbide was euggested for use in the aoltea

bismuth-cooled plant since ite melting;; point is so high (about

2300° Centigrade).
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