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This doom
L By

Volume 1 of Book VII of the Manhattan Mstrict Eistory dea
with the feed materials and special procurement progras from its
inception through 31 December 1946. To make the history complets,
references are made to work sponsered by the Office of Scientific
Research and Development‘(0SRD) prier to June 1942. This volume is
divided into three parts and 11 appemdices: Part A owtlines the genwm
features concerning the program as a whole; Part B relates to the
procursment of m materials, 'h:lch constitutes the first of twe oper:
al phases of the program; Part C describes the refining and treataent
the raw materials, which comsprise the sesond operatiomal phase of the
program; the first 6 appendices contain: a Glossary, Organization Cha
Flow Diagrams, Graphs, References, and Contract Data, respectively; m
the other appendices cover the precuremsnt of special chemicals or otl
materials for various parts of the Manhattan Project.

The feed matsrials pregraa is a particularly intriguing an«
interesting subject, desling as it does chiefly with the material
uranium, which had little commereial wsage previcusly, and whose refir
and industrial treatment had not been perforsed on my significant cos
mercial scale, Its scarcity and source control by matienal government
and other major internmatiomal erganisations, the extreme secrecy with
which all operations had to be eontimod, the magnitude of the quantit
involved, and the speed with which mamufacturing plants had te be eon-
structed and the products obtained, as well as the personalities and
organisations involved, made the program ons of the highest importance
and interest. ' |




During the period that the Tistrict Office was located in
New York City, August 1942 to August 1943, the program was handled by
the Materials Section as its primary responsibility. With transfer of
the District Office to Osk Ridge, Tennessee, in August 1943, the
Madiscn Square Area was sstablished primarily for the continuation of
the supervision of the feed materials program, although this office, as
- the Materials Section had done previocusly, also handled the procurement
of certain special operating materials for the processing plants, which
activities are discussed in the histories of those plants and briefly
covered in Appendices to this volunme,

This book has been prepared by the Madison Square Area
Office on the basis of the personal knowledge of the staff at that
office concerned in the program, and the records of that office,
References are made in the text to pertinent documents of record, which
are in the Madison Square Area files, and other sources of information,
and a list of such documents is appended, Copies of War lepartiment
contracts referred to in the text are on file in the Contract Section
of the Manhattan Iistrict in Oak Ridge.

X summary is included ahéad of the text to enable the reader
to get a condensed but comprehensive picture of the subject matter with-
out reading the entire book. Paragraph numbers and titles in the summary
correspond to section numbers and titléa in the text, The asterisk (*)
has been used to indicate those words which have been defined in the
Glossary.

The story of the studies of geologlical literature, field

explorations, and inspections and surveys to locate new sources of
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uranlum ore or to evaluate and investigate existing known deposits

will be found in Volume 2 of this book, "Geographical Exploration".

June 12, 1947
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Yart A ~ Uoneral Yesmmures

1. Introduction ~ The “eed matsrialy vrogram had as its objaoti

the nrocurement of the basie raw materials containing uranium snd thei:
eomversion to fead materials for the proceesing plants. The program 1
volved the locating and processing of rew mnberials and their refining
and troatment to obtalin foed materials, in the particular forms and of
the highest purity, for utilization in the processing plants within the
stringent time limitations which had be~n established. At the outset «
the program, ths objewative was to procure a;proximately 1,700 %tons of
blaclk oxide (Usng), or its eguivalent in ore oonaanfratea by the middle
of 1944, for conversion tuv feed materials, while the pressnt objective
is %o procure sufficient Uzlg to pefmit cperation of production and re-
~goarch Troilities as raquirsd.

Ths occurrenoa of the element uranium was réoognized in 1789
by . H. Klaproth in the mineral which hs called lranite. Urenium ia
found primarily in pitchblende and sarnotite ores, and to a lesser ex-
tent in other ores such as torberaite. The principal ore deposits are

¢

lovated in the Belgian Cdngeo of Afrioal the Great Pear Lake region of
Canada, and the Colorado plateaun reglon of wastern United 3States, and
losser deposita are known to exist ia many othsr countries throughout
the worlid. Although there was no particular demand for pure uranium
metal, as such, prior to the start of the project, there were some com-
mercial ::sas for compounds of uranium, 4.s., for the oxide in the ceran
Industry snd for the nitrate in the photographie industry. The propnri

of uranium are extremely interesting; physieslly, uranium atoms are of
[ ]

thres kiuds {each roferred to as an isotope) snd are among the heavisst

e
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known; while chemicelly, arenium is coasidered to be a roalativsly notive
elenent. It is alse radicactive; shat 14, 3its atoms are unstable, and
they undergo apontaneous and unocontrollaenle “ransmutation into simpler,
or lighter weirht, slements. Uranium and radium, in their naturnlj
ocourrence in ore, bear a definite relatisnship to easch othor, ra&ﬁpm
occurring in wranium ores in the ratio of 1 purt to every 3& million
parss of blueck oxide. The primary demands for radium are {or medical
purposes, luminous paint menufacture, and industrial radiosraphy.

In the original develop:ient of the program, it was envisioned
that one contractor would perform all of the nscegsary work under one
prime eontract. [lowever, as the program was snlarged, it readily became
apparsnt that it would be both desirable and essential to engege the ser-
vices of as nmany leading industrial concerns as possible in order to dig-
tribute the many complox tasks among the best personnel available in
industry. In general, oparaticoms consisted essentially of losating
adequate sourees of raw naterials, proouring the raw materials, refining
tham, and finally converting them in a series of troatment operations %o
obtain feed for the processing plents.

Initial proocurement of black~oxide wags begun in 1941 by the
OSRD. In July 1342, the first order for black oxide was plased by Stone
& iebster for the HManhattan Distriot, and in vhe la%tuer part of 1942, all
proourement was assumed directly by the Uanhatten Listriab. As part of
the proourement program, certain othar ivems, such as radium, radium-
aeutron dourcss, and radiocactive lead, were prooured for other projact
installations. In addition, ¥adison Square Ares acted as a special pro-
In the rcase of

curement agsency for Los Alamos, and the X-25 program.

the former, many items of a highly speoinlized neture were proocured, and



they will not be detailed., However, a cost summary of the work done is
given in Appendix J, The procurement for K-25 consisted in contracting
for the design, construction, and operation of plants for 'special and
uniquevfluorocarbona , and the details are outlined in Appendix G, Raw
‘material prices varied according to the grade and type of ore, and t.hé
resultant difference in subsequent cost of refining to recover the uranium
content, The sequence of operations and the type of processes to be

used in refining and treatment operations, and the requirements for new
and expanded pl#nt facilities for large-scale manufacture, were establish-
ed in the fall of 1942, at which time the construction program was
initiated and carried forward at an accelerated rate, with the result
that, by the middle of 1943, practically all of the plants which were
required were in full operation, ‘

Throughout all staged of the program, it was necessary that
varied and extensive ressarch and development work be undertaken since
enormous quantities of uranium, in special form and of the highest purity
(since even small concentrations of impurities reduce the efficiency of
the X~10 process), had to be produced on & commercial scale never before
thought possible. Recovery opofrationa; -were instituted to salvage scrap
and by-product materials, and the uranium content which was recovered was
reintroduced into the processing circuit, where it was eventually con-
verted to usable feed materials, The results of the program have been the
attainment of both the procurement and production objectives. The project
has obtained title to approximately 10,000 tons of U40g in 6:-0 cont;.en-
trates of which 3,625 tons wers obtained through the Washington office,
There have been produced as feed mateirials for the processing plants

approximately 6,600 tons of high purity ui'anium or its egquivalent, includ-




ing reocast metal, At no time were deliveries wehind the lorecugt schedule
of requirements. Among the future cunsiderstions which will be brought
about by the completion of the program ars problems with foreign interests,
problems regarding distribution of ore residues &nd disposition of the pro=
cessing plants,

The cost of the program, to 1 Junuery 1947, has been approxi-
mately $90,268,490, of which $27,5692,360 was {'or procurament of raw mater-
ials, 58,822,360 for refining and treatment operations, and $8,357,690
for research, davelopmaét, and quaiity control activitias; $68,400 for the
procurement of radioactive lead; $547,160 for radium, exclusive of that pro-
cured for Site Y; and §60,620 for thorium salts, The direction and super-
vision of the proéram wes handled essentially Ly off'icer persomnel on the
staff of the District Bnginser, The organization originally sstablished
in 1942 to administer the.program in its early stages was the Materials
Section of the Manhattan District, at that time looated in New York, N,.Y.
Since August 1943, &%t which time the Distriot 0ffice was moved to Oamk Ridge,
Tenn., the program has been administered by the Madison Square Area in
New York, N.Y. Acknowledgement is made of the untiring efforts qf those
who oantribufed to the success of thpiprogran; und all military and cive
ilian personnel, both in the Wer Depariment and the contractors! orgsne

izations, degerve the highest pralise for the results which they have helped

achievae,

Part B -~ Prooursment

2, African Sources = The richest source of urenium-bearing raw

materiels for the project came fram the Shinkolobwe mine, located in the

southeastern corner of the Belgian Congo., The mine was discoversd in 1315,

but operations weres not begun

by ivs owner-~iinion Miniere du Haut Katengs,
N
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a Belgian Company - until after Worlﬁ Waf‘I:% The mine operated inter-
mittently from its opening until 1937, during which time mining and re-
fining operations were conducted principally for the recovery of radium,
The extreme richness of the African ore, assaying as high as 65% to 75%
U30g, has enabled Union Miniere du Haut Katanga to dominate completely the
radium and uranium market. By 1937, sufficient ore had been mined and
stock-piled to satisfy the future normal radiuvm and uranium market for
approximately 30 yeare, Therefore, all mining and refining operations
vere stopped in 1937,

In order to procure raw materials from this rich African source,
the Manhattan Mstriect ent?red into negotiations with the African Metals
Corporation of New York, N.Y. This company was the sole agent for the sale
of Union Miniere's products in the United States, As of 1 Janumary 1947,
3,839 tons of U30g contained in ore had been procured by contract from
African Metals st a cost of approximstely $9,113,800. Of the total 3,839
tons, 22? tons of U30g were ébtained from ore which was already in this
countr}:.and.the remainder was obtained from the stockpile at the
Shinkolobwe mine in Africa., In addition to this material obtained by con-
tract, 3,144 tons of U30g in ore had been obtained by the Washington office
as of 1 Jenuary 1§h7, at a cost of approximately $10,267,800. The trans-
portation of ore from Africa presented a difficult taak; since enemy sub-
marines were active during most of the periocd of shipment. However, only
two shipments, totaling about 200 tons of U308 in ore, were lost at sea,
One of these shipments was lost through enemy action, and the other was
lost through a marine accident,

Since shipments from Africa arrived faster than refining opera-

85



tions in this country could be carried out, it was necessary to obtain
storage facilities in the United States for these ores, Ores arriving
from Africa were stored originally at the Sencca Ordnance Tepot, and
later, at the Clinton Engineer Works, They are curremtly being shipped
to a warehouse in Middlesex, New Jersey, and are stored there until they
can be shipped to the refineries, The weighing, sampling, and assaying
of African ores &re also conducted at the Hiddlesex Warehouse,

| 3. Canadian Sources - The second richest source of raw materials
for the project was the Eldorado mine, located on the aouthéast shore of
CGreat Bear lLake in Canada, Mining and refining operaticns at the Eldorade
mine, oaned by Eldoradoe Hining and Befinin%iobegan in 1933 and continued
untili 1940, during which time, the ore was mined and refined for the re-
covery of radiem, uranivam, and silver, Tﬁe mine was closed in 1940, since
sufficient ore had heen mined and stock-pliled to satisfy the normal future
commerficel market for approximately 5 years. Mowever, in 1941, the Office
of Scientific Research and Tevelopment placed aa order for ore which nec-
essitated the reopening of the mine. The mine was reopened and started
operations late in 1942, and mining and refining operations have continued
since that date in order to filil the gnbseqnenb recuirements of the
Manhattan Tistrict, |

There had been contracted for, to 1 Jsanuary 1947, approximately

4,145 tons of ore, at a cost of approxiﬁately $5,082,300, to be delivered
as 1,137 tons of black oxide. To 1 January 1947, 921 tons of U30g have
been delivered., The early contracts for the purchase of black oxide
were written directly with Eldorado, or with Beris Pregel, president of
the Canadian Radiwa and Uranium Corporation of New York City, the sales

agency for FEldorado's products in the United States, Cince September 1943,




denhattan District contracts, for security reuscns, have baen Written in

the neme of Carl French or . ‘lbert a. LaBine, who were, raspactivély,
troasurer and prosident of Eldorado and acted as agents for that company.
#1ldorado had its own refinery at Port lHope, Ontario, where ore concentrates
were rofined to produce black oxide. Therefore, it was possible to pur-
chase black oxide direetly from Eldorado, and rhere vwas no need for the
storage, the weighing, sampling, and asaaying, end the preliminary ra-
fining steps, as in the cmse of the African ores. —

4. Americen Snurces = The third importent source of uranium=bearing

raw matarials was the carnotite ores of the Colorado FPlateau region in

the !nlted States. Operations in this area had begun about 1911, and,
betwson 1911 and 1923, high-grade carnotite orse had been seleotively mined,
principally for the radium content and o a minor degree for uranium and
vanadium. The high-grade carmotite ores contained a maximum of only 1.25%
J30g, and; operations on these ores deolined rapidly after 1§23 because of
the unfavorable position which oarnotites then had in the radium fipld with
raspect to radium derived from ‘he newly dlscovered rich ores from the
Belgian Congo. Howsver, the great demend for vanadium brought about by
World War II stimulated the dovelopmeﬂp and exploitation of domestic aources,
and carnotites have been minod sinos 1937 princ;pully for their vanadium
content.

As a result of the mining and‘rafining of carnotite ores, prin-
cipally for the recovery of radium and vanadium, during the past 30-35 years,
there were acoumulated tremendous stookpiles of tailingss which ocontained
varying low, but eaconomioally recoverable, percentages of uranium. The
Pistrict entered into contract negotiations with the three mejor companiss

in the vanadium field to procure the stook-piled ‘tailings from the formar




operations as well as the products of the currsnt operations. To 1 January
1947, the U. 3. Yanadium Corporation, fthe Vanadium Corporation of Amerieca,
the Metals Reserve Corporation, and varivus other small producers hed con-
tracted for the delivery to the project of mpproximately 1,349 tons of
308, contained in 379,671 tons of ore %tailim.s, at a cost of 42,072,330,

5. Market Proourement - Prior to the start of World War II, approxi-

mately 150 tons of uraniwm compounds were being conaumed annually in the
manufackure of cermmis colors. The need for econservation and contrﬁl of
uranium supplies was recogniczed in‘noeembur 1942, at which time the War
Produstion Board was requested by the Distriot to telke appropriate smotion,
and, in acoordance with that request, Conservation Order K-285 was izuued
on 26 January 1943 and further amended in August 1943, prohibiting the
sale or purchase of uranium compounds for any use other than a few vital
‘military and industrial applications. As a result of these operations,
the stooks of refined uranium compounds held by varlous manufacturers
and diatributors were made available to the p}ojoot. JR—
As of 1 January 1947, contraoct negotiations with the Vitro Manu~
facturing Ccmpany, Afriocan Metals, and several other companisa resulted in
the procurement of epproximstely 270 ;ona of U308 condained in various re-
fined uranium salts, at a cost of approximately $1,066,130. The ¥ashington
office also obtained approximately 481 tons of UzOg in the form of miscall-
saaeous compounds, mostly impure sodium sslts. These materials were found
by our armed forces in the European Theatre of Operatiom.

8. Procurement of Other Rediomotive Yaterials - In additicn to the

proourement of uranium as a raw material for the project, it al&o baoame
neasssary o prooure oertain other substences, i.a., radium and radium-

neutron sources and radioactive lgaed. Inasmuch as these materials oscur




in nature in conjunction with uranium, thelr procurement was handled as a
part of the general procurement program. The varied operations of the
District made necessary the procurement, to 1 January 1947, of 73 graams
of radium, at a cost of $679,399, and 85 tons of lead oxide, as a source
of radioactive lead, at a cost of $88,4,00, Negotiations to date have pro-
cured all the radium and radiocactive lead required by the Manhattan Dis-
trict,
Part C - Refining and Trestment
7. Befining of Raw Ores to Black Oxide and Soda Salt - The process-

ing operations for refining raw ores and ore concentrates were performed
by Eldorado Mining and Refiningiat Port Hope, Ontario, Canada, and the
Linde Air Broducts Co, at Tonawanda, New York, both of whom produced black
oxide, and by the Vitro Manufacturing Co. at Cannonsburg, Pa., who produced
soda salt (Masls07). Both products required substantially the same

subsequent treatment,

All Canadian ores were processed by Eldorado, whereas African»ofe
concentrates were processed at all three of the refineries mentioned above,
the high grade concentrates being processed by Eldorade and Vitro and thef‘
low grade concentrates by Linde, Theﬂnajority of American 6re concentrates
were processed by Linde, and relatively small quanﬁitiea_by Vitro. The
Linde plant was placed in stand-by in July 1946 because of insufficient
auppliea‘éf suitable raw materials. Iﬂ May of 1945, construction of a
high-grade ore refinery was started at the Mallinckrodt Chemical Works in
St. Louis. This plant was completed in May of 1946, and at this writing
was just beginning to reach quantity operationms,

The American ore concentrates which were refined by Linde were




Junetiasm, Solorade, The ores und ﬁa:ilipgs Hiainad from Ue 2o Vaasdlum
Gorpuration ut iravan and Durango, (olorado, snd other smeller wmines in thet
area s@re concantrated in mills et Urevan and Dwrango, Concontrates und tail-
ings ware nlso sbusined from the Venediur Gorperution of imeries, whoze mills
wero icestsd at Honticello, Utah, and Haturite, {olorado.

e Frodustion of Brown Oxide and Orange Oxids - the production af

brown »xide {uraniws dioxide, Uog) is considered thé first step in each of
tha three peraliel chains of tresmment opsrations involved in the purifioan-
tion and treatment .of mrtoriales to produce uranium metwl, Operstions in this
-step were osrrieﬁ out primariiy to produce the brown oxide, but, in addition,
thare were withdrawn at an intermediate poiut the quantities‘ of crange oxide
(urenium trioxide, U03) required for the Y-12 procesns., The withdrawal for
the Y-12 process was « preliminary neasure since lster arrsngements were rmde
to uivilize the end products of the ¥-25 and 1-80 procesnes as feed materials
for Y-1i2; »nd withdrawal of orunge oxide ceased in the aspring of 19485, The
Hallinckrodt Chemical Horks, &t 5t, Jouls, ¥o., B.I. du Pont de Memoura‘& Co.,
Inu.; st eopwater, New Jersey, and the Linde 2ir Proditots Company at ‘
Tonawands , New York, were the mr;so organirstions enga.ged in the production
of brown oxide. 411l of the orenge oxid:e requiremsnts were supplied by
Hullinokrodt,

in the spring of 1944, the oambimatlon of & sghortage of rsw mater-
iais, with subsequent axcess brown oxido production evepmeity, and & need for
cortain eqdipmant of the type used in the brown oxide prooess, for use in
the production of nickel compounds for the XK-25 pi‘ooass, allowed the Linde
brown uxide plant to be pimced in standby condition end eneblod part of its
equipment to be used on the X-25 "nickal work", whioch was under the juris-

diotion of the Hew York iAren. (Continued exsens capacity in thie process






Harshaw Chemical Company atﬁlveland,' Ohio, had a green salt plant, and
the material produced by them was used untlil the summer of 1944 in metal
production operations 'and, dfter that time, was converted by Harshaw, in
an additional step, into the hexafluoride (gaseous uranium hexafluoride,
UFg), which was the feed material for the K-25 and 35-50 processes.and
subsequent to Sept., 1945 for the K-25 process alone, Operations at the
du Pont green salt pla?t were discontinued in the summer of 1944, and the
plant was put in atand-by condition after a review of the performance of
all plaants from the quality, yield, and cost at.gndpoinf.. For reason of
economy, the Linde green operations were terminated in July 1946.

Th; total production of green salt for use in the manufacture
of metal, to 1 January 1947, has been 7,342 tons, at an operating cost, in
this step, of $6,605,320, and an average processing cost of $0,.45 per pound.
Hexafluoride production to date has reached 1,622 tons, at an operating cost
of $2,221,470 for this operation, and an average procesaing cost of approx-
imately $0.68 per pound,

10, Production of Hetal. - In the third step in the chain of treat-
ment operations, the green salt is converted to uranium metal by reaction
with mgnaaimi at high temperatures, '!"ho metal agglomerate obtained in this
reaction is melted in an induction-hested vacuus furnsce and pured into
graphite molds. In addition to this main process, which was carried out by
Mallinckrodt, du Pont, Electro Metallurgical Co., in Niagra Falls, New York,
and Iowa 3tate College in Ames, Iowa, two other processes were used in the
early stages of operation but were later discarded becanse of lower guality
metal obtained and higher cost. One of these processes, used by Metal
Hydrides, Inc., in Beverly, Massachusetts, involved the reduction of brown
oxide with calcium hydride and the aubaeqqant recaating of the metal powder

cbtained. The second process, used by Westinghouse Electric & Mfg. Co.,

i ia AT R
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in diocutisid, How Jersey, empleyed the wisehirolysiy of green salt in s
molten caicium ohlorlie vmth., inother p},;xmw‘ never wsod on & production
bagLs, WRY £130 devalopad by the Rrugh _sboratory Co., in (levelisnd, hio,
To L Jumary 1947, 3,900 tons off virgin metal heve heen nroduced
et sy operating coss, tor thla step, of 110,120,020; and 1,420 tons of vro-
caet metul nave been produced at un opsraiing soct of 24,219,600 {exclusiva
of the cost of viestinghouse production in the early stage of the program).

ii. thoriwm. - jarly in 1546, the kadison Squara sres antersd into

the prauz;mmut of thorium calt for the razearch project at Towa Ctate
goligge. f‘z‘olJanu*.ry l 4 1987, u.il of' this material procured had heen vbe-
tainsd from the Lindsay Light and Chemiocal Co. under Coxﬂ:raot F=17-028 enp-38
and @=13-028 ang=-36 at 8 cost of 60,580,

123, Juaiivy Control, - From thes baginning of production of uranium

metul by “he Manhsttan District, it was recognized thet the counsiderstion of
quality wae of equal importance to that of qusntity in setting up & require-
ment progrum and that the attaimment of the high 'quali.ﬁy roequired would neoe
gssitate a much more conprehensive progrum of testing, both chemical and
physical, than is ordinarily carried out in cuntroliing the quality of mater-
iel mwnufsctured to usual cormercial jL-i:z:uu’lm'da. Aeoordingly, the program
of operations provided for: routine procesa control testing in the lsburse-
tories at vech of ‘che" individual produstion facilities; a system of ocentral
contral laborstorios for the analysis of composite F?%;{mplas rom esch vro-
ducor snd for resvarch on motho}ia of anglysis; and certaln physical tusts
on browy oxide and om metel shipped to the X-10 ;)rocasa.

the nugnitude of the anelytical program, involving the deter-
minetion of sane sixty olements to a low limit of devectlion of a few perts

or fractious of a part per million, was such as to prevent the posasibiliity




of currying 4% out at sach of the producers’ laboratorisw, “hersfore, 1t

wey declded to limit the testing st each vroducer's i&bur&tary to routine
eontroi enalyges und ty have more comprahensive ana*jses carriod on a2t four
contrsl control auboru%oriua, at the University of Qhicoio etailurgiosl
Iaborsatory in thicago, Iliinoia; Princeton Imiverslty in Princeton, How
Jergey, iMussachusebls Instituts of Yeclmology in (ambrides, Massachusstts,
and the hational huresu of rtendards in smshingbton, DeCe The funotions of
the central cuntrol (nhorstorics maey be swasrizsed s follows: to perform
anglyses s indicated in the quality oomtrol progrem; to improve existing
1@ thod o und Jdovelop new wethods of analysis; ¥h act &5 a "Tire hrigade”,
that is, to supply speclial services noaded in %imey of smerpency to supple-
ment the menufacturers’ personnel and fecilities; to analyze speciel mpver-
ials not coversd in the quality control program; and to give &dvice and
guidanece on the entire anmlytical program. Prom experience geined in three
yearz of operetions, it waz found that adequate gontrol e¢ould be maintained
by using the contractors' organizations and empluyina anly the Ketionml
Buresu of Stundards in the "fire bribada" cepucity.

The cost of the quallty control progrum haa heen aprroximstely

¢
-

$826,230 to 1 Jenurry 1347.

i3. Acoountabiiity. - Thoe enormous quantitles of valuable Govuritent

owned uranium-conteining metorials which were being processed snd transferred
from one plant to another necessitated that an acoountability progras be es-
tablished o ensble c¢lose control to be exercised on all meterials both lor
acoounting purposes and ror purposos of preserving thé sesurity of the pro-
gram, 7o thig end, & do%ailed system of accouniing records, procedures, 5nd
gontrols was eataﬁliqhud, sud continuad surveys and studies of the materisl

handling and processing opsrations were undertuken, in close cooporation

Si4



with the various contractors who processed material for the Government,
Procurement for K-25 - To 1 January 1947, procurement for

E-25 totaled $32,497,5§0. Of this amount, $11,725,750 covered construction.

(App. G)

Procurement for P-9 (Heavy Water Process) - Procurement of
catalysts for this process by the Madison Square Area involved the expend-

iture of $289,600 (App. H).

of helium for the Hanford Engineer Works was handled by the Hadison Square
Area for some time, The helium was procured from the Bureau of Mines by
Government Transfer of Funds. An “off-gas” recovery research program was
carried out under Contract W-7412 eng-151 with E. I, du Pont de Nemours &
Co. {(App. X) ~

Procurement for Site ¥ - To 1 January 1947, $6,340,051 had
been expended for the procurement of materials for Site Y. Of this amount,
$132,236 covered the rental or purchase of radium and is included in the

total cost of radium procurement given in paragraph 6 above {App. J).




PAR? A
GENERAL FEATURES



MANHATTAN DISTRICT HISTORY
BOOK YII - FEED MATERIALS
SECTIOR 1 ~ IRTROIUCTION

1-1. Objective. - The objective of the feed materials program was
the procurement of uranium-containing compounds and their conversion, in
a series of refining and treatment operations, into feed materials for
the processing plants at the Clinton Engineer Workas and the Hanford Engineer
Works,

1-2. Scope. -~ The program involved the delivery to 1 January 1947
of about 10,000 toms of uranium oxide (U308 )} in oreé concentrates (more
than the total quantity produced in the world prior te the start of the
'px;ojact), with final delivery as varied feed materials to the several pro-
cessing plants: i.e., uranium trioxide (803), "orange oxide® for the Y-12
plant, electromagnetiec procesa; uranium hexafluoride (UFg) for the K-25
plant, gas diffusion process, and the 3-50 pian} thermal diffusion proceas;
and uranius metal for the X-10 plant, pile process. Shipments of orange
oxide to the Y-12 plant were discontinued in ihe spring of 1945 when the
X-25 plant commenced operations. Shipments of hexafluoride to the 5-50
plant ceased in the fall of 1945 when t:his plant's operation was discon-
tinued. At the present time, feed materials are delivered to the K-25
 and X-10 plants only. The quantities of feed materisls and other radio-
active materials required by the processing plants necessitated the fullest
exploitation of every feasible source of material, and the time limitations
required that the program be carried out with the utmoat speed to meet
the anticipated needs of the processing plant. The initial objective




in the early days of the project was to procure about 1,700 tons of

black oxide in oré concentrates by the middle of 1944. Deliveries, in
refined state, of the first quﬁg_titiea of material procured under the pro-
gram were required for experimental purposes in Lecember 1942, and

the stockpiling of refined metal for the XI-10 process was scheduled to
begin in Feburary 1943. The feed materials program alone, on the required
scale, necessitated the establishment during wartime of what amounted

to a relatively new industry on a scale of operations of roughly 25
aillion dollars ‘per year,

1-3 . Agtho;iz &tigg! -
a. Genersl. - The Manhattan District project was authorized

by the President of the United States pursmant to authority conferred
on him by Public Law No. 580, 77th Congress and Public Law No. 354
(Firet War Powers Act), 77th Congress, as mors fully described in Book I,
Volume 1,

b. Specific. - In a report to the President, dated 13
June 1942, signed by J. B. Comant, Chairman, Bationzl Defense Research
Council and ¥, Bush, Director, Office of Scientific Research & Development
(¢8RD), and approved by the Chief of Staff, the Secretary of War, and
the Vice Preaident of the United States, it was:recommended that resecarch
and development be continued and that design and construmetion of production
plants for material for atomic fission bombs be started at the eal_‘liest
possible date, This report was transmitted on 17 June 1942 by I'r, Bush
to the Preaident, who approved it.




1=4. Occurrence, Uses, and Propertisa of Uranium.

a. Oocourrsnce. = Uranium was discovered in 1789 by Martin

Heinrich Klaproth who recognized the existence of the slement uranium

in the mineral which he nammed Uranite. Urenium is found im nature
primarily in pitohblende and oarnotitd*oroc, and to a lesser extent in
other minerals such as torbernite. The element radium will always be

found assoeiated with wranium in these ores and minerals in a fixed

small proportion, and, in most instances, the ores have been mined and ree
fined primarily for their radium content. The primery supplier of uranium
and redium in the world markets for a pericd of several years prior to
World War II was the Union Miniere du Haut Katenga, s Belgian Company,
whioh obtained these products from its Shinkeolobwe mine in the Belgimn
Congo of Afrioca {(See Section 2). Iuportant deposits also exist in the
Eldorado mine in the Great Bear Lake region of Canada, whioh was owned by
 Eldorado ¥ining and Refining (Ses 3eotiom 3), although the ores from this
mine are not nearly so rich as those of the Shinkolobws mime. In addition,
appreciable quentitiss of radium and nrmim-buﬂng ores were obtained at
one time from various mines in the Colorado Plateau region of western
nited Ftates (see ‘Soouon 4), bus tl's‘uo ores wers of much lower grade
than either the Afriocan or Canadian ores, and refining oosts to extraot
the radium snd uranium from the Americen ores were high. When the Belgian
Congo end Canadian mines commenced production, the American mines could
nos compete in the radium and uranium markets because of their high pro=
dustion costs, and production for rsdium and uranium in the United States
was suspended., These American ores, howsver, were important sourses of
venadium and were oommeroially mined and refined for their vanedium content.

During this exploitation, the ufsnlum content of the ores was disearded in




the tailings. Certain companies did some experimental work in atbempting
to reduce the cost of the uranium refiniang cperations, but no work was
done *%towards the refining of radium from these ores besause the quantities
sontained were so infinitesimal. In addition %o the above-mentionsed
gources of uranium, there are known to be other deposits in Czoechoslovakis,
Portugsl, England, Madegasear, and other countries throughout the world,
containing varying peroentagou of uranium.

bs Commersial Uses. - Prior to the start of the project,

there had been no pertioular demand fbr'puro uranium mstel as aueh, but
thora*wés a small demand for the oxide in the ceramio industry and for

the nitrate in the photographic industry. Consequently, the ores were
refined primarily for the redovery of radium, the uranium compounds, such
as uraniwa oxide, uranyl nitrate, and sodium diuranate, being recovered as
by-produots. The common commercial forus of urenium were black uranium
oxide, sodium M uranate, sodium uranyl carbonate, and uranyl nitrate. The
first three were used primarily in the oceramiocs industry for colore

ing glessware and pottery, impearting a bhesutiful yellow solor to the
articles to which they were added; whereas the nitrate was used for
tinting photographlc film. ;

e, ;Eozarties. « There is included below a brief general
desoription of some of the more interesting properties of the element
uranium, and further details aoncerning the properties of this element
may be found in standard texts susch as “Treatise on Inorganioe Chemistry”,
by Mellor, "Applied Nuclear Physics"™ by Pollard and Devidson, end simi-
lar reference works.

(1) Pnysical. - As found in nature, uranium atoms are

of three kindas, indistinguishable chemlcally, but of different mass.




an skom 5 uhe heavy kind weighs 238 %imes, cme of the invermediate kind
236 times, snd one of the lighter kind 234 %imes, a8 much as en atom of
nydrogan, whoeh is the lightest 'mown. These so~ealled isotopes of
aranium are always found in the same proportion: §9.3% of whe heavy
variety, 0.7% of the intemsdiate varlety, and e very minute percentape
of the ligsnt variety; i.e., about seven out of every Shousand ursnium
atoms ars of the imtermediate-weight 235 isotope. The disoovery in 1939
that Upgg atoms oan be made o yield tremendous quantities of energy
brought the slsment uranium from its position of relative obssurity %o
one of transcending importance.

(2) Chemical. - Uranium 1s fairly sctive chemically,
whieh property is altogether separate snd distinot from its radioae-
tivity. Consequently, uranium is generally found in nature as An oxide,
Just n. ifon is most often frund in nature 23 an oxide. As a matter of
faet, pitchblende ore is sssentially uranium oxide.

(3) ZHadiomotivity. =~ Uranium is rndiomotive; that 1is,

its ateoms are unstable. The instability is similar to that of radium,
and oousiata of spontaneous and unoonfrollablo transmutation at a def~
inite rate into simpler (lighter) elements, with the simultensous sjsot-
ion of extremely small eleotriesally charged partio;e' (alpha rays). The
lighter elements so producsed are, in their turn, radioactive and undergo
similar transmutations. Thus, a whols series of elementa i3 continuously
produced, ssch btreaking down at its own charaoteristio rate, the quantity
of eaoh present depending upon the rate at whieh its parent gonerates it
and the rate at which it itself breaks down. The uranium zeries ends

- with an isotope of lead which is not radiomctive. The rate of Lreukdown,

a distinctive property of radloactive alements, is measured as the "half-
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lire", that is, the time required for one half of a given quantity of

T

-

it

the element to disintegrate. For the 1sotopes of uranium, the average
half-life is of the order of two thousand million years; for radium, six-
teen hundred years. Radium is a member of the uranium series which begins
with the 238 isotope. It can thus be seen why radium (and all the cther
members of the series) is always found associated with uranium in nature,

'(hs'). Relationship to Radium. - As pointed out previocualy,
prior to the start of the project the primary object of exploiting the
uranium-bearing deposits had been the recovery of radium; and uranium was
in the category of a by-product. In 1941, the price of radium in large
quantities was about $20 per milligram (1/1,000 of a gram) whereas black
oxide (U30g) was sold on the market in large quantities for about $2.05
per pound. As there are about 454 grams in a pound and since radium occurs
in uranium ore in the ratio of only one part in every three and one half
million parts of black oxlde, it can be seen that for each pound of black
oxide worth $2,05, the ore contains about $2.60 worthrof radium,

The primary demands for radium were for medical purposes, lun-
inous paint, and industrial radiography (for exsmple, in detecting
internal flaws in metal castings). 'l'hc;~ material used in luminous paints
was mixed with other constituents and applied to a great many articles
and, hence, was lost permanently, the mt_.erial used for medical purposes
and radiography was contained in capsules and because of ites long half-
life, remained essentially unaltered in form and gquantity from year to
year, |

To produce the annual prewar requirements of radium (approxi-

mately 35-40 grams), there resulted as a by-product about 160 tons of




refined urdnium canpounds such os black oxide und soda salt (HapUzo7)
which the radium producers were just abls to dispose of to the ceramics
industry and other customers. In fact, it sppears Irom limited intorme-
ation availuble concerning this industry, thet only during the last low
yeers prior to the wer did anything like en ovon balence oxist between
redium geles and wanium sales.

1-6, Development of Program. - At the outset, it was planned that

all operations 1lp counection with the project would be performed by one
prime contractor, the gtous & Vebster Engineering Corporation, However,
ag the program developed, it becamme apparent that it would be desirable
to angage directly the services of other industrial organizaﬁions, in
order to spread the load of meny complex and perplexiﬁg problems anng
the best techmieal and operatiné personnel avallable in American industry.
During the latter part of 1942, whon the foed materials program began to
take shépe, it was recognized that the program fell into several genéral
phases; i.o., location of raw material sources, procurement of raw mater-
ials, and refining and treatment of the raw meterials to develop the
proper feads for the processing plants. Distinct lines of separation be-
twéen these phases often could not ba;ﬂrawn since, frequently, operations
in one phasge inoludeq of necessity operations in another phase, For ex-
ample, additional supplies of Belgian Cungo ores were revealed while
negotiations were being conducted for procurement of previously disclosed
supplios; u}unium from Cenadian sources was bought as refined black oxide
and not as raw ore; while urenium from American sourcea, in cqrtain in-
stances, was purchased as refined godium salt rather then as raw ore,
Bassentially, however, the plan of operaticha wags: (1) the looation of

adequate quantities of raw materisls, (2) the procurerent of materials




in raw, semie=refined, or refined states, (3) the refining of raw materie
als, and (4) their treatment to obtain feed materials, in the necessary
quantities and’ high degree of purity, requiredfor the processing plants
{App. E=70).

In general, procurement of ores from producers was hendled under
unit price contracts (3ee Part B, Procurement). The construoction and oper-
ation of the varlous rofining and treatment plants were handled,for the
most part, uader coatﬁlua-i’ixed—feo contracts and administered, success-
ively, by the Hanhattan Distriot Materials Seoticn and the Madison Square
Ares {Sse Part C, Refining and Treatment; and flow diagram, App. ,2‘13.8
| 1~68. Proourement.

Be Uraniun-oantaining Materials. = It was reaslized from the

start that, of the three available prinoipel deposits econtaining uranium
compounds (mentiocned above in Par. l-4a), the most important from the
| standpoint of both quantity and richness of ore was the Shinkolobwe mine
in the Belgian Congo, and it was apparont. that the bulk of the ore re~
quired for the projeot would have to come from the Belgien Congos Accord=-
ingly, every effort was x;mdo te prooure the meximum ore possible from this
rich source, in addition to all that. .oould be obtained from the Casnadian
and domsstio sourves (App. El).

Initial proocurement of dlask oxide was begun in 1941 by the
OSRD, who handled researoh work prior to the formation of the Manhattan
Distriot, and provided the source of urmmium for the very early work im
" eonneotion with the projeet. In July 1942, the firat order for blask
oxide was placed by 3tone & Wobator'for the aceount of the Manhattan Dis-
triot. With the rapid development of the soope of the project, the raw

material proourement aotivities, in the latter part of 1942, were re~

linquished by Stone & Webster and pssumed, up %o August 19435, by the




Manhattan District Materials Seotion, and since August 1943, by the

Mpdison 3quare Aress

be. Miscellaneous Materials. = In addition to uraniwm~sontain=-

ing materials, which were of primary interest in the feed materials proe=
grem, other auxiliary substanoes, such as radium end radium-neutron sources
and }adioat;tiva lead, were prooured for other projest installations and pro=
grams (Ses Seotion 6)e

le 7. Raw Material Prices. - The extensive feod material requirements

made desirabio the procursment of all available uranium {m the world whioh
could possibly be sequired. Thus, ores verying widely in gzrade, and pro-
duots at various stages of refining, had to be proeured, and, econsequently,
no miform price sould be set for these uranium-bearing materials,

Material prooured from Afrioca was obtained from the African
¥etals Corporation, which was by far the largest supplisr of ore concem=
trates for the projeot, and the sconeentrates ~o’oi:o.s.mgd from them were pur-
ohased at prices ranging from $1.00 per pound to §1.90 per pound of oone-
tained Ug0ge All of the Afrioan ores required subsequent refining. How=
ever, a minor portion of the materials procured from this source was ree
fined salta, which had been produced ;prior to the inception of the projeot,
and the ourrent market prices were paid for these materiala.

In the sasme of the Canadien source, thc- mtorial was paid for
on the basis of delivery of refined black oxide at a prioce of $1.95 per
pound of blaek oxide produced, or approximately $2.01 per pound of ocone
tained UsOg. Becauss of inoreasing costs in mining and refining opera-
tions a later ocontract for blesck urenium oxide from Canadian ore was made
at a oost of epproximately $6.00 per pound.

In the case of materials procured from American sources, the

bulk of supplies was derived from the purchase of low-grade tailings

o
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(from venadium operations), whioh were obtained at prices ranging from
$0.20 per pound of recoverable UzOg in low-grade tailings to $1.50 per
pound of oontained Uz0g in more highly refined urenium~besring sludges
(See Appe F3)e All of the materials obtained from domestio sourves re=
guired subsequent refining.

It should be noted, however, that a true ooméarison of costs
cnnno.‘b be made on the basis of the price of the ecntained U30g in ore
alone, hecsuse of the wide varlation in gredes and types of materisl, with
the resultant difference in the cost of refining te recover the urenium |
contente. |

The bulk of the materials purchased on the open market was
kobtained Aat the ourrent oomiroial market prices pald by the ceramics
trade, the prinoipal commeroial user of various refined uranium com=-
pounds; i.e., $2,06 per pound of black oxide, $1.56 per pound of soda
salt, §0.75 per pound of sodium ursnyl carbonate, $2.36 per pound of
uranium nitrate, etee

1-8. Refining and freatment, - At the beginning of the program, the

bnly plants available for refining raw ores to blask oxide were those of
Eldorado Mining and Refining, and V:ltl:"o Manufacturing Company, who had
been processing uranium-containing ores to cormereial grade blask oxide
or soda selt (App. F7). It was soon apparent that these plants did not
have suffiolent ocapacity to prooeas the cjuan’d.tiu of raw material whioh
would be required. Late in 1942, the Eldorado facilities were emlarged,
and it was also deolded to have Linde Air Produocts Company oonatruét snd
operate a plant to refine lowegrade pitohblends ores and the ocarmotite
£App.—4) concentrates which would be obtained by the preliminary treat-

ment in Colorado of tailings from vanadium operations in the Colorado

plateau region.



The nature and sequence of the black oxide treatment operations
(te convert refined blask oxide, in a series of steps to feed materials)
was ostablished in the late fall of 1942, and oanstruotion of manufacture
ing faoilities was pushed ahead with aill possible apesd.

The first brown oxide plant,et Mallinokrodt Chemical Works, had
been in operation since May 1942 under a contraet with OSRD. Plens were
made to enlarge this plant and to oonstruot. additional fecilities at Linde
and Be I. du Pont de Hemours & Companye. The Mallinockrodt expansion wes
completed early im the spring of 1948, the da Pont plant started opere
ations in June 1943, and the Linde plant in August 1943,

Harshaw Chemfosl Compeny had operated a small~sesle green salt®
plant {Appv—i} under a contract with 0SRP, as had du Pont at the Jackson
Laboratory, and arrangements were made in the swmer of 1942 for the
Menhstten Distriot to take over these plante. '.l'ho Earshaw plent was exe
panded during the sarly part of 1945, and a new plaut was conatructed at
the du Pont Chambers Works, whieh started operating in Pebruary 1943. Two
other green vult plants were built, one at Mallinokrods, whieh sterted
operations in the spring of 1943, end the other at Linde, whioh ocame into
production in Qotober iﬂﬂ- -

Hetal Hydrides, Inoerpoi-ated, and Westinghouse Eleotric snd
Manufaoturing Gompany wers operating plants for the manufacture of metal
£{Appv—4&} under sontraests with OSRD, at the time the Manhattan Distriet oceme
into being. In addition, rueo;roh on new methode for the manufaosture of
metel was being carried on at Iowa State College and Brush Laboratories.
In Ootober 1942, it was deoided to ooncentrate on the Iowa State College
process, and contraots were entersd into with Mallinockrodt, Electroe=

Metallurgical Company, and du Pont for the construction of the necessary
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om0 s
plants. In addition, plans were made to expand the Iowa State College
pilot plant, and this expansion was completed in March 1943, & month
vprior to the startup of production at Eleatro Metallurgical Compeny. The
du Pont plant hegan operation in the spring of 1943, whils the Msllinekrodt
plant started produotion in July 1943. In the fall of 1943, the Westing-
house snd Metal Hydrides prooesses for the manufacture of metal were dis-
oarded because of higher oosts and lower yiolds thﬁn the Iowa State Col=-
lege process. Metal Hydridu;howover, gontinued work for the project
and recast sorap from the X-10 fabrieation operation (See Part C).

1-9. Research and Development. = In view of the fact that prior

demands for uranium had been relatively small comparsd %o the large
quantities required for the project, and sin@c the eontemplated use of
the material involved obtaining highly purified forms never before devele
épod on a oommercial seale, it was necessary to devise new methods and
progedures throughout all astages of the refining and treatment eperations.
The oritiocal need for ureanium demanded that wastes from the refining and
treatment operations be held to an absolute minimum end tha.t- such wastes
be revcovered, if possible, and reintroduced into the system. In addition,
the time sohodules required that all bpﬁn’cinna be aonduoted with the ut=
most speed. Inasmuoch as previously existing produoction facilities had
been geared to a very small demand, extensive researoh and development
work was negessary to oombine efficiency and speed of operations. Au;
cordingly, uvufn}. contractors oonducted oareful studies and ressarsh pro=
grams in conjumetion with specific opsrations (See Pari ¢) to devise ways
and means of performing operations whish had never been performed before,
to develop altemutixf?bthoda, and to improve ourrent processzes. The cost

of research and development metivities to date had been about $2,530,760.







to commercial manufacturers, in accerdance with standard Var lepartment

policies as expressed in Procurement Regulaticns paragraph 363 and Technical
- Hanual 14-910.

1-11., Results. - To date, both the procurement and production ob-
jectives of the program have been successfully achieved, Aie to the pro-
curement goal: the project has procured a total of about 10,000 tons of
3303 in ore concentrates, Of the raw material delivered to 1 January 1947,
72% has come from the Belgian Conge, 9% from Canada, 14% from the Colorado
platean region, and 5% from miacellaneous aoﬁrces. (App. B73.)

Concerning the production goal: research and development work,
construction of 1arge—scalo plants located throughout the country, solﬁlion
of numerous and highly complex technical problems, and operation of the
plants to prodnce the varied feed materials never before made on a commer-
cial scale have all been accomplished within the time schedules which were
established, The initlal requirements of metal for experimentsl work at
the Univeraity of Chicago had been filled by June 1943, and accumulation
of metal for Clinton Laboratories and the Hanford 2-10 plant was begun just
prior to that time. In October 1943, the initial shipments of crange oxide
to the Y-12 plant were begun; and in Jniy 194%, deliveries of hexafluoride
for the §-25 and S-50 plants began to reach significant quantities. To
1 January 1947 approximately 6,600 tons of uranium or its equivalent, in-
cluding recast metal, were produced to meet the requirements of the sev-
eral processing plants; and it may be noted that at no time were deliver-
les to any procesaing plants behind the forecast requirement schednles (App.
m, 2, 13), |

1-12, Future Considerations. - The completion of the program will
bring about a number of problems with certain foreign interests, problems
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program wore handled, for the woat part, by officers on the staff of the
Distriet Engineer. AL the outset, when the scope was relatively small end
it was planned that the design, oconstruction, and operation of the program
would be performed by Stone & Webster Engineering Corporation, that oompany
made the preliminary arrangements for the initiel procurement of the raw
materials. However, when the scope of the projeot began to expand and it
was decided to confine the activities of Stone & Webater to the deeign and
oconstruction of the Y~12 plant arnd supplementary facilities, the initial
proourement of ores and arrangements for refining and treatment were
handled by the Distriot Engineer, Cole. J«.Ce Marshall, end his Deputy,
Cole. ¥.D. Nichols, wﬁo subsequently beeame Distriet Engineer in August
1943. In Ootober 1942, the Materials Seotlon of the District office was
organized under the supervision of Le.'col. T.7e Orenshaw for the adminise
tration of the feed materisls program and remsined under his direction
until July 1943, He was suaceeded by Lt. Cole. J.R. Ruhoff, whe had deen
his assistant. Lt. Col. Ruhoff oontinued directing the work of the
Haterials Section and, later on, became Area Engineer of the Madison Square
Area, whioh was organized te eontinue the work of the District Materials
Sectlon when the Distriet office was moved from New York to Oak Ridge,
Tennessee, in August 1943 In Ootober 1944, Lt. Cole. Ruhoff was sucoeedad
as Area Engineer by Lt. Col., W.E. Kblloy, who was in turn succeeded by
Colonel G.W. Beeler in April 1946,
Bs# 86

There are attaohod (App. !1 B2, 53) oharts showing the
orgenizatious involved 1n the proouroment and refining and treatment of
raw materials, as of lJanuary ¥, 1943, 1944, 1948, 1946 and 1947. 1In
addition, a chart (Appe. B4) shows the names of key contrasctors' organiza-

tions engaged in proourement and refining and treatment operations, and

the general relationship of these organizations to Madison Square Ares and




the sub-areas, as of |January Jj 1946 «ad 1 January 1947,

The key personnel aoncerned with the feed materials program

were a3 followss

Hadison Square Area

(ol. G,W. Beeler
Lt. Col. TeTs Crenshaw

Lt. Col. JoR. Ruhoff

Lt. Cols W.Es Koelley

Ltes Cole J.Ee Vanoce

Ltes Col. AdWe Oberbeck
L. Col. Reds W‘l.h. JIre
Major G.W. Ruasell

Major O. Hadlook -

Major P.L. Merritt

Major O.H. Gresger

Area Engineer, HMadison Squars Aree,
April 1846 to January 1947,

Heed, Materials Seotion, October
1942 tor July 1943.

S%. Louis Area, July 1942 to QOotober
19423 Assistant to Head, Materials
Saotion, October 1942 to August 1943,
Aroa Engineer, Madisom Square Arsa,
August 1943 to Ootober 1944,

Aresa Engineer, Madison Square Area,
Ootober 1944 to April 1946. Deputy
Area Engineer, Madison Square Area,
April 1946 to January 1947.

Heead, Research and Development Sube
Seetion, November 1943 to April 1948;
Area Exeoutive Off'icer, April 1946 to
August 14, 1946,

Executive Officer for Operaticns,
April 1946 te January 1947,

Exeoutive Offiocer for Adnin:lltratiop.

July 1946 to Jenuary 19547.
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Area Executive Officer, April 1943
to November 1944.

Haterials Seation, September 1942 to
August 1943) Teohnioal Officer, August
1943 to Ooctober 1944; Area Executive
Officer, November 1944 to April 19480,

Materials Section, October 1942 to
August 1943; Head, Raw lMaterials
Section, (now Raw Materials Division)
Auguast 1948 Yo January 1947.

Technical Officer, May 1945 to
Haroch 19486.



Yajor E.A. Brinkman

Major W.G. Akeley

Hajor W.W. Stegg

Major DeG. Sturges

Capt. R.Ds NMorse

Capte L.C. Burman

Qapto Welle Hearon

Capto M.L. Hecker

Capt. Re MoKenzlse
Capts L.G. Bassebt
Capt. é-ﬂ. Bunker
Capt, B.Tf. Menke
Capte JoL. Davies

Hede Sentirt

Administrative Officer, August
1943 to November 1944.

Rew Materials Seotion, January
1944 to November 1944; Administra-
tive Officer November 1944 to March
1948.

Labor Relations and Safety Offilcer,
August 1943 to November 1944.

Materials Seetion, Ootober 1942 to
February 1943; Head, M. Production
S8eation, Pebruary 1943 to Ootober
1944; Assistant to Technical Offi-
ocer, Octoher 1944 to August 1946,

M. Produotion Seation, March 1943
to April 1946,

Materials Seotion, November 1542
%o August 1943; Special Materials
Section, August 1943 to July 1944;
Raw Materials Seation, July 1944
to June 19486,

Speciul Materials Section, January
1944 to March 1944; Head, Speaial
Materials Seotion, Mareh 1944 to
dJune 1948,

Asgistant to Area Executive Offiocer,
September 1943 to June 1944; Head
Oontrel Seation, June 1944 to May
1948,

Asslistant Administrative Offlcer,
September 1944 to February 1946.

Analybioal snd Reports Sub-Ssotion,
April 1943 to November 1848,

Property Officer, Jenuary 1944 te
March 1948.

Intelligence Officer, January 1943
to September 1944,

Intelligence Officer, July 1944 to
June 1948.

Accountabllity Seotion, August 1943
to February 1948,




F.M. Belmore -
G.C, Selfridpe -
Fo Zoit%1in hd
Q.E. Winters -
E.E. Chipman : -
3. Sturges _ ' -
A.Ae Lovin -
¥.S. Lokietz -
S.Ps Bullivan -
J«Fe McoKoe -
L.J« Cotton, Jr. -
Jde3e Quidor -

M. Produotion Section, February
1847 to Qotober 1944; Head, M.
Produotion Seetion (now Production
end Acoountsability Division),
October 1944 to January 1947.

Raw Materiala Division, Ootober
1948 to January 1947,

Head, Speclel Projects Seotion,
July 1943 to Octobsr 1945, -

Ste. Louis Area, April 1943 to August
1943; Madison Square Area Research
and Development Seotion, August 1943
Yo November l544.

Iowa Ares, January 1943 to April
1943; M. Produoction Seotion, July
1943 to Deoembsr 1944.

Haterianls Seotion, December 1942
to August 1943; M. Produotion
Section, August 1943 to January
1944. Speoial Projects 3sction,
January 1944 to September 1948,

Distriet Legal & Contraots Seotion,
October 1943 to August 1943; Heed,
Madison Square Area Legal and Cone
tracts Seoction, August 1943 to
Ootober 19486,

Hoad, Madison Square Area Legal and
Contraots Seotion, March 1948 to
January 1947,

Distriot Audit Seotion, December
1942 o August 1943; Head, Madison
Square Area Audit and (Jost 3ection,

© August 1943 to August 1946,

Head, Madigon Square Area, Audit
and Cost Seotion, August 1948 to
January 1947.

Administrative Division, November
1944 to Pebruary 1946,

Administrative Division, April 1946
to January 1947,
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Tonawanda Area

Major E.L. Van Horn =~
Capt. W. Thomas -

Wllninﬁ‘bon Aroea

Major W.L. Sapper -

Major Dewey M. Stowers-

Major O.W. 3wartout =

Capt. 0. Bergelin -

Capt. G.L. Ryan -
Colorado Area

Major P.C. Leahy -

Re Aloxander . -

Gleveland Area

Major H.8. Benhow

Capt, Wm. E. Dalton

8t. Louls Area and Iows Ares¥

Ares Engineer, November 1942 to August
1946,

Operations Officer, November 1943 to
March 1946,

Area Bngineer, December 1942 to November
1944,

Ares Exeocutive Offieer, Maroch 1943 to
November 19443 Area Engineer, Fovember 1944
to Oetober 1548.

Production Officer, January 1943 to
Hovember 1944.

Production Seotion, July 1943 te November
19443 Productien Officer, November 1944
to Ostober 1948; Area Engineer, Novembder
1948 to Pebruary 1948.

Ares Engineer, February 1948 to January
1947,

Ares Engineer, March 1843 to August 1946,

Tonawanda Area, Pihruury 1948 to December
1943; Technical Officer, Colorade Ares,

" Desember 1943 to Dooqnbor 1945,

-

Area Enginser, Februsry 1944 to June 1944,

Assistant to Area Engineer, February 1944
to June 1944; Area Engineer, June 1944 to
Hovember 1944, and June 1945 to Deoember
1945; Aseistant Administrative Officer,
Madison Square Area, November 1944 to June
1948 and Deoember 1948 to Maroh 1948,

Hajor J.H. MoKinley = Area Engineer, November 1942 to November

1943,

Major H.A. Savigny = Area Engineer, November 1943 to August

1944,
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Yajor P,S, Finn - Area Engineer, August 1944 to
November 1944.

Capt. E.M, Velten - Assistant, November 1943 to Hovember
1944; Area Engineer, November 1944 to
January 1947.

(Iowa Area established in July 1943)

Beverly Area

Capt. I. Duffey -~ Area Engineer, January 1943 to Jamuary
1944, M. Production Section, Madison |
Square Area, January 1944 to January
1947,

Mallinckrodt (Brown oxide, green salt, metal)

Mr, H, ¥, Farr, Vice Pres,
Mr. H.E. Thayer, Project Manager

Harghaw (Green salt, hexafluoride)

Mr. W.J. Harshaw, Fresident
Mr, K.E, Long, Director of Research

Linde (Black Oxide, brown oxide, green salt)

¥r, J.A, Holladay, Vice Pres,, Electro Metallurgical Co..
Mr., T.J. Coleman, Plant Supt,
Mr. A.R, Holmes, Plant Supt,

ElectroMet (Metal)

Mr. J.A, Holladay, Vice Pres., ElectroMetallurgical Co.

¥r. E,C. Forbes, Supt.
Mr. E.M. Briney, Asst. to Research lirector

du Pont (Brown oxide, green salt, metal, scrap recovery)

Mr, S.W, McCune, Jr., Mgr., War Products Liv,, Orchem Dept,
I'r. H.W, Elley, Iirector of Research, Orchem lept,

Mr, E.W, Fielding, Area Supervisor

I'r, J.K. Clark, Asst, Area Supervisor

Mstal Hydrides (Metal, scrap metal recasting)

Dr. P.P. Alexander, President
Cr. R, J. Anicetti, Plant Supt,




Westinghouse (Metal)

Ir, J. W, Marden, Asst, Director of Research
" ¥r, A, Frankel, Business Mgr.

Iowa State College (Metal, turnings recovery)

Pean H.V, Gaskill, Dean of Science
Tr., F,H, Spedding, Project lgr.

U. S. Vanadium Corp., (Concentrating ores and tailings)

Mr, B, Burwell, Vice Pres,
My, J.L. Robinson, Supt,, Colorado Operations

Eldorado (Refining of ores)

¥r, G, LaBine, President
Mr, A. Boss, Plant Supt,

Vanadivm Corp, of America (concentrating ores and tailings)

Mr. E.D, Bransome, President
Mr, I, Viles, Plant Supt,

Vitro (Refining of ores to soda salt)

Mr. E.M, Fleck, President
Mr, A,J. Strod, Vice President

Princeton University (Quality control, Analytical)
br, N.R, Purman, Prof, of Analytical Chemistry
Masg, Inst, of Technology (Quality control, Analytical)

Pr. G,R, Barrison, Dean of Seimc:b
Mr, R, Kent, 3d., Project Manager

Yale University {Research on ors extraction and refining)

Dr. A, 11, Chairman of Cheaistry
e, H.5, Harned, Prof. of Physical Chemistry

National Bureau of Standards (Quality control, Analytical)

Ir. C.J. Rodden, Project Manager
¥r, J.G. ’!hompaon, Chief, letallurgical Section
Xr, B,F, Scribner, Ghief, Spectroscopy Section
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SEOTION & - APRYICAN SOURCHS

Z=1. Operations. - The Shinkolobwe mine, located in the southe
eastern corner of the Selpgisn Conge, has provided the ianhattan District
with the richest and most sbundm t source of uranium-berring rew ma-
terials (App. BR). Union Minlere du Hmit Xatangs, s BDelglan coupeny,
owned the controlling interest in the Chinkolobwe mins and all sal ve
in the United States were handled by the African Metals Corporation of
Wow York, New York. The extrume richness of the nine's ore, assaying
a3 high as 60% to 8% Uglg, has enabled Unlon iiniere du Hamh Ketanga
and ita agent, the Africen Metals Corparation, to dominste complotely
the redium and wanium market ever sinoe the beglmning of the nine's
produsvion in about 1943,

The Shinkolobwe mine wes disocvered im 1918, but produstiom

did not begia until after World War I. Prior te 193k, the Bhinkolobwe
alus opersted intermittently as the warket for radium required, and, in
1931 it wns recpeswd after being olosed for soveral yessrs. In 1933, an
ore trestment plant was construsted, primarily for theé recovery of
precious mstals ocourrisg in the ore. However,; because of poor world-
wide eoonomie conditione, ‘M of radium snd urenium were not come
sensurate with aining and recowry of precious metals. As & consequanse,
large atooks of ors copbainisg radium end ursnium wers soousulated.
Poough radium and uranium in ore were contained in etoek piles o
satinfy the ordinary cosmercial market for spproximately 30 yesrs.
Therefore, the mining end mmry opcuﬂm were Stopped in 1837,

Prior to the Msnhatban Distriot pfajmt. nining operaticns st
Shinkolobwe had been condunted primarily for the resovery of redium in
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subsoguent refining »yumfﬁiam at tnlon Hindere's rofinery at Oclan,
Belgium. The uranium snd othor precious motals contained in the ore
wers considersd eg by~products of radium producticn. Swscsuae of the
extremely high walue of e radium and other precious components of
the ore, sxclusive of uranfum, it wes undesirable for the United States
Government %o beoous involved, over an extended period of time, in dis-
posing of the radium mnd othor by-products to the comsercial markets of
the world; sud beonuss Dinlon Minlere vas not deeirous of relisguishing
its goutrol over the radium merkes, an srrangomeut wng made whereby only
 the wanius gontent of the ores was %6 be purchased. This plac wee
followed in every contract for the prosurament of African ore, with one
oxgoption, african detmls Coutruot W-7408 eng~479 (App. 580).

| imeept for the purchess of approxisately igé tons of Uylg
in ore which was mined from en open sut at the Jhinkolobwe mine
(4frican Motels W=7406 eng-280), all ore purchmsed was obtained Irem
seoumulated stook piles (App. EB). Approximtely 767 teus of Ugly cou~
tained in 1,200 tons of 66H ore was obtained rm‘n stoak pile which had
boen whipped by African Netals from the Belgian Congo to the United States
during the latter balf of 1940 and stored at the mWau-mm
Compsny Warshouse st Port Richmond, Staten Islend, New ka (Appe BA).
Previcusly, ail refining of ores had besn condunted at Union Minlere's
rofinery at Oolan, Helgium. lHowever, in view of the seriousness of the
Buropsan situntion in 1940, whwn the Axis foroes wers in somplete
domination of the continent of Europe and were moving repldly scrosa
orth Africs, this ore had been shipped %o the United States both for the
purpose of preveating ita falling inte the hands of the snesy aud for
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poasible use ia this country during the war, The faot that this me-
terisl was in this country was well kuown in trade circles, as thare
was ap gecrad rogardlng ihe impartation of uranium are at that Sins.
fho ready svailability of thia stook pile zade possible the early ke
porincats snd trials in refining processes; and the inltial procuremend
oi ore wasé zade from this stook pile, with the -opﬂ.m bo‘ purchase the
rezainder of the material stock-piled im the United States as well ms
$he additional quantitios stookwpiled at the Zhinkolobwe mine.
As of ) Ju_uury 1947, approximstely 5,839 tons of Uzlg,

conteined in abuub 29,754 tons of ore, warying from shout 3X to 88%
Uglg conten®, hed beea oontrested for from Afrioan scurces at & total
sost of approximstely ¥9,118,800. In addition to this materisl obtained
by contract, iitle to wpproximtely 3,144 tons of lUgOy in ors had besen
progured by the Washingbon office u‘ of 1 January 1947 at a total cost
of approximately $10,167,800.

é~3, Coutract RQWW. - ﬂmﬁm ores were purchased by the
dsmbattan District on the busis of the recoverable Usly content. Wwn
the early contraots were negotiated, sufflicient dota as to the amount of

Uylg recoverable from the ore were no§ svailsble. is & result, the oalou-
lation of the poroentage of Uxly oanu;.mé in the ure to be pald for by
the Nanhattan District was of necessity based on the avellable Inforem-
tion congerning the resoveriss at the Unicn iinlere's refinsry in Delgium
and alsc on he percentaye recovery which would be guarsntoed by the two
largest refining companies im North Amerios, Zldorando Minlng end Holining
{see par. 3~1) and the Vitro Manufmoturing Campany (ipp. #8). At that
tine, Eldorudo, whioh of thase two gompanics had the greatsr refining
knowledge and expsrience, would pot guarantee & recovery of more than
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804 of he Ugly contained ln the urﬁ. Mrufm. in the first provure-
ment contruct, the Government sgresd to pay for only 80X of the Ul |
conteined in the ore.

- & price of §1.00 per pound for an 80K Usly recovery was
agreed upon for the original lot of ore processed. ZThis prive was
srrived at by tsking the ourrent wholessle market price for Llask
oxide, less the normal commission on snles to wholusslors, less the

‘so8t of refining the ore. The wholessle price of black cxide was §%.08
por pound, commuissiocnr on seles Yo wwlesalers ware wprwmhl# W48
por pound, sad the cost of refining ee esteblished by Eidorado was 30,60
per pound.

ﬁwing subsequent negotistions for the proouresend of ade
ditiomsl lots of ore, Afrfsan Mutals stabed tha® this inisisl prios of
$1.00 por pound of resowrable Ugly was cousidersbly lower than the
sotusl value of the ore to tdwam. African Hetals based the welue of
the ore to them on the ssle price of refined black oxide minus the
refining gost in Bolgium und freight rates om the blaok oxide from
Helglum to the United States. In 1841 and 1542, African Metala sold
bleok oxide in the United states for ;%.00 per pound. African Hetals
estimated the refining vost of ore te black oxide in Belgium %o be §0.80
por pound of black exids (as compared to the Bldorsdo refining cont of
#0.60 per pound). The amproximate freight chargs an blmck oxide from
Belgium to United States prior to the war wes §0.08 per povud. Thus,
on this basis, the sales valus %o African ivtals of Uglyg in ore was
about §1.80 per pound of recoversble Uy0y coutens, foa.b. Dolgiume
This promise was not accepted by the Governmenty, as indioated by the
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fact that the aversage cost pur pound of regoverable Uglg in ore bought
to dato ia J1.18. The price rise from the originel flgure of &1.06 por
pound for 80% of she conteiced UzOg o an average of §l.12 per pound
was based upon the fact thad subsequent relining operations at Eldorado
proved that they could recover cunsiderably more. than the orlglusl
sstinnted 80%.
The provuresent of /frican ores was euvcomplished wnder the

contraots and purehase ordovs shown in App. ¥l {also sec 4pp. 8]

4~3. Trensportativa of Ore from Africa. - The transportation

during wartize of large shipments of vitally needed maberial necessi~
tated the uce of sxtrems oars in scheduling operations and shipnsute.
Ineomuch as the subasriue mensow continued during muveh of the period of
shipment, arrssgmucnts wore made wherely the ores were shipped by fast
mobor vessels traveling out of cunvey. These arraugoents were nnde
with the shipper after cwmsulting with the Transportation Corps, U. 8.
Army, as to the sefest method of shipment. Twe shipments were lost &t
4083 ono Llave in 1942 and w@ early in 1948. The Cirst shipsent wes
lost ﬁhrough onemy sction and the seound through & wsrine acoident. A
total of approximately 20 tons of UsOp in ore wes losb through sinking.
Inasnuch as all purchases were smde u.i.r.*ﬂw fork, all lossas ot sen
, wors the rosponsibility of African Hetwls.

2eé. Storege. - Since ahipments from Afrios srrived faster then
refining operations in this sountey could be osrried oub, it was noces-
sary to store the ores temporarily in the United States before shipping
them to the refineries. The origioal storage facilities wore in the
Sensos Ordnance Dspot, Romulus, Jew York. Theme fnollities were
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utillsed beoause they were the only ones ab that time roadily sveilable
near the point where the ore would subsequently be processed. 4 little
later In the program, ineoming ore was stored in a warchouse at the
Clintun Bnglneer works, which had becn constructed primarily for the
purpose of atoring radiuve-benring sludges derived from ths eros {see
belaw). In NHovember 1943, a warchouse was lossed at Middlemex, Hew
Jersey, (Porry “arvhouse, W-T407 eng-135, and Ne42-069 eng-7 App. F9),
in order that storsge snd smmpling fasilitios would be aveilable noar
the Port of Wew York, thus, svolding the unnecessarily long shipments
by rail (4pp. B7)s The ursnium oreg wore received a% the Port of
Neow York in bege aod droms aﬁa wors then shipped direotly to ilddlesex
for storags snd aampling, after which the asmplod ores were shipped to
refiners as nosded,

It was also necessury to stors the wnluable sludges remaining
- after the urenium hed beon oxtracted fyom @io ures. In sascordance with
the originad arrangements, thwse sludgeos remained the property of
Afrioss Metals and were te be returned to them sfter the war for racovery
of radium sad preoious metals. Speocial muhaunp wore constructod at
the Clinton Enginecr Works for the purpose of storing redium-desring
sludges which wore derived from the ores. The radiumebesring sludges
derived from grades of ore of groater m 10% Ugly oontent wore puoked
in woodon berrols safter completian of the refining operations aad then
shipped to the Clinton Znginser iorks, and to the llddlesex arshouse
for atorage, The radium residuss from low=gruds ores eontadning 103
snd loss Uslg were storod in & bulk pit abt the Lake Ontarle Ordnmwe
Works, lodsltomn, Hew York, noar the plmnt of the linde Air Producte




Company, whore thegse low-grade ores were refined. A small Guansity of
these sludges from lowepreado ores was alszo stored ut the uiddlessex Fare-
house, “Juring Lbed, W approximateoly 1,024 wet tone of padium sludgoes
from high-grade ores in storage at the Clinton ingineer Worleahippad
to the tilddlesex varslwuse for storsge. Az of )} Jenusry 1947, there were
approxinately 20,409 wet tons of redium aludges from low-grade ores in
storage ut the lake Gantaris Ordnence Torks and 31 wet tons of similar
matarial at the Mddlesex Wur;hauu. A of 1 Jonuary 1847, spproximate-
1y 1,645 wet tons of radium sludge from highegrade ordes had bBoon res
turned %o African Motals in ascordence with couizastunl arrengements,
' sud approximatoly 761 wot tons of similer material remmined in atorage
st the “iddlesex Narehouse.

2~B. "alghing, Sempling and Assaying. ~ A program of weighing,
pampling, ami assaying was necessary in order to sstabilsh the actusl
amount of ursnium content in the Africsn ores for which psyment wus to
be M. sinoe in most cames, only the wunium content of the ore wes

purchased. Alse, it wes necessary to ostablish with the refinerios the
sotusl amount of usnium conbent in the m matorials for shioh they
wore to be charged. |
This weighing, umpung. and aspaying progren Wl RO00B3ary

only for the Africsn-souroe meterials. In the usse of materials pur-
ahubd from Bldorads, weighing end smpling of the ores were not re«
guired, since the ores wers rofined by Sldorado iteelf, and the preduct
was purchased directly by the mm nutri.ét. Likewies, in the case

-

of the proowromend of wrenium produots from Aaricsn produsers, ths
supplies wore purchased on the basis of refined materisle, snd no




welphing, suapling, wnd assaying propram wes noowssary for the crude
ores or bteilings procured.

At the boginning of the progrem, Alricen ores wers woighed,
sampl od, and ssseyed at the refinery to whish they were dellwered for
progessing, and the results of these welghings and esauplings were
accepted by the vendor aud the procesdor, us well ae by the anhatian
istriot. in order %o limit the knowledgn which the wandor might ;aln
through this procedurs, n sapsrate campling progrwn was initistod at the
Hiddlesux Harshouse in liovember 1943, end, after this date, all weighing
wxl sampling rosults from Middlesex were sosepbed by the refingrien whe
subsequently recsived the ore. Prior to the esteblislmunt of the ware-
house, sampling wes curried out in the presence uf & representative of
the vendor and & representative of the processor, saud, sg long &8 agree-
went could be rescbesd Ly thuse two, the resulis were acceptable to the
Maphattan DMatrigt. After the cetablishmend of the Hiddlesax ‘Kumhguam
Gontregt @-7421 eng=18, dated 11 My 1944, wos written with the Lirm of
Luolus Pitkin, Ino.,of Kew York to serve as the ssmpling reprosoutative
sad consultent for the Mephattan District in welpghing and sempling
wattors. This contract wes terminated on 12 January 1845, becsuse the
smount of rew materiala then entoriag the Mdddlesex Warehouse wus not
suflisient to warrant full-scals weighing and sawmpling services. im
5 hugust 1945, Contrast H-36~088 eng-9 was written with Luoius Pltkin,
g, , S0 aantm wolghing and sempling services, snd this contrsct wus
aotive as of 1 Jenuary 1947, aifrican Motuls was represouted in All
senpling opsrations by Ledoux and Compuny of New York. Ssmples wers
taken in scoordance with made by the smapling rsp;-a-

santativea, and all procedures [ollowed ware thoss mont adequate
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adapteble to the swwrous problams prosented. 411 procedures were
approved by competent authorities, invluding the Hutional Buresu of
Standurds, Ledoux and Company, Luwcius CPltkin, end the contrechors of
the Menimtian Uistrdet who subsogquently reflined the ore.

sesays were nade both by Alricen etsls mud by the Government,
‘ﬁhaﬁ materials wore forwaprded for refluing, the refinery was supplied
with & ssmple teken and sewled at diddlesex, aad the refinery curried
out Lis own sesay oo this portlon of the ore., Afpicen Hotula amploved
the firm of jedoux snd Campany of Hew York fur thelr ssuaping purposes,
and the Covernmend used the sorviems of the Prick Chemjeal leboratoriss
&% Prionseton Unlversity Contreot ¥-7408 ong-8) in Wow Jersey. In 4he
dpring of 1548, the contraot with Princeton University was comploted and
Contragt W-35-088 ong~10 was negotiabed with the firm of Lucius Pitkin
to perform the Government essay work. The Hational Buroeu of Standards
was used an an umplre for assaying when tho rosults of the ariginal
t4o wssays were nob within 0,308 Uz04.

.9



t‘i'ﬁ?ﬁ‘?!m; 3-_;',AHADIAH 5€;URCF}S
3-1.‘ Operations. = As mentioned in Part A, Par.ll-éu, an important
source of ursnium-bearing ores was the Eldorsdo mine, located on the south-
anst shora of (roat Bear Lake in Canada. Thie mins was originally owned
by the Eldorado Gold Mines, Ltd. Cn 3 June 1943, the nume wes chenged %o
®ldorado Mining and Refining, Ltd., and on 28 January 1944, the mine was
oxpropriated by the British Crown, and the name was changed to Eldorsdo
¥intag and Refining (1944) Lid. (App. ¥8). The mining and refining
operations oommenced in 193" and were directed toward the roesovery of
radium, urseniws, and silver. The mine is lce~bhound from Hovember through
June, and, though mining operations are continued during this period, it
is not possible to ship ores to the refinery at Fort Fope, Ontario. Oper-
abtione were geared so as to provide year-round produaetion at the mine, and
shipments made from the mine during the monbths of July te Oatober aconsisted
of the entire ore output of the mine for the previous year :nd served as
foed matorials for the refineries for the asucoceding ywar. Opeorations at
the Eldorado nine wers carried on from 1933 until tho swmer of 1940, at
whioch time suffloiont stooks of ors had besn acoumulated at the mine to
sstisfy the aommeroial msrket for approximately five years. However, in
1941, the OSRKD plaged an order for ore which necesaitated the opening of
the mine. Thorofbre; in the spring of 1942, aﬁuipmunt and supplios were
procured and mining, ag well as reriningioporationl at Port Hope, have
oontinued sinoe that date in order to £ill the aubueéuonh requirements of
the Msnhattan District. The early conirasts for the purchase of blask
oxide were written directly with Rldorado, or with Boris Pregal, president
of the Canadian Radium and Uranium Corporation of New York City, the salea

agency for Eldorado's produats in the United Stutes. Since Septomber 1943,
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primarily on the market prices for large orders of black oxide at the out~
set of the procurement program in 1942, The wholesale price of black oxide
for the ceramic trade at that time was $2,05 per pound. Contracts were
negotiated on the basis of a 5% reduction in price due to the volume of
the purchases, making an average price of approximately $1.95 per pound,
This price of $1.95 per pound probably did not reflect the true cost to
Eldorado; however, Eldoradc was forcgd to sell their produet at this price
in order tc compete in the open market with the lower cost producer,
tnion Hiniere, The last contract with Eldorado, which was negotiated
with the Canadian Government, set a top price of $4.20 per pound of black
oxide, with credits to be given later when actual costs had been determined
and when the value of the contained radium had been determined, As of 1
Jamaary 1947 negotiations were nearing completion for increasing the top
price to $6,17 per pound of black oxide., This contract is a no-profit
contract and will probably reflect the true cost of operating at Eldorado
(App. E9).. |
The procurement of black oxide from Canadian ores has been
conducted under the Stone & Webster Purchase Order No. 135 and Contracts
W-7405 eng-145 with Boris Pregel, and W-7405 eng-252 and W-26~02) eng-6
with Gilbert A, LaBine, Agent for Eldorado, Contract #-7405 eng-1i5 wase

terminated for security reascns, and tho black oxide to be produced nndnr

‘this contract was added to that to be produeod under Contract W-7405 eng-

252, These contracts and the purchase order are listed in App. F2,
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FACTION 4 ~ AMWRIGAN ’GURCRS

4-1, Ongratlong.~ As mentioned in Part 4, Par. l-4s, the third
importsnt scurce of uwraniumehearing materiale was the Colorado Platenu
rezion in the United States, Carnotite, the most Lmuportant typs of
wraniws-baaring ore in the Unitad Statos, was discovered in this ares
in 1899, 't large-scale mining and refining operations 4id not degin
antll 2bout ten yesrs later., Hetween 1911 and 1923, high-grade earmciits
ares wars saleoctively mined prineipally for the radinam content and, to
a alneow da ren, for the br-produets, vanadium and wraninm, The minimun
grads of ores mined Juring this period is raported to have had 2 Ug0g
content of syproximately 1.256., After 1923, production declined rapidly
bacants € Sha unfsvoradle position which carnotites had in the radiun
field, with rospacy to radiux derived from the rich ores ained in the
Balglan Songo. Varing tha paricd of eaploitatfon of earastiies for
- radlws, 1% wes repordsd that a total of mporoximately 200 grary of ‘
radfum, squivalent to approximately 900 tons of UsOg in ore, 'as produced,

Jinece 1937, carnotitas have been mined principally for thelr va-

nadiuvn éantent. The ores, as mined, miamga@ approximataly 1.75% -
nedium pemtoxide, (V,0g) and appmximtaw 0.25% Us0n. The high demand
“or vanadium, brou@t about by Yorld War II, stimlated vanadium produc.
tion throughout the region. The Metals Ressrve Corporation, a Government
agency, attempted to inorsase produciion by offering increased prices for
the venadium and by offering loans to small indepsndent operatgogt. in
order to incresse their production. U. 8, Vansdium Corporation, Vanadium .
Corporation of imerica, and the Metals Reserve Corvoration ware the most

active orzanizations in the produetion of venadium during this period,
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from Metals Heserve, 26 tons from the Vitre Mamufacturing Compsny and

@7 tons from other miscellmmsous sources. All of the Us0g purchased
wae contrined either in low.grade tallings asesying sprnrexinmately 0,288
Us0g, or in uranium sindges asusying from 10% to 50% UzOg. The total
gost of the procurement of Americen<spurce materials $o 1 Jamnary 1947

was spuroximately $2,072,330.
, = In oxder to obtain the wanfuvm con.

 tained in the cwmotite ores of the Oolorado Platesu region, 2s well ss
that contained in the tallings of current and past vansdium sperations,
gegotiations vere conduated with the three major cowmpanies n; the vans-
diun indngtry, navely, U.5.V., Y.C.A., nnd MHetale Reserve,

| From the atriet vievpoint of the procurssest of rew materisls
these negotliations were merely for the purchase of tailings and sindges,
to be further refined to Black oxide by other processors. Howsver, 1%
deons uﬁﬂmhia at this time to mention generally how these tailings
and sludges were obtained, even though the detalls of thess operations
are dismmssed in Pars ¢. U.B.V. and V.0,A., the largest two producers
in the vanadliun field, had each developed and wished to use a different
process for the recovery of urenius from domestic sources, The U.8,V.
Process mﬂnﬁi of ths treatment of the tallings which ma lefs from
their current and past yanadium opsrations, to produce a uranium glndge
suitadle for fapther refining to black oxide, The V.(l.A. process oon-
sisted of the direct treatment of the aarnotite ores o produce a oowe
bined ursnium-vansdius elndge, whioh would then Be 2old %o the Soverament
for furthe:r trestnent to remove the vanadium and produce black oxlde.
Previous to the entrance of the Mamhattan Mstrict into the field, V.C.A.
did not further process the tailings from the uranins.vanadfum sludge ‘



sxiraction, since thene tailings d1d4 not contaln enough uranium or
vanadinm to make further processing commereially esonomical. Hovever,
the upgont requiremants of the Hanhattan Distriet for uranium bearing
ford waterinls wade the trestment of such taflings desirmble., UT.5.V.

was reluetant to zllow V.0.A. the use of their process for the recovary
of urnniunm through the treatment of tailinge, and V.C.A. wns relnctant
to allaw J.3.7. the right to construet and overate tailinge-treatzent
plants on the sites of the ¥.C.A.-opsrated vanedium plants (Anp, X10), ©
Tharaforas, since it was neowssary for the Hanhattan District to shtain
all the wraninm availadle fron domastic oares, arrsngersnts weares nads

to procure both tynes of raw materiale: (1) a uranium slnudge produced .
by U.5.¥. from treatment of vansdinm-opsrations tailings, asd {3) s com-
bined wrming.vansdiue sludge nroduced by V.0, A, from the direct troat-
memt of ssrnotitite oras. The tallings from the current snd oast uranium.
vanadium axiencotion at V.C0.A. ware to bDe dought by the Covernnent amd

sent to the U.5,¥. plante for farthar processing. (vrifes cora are?

In general, ths following arrangements wers nade to procure
uranina.bezring rav materials from domestic sourcss for farther process-
ing %o Black oxide (M. Kl1). 'i'ho"dotaila of thase operations are dis= o
cuseed in Part fu"', Paragraphs 7-5 and 7-8. B

’: U.8.V. agreed toy
(1) Construct and overate, at thety own axpense, a
ursnius slndgs pland on t.hi site of the U.3.V, plant
at Uravan, Celorado. The feed for this plant was to
Do derived from the axiating vanadium tailings stocke
Pile at Uravan, supplemsnted by the tallings of current




(2)

(3

(4)

R E

vansdiun operations at Travan. The output of wranium

eludge was purchased by the Manhattan Distrist on a

unit price basis and was then further refined to produse
black oxids, \

Construct at Oovernmsnd expense, and operats for the
Govarnment, 2 uranium-vanadium sludge plant on the site

of the vensdimm plant at Uravan, Oolorsdo, on A coateping.
Fixed-Tos basis., Tha feed for this plsnt wes to be the
stosk-piled tallings sxisting at Ursvan, y»s well as various
tallings proenred by the Nanhattam Distriet from V,.C.A.'s
stotl-piles at Heturita. The tatlings vere yurchased by
the mtiu Distriot at a unit price based upon the re.
coverable UyQy and Vnbg oblained in the central refinery
at Grand Junotion, COolorade.

Canntraet at Jovernoent expenss, and opsrate for the
Government, a uwaaiuws.-vanadium sludge plant on the site

of the Durange, Unlovads, plant vhich was daing opersied
for Matuls Reserve. This constmction and operation wns
done on a sost-pius-fimed-fes basts. Ths feed for the
plant was to be the venadfun trilings stock-piled at
Durange and slee tailinge derived from Meae vangsdium
produstion at Darange, deth of vhlch were owned by Metsls
Reserve. The tallings vare parchased By the ¥anhattan
Hatriot at a mait price bdased upon the racoveradle Uszlg
and V.05 obtained in the omntral refinery at Orond Junctimn.
Conatrast at Government axponss, ~nd onervite for the
Governnent, a.‘ contral refinery at Grand Junotion, Cslorade,

|
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(1)

(2

P

o & Goet-plug-fixed-Los bt.!ﬂwlﬁ. The objeet of the central

%» .

refinery was to remove the venadium contained in the
upanlume-vanadium gludge g;rudueo& gt Uravom and Dupsngo.
This uranium sluwigs wee then mudtsble for further re-
fianlng to black exide.

agroad 1ol

froéuce urmium-vanadium gludge fram current vanadium
oparations at their Waturits, Cslorsdo, nlant. These
sludges vers then purchmeed hy the Menhattsn Distriot
¢n 8 upit-price basts, Kot of the toilings vesulting
from the sludgw~predusing operation ware of teo low-
grade for further treatment, ‘

£e)l to the Manhattan Dlatriet stock-piles of vanadium
tailings from the pant vansdium operations and high-
conkent tailings from ourreat production at Naturila.
These tailinge ware te be further tremted in the Hane
hattan Bistricteowned facilities at Uravsa and Orand

Jauzqation,

¢, Hotals Reserve agyeed tod

(v

dell to the Manlattan niitrm stodk-piles of vanadium
tadlings from past eperations and current vansdius taile
ings ramiting from the opomﬂon of the mm!im plant
at Durango, Oolarado, operated by U.d.¥. for Metasla
Hoserve. Tha tallings were pnrchased at o unit price
hased dpen the redovery of Uslg and VoOp in the Han-
hatten Diptrict-owned facilities at Grend Junctien,

Colarndo,



{2)  Produce ursnium-vensdium sludge from the current vanadlum
operations at the Monticello, Utsh, plant vhich waa
oparatod by VeC.A. for Hotala i@aﬁrv@. The zladgs was
parchased on & unlt orice basiz by the Kanhattan DMetriet
from Yotals Regerve. After the Km;i!.aolla plant was closed
by Hetals Foserve in February 1944, it wes roopansd by

YoGaks and the output of wraniuvu-vensdinm sludge wee them

}Tiuriﬁl%ﬂd directly fron Y.Cuae (ﬂpm. ”‘ﬂ.!?):ﬁ T .

Proguresai of wranius-besring materials fron U8 Y. was nade
under threa contracis, Y=7408 eng-20%, 7408 emp-200, and %26-021 eng-1.

ihene wateriazis vere prooured at prises verying from $0.30 per pound of

o sm Pty b e ot

sontained Ugly ond §0.30 per pound of V05 to £1.10 per pound of Usdy and
§0.31 par pound of Vg0 (App. E13). 4 totel of approxisately 891 tons of

contained Uzlg had been contrasted for as of 1 January 1947 from W.5.V. at |

Bl
H

i

a cost of approximately 3941,800. These contracts are iisted in App. 74, /

5ix sontracte were sntered into with V.C.4. for ths procurvement :
of ursnium-bearing saterisls. Thess Gontracts wers W.7405 eng-12, 7408
ong-144, Wa7406 ang-2B6, ¥-7405 eng-207, Y7408 eng-387, and 28-021 enge
12, Thess materials were procursd at prices which va#to& from 50,28 per |
pound of contained UsOg and #0.56 per pound of Vo0p te $1.50 per pound of
UsOg snd §0.90 per pound of Valg. A total of syproximately 230 tons of
Uzlg had been contracted for as of 1 January 1847, at s cost of spproximate-
1y $692,350. 7The contrmots are listed in Anp. ¥3.

Thyee contracts wera entered into with Metelas Reserve for the

prosremnt of rav materials, Thesa contracts vere 7405 emg-260,




W-7406 eng-282, and ¥V-7405 anp-287. The ocost of the materlals varied
from $1.00 per ton for tallings containing sbout 0.26f Usly (¥hich
smounts to approximately $0.20 per pouad of UnOg) te $1.10 per pound

of UqaOp and $0.90 per pound of V-0p in sludges sseaying 50% U,0, and
286 ¥:05. A total of spproximately 135 tons of U303 had beem contracted
for as of 1 Januery 1947 from this company, at a eost of approximately
§216,300. The contracts are listed in App. FS.

In March of 1948, a contresct, W=26-021 enge24, was entered inta
with the Vitro Manufacturing Company for the purchase of this contragtar's
stockpile of high grade carnotite ore, containing appreximstely 2€ tons
of UgDy,y at & lump sum of #71,880. (App. ¥3.) Contract Wa26-021 eng-24,
also covered the processing of the cﬂrnotita ore te sodm sait. This phase
is covered in Section 7.

. A nuviber of purchase orders were written with various vanadiwm
produsers throughowt the ecountry for the proeurement of uranium-bearing
sands end tailings. A total of appraximately 87 toms of Uzdg had been
coniracted for se of 1 Jannery 1947, st e cost of @pro:imtely $159.000
{App. ¥3). 3



SECTION & - MARKET AND MISCELLANEOUS PROCUREMENT

S5-1. Operations. = Prior t§ the Menhattan Distriet progrem,
approximately 160 tons of uranium oompounds were being consumed annually
in the manufacture of ceramio colors. The need for oconservation and cone-
trol of uranium supplies was recognized in Decembsr 1942, at whioh time
the War Produotion Board was regquested to taeke appropriate action. 1In
acocordance with that request, Conservation Order M-286 was issued by WFB
on 28 January 1943, prohibiting the further sale or purchase of uranium
compounds for use in the manufaoture or decoration of oeremie products
(App. Bl4). 1In August 1943, the purochase or sale of uranium ﬁnmpoundn
for photographio use was also restricted end certain stocks and trens~
sotion reports were required to be sent to the War Production Board, in
order to control more olosely the permitted use of uranium sompounds for
militery snd essential industrial applications (App El8). These reports
wares made aveileble to the lhnhntﬁan Distriot and, based npoh the informe
ation contained in them, a purohasing progrem was established, with the
objective of seouring as much as possible of the availadble stooks of
variou; refined uranium salts for the Manhattan Distriot (App. E16),

A total of approximately 2%0 tons of Uz0g, contained in
various refined uranium salts, had been obtained from available stocks
az of 1 January 1947. These materials were proocured at a cost of
$1,056,130 (B8ee App. P4).

5-2. Contract Regotiatione. = Some of the available uranium gtocks

were held by such oonﬁaniol as the Vitro Hanut'acturing Compeny, the Hershaw
Chemical Company, African Metals, and the Canadian Radium and Uranium
Corporation, who were already under contraeot to the Manhattan District

for other phases of the work. In the ocase of thess companies, direct
*




contreots and purchase orders were written to obtain their uranium stocks.
However, becauge security regulations made it inadvisable for the Manhattan
Distriot to contact the many other ccmmercial concerns who had small stooks
of uranium oompounds, the Vitro Manufacturing Company was authorized to aot
as an agent of thé Govermment in order %o obtain the stooks of uranium com-
pounds available throughout the United States. Vitro wae selested to
conduot this proourement program since they wers already active in the
Manhattan Distriot work and alsc were well known in the trade as a oom;r-

cial processor, seller, and consumer of uranium compounds.

Most of the market proouremonts were made at the ourrent commer-
clal marimt prioces paid by the ceramios trade, the prineipal commerciasl
user of various refined uranium compounds; 1.0., $2.08 per pound of black
oxide, §1.66 per pound of sodium uranate, $0.76 per pound of uranyl
carbonats, $2.36 per pound of uranium nitrate, eto. (App. EZ21).

The market proourements of uranium salts were msde under the
gontrects and purohase orders listed in App. Fd.

5-3. Miscellaneous. = The Washingtom Office also obtained approximately

481 tons of Uz0g in the form of miscellanecus compounds, mostly impure
sodium salts. These materials were found by our armed foroes in the

European Theatre of Operations.



SRCTTION 6 - PROCUREMENT OF OTHER Rn IDACTIVE WATERIALS

-1, Operations, - In addition to the procurement of uranium as
a raw material for the Manhattan Tistrict project, it also became neces-
sary to procure certain other radiocactive substances, i,e,, radium and
radium-neutron sources and radiocactive lead, Inasmuch as these materials
occur in nature in conjunction with uranium, their procurement was
handled as a part of the general procurement program,

a, Radium, - The need for radium and radium-neutron sources
increased steadily until, as of 1 January l9h+, a total of 73 grams of
radium had been procured for the various inatallations of the Manhattan
District. Of this total, about 364 grams of radium were purchased and
about 361 grams rented at a total cost to 1 January 1947 of $é79,399 (App.F6).

b, Radioactive Lead. ~ In September 1943, it becaue neces- |
sary to obtain substantial guantities of radicactive lead (App. El7).
Forturnately, radioactive lead was one of the by-products recovered in
refining uranium ore to black cxide, and it was possible to recover
enough radicactive lead from this source to £ill all requirements {App.
F18), As of 1 Jannaty 1947, approxilatoly 85 tons of lead oxide had
been procured, which amount fulfilla the present known requirements of
the project, The_gohal cost of the procurement of radiocactive lead was
approximately $£8,4,00 (App. FS5).

6-2, Contract Negotiations,
a, Radium, - During 1943, the market price for radium ranged

from $23.00 per milligram for quantities of less than 25 milligrams to
$18.00 ver milligram for quantities greater than 100 milligrams, As the

Manhattan Cistrict's requirenents for radiun increased, an arrangement




wag made with 4he two main suppliers, the Radium Chemical Compsny and
the Conadian Padium and Uranium Corporation, whereby the Government
émulc’i got the henefit of a reduction in price according to the following

schedule:

Radium Chemioal Compeny

Lots than 25 milligzrams ..ececoeee.s $23.00 ner milligrem

25 4o 100 milligrems ..ovcoerave-n. 320.00 per milligrem

lﬂo‘milligrans and OVOr +..ocvveoss 515.00 por amilligram
The above schedule applisz to both plain radium and %o radiumeneutron

SOUTrCaS.

Canodisn Redium sad Uranium Corporation

Plain radium, any smount..se.se.... $16.00 por milligram

Radiumeneutron B0urces8...... -...es $17.00 por milligram
Thae incressed prica chargsd by the Csnadian Radium and Uranium Corpora=-
tion for radium-neutron scurces was due to the greater hazard in pre-
paring suoch items.

As ofiJanuarle/ 1947, 18 purchase orders and 6 conbracts had
been issued to Joseph A. Kelly, Agent for the Radlum Chemical Company,
and 15 purchess rders and 8 conbracts had been issued to Boris Pregel
of the Canadian Redium and Uranium Corporation for the purchase of
radium.

In some cases, it was deairabl; to reat radium and radiume
neutron sources, which were leased from both of the previously mentioned
acompanies at the rate of 3250.00 per gram per month. This prise iz equive
alent to 20% of the value of the radium per year. As of 1 January 1347,
7 purchase orders and 4 contracts had been lssued to Joseph A. Xelly,

Agent, for the Redium Chemical Company, and 2 purchase orders and 3




nontrscts had besn issuéd tn Bor!s Progsl nf the Cansdian Wadium and
Uranjium Corporation for the rentsl of radium. Howsver, as of!Jnnuary I/
1547, there remsined in effect only 1 purchase order for 100 milligrams
with lir. Kolly and 1 contract for 200 milligrams with Hr. Pregel at this
inoreaged price.

Three countracts and one puréhaaa order have bmen issued to the
Radium Chemical Company for the rental of radium.

Une ocontract with the REldorado Mining and Fefining Company wae
issued in May 1846 to oover the rental of radium from that company.

Theze aonbracts and purchase orders for tias purchese and rental

of radium are listed in App. F6.

b. FHadioactive lead. =~ Radiocac’ive lesd was prooured from two

main sources: lead produged ss & Ly-product in the Canedian refining
ﬂperutions (App. £18), and lead produced as a by-product in refining
sludges derived from African ores. The Canadian by-product was the
largest source of supply and was purchasod at a price of 30.538 per

pouné of lead elemen®. That derived from the second source was procured
at & price of $1.00 per pound of lend elemont. A sunmary of the contracts

for tae purchase of radiomotive lead i¢ liste: in App. FS.
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SECTION 7 - REPINING OF RAW OH#E TO BLACK QKIDB
ARD JUDA BALT
7-1. Uperations. - In ygeneral, the relflning operations (App. R}

sonsisted of a mechanical eprushing aund grinding of the reaw oros to a
fine sandy material, the treatment of this sandy material with acid te
extract the uranium auntanﬁ. the partial troatment of the extrect with
caustlo and othur chemloals to precipitate the wuajority of lmpuritiesy
a furthor troatment with cauatic and other chemicals to precipitate the
uranium; end & final roasting or drying operation to produce the re-
fined naterial as either black oxide (urmnium oxide, Usz0g) or as soda
Qalt (sodium uranate, Naplgoy).

The procesa developed and used by the Vitro ilmnufacturing
Company for their commersial business, and subssguently used in their
contracts with the Menhattan Distyriot, had been desiyned to produce
sode salt. The equipment snd process were such that this plant operated
most effiolently and economically on relatively high grade orss, that
18, 503 or greater U0y oontonb, The Vitro rofinery is designed %o
handle approximately 40 tous per month of gross ore lnput.

The process used by Zldorddo Mining snd Refining at its Port
Hope plant was algo dosipned for its commercial business and produced
black oxids. This proosss mnd equipment allowed efficient and economl-
oal operations on ore concentrates eon‘:zaining 20% or higher Uglg oontent.
The rldorade refinery is designed to handle a ygross ore input of approxi-
mately 228 tons cer month and, in addition, has assooiated faoilities for

the refining of radium from the wanlum ores,




To fulfill the noed for s plant capable of economically
and atl‘icisntly proceszing ores or consertrates conteining loas than
205 Uzbg, the Lizde sir Products Company rofinery st Tonswmnda,

Hew York, was originally huilt and dosigned Yo handle American ore
cogventrates at an ilnput of approximsmtely 640 tons per month, but
through subsequen’ procoss improvements it has besn porgidble to procesas
both American end Afrlosn ore concentretes at much higher rates (150-220%
designed capaoity). Uousideration of the type of ore, peroent Uslg and
other factors have beun nsgessary in detersining in which refinery the
seversl ors cancentrates should be refined.

The American ores were in reality tailings from previous
vanadium refinery operntions and were of such low ursnium content that
it was necessary to cmwnﬁra}u thes in successivw atages &b or noar
the nine where they were produced, because of the sxcesaive transporta-
tion vharges shich would otherwise have been required in ﬁrmmporting
very low-grede ores ’ea‘ Linde's refinery at Tonawanda, lew York. Ada=
oordingly, 1t wes necessary for the Goyvrxmnﬁ to provide preliminsry
conpentrating plants at Uravan and Durango, Colorado, ‘and a central
refinery to remove vanadium at Grand Junotion, (olorade (App. clAand
D4}, The U. 5. Yanadium Corporation owned one plant at Uravan,
Culorado, which was also utilized in the prelinminary concentration
steps ‘

7-2. Rofining by Hldorado Mining and Zefining.

s. (porations. ~ The irst material relined by ildoredo at
Port idope, ‘mtaris, Ganada, consisted of the initial 100 tons of 65%

(Uglg) ore procured frum African Metels Corporation, us a trizl lot to
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determine the efficienciﬂof fefining operations. These ores were de-
livered to Eldorado in November 1942 and refining was started a month
later., At the time of the delivery of the ores, the plant was small
and did not have a produciion capacity of more than 30 toms of black
oxide per month, Ho:ever; the plant was expanded at the expense of the
contractor to a point where he was able to deliver 150 tons of black
oxide per month when working on 65% African ore. Expansion was started
late in 1942 and by February 1943 the capacity had been raised to 100
tons of black oxide per month, Refining operations have continued to
date both on African ores supplied under refining contracts and on
Canadian ores from which the black oxide produced was sold to the
Government,

Yo 1 January 1947, Eldorade produced, from African ore,
approximately 1,832 tons of U30g. The total cost of the work performed
under eight contracts was $2,823,310, the cost of refining U30g was
$2,528,560, and the average processing cost was approximately $0.69 per
pound of U30g in black oxide. In addition to the African ores processed,
appro;inately 847 tons of black oxide have been produced to date from
Canadian ores. (Ses App. F7.)

b, Contractual Arrangements. - As explained in Part B,
Section 3, no separate arrangements were necessary with regard to
Canadian ores, 1naannc§ as the uraniuﬁ was procured from Eldorado
in the form of refined black oxide, Thus, as far as contractual
arrangemeénts were concerned, the refining of Canadian ores was inte-
grated with the procurement contract. In the case of treatment of

African ores, however, the refining contracts only were negotiated with
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7-4. Gefining by Linde Alr iroduots Company - Prlor to the develop-

the preoject, Linde Alr icodupts Jompany had bean &n&agad in the

e

s lleseals vroduction of acomersially pure bisek oxide. The O8aD,

Ligough the Univeraity of Chicapgo snd Jtong & Vebstar Ingluseoring

.
o

Taerporation, had made arrangements with Linds for the procurensat of
sumll quantities of hlﬂﬁk uxiﬁa and aed also digaussed ih& produstion
af zpecially parified mmterisls by othsor prosesses. Linde was s8 loctod
%0 he one of the principal prmmﬁﬁsiﬂg jlants badau%@ 2i its szisting

association with i1ihe project, i1is lmow-~how in process wg uraniuwm, apd

iover-relabtlionshiy betwsen its parent ocowmpsny, ths imlon norhide .




Uarbou CGorporation, and Loth the Us. 3. Venadium Gorporation {one ol

the suppliers of American ore cohceutrates of wranium) and the “lectre
Yetedlurgioal Company (whose exporlionce in metailurplcal lelds appenred
to be valuable to the project).

The Linde black oxide plant located at Torswanda, Hew York,
was originally desipod and built for the processing of we lum~contain-
ing concentrates from Amerigan ore. These concentrates vontmined approxi~
uately 104 black oxide and 2% wanadiwa pentoxide (Valg). In the rall

of 1543 alterations were made to the plent be permit the prosesaing of
Africun ore concentrates containing fram €5 to 108 UzOge The produst
from this plant was black oxide of & grade somwwhat superior %o the
normal cowreial black oxide.

In the process used by Linde, ihe ors concentrate was
slurried with sulfuric asid and water for about two hours. Coda ash
wvas addad to the aold slwrry to precipitate most of the impurities.

The slurry was filtered, The fil‘t:aé onke was wmahed with hot dilute
sodium omrbonate solution and disoarded. The filtrate was trosted
with ferric and ferrous sulfate %o precipitate the residuml venadlum
asnd phesphorus. The resultant nlw was again filtereds The oake wes
discarded, Sodium hydroxide wes sdded to the cmrbonate liguors te
precipitlata the uranivm ss sodium uranate. The sodium uranate was
leavhed in a weak soid solution with mnium sulfate t form ammonium
uranate, whioh wan removed from the slurry by {iltering and ealoiued

to form the purified blook oxide.
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Under uontract ho. @-740) eng-l4, Linde contrected to build
and oporate a plent for reilining afrieen and bnericmun ore congentrates B
produce bleck oxide in a Dirat sbep, lor the further processing of the
black oxide to produse brown oxide in & second step, and for the con~
version of brown oxide into green selt in 8 third svep. The brown
oxide aod green sall phases ars dimcussed separately in Sections 8 ond
Pe The tetal cunstruation cost was ¥8,040,230 for all thres steps, of
whieh 1,769,040 was for the relining étep. The contract was negotianted
on & sost~plus~a~{ixed~l'ee basls,with the fixed fee to apply te opera~
 tious only. Design of the Linde refining plant was bused upon previous
pilot plant studies and development work done by Linde. uonstruotion
of this plent wus completed in July 1948 and the plant started inte
gperetion processing mmwrican ore concentrates (App. 228, #28). Alter
coriain etarting-up tWoubles, the refining step operated ad approxi-
mately 1100 of its deadgned cupacity of b2 tons of bleck oxide per
moath until Deosmber 19483, In December 1948, operstions were changed
to consume L0+ and 6% sfrican ores During the peried December 1948
through Hovember 1044, consuming Afyrican ore the plant oporated ¢
185% of ite designed cepaoity of 6B tom of black oxide per monthe
in the Spring of 194¢, operations were at a rate of 225% of designed
capaclitys, After Hovember 1944, at the request of /mdison Square Ares,
Linde made slterstions in the plant and ohenges in the method of pro=-
ossaing in order to inoronse the extraction of the wranium content Irom
the ore. Those improvements resulted iz an inocrease of extraction from
D3% %o 9B” of the ore content. Beowuse of the inorease in chemical

oonsunption and the sdditional operations necesgary to secure this
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higher extraction, the unit operating cost in this step increased

from approximately $.80 to $.85 per pound of black oxide. However,
this unit cost would have increased considerably more if other develo-
ments in plant cperations had not enabled large increases in output and
efficiency, In Lecember 1944, operations were changed back to American
ore concentrétes, and because of developments made during the period of
operation on African ore concentrate, operating rates of approximately
150% of the original designed capacity were maintained through
January 1946 when all of the available American ore concentrates were
consumed, In February 1946 the Contractor began processing 3% African
ore. Approximately 10,250 tons of ore were processed during the period
February 1946 to(igi;\zgj 1946 at approximately 110% of the rated
capacity of the plant. The plant was shut down 18 July 1946 Sesebs ~
insufficient suitable raw material and hﬁs been maintained in stand-by
since then. Total production to 1 July 1946 was 2,428 tons of black
oxide, at a total operating expenditure of approximately $5,074,260,
including material furnished by the Government.

Construction of a high-grade ore refinery, at Mallinckrodt
Chemical Works in 5t. Louls, was started in May 1945 and completed in May
1946. At the end of the year this pl;ht was just beginning to reach

quantity production,

7-5. Concentrating of American Ores by U, S, Vapadium Corporationm,

The sources of uranium within the United States conslsted of carnotite
ores, ordinarily containing less than about 2% of uranium, and sand
tallings from previous operations for the production of vanadium. MNoat
of the uranium available was in the form of sand tailings which con-
tained from one-quarter to one-half of 1% of black oxide and approxi-
mately the same quantities of vanadium., Since it would have been very

expensive to transport such a low grade material from its source in the
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. Lolorado, Hew dexico and Uteh arca to the refineries near Buffalo,
deow York, it was obviously desirable to make arrangements for the
preliminary provesasing of these materisls in planis near the sourcoa.
#ith this in mind, initial arrangements were made with the U. &.
Tanedlum Corporation (& subsidiary of Union Carbide & Carbon Corpora-
tion) to produve in & U. §. V. plant ia Ursvan, Colorado s concentrate
containing spproximately 164 black oxide from a large quentity of sand
teilings which wers the property of U.5.V. The output of ihias plant,
totuling 150 tous of Uyl in concentrates, was delivered directly to
Linde (App. C1).

Comcurrently with this proceasing, urrangesents woere amde

with U.8.¥. to build and operate plsnts at Durenge, Uslorade, and
Uraven, Colorade, for the pralwmy soncentration of the uresium
content of the sand:*by a procees lavelving leashing with sulphupric
acid and subsequent precipitation with caustie, filtretion, and drying
of & conventrate called gresn uludm:f ounteining 6% to 104 I'x;lmk oxide.
Zince the acid lemohing process slso removed the residus)l vanadium
content from the sand, it was necessary %o process further the cou-
otntrate from the Durango and Uraven plamts, to remove the majority of
the vanadium content snd recover it in usable form as a by-product.

The plant faor this operation was located .at Grand Junction, Coloreado,
to which polnt the Durango and Urevan green sludge was brought by truck,
and from which point a conoentrate known as yellow aludgai containing
104 te 18% UgOg and 2% VpUp, was shipped by rail to the Linde refinery

at Tonmwanda, New York. The Urand Junotion process involved, essentially,
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roasting of the green sludge with soda ash to make th& vanadiua
- soluble in water, lesaohing of the roasted :weterials with water to
remove the vanadium, and, finelly, the dryiné of the leachsd sludyge
to preduce ths finsl product, yellow sludge. In acoessory operations, .
the venadium dissolved from the green sludge was recovered ms red eaka’,“'
which was then converted into a u].abl; form of fused vanadium pentoxide
(V205). |

Construotion and operation of the tioverament plants at
Durange, Ursavan, and Grand Jmumw started in Herch 1943 Ly the
Ue 8. Venadium Corporation under cost-plus~fixed-i'ee oontract i=-7408
ong-3%. Construction cost of these plants was approximately 31,591,680
and oﬁerating cost was epproximmtely $205,000 per month, with a fixed
feo of §6,000 per month, starting from the beginning of oporations in
September 1943. The desigued capacity of thoss plants were as followss
Uravan, 300 tona of send tailings per days Durango, 100 tons of sand
tailings per dey; Ursnd Junction, capaoity sufficlent to handle the
soncentrates from 600 tmﬁn of sand taillings por day.

Contract W-T406 eng-201, which covered the produstion by
U.5.V. of the ors concentrate from i&s owa mill at Uravan, Colorado,
had been established with certain unit prices, namely, #1.10 per pound
of contained Ug0g and $0.30 per pound of contained Vz0g in the product.
However, after the contract had heen in operation for a sufficient
length of time to produce spproximately 1560 tons of Ugly in the cop-
centrates, it was stated by U.5.V, that becauso of a deorease in the
country's need for vanadium, continued production of large quantities

of vanadium pentoxide would not be warranteds The U. 5. Tanadiuwa

7,10




Corporation requested puspension of Contraoct W-740b eng~-201 in order
to avoid & finenoial loes, but they were willing to enter into a
cost~no-fes coutraot for the production of a uranium product only,
from sand tailinge. This was to the advantage of the Government sincs
it provided Government supervizion and an ineressed recovery of
uranium from available domestic sources. The alternative would have
been for the Govormment to hold U.8.V. to (ontragt W~7406 eng~201,
in which case U.5.7. would heve been required to operats in suoh a
way a8 Lo minimise their finmncial loss. 7This slternative would have
resulted in « depletion of supplies and s serious reduction in the
usaful life of the Government-owned ‘E‘Irnﬁn plant becsuse of lack of
raw materiele to be processed. It was also found that this metled of
operation would lo#e irrepleceably about 95 tons of UsOg which would
be recovered if the U.5.V. Uravan plant operations continued under
conditions of maximum recovery rather then of alnimum cost. With
those considerations in view, it was deoided that it would be in the
best interests of the Government to suspsnd operation of Contragt
%-7400 ong-201 and, by supplementary agreensnt to aaat-plurn-ﬂxoel—rw
Contract W-7405 eng-32, to take up 'éhe operation of the U.8,V. Urawan
plant on a cost-no-fee basis, and have it operated to sscure muximum
resoveries of ursnium. Thia change-over was made sﬁwttww
1944 by supplemental apreement to botbl contraots (App. BR2-E27),

from the beginning of operations toI!January A/ 1847, &
total of 831 tons of Ux0g in yellow sludge was produced by the U.5.
Ysosdium Corporation, at an operating expenditure of approximately

44,871,140,
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There ia not included in the above oost the credit walus of

|
924 tons of vanadium pentoxide (Vzug), prodused as a by-produst at the |
Grand Junction plent. This material has been traunsferred to the Treasury |
Department to be retained as a resorve of a critioal material.

Uperutions of the plants in the Colorado irea are aummnriaé&r
Ly the graphs in Appendix D4. It will be noted that the unit costas
of the Uurango operation and the U.4,V¥, Uraven operation have risen
rather than deorsasged. In the case of the Durango plant, the reason
for this rise has been threefolds (a) duoreesed rate of availability
af feed atooks, (b) decremaed percentages of uranium in the feed atooks,
and (o) increased chemiosl vongumption which was caused by chauges in
the nature of the leed stools.

In the oase of the U.3.Y, Uravan operations, the reason for
the higher costs after the shutdown hms heen the ghange from unit price
operation to oogt-plug~fixed-fes operation under such comditions ss to
seoure maximum recovery of wranium contained in the feed materials,
ap dispussed above. The variation in coat {rom the beginning of
operations in mid 1944 to the latter part of 1046 rasults largely
from changes in rate of plant operations, under conditions where a large
part of the total costs are indireet and do not vary with produstion.

In conneotion with operations in the Colurado Ares, a
considerable quantity of research and &nvulopnant work weas done, some
of which resulted in improvements in prooaaees‘and reduatioa in
operating costs. Prooesses wore developed and engineering estimatos
and designs have boen made whioh demonstrate that, if future operations

are undertaken on uranium-containing materials of the type found in




the Colorado irea, new plants using Inproved processes oen be coustruoted
and operated at reduced costs,

treditd for the majority ol the ideas studied, upon which
dovelopments were based, is due various members and assoviste regearch
laboratories of the Army proupk. The research and development of these
idaas'a’gé carriod out by the U.8.V. laboratories in the Colorudo Area,

7«8, Concentrating of smeriosn Ores by Venadium Corporation of imerice -

The “enadium Corporation of hmerics, under supply contracts (lee Part i,
Seation 4), processed in ita own refineries in the Colorado area at
Yonticello aud Heturita various ores from whioh wers produced black oxide
concentrates, containing approximately 454 dlack oxide and 25X vanadium
pentoxide, which were then delivered to the Vitro danufeoturing Compeny

for further refining.




SRCTICE 8 - PRODUCTION OF BROWN QRIDK A¥WD
OHAKGE QXXDR

B-1. Spearatiang -~ In the swamer of 19478 the Mallinckred$ Chemical
Works, ia coopsration with the CSRD and the University of Chicags, had
devaloped a process for ths msmfactures of uwranium compounds of high
purity. This process was bassd upon the extrastion, with ether, of tha
uranion from 148 inpure solution in nitrie seid, unise sash sonditions
that the (muritise radmined in the solution., The purified ureninm nie
trate wns then bolled down and de-nitrated by roasting to produce the
orangs oxide (wrenium oxide, Uhz), which wns than reduced to the browm
oxide {uranium dfoxide, ) by hesting iz an stmesphers of hydrogen
(App. 03). This process had never een used on a commaroial senle sad
faciiitten for 1ts use 414 not exist. Sines 18 was the only known process
viidh would produos material of the required purity, it becans nscessary
to construst and pud inte speration, at the fastest possidie rats, adequate
facilition for the utilisation of the precess, to produce the required
mtiﬂnﬁf purified uranium compounde. Folloving the basis plan of
providing thres parallsl shalns of operation vith certeia ncewssery wnits,
srranguoenty were nade and Wuiﬂqm were begun for the soastructien
end operation of the required facilitiss, Sinos the Ma)iinckrodt Chemicsl
Yorks had developed the proosss and had the know.how, they wvers chosen se
a unlt of one of the thres chaine. Linds Aly Products Oompany, with know
how in the refining of wranium, and slresiy assooiated with the prejeet
snd well separated geographlesily from the Mallindkrodt plant, was chosen
as & wals of the second obain. H. I. du Pont de Nemowrs & Company, wilh a
plant logated st Deepwater, N. J., across the Delaware River from Wilningben,




Delawsre, wan assoclated with the projest, throngh the 0HRD, in the
step of namufncturing the gresn salt, detailed in Segtion § hereof.
Sinoe this campany had wide exunerience in the chenisal field and the
foographical losstion was satisfactory fronx the sscurity standpoing,
du Pont was salected as & unit of the third chain of cperations.
Procesvee at 211 plants vare dased wpon the originel Mallinecorodt design
with only zizgr vardattons (Ap. 03).

82, Nallingkredt Byown Cxide Flank.- The Hallindorods plent for the
produotion of brows oxide is loested at 3%, Iowie, Ho. This plant, using
sither commereis) dlack oxide or seds salt, produssd a highly purified
brown oxide by the use of an ether extraction process dsveloped Yy
Hallindkrodt, asd deseribed sdave, in puragrsph ;—1. In addtition to the
brown oxids, this plant also produced grange oxide amd wranium nitrats
hexahydrate (003(H0g),.68:0) as Intermedinte compounds.

Nagobations vith Nallinekeods 5 the fall of 1943 and early
1943 remlted in a decisdon vheredy they would construst, as their own

AN s i

'Wtr md ab thelr owm sxpense, s plant deeizned to process 52 tons of
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© black oxids or soda salt per math lite brown oxide or the other compounds
sentionsd nhew.

The basis Contract %7408 eng-1 callsd for the produstion of
150 tons of brown oxide or squivalemt, ad a unil price of £1.56 per pound
(&pp. 350}, The rate of delivery was to bs one ton per day, six duys &
week. This contrnot was made effsotive 20 July 1943, in order to inclnde
that material produced under le$ter contrash vith the Stons & Vebster
Inginosring Corporation aoting for the DEED, Operations in the sxpanded
plont wps started oarly in 1943, '

I§.-—" ,
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Throagh various improvements in the process, the majority of

which were developed by Mallinckrodt, the capacity of their plant has been
increased from the designed rate of 52 tons of black oxide per month to
a final capacity of approximately 165 tons per month, or more than 200%
increase, At the same time, the improveﬁenta in operation and resultant
economies parmitted‘a reduction in unit price, from the basic contract
rate of $0.38 per pound on terminatiom of Contract %-7405 eng-l {App. I7).
After completion of deliveries called for under Supplement #2
of the contract, #allinckrodt, in reviewing its costs, found that through
varicus improvements put into effect since the quotation for this supple~ -
ment was furnished, costs had been so much reduced that the price for
the 400 tons of brown oxide covered by that supplement could be reduced
from ﬁ;.ll to 80.70 per pound; and Mallinckrodt therefore made a
voluntary refund for this quantity, totaling $332,000 (App. B31).
Mallinckrodt continued to opsrate the Brown Oxide plant until
May 1946, when opc;atiens under Contract No. ﬁk?hcﬁ ong-1l were terminated
and the plant was dismantled. From the start-or operations until May
1946 uhllinckfadt produced approximately 4,190'tons of orange and brown
oxides atfa?iAtél proceasing coat of.fh,7b5,250 (App. F-8). In these
operations, handling large quantities of uranium oxide, Mallinckrodt has
accounted for 98.83 of the materials furnished to them,

As aoﬁtioned above, Hallinckrodt engaged in considerable research if}.

in deveIOping and improving the other extraction process, which resulted iﬁuf  :

large increases in efficlency of operations, reduction in costs, and incresses

in the capaéiiy'ot equipment. They alsoc engaged in the development, with the







produstion of zreen salt and uranium metal., The total eo#-tmuon cont
was 31,050,000 (Ses Aop. ¥B), the majorisy of vhich is chargesble te the
brown oxide portion of the equipment, whiich inoludes considerable special
stainless atedl aguipment for the handling of nitris scid solutions.

The du Pont brows oxide plant, together with the additional
steps mentlonsd, 1s operated on a cost-plus-fixed-foe Vasis. Operations
of the browa oxlids step commenced in early June L1943 and have procesded
vithout serions 41fficulty since that time, du Pont's totsl produotien
of brown oxide has besn 1,970 tons, at a cost of $1,801,080 or an aversage
processing tost of 30,48 per pound for this step, Ths prasent sost of
$0.45 per pound {s a distinet reduotion, under seriier coste, which can
be attriluted to the development of imov::dag?ﬂm usthods and tech-
niquos on the part of the sperators (App. m;@. 0f the total quantity of
brova oxide produced Dy du Fond approximately 1,470 tons, or 648 have bemn
produced fron various sorsp asd bHyeprodust materiels vhdich wvere fod elthar
to the previcus step (Reeyvery Plant) or dirsctly te the brows oxide plms,
depending upon the quality of the feed. IS vill be soex from this figure
Vhat the resevery oparations vere of major impertauee in sasaring the meet-
iu of projoost remirements with a xintman of nev materisis.

A a remit of improved efficiensien in m operations, the
quantities of sermp material shilch ave resireulated to the du Pout plant
have been significantly reduced.

B-4. Linds Zrows Oxide Flant.~ The Linds Alr Produote Company, loosted
at Tonawanda, New York, constructed and operated a plamt for ths produe-
tion, in three consesutive steps, of dlack oxide, brown oxide, and green
ssit. The process used followsd in its main voints that of the Hallinckrodt
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plant, ‘;;m:lﬂng ather extraction, de-nitratien and reduvetion of the

AYRNEY o,ﬂt!a witk hydrogen %o form brown oxide. In the hydrogenm veduc:
tion step this plent's process differed wlightly from the Mallincirodt
and du Pont plmnte in that contimmous rotary kilns ware used rather than
the batch process at the other planta.

The Linde browm oxide plant was constructed as a pard of contraot
#7401 eng-14, which has Yeen yefarred to in connsetion with Linde's ore
refining eperation in Section 7. The operation of this plant under Contract
@-7401 ang-14 was on a cost-plus-fixed-fee basis. The fee for the operation
of all steps was $12,500 per month and the operating cost of the drown oxide
step was $456,470 from the time 1% was sterted in Aagust 1943 until the time .
the plant vas stut down and placed in standby conditfon in the spring of
1944, During this period, a total of approximately 300 tons of brown oxide
was produesd by Linde, st an average processing cost of 30,76 per pound for
this step, Silgnificant reductions 4n operating costs wére sade so that atl
the time of shutdown the unit cost had desn reduced to approximately $0.40
per pound (mp.pf).

4 combination of circumstances resulted in the declsion early in
1944 to place the Linde brova oxids plant {n a standly conditfon. Reduced
supplies of black oxide to all operations had resulied in sn excess of
browa oxide produstion aapasity over swpplies avallable as input to the
drowvn oxide step, md a review m made of all operations to determine
which one conld be shut down. Mallinckrodt was processing syproximately
110 tons of brown oxide per month compared with total drown oxide re-
quirensnts of approximately 160 tons per month. If the Mallinckrodt
oparation wers shut down, inadegquate orpacities would remain in the |
other two plants to supply requirements and to consums availsble supplies,




The duPont operations werg"iptegrated with their recovery plant operations
which were producing a wet uranium peroxide sludge for feed to the duPont
brown oxide plant, and considerable dﬂfficulty and expense would have been
involved in preparing the peroxide in such form that it could be shipped
to other brown oxide plants for further processing. In addition, the Union
Carbide and Carbon Corporation, in connection with its work on production
of nickel compounds for the K-25 project, had need for certain facilities
similar to a portion of those in the Linde brown oxide plant (App. E32).

' In view of the foregoing qonsiderationa, the decision was made
to place the Linde brown qxids plant in atand—byﬁ?ondition and to use a
part of its facilities in the XK-25 work during that period, Since the
completion of the work on nickel compounds described above, the balance
of supply versus regquirements and capacities has been such that there has
been no need to reopen the Linde brown oxide plant. However, in order to be
prepared for any emergency or disaster which might intertnpt operations in
other brown oxide plants, the Linde plant has been maintained in stand-by
condition,

8-5. duPont Scrap Recovery Plant, - In the majority of chemical process-
ing plants and metal fabricating plants, there is a production of by-products
and scrap materials., This holds true alsoc in uranium proceasing; in each of
the various steps there are certain waste or scrap materials produced which
contain uranium in significant quantities. The majority of this scrap comes
from the metal productiocn and fabrication operatiﬁna required for the X-10
process (See Sec, 10). In the metal production operation, approximately 2%
of the metal charged appears in the by-product slag from the magnesium re- |
duction process and approximately 4% appears in drosses from the recasting pro-

cess, In the extrusion process, in addition to the solid metal scrap,
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mptal oxide, constituting spyroximately 1% of the metsl extruded, 1s

produced as scrsp. In other operations of tha ursnium-nrocessing chain,

the nwm consiste of residues, materials recoverad from offinmnte, cumns
and drainags systera, dust recovered from wentilating systans, and floor

aveenings (ipp. H54).

In order to recover the uranium content of the various scrsp
zatorials and rut it back into process, du Ponsg, at tha request of the
Monhattsm Dlatriet, developad a method for handling thees scrap matsrials,
The du Pont rocovery nlant at Deapwater Polat, New Jersay, is sdjecent to
their brown oxids vroceszing plant, The plant 1e adapted to the process.
ing of neerly 21l tynes of sorop materials and producss from them a wed
uranium paroxide (U0,,2.0) sludge, which is waitadle for charzing directly
inte the brown oxide process in the same mpnner as if it wvere bdlack oxide
{%op. C4).

The construotion and operation of the plant for this rscovery
process was undertsken by du Pont under cost-plus=-fixed.foe Contragt
%7413 ong-23, The construction cost of this plant was spproximately
$842,280. (See Aop, F-8). ;

The designed eapacity of tlu plant was originelly 120 tons of low
value glag and sorsp mmteriasls per mmrm 14.5 %tons of high waluas droms
material per monih, n/o original process used involved the griading mmd
roasting of the soren materials, them a treatment with mlphuric scid in a
high temperature retort to drive off hydrofluoric acid from the fineride
contained in the sorap, followed by a treatment wvith line, filirsilon te
remove the bulk of the slag impurities as “gyp ocake”, snd finally a precipitas-
tion of the urasnlum content of the solution by addition of hydrogen peroxide.




The vreeipitate of ursnina peroxide was remaoved hy centrifuging, produsing
a wat cake which was charged to the bYrown oxide process.

Operaiicn of the recovary plant began late in September 1943,
some difficulty was oncountered ia obiaining a product of satisfactory
low fluoride content (which is essential in the material charged to the
brown oxide process) and in resching desigmed consumption rates. Parther-
zore, 1t was found that the cost of opsrating the hydrofluorio sdéid re-
moval step was considerably more than the value of the hydrofinerio aeid
prodnsed {fpp. 333!, Daring this period, a large backlog of sarap mater.
1als in droes had Yeen acoumulaiing, and, in May 1944, dn Poat was re-
guested to uake the necsssary changes and additions %o previde for ine
creasing the processing rate to 210 tons of low valus materisls per month
and 26 tons of high value dross material per month, with such changes ia
methods of processing as would be nedessary to take care of the flueride
situation, 3efore du Font had developsd a satisfactory method for flueride
removasl, Yale University, asting under direction of Madieon Squars Ares,
developed a method, inwlviag the use of sluminum sulphate, to prevens
the fluaride from asontaninating the precipitated peroxide. This method
was adoptod in the reviesd recovery ﬁlant and it wvas found possidle to
dispense sntirely with the hydrofluoriec ssld remowval system, which elini.
nated certain bottlenecks in the plant and allowed the produetion of high
quality peraxide. The adoption of this methed of operation in the recovery
plant made 1t possidle to incremse conmumplion of dross and slag to a total
of 250 tons per month, wvith practioslly no additional oquipmi except for
a stean dryer to handle certain wet sarsp material. The plmt has operated
satisfactorily aince this period and has rapidly deplstsd the backlog of
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A tatal of 5,486 tons of sorap material has been consumed by the

recovary plant fron the beginning of operations to 1 Jawmary 1947, and
from thage nsterials, maproximtelylesa tons of amivalent black oxide
have bean produced, at a total oparating cost of approximately $2,394,130,
OF an aversgs processing sost of $1.17 per pound for thins operation., GSince
the direet cost of this operation 1sv influenced primarily by the consump-
tion of sorap, rather them by the output of peroxide and ainos, as the back-
. log of scrap mmteriale has been consumed, the uranium contant of available
fuods has bLeen progressively deoreasing, the monthly unit cost hesed upon
the paroxide output has recently bYeen {rending uwpward., Actually, however,
the ronthly total cost has shown a slight trend downverd as opersting
zathods znd techniques have improved. The cost graph (dpp. 35 showe

the affecte «f the various ap«atiaf factors discussed above,

Through the use of this recovery plant, more than 98% of the
nranium content of the serap materials, which otherwisze could not have
been reprecessed, hae bYeen removed and put back into the processing cire
culd, where 1t will eventually be converted teo ussble feed materisle.



SECTION 9 ~ PrCIUCTICN OF GREEN SALT AND HEXAFLUCRIIE

9-1. Operations, -~ At the time the Manhattan Mistrict took over the
procurement and nroduction of uranium-containing materials, the OSRT had
made arrangements with duPont and Harshaw Chemical Cémpany for the develop—'
ment of processes and the production of small quantities of green salt
(uranium tetrafluoride, UF,). Processes previously available were long
and complicated, exnensive to operate and involved varicus wet operations.
duPont and Harshaw had each put into small-scale operation dry processes
(differing only from each other in detail) which involved heating brown
oxide to a high temperature in an stmosphere of hydrofluoric acid, which
converted the brown oxide to green salt in one simple dry operation, and
the only additional step necessary was grinding the cake of green salt
vinto d fine powder {App. C5). The process was therefore adopted for all
plants required for the production of green ssit. However, Harshaw has
found it unnecessary to grind the green salt for conversion to the hexa-
fluoride. Operations are summarized in the production and cost graph
(App. 9 and 10).

The large-scale plant for manufacturing hexafluoride {uranium
hexaflunriéc;'ﬂré); which is the feed material for the K-25 process and for -
the S-50 process until it was shutdown in the fall of 1945, was operated b§'1
Harshaw, The process consists essentially of reacting green salt with
fluorine to obtain the hexafluoride {App. C6). A summary of production snd
prices is shown in App. Ill,

9-2. Mallinckrodt Green Salt Plant. - Mallinckrodt, in a building
adjacent to its property at St, Louis, Mo,, operated a plant for the pro-
duction of green salt from brown oxide produced in previous Mallinckrodt




Graphite boxes with graphite shelves were used to hold the
brown oxide while it was fluorinated within steel retorts at high temp-
erature, The green salt produced is ground sufficilently fine for use
in the next operation, that of processing green salt to metal, Mallin-
ckrodt undertock construction of the plant under lump sum Contract
Wu7405 eng-13, which also covers construction of a plantffor the manu-
facture of uranium metal, In order to accomplish this construetion,
additional building space was rented, from the St. Louis Sash and Door
Yorks, adjacent to the Mallinckrodt factory. The plant was built at a
total cost of $632,400 for both the green salt and metal steps. Operations
in the green salt plant were begum in April 1943 under Contraet ¥W-~-7405 eng~
29, which provided slso for the operation of the metal plant, Operations
under both of these plants were on & unit price basis (See App. F8). Under
the basliec contract, production of 150 tons of green sait, at a unit price
of $0.97, was contracted for, with the brown cxide raw material to be fur-
nished by the Government, Through several supplemental agreements, add-
itional quantities of green salt have been ordered, at generally decreasing
rates, the cost under the latest supplement being $0.28 per pound. The
total preduction to 1 Jenuery 1947 has been 2,926 tons of green salt, at
s total processing coet of &2,591,120,~or an average procesaing cost of
$0.4L4 per pound for this step (App. D-10),

The large reductions in price obtsained from Mallinckrodt in
this.oﬁcration are due to the adoption and installation of various im-
provements in the plant. During the whole period of operaticn, the
Mallinckrodt green salt plant has produced uniformly high quality product,

with but insignificant interruption in production of material.
9-3. duPont Green Salt Plant, - The manufacture of green salt had
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District took over this work and incorporated it into Contract W-7412 eng-5,
which was effective 29 July 1942 (See App. F8). Operation under this con-
tract was on a small-scale productien baais. at first but, after other larger
plants became availéble, continued operations under this contract were for
experimental and developmental purposes. The contract was established on
a unit price basis and under it approximately 108 tons of green salt were
produced; the first 31 tons at a unit price of $2.00 per pound and the
balance at $1.25 per pound, for a total cost of about $320,000, Since all
of the major green salt plants were operating satisfactorily in the fall of
1943 and since no major research work was in progress or contemplated which
could then be carried out in the pilot plant, operation of this unit was
suspended as of 19 October 1943,

| As mentioned under the section on brown oxide, duPont, as an
additional step in the chain of operations for the production of uranium :
metal, had incorporated under Contract W-7412 eng-3 & plant for large-scale |
panufacture of green salt from brown oxide produced in its initial operation,
This plant was in the same building as the brown oxide and the metal plants,
and was constructed under Contract W-74l2 eng-3 on a cost-plus-fixed-fee
basis. Production of green salt was bogun about the middle of February ..
1943 and operations were designed to handle the full output of the previous
step, that is, approximately A7 tons of brownpxide per month,

| In the early summer of 194k, when the supply of raw nﬁeriala

began to So insufficient to satisfy the capacity of all plants, 2 stady of
quality, yield, and comparative operating costs at the several plants
producing green salt indicated the advisability of suspending operations in
the duPonﬁ green salt plant. The plant was therefore placed in stand-by
condition and was sc maintainéd in order to satisfy any emergency requirements. -
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afis itsl the time of shutdown, the total

cost of producing 608 tons of green salt was $869,170, or an average
procesaing cost of $0.71 per pound in this step. Just previous to the |
suspension of operations, the average unit cost was slightly higher than
unit prices at other green salt plants {4pp. I9).

9-4. Harshaw Green Salt Plant, - Prior to the formation of the

Manhattan District the Harshaw Chemical Company at Cleveland, Chio,

under arrangements made with the OSRD and its agent Stone & Webéter,

was producing green salt on a small-scale basis (App. E35). When the
Ka:nhattan Pistrict undertook the work of uranium production in the latter -
part of 1942, arrangements were made with Harshaw for the continued pro-
duction of green salt, using a process simllar in principle te that used
by the other manufacturers. The details of equipment in this process dif-
fered from the others in that the raw material, brown oxide, was placed in
nmagnesium trays which were in turn placed inside of steel tubes lined with
magneaium, Later nickel trays and steel tubes wers adopted and this type
is in use at the preseat time. The tubes ars externally heated electric-
ally and hydrofluoric acid is passed through the tubea to produce the green
salt (App. B36). The production of green salt was carried out under Contract
B-7405 eng-2 on a unit price bésia, ei:fcctivc 1 September 1942 (App. F8), -
Expansion of the green salt plant was completed in early 1943 by Harshaw at
its own expense and the expanded plant had a capacity of 25 tons of green
salt per month. The total quantity of green salt produced, from the be-
ginning of the contract until its completion on 21 July 1944, was approx-
imately 469 tons at a cost of $634,630. The processing cost for the first
quantity produced was $0.92 per pound for this atep and this figure was
gradually reduced to $0.48 per pound on the last quantity produced (App. I10),

* 9.4



Contract W-7405 eng-2 was allowed to expire as of 1 October 1944,
in order that the facilities might be used as= the first step of a two step
process for production of ursnium hexafluoride for the K-25 and S-50 pro-
cesses and subsequent to September 1945 for K-25 alone,

The contract under which the green salt was made for this
process was W-TLOS5 eng-276, effective 5 January 1944, The present capacity
of the fnc.;il:lt.ien on 1 January 1947 is 60.5 tons per month, However, the ~
mamafacturing facilities for green salt were heing expsnded at contractor's
expense as of 1 January 1947 to a capacity of approximstely 81 tons per
month, Construction was scheduled for completion and operations at the
higher rate to commence on or about 15 Janury 1947, The unit price for
the first quantity of material produced under W-7405 eng-276 was $0.40 per
pound, This has been gradually reduced to the current price per pound of
$0.33, 1,171 tons of green salt had been produced under this contract to
1 January 1947.

On 18 October 1944 an urgent request was received from Y-12 for
the production of 40 tons of uranium tetrachloride (UC1,) at the earliest /'
possible date, by a process which had been used in the laboratory but had
never been used commercially. Since Harshaw had produced UCl, on & labora~
tory scale, it was balieved that the maximum speed could be secured in
fulfilling the request by hai:!.ng Harshaw undertake the work, By 7 Howabu-v
1944, only three woeks later, Harshaw began large-acale productioi: of this
material under Contract W-26-021 eng-4, and the LO ton order was completed
on approximately 1 Januvary 1945 at an overall unit price of $0.64 per pound.
An additional 32 tons of uranium tetrachloride for Y-12 was produced from
residues under Supplement No, 1 to this contract at a unit price of $0.285,
Total cost under this contract amounted to $68,800.




=,

W de B A G o8 2

@-5. Linde Green Salt Plauk. - Linds, in the third step of its chain

of operati-ns, produced groen salt from the browa oxide produced ia its
gecond step. The plant for this work was construeted under Contraoct
fi~740] sng-lé on & costeplug~-fixed-fee hasis, cnd was operated under the
gsame sontract (App. FBJ). The construetion eost of the green salt step
was approxiveately $618,180. The prooess used in the operction was almost
identical to that used by Harshaw, with the sexeeption thet srrangements
wers made for the rescvery of oxoess hydrofluoric aoid and separation into
high prade anhydrous hydrofluoric acid and low grade hydrous hydrofluorie
acld. The high grade aoid was reoycled through the procsess, reducing the
net requirement, and tha low grede acid wns sold to eommercial users,
thereby reducing the operating aost. The green salt operations degan in
CGotober 1945, approximetely two months behind the scheduled dete. Rarly
eperating difficulties were few and operations guickly attained the necessary
rate. Although the plant was designed to produce 53 tons of green ssit per A
month, expsrience indicated that approximately 30% wore than this quentity
eould ba obtained. Operstion of the Linde green én:it step was ooncluded
onlduly Xy 1948. The cost of conbinuing this operatica would have been
excesaively high since this operation would have had %o bear the total
ovarhnad and adninistrative costs of t;zo refinery and brown oxide steps
with whieh tho‘ groen salt step was integrally asscolated. The refinery and
hrown oxide ateps hsd hoen terminated under oonditions and for reasons men-
tioned previcusly. From the beginning of oparations to 1 July 1948, 2,060
tons of greeon salt have been produced, at a todal processing cost of
$1,394,870, of whioh $167,800 covered Govermment-furnished material,
(Apps ﬁ?{).

9-8. Harghew Hexafluoride Plant. - The plant for manufseturing uraniuam
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nexafluoride, which wae the process gas feosd materinl For the ¥-28 and 3-80

projeats and subseguent %o Septenber 1946 for the ¥-2§ project only is
operated by Harshew on their property known as the Rrooklyn plant in
{leveland, Ghlo, the seme plant in which the green salt was manufactured.
This plant produoes hexafluoride by the renction betwoen sresen salt and
elomental fluorine. The provcess cousists of paseing flucrine over trays
containing green sslt; the rosulbant hezaflnoride volatiliaon, is swepd
out of the reaction vessel, snd is caught in cold traps. The erude mater-
1al is purified by distillation to remove hydrofliuorie eeid (i¥) and iners
gasos. It is then plased in suiteble oontainers for shipwent {ipp. 08).
ftesearch work om the hexafluoride had baen earried out by
duPon$ uander OSRD program and, when the Yemhettan Distriot assu«- re-
sponsibility for produaction of the prosess gas, the work et duPont, which
had resulted in developmont of a satisfactory method of production, was
gsontinued under dontract W=7412 ang-l0(later imcorporatad iade Coantraat
#=T412 eng~151) effeotive 13 Fobruary 1943 with duPont (3ee App. F8).
In addition, 1% was decided to have Harshew carry out further devaiopncnt
work, shich sas dono under Contract I=T7405 eny-43, affective 18 ¥arch 1943,
sines thay poasessed an excapticual background of experience in procesaing
inorganic fluorides and had done work on almilar materials for the O3IRD
{App. ©37, ©38, 283),

The plant for full-seals production was oonstructod after ex=~
tensive resesrch and development work which ineluded uot only the design
of the reactor oguipment bubt also the design of & sultable fluorine cell.

‘The contract for the produstion of hexafluoride was swarded to
Havshaw under Contraot W-T405 eng~-276, alfective § January 1944, after
compatitive bids were recsived from Hutahuw‘and dufont. Harshaw submiited

———
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& lower bid than duPont for thé c'.’onat';;cvt:.i;x‘:wof the plant and installation
of equipment (App. ELO-BL4),

Contract W-7405 eng-276 covers construction and operation of the
plant, which was equipped at a cost of $4,80,000 (the building for the plant
wag constructed at Harshaw's expense). Subsequent to the construction of
the original plant, additional equipment was purchased and partially in-
stalled, at a cost of $322,000, in anticipation of increased requirements
for the K-25 and 83-50 plants. Since this increase did not materialise,
the expsnsion was cancelled when partislly completed., However, in
September 1946, it was decided that the plant would be expanded and onm
1 January 1947 the work involved was well under way.

The contractor, Harshaw Chemical Company, offered a bid te do
the necessary work at a cost of $123,860 under Supplement 19, effective
26 September 1946, Production at the incﬁaud rate was scheduled for
i Pebruary 1547. Production of hexafluoride was carried cut om a unit
price basis and the contract initially called for a plant capacity of
1.65 tons per day, to produce 87.5 tons of product at a rate of 5.5.tons .
per week during 1944; the ccst of production from brown oxide was to be
$1.35 per pound, and from green salt $0.95 per pound, In a supplement to
_the contract, dated é November 194k, pi&xit capacity was incressed to 2,25 tons
per day, and in Supplement 19 to 3 tons per day, '

To 1 Janwary 1947, the plant produced & total of 1,615 tons of
'hcwlaorido; cnrr-nt contract price per pound of producing hexafluwonide
from green salt is $0.60. 4 summary of the production rates and unit .,
prices for processing in this operation is shown in Appendixlll.

During the course of the operaticns, Harshaw, at the request of
the Manhattan District, in the same equipment used for the hexafluoride,




mnnufaoturea a speoiaml lot of about é;g‘£§ﬁs of uranium oxyfluoride

(G0gFg) by fluorination of the orange oxide. Becaﬁse of its physical
activity and properties, this material was particularly diificult send un=
pleasant to handle; however, Harshaw processed it at the same cost in effeot
at that time for its regular green salt operation, that is $0.48 per pound,

undsr Contraet #i-7405 eng-2, at a total cost of {Z,270.
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SECTION 10 - PRODUCTION OF HETAL

10-1. {perations - At the seginning of the Hanhuttan Distriet
ratal manufacturing program, three processes wsra svaluated on‘a pro=
duction basis. Iowa State Colluge at Ames, Towa, was using & process
involving the reduction of green salt with caloium at high temperatur:
Hetal Hydrides, Incorporated, at Beverly, Hasﬁachusetta, was using
calolum hydride to reduce brorn oxide; and Westinghouse Lleotrie and
¥anutfeotwring Co. at Bloomfield, New Jersey, was dissolving green sal
in caloium ohloride and-slectrolysing the solution to the metal. In
each oase, the metal oblalned by the above deseribed operatiocne was
later recast in induotion-heated vacuum furnaces. Further developmen

vut Towe State College demonstrated the feasibility of asubstituting
magnosiuwm for caloium in the reduotion of green salt and this sub-
stitution greatly reduced the cost of prepering the metal by the re-
duction of g;oon salt. This process was adopted in the major metal
wanufecturing plants then under oonstruction (App. C7).

Aooording to the original thres-ohain plan of opersticns,
uetal producing operations were looated at the plants of Mallinokrodt
du Pont, and Eleotro Yetallurgical Cagpany, the latter as part of the
Linde chain. Iowa State College, whick had Legun regourch and develo
ment work on metal production under the OSRD, was intended to be used
as & small-scale produetiog and devslopment plant. However, because
the urgent need for metal, the demonstrated ability of the Iowa State
College plant to produce, and the fact that constructivn of the major

plants vas not yet completed, expanded large-scale production was
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bagun at Iowa State Collegs in the Upring of 1948 sand oontinued
uatil the Ffall of 1044,

o addition to the production ol virgin metal, some of the
nlonts making metel wore also uged to recast serap metel returued from
the various {abricators. idetal in the form of accwrately turned slugs
is required for the X~10 project. A process for recesting the metal
turnings obtuined from thess machining operstions was developed by
lowa State College in the Winter of 1944; rmasﬁng; of cuwrrent turnings
sontinued at this insteilation until Jecewbor 154b. jecasting of solid
asorep has been, snd is currontly being, carrisd out at Hetal Hxdrides,
Ingorporateds |

Production snd cost date for the metal plants are shown in
Anpandix U9,

10-2. Hallinekrodb MHetal Plant ~ The *sllinckrodt metal plsnt in

5t. louls, Missourd, ocouples the second floor of & building, the first
floor of which i3 ocoupied by the green salt plant. The menuluoturing
process used in this plmi' is similar to that eomployed at the du Pont,
Sleotromet, and lowa Itate College myﬁnl plants, namely, the reduction
of gresn salt with ma nesium at alnv;iw& temperatures in a stesl bomb
(Appe C7) lined with lime or Jdolomite., The fused metal ingot resulting
from this roaction is oleansd and remelted in an Iinduoticn-hested
weouum furnace und omﬁ in the form of billets in gpraphite molds. The
#a llinokrodt metal plunt was construwted along with their green salt
plant under Contract H=T7405 eng=-13. {(App. F~8)

Operations have been ourried out under Contrast 7#-7406 eng-29

on & unlt price busis. iletal operations under this gontract were begun




in July 1943 and 1,364 tt;ns of metal had been produced, to 1 January
1947, at a cost of $2,773,750, and an average processing price of $1,02
per pound for the metal step. The unit price as of .1 January 1947 was
$0.71 per pound (App. Il2)., The unit price agreed on at the time the
original contract was signed was $4.17 per pound for the first 90 tons
of metal, Improvements in the process made by Iowa Staf.c College and
Elsctromet during the period the plant was under construction, and
improved operating efficliencies obtained by Mallinckrodt during the
production of the first 90 tona, resulted in production of this amount -
at a lower cost than that originally calculated. Accordingly,
Mallinckrodt made & voluntary refund to the Government of $2.20 per
pound, resulting in a net cost to the Government of $1.97 per pound
for the first 90 tons of metal processed in this step.

10-3.
of the Electro Metallurgical Comapny is located at Nlagara Falls, Hew York,
on their plant property. The mamufacturing process was similar to that
previously described for Mallinckrodt. The plant was constructed and
operated under cost-plus-fixed-fee Contract W-7405 eng-l4 (App. E48).

The construction coat wag approximately $23,,300 and the
operating cost to 9 Angust 1946, the d;te when production operations -
were terminated approximately $2,167,000, inclusive of research. Since
August 1946 the plaht was placed in stand-by condition at a cost of
approximately $6;500 and is being maintained in stand-by at a cost of
approximately $i,640 per month. DIuring the period of plant scale
operations from April 1943 to July 1946, 1,538 tons of virgin metal

were produced at an average processing cost in this step of $0.67 per




vound, Operations at the Elecéio;ﬂhtallurgical metal plant were very

satisfactory and the quality of the metal produced in this plant was
equal to or better than that prodused by any other processor, (App. [12.)
Production operations were terminated at Blectromet even though their

‘bid for operation on a unit cost basis was §0.70 per pound as compared
with Mallinckrodt Chemical Works' bid of $0,71 per pound. This decision
wag reachc& based on the following facts:

8, Flectromet had insufficient capacity to produce the
total metal requirements, This would have necessitated keeping the
Hallincirodt Chemical Works metal plant in operation and splitting the
required production between the two plapnts, Under optimum distribution
of production the overall metal costs would have been more than operating
¥allinckreodt Chemical Worka alone at their slightly higher unit cost.

b, The Mallinckrodt Chemical Works green salt plant was the
only source of grsen salt (the Linde and du Pont plants were in stand-by
for reasons stated previously) and the overall cost of producing green
salt and metal u#n'uvna more favorable for keeping only the Mallinclaodt
Chemical Works plant in operation since under the exisiing setup the
sdministration and technical supqrviaioniot the Mallinckrodt Chemical
Works grccn'sdlt'and metal plants are the same, as the plants are
located in the'stin building, Consequently, any decrease in the
operating rate of the Mallinckrodt Chllicaivwarkz metal plant tended
to increase the unit cost of the green salt. Gdnsidoration was given
to takingbcither the Linde or the du Pont green salt operations omt of
stand-by for use with the Electromet metal operation but the net result
was even more unfavorable on the basis of cost comparison with the

course of action taken,







{See 4pp. F8}. Sinoe +owa éit:s;‘s:e Uﬁllege 1a 5 non-profit institution,
this contiraci ‘cmutaim o oluuse providing for au audit &t the gome
vistion of the contraet and the rom& of any profit to the Jovernment.
Iowa Utabe College wes a pionesr in the development of the metul process
and timy 41d the original work on the thermite procees, using caloium
a8 the reduping agent. GSubsoquent developments proved that majnesium,
which was x»amh loss expenaiwve than caloiwm, wuld be astisfuctorily
uged and this process was adopted for uee iun &ll of the metul neking
plants. lYecauss of the demands for mebtml grior to the cempletion of
the metal plants at Yalllnckrodt, du Pont, and slectromet, operations
rt Iowe State Uollegw, which wers started in tho pilet plaut in the
Fall of 1048, were expanded %0 « large~soale produstion basis in
darch 1843 and production was continuwsd a% & rate similar %o that
smployed in th§ three othor metal plents until Hovember 1944, alter
which axperimental resesrch and dovelopment operations on the green
salt redustion process were cmﬁnmd until 1 April 1948 (App. £80).
During the period of cporsbions at this plent, 603 tums of mutsl were
prodused at an average prosessing cost of approximately §1.56 por
pound for this step, inclusive of tha cost of resssrch and dsvelopuent
carried on prior to and aimultansously with produetion.

In Septewber 1943, Iowe itate College was reguestod Hoe
develop & procesa fur oasting metal ~1:'«;:-:1;1\:;@1&. The sum of thirty-five
thousand dollars was allovated in the £l of 1943 for the design end
construction of a building and the necessary syguipment for this opera-
tion. The proceas whioh was developed included the degremsing and

cleaning of the turanings, sepsration of Pine particles of oxide and
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netal, drying, pressing into briquets and meltiog and casting in ma
induction~heated vacuum furnace to form billets (App. 76l-368).
Vasting of turnings wes bsgun esrly in lb44 on s pilot plant aomle
and on 26 Lpril 1944 the process was put lnto full-somle operation,
and continued wntil 31 Uscewmber 1948, st which time the contraot was
allowed %o oxpire. Up to 1 Junuary 1946, 319 tons of {inished metal
had been reosst from turninge, at a cost of approximately $0,.80 per
pound, inoluding cost of research and developrent work. It will be
a&‘aod from the graph (App. D?) that the cost of mu’eing metal turn-
ings inoreased alightly in the esrly part of 1945. This is not an
insremse in sctual cperating costs bub results from the inscressed
proportion of overhead costs oharged to this operstion after large-
soale virgin metal produstion wes suspended.

10-8, Metal Hydrides Metal Plant « The Netal Hydrides uetal

plant 1s locnted at Deverly, dassachusetts. ?mmuw‘of wetal was
begun in 1941 under s contrmot with the Fational Bureau of Standards
and an QIRD sub-contract with Coluwabis University. This was followed
by enothopr OSED contract (UEM ar-338) lor the production of metal on
& oosteplus~fixed~fee basis, which w supplanted by the lanhattan
Uistrict, coateplus~Lizad~-fee Contract i=7408 eng-8 in Hovamber 1948
(App. F8)., The pruocvss used at ltetal Hydrides involved the raduction
of brown oxide with oaloium hydride. This reaction produced a metal
powder which was subsequently reomst in induction~heanted vacwum
furnsows to form billets. The metal powder was found %o bave . strong
tendency to be spontaneously h;fhm@lv and this tendenoy constituted

s hagard to operations and resulted in the loss of vonsiderabls metal



when fires vocurred. This process wes uore ecapensive then the theruite
redustion prooess, using moagnesium, and the guality of metal produced
wag sleo below the standard of that produced by the thermite process,
bosause of the difficulty of preparing caloiun hydride of the requisite
purity. Accordipgly, aiter extensive redcarch was unable to nmke this
process a8 promising as the thermite process, the metal msking opera~
tions wars disoonbinued on 31 August 1945 (App. EO, £b65). During the
course of virgin metal making cperatione, ab ldetal Hydrides, 41 tous
of metel were produced, at an average prooussing cost for this operation
of 98.20 per pound.

in the meantize, a neooneity had arisesn for recasting sorsp
material derived from the febrication of the billets into linal form
for the %-10 process. Aidditional casting capacity wms svallable at
Heval Hydrides and recasting of this sorep, along with ssmll netal
ingota produced et Vestinghouse, was started in the Spring of 1243
{App. EE6, 167). Jecasting of Vestinghouse materiel was discontinued
in e fall of 1943, ufter the lestinghouse contract had heen wuspended.
Keoasting of scrap at NMetal Hydrides wam continued, and is presently
sontinuing, at a rate of 28 tons of dernp consuned per mouth. 1,080
tons of finished matal had been manufsctured by reomsting as of -
1 Jeauary 1947, at an average oost in this operation of approximately
{038 per pound. fhu ourrsnt uni® priéu for recesting &t Metal
‘mydrma- in 20.20 to 30.47 per pound, depending upon the type of sorsp
(Appe D’l). Ail .u’ﬂattd. Hydrides cperations for the Usnhatten Distriot
have bueen carried out under Contract H-74056 eng-8, whioh wme chenged
from the originel cosi-plus-Lixed-fee basis to the unit price basis Lfor

recasting of scrap.




10-7. iestinghouss lUotal Pleat - The festinghouse metal plant
wes located st Bloonfield, New Jepsey. lMetel had been produced nt
the Jestinghouso plant in exverimental quantitiss lor a mmber of
yuars previously, sad pesvarch in suslli-scale ogummaixa was helug
carried out under JURD contraot (OB sr-619) before the formation of
the Usnhatban District. The UBHD contract wad superaeded by the
Hanhattan District unlt price Contract 1-7T407 eng-B a8 of 1 August
1942 (Soe Appe ¥8), whioh celled Zor an inurcase in produstion from
138 pounds per day to 380 pounds per dey by the and of 1942 {App. 168,
259}s The Vestinghouse proowss involved the solulilon of preen salt
(and later a mixture of green salt and brown oxide) in molten saleiun
chloride, ollowed by slvotrolysis to produse finely divided metel,
which was pressed inte briquets and reomst inbo spall ingots in in-
dugtion-heanted veacuum furnaces. Uespite improvencnts oade in this
prooass, the quality of productian and yinldn.waru relutively poor,
losses of material were high, and costs were hipher than those of
competing producers. Aosordingly, the Tegtinghouse contract was
terminated an of 16 Cotober 1948 (App. 280). During the period of
aparations, Vsstinghouas produced ap;:;i'omimtsly 89 tons of metel, at
& total provessing cost of §1,899,K0 including the cost of research
and dovelopment work, and edditional plunt facilities.

10-8, Prush Laborstories Netal Plant - thile they wers never a

producing uni%, the feollities of Srush laboratories, Claveland, Uhlo,
& aubﬂid‘i.ary‘ of Brush Rerylliwm Gompeny, were used ifn ressarch mnd
developneut of & process for the production of medal from molten preen

selt by reduction with mapgnesium wnder a blanket of inert gus et



atmoapheric presuure (4App. Had-147), "22;18‘ oroowss was siailer to
that wsed by the srueh Deryllica Company in tiwir nwolacture of
Seryaliwise  rigland work was sutmrbed uader s USHU contrect in
auguat 1943, whioh wes cupurssded by the wwhstten slstricl cost-
pius~Lixed-Yae cunbraat T-T7400 onged ln Jotuner I948 (4pp. “8).
FQrk was sbupped wb Uhe explmeiion date stated L Ghe cuntract,
51 July lu4ad, siuce the quelity of aetal producod wes not sabis-
taotory asd the yivlids wore lowe The total cost ul’ this wopk wes

spprosfantely 88,000




11-1, Thorium Procurement. - In order to provide quantitiew of

thorium salts to the research project at Iowa State College, the Madison
Square irea entered into Contract ¥o, 2-17-028 eng-33 on 21 January 1946
with the Lindsay Light and Chemical Company, West Chicago, Illincis, for
' the purchase of 9,120 pounds of thorium nitrate tetrahydrate (mantle grade)
at a cost of $1.80 per pound. The Lindsay Light and Chemical Company
was chosen for this work beacause of its long experience with thorium and
rars earth chemistry in the preparation of gas mantles and because it was
the only gource of thorium vhich was cleared by Army Security at the time,
Deliveries were completed under this contract on 25 January 1946 and the
contract was closed,
On 2 July 1946, the Madison Square Area was requested by

the Research Iivision at Osk Bidgo to procﬁrc more thorium nitrate for
the research at Iowa State College, Contract No. W-17-028 ehg-35 was
drawn up with Lindsay Light and Chemical Company for the supply of 3,610
' pounds of thorium nitrate tetrahydrate at $1.80 per pound. Teliveries
were completed under this basic contract by 15 Angust 1946. By the end
of December 1946, five gupplemental 'égrauenta had been added to the
basic contract whereby Lindaay would provide additional quantities of
thorium nitrate (mantle grade) at $1.80 per pound, small quantities of
thorium nitrate (atomic weight grade) at $4.00 per pound, small quantities
of thorium carbonats at 37;00 per pound and small quantities of thorium
oxide at $9.00 per pound,

\ The function of the ¥.5.A, through all this period was merely
that of a procurement office which had nothing to do with the research

being done in thorium anywhere in the project,




SECTION 12 - QUALITY CONTROL
PART A - URANTUM
12=1. (Qperations. - At the time the fsed materiels progrem wae
 initiated, it was recognized that the oconsideration of quality was
egually as lmportant as that of quantity inm setting up e program. The
goel toward which all efforts wers directed was the production of the
highest fquality metal attainable, i.e., mebal having what was known as
a "total danger suwmmation” of 0.1% or less. The "total danger swumation"
is a measurement of the weighted effest of all impurities on the effi-
cleney of utilization of uraniwm metal in the X=10 process. It was rec~
ognized that to reach the established goal would require a muoh more
comprehenaive program of testing, both chemical and physisal, than is
‘ordinarily carrted out in oontrolling the guality of material manufac-
tured to the usual aommercisl standerds. Accecrdingly, steps were taken
to corrslate the tosting activities of the fseilities taken over from
OSRD and 3tone & Webster snd to expand those activities as demanded by
the enlarged scope of the program. |
The extensive analyblieal program which was organized
{(App. £S1 ) provides for: routine prdgon sontrol testing in the labora-
tories st esch of the individual production facilities; a aystem of
gentral control laboratories for the analysis of composite samples of
product from eaoh producer and for research on msthods of analysis; and
an ovo:;-o.ll physical test on brown oxide and a final physioal test on
finished metal for the X-10 prooess, to be conducted at the Taiversity
of Chleego.
The magnitude of the analytioal program, invelving the

determination of some 60 eloments %o a lower limit of detection of a

e
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few parts or fractions of a part per million was such as to preclude the
poasibility of ecarrying Z& ouéiﬁ% aach of the producers® laboratories.
Therefore, i1t was deeided to limit teating at the producsrts laboratories
to routine control analyses and to have more comprehensive analyses carried
on &t four sentral ocontrol laboratories located as follows: +the chemiocal
section of the H¥etallurgiocal Labhoratory, University of Chicego; Princeton
Unlversity, Princeton, N.J.; Massachusetts Institute of Teohnology,
Cambridge, Mass.; and the Wational Bureau of Standards, Washington, D.C.
The funotions of this central oontrol laboiatory group may be
sumnarized as follows: (a) to carry out analyses nsiindioatod in the
Madison Square Area quality control programs (b) to improve exiating
metheds and develop new methods of analysis; (¢) to aot as a "fire
brigade”, that is, to supply the speaial services needed in times of
emargenoy: iupplying, if need be, manpower and facilities to supplement
the manufecturers’ persommel and fasilities; (d) fo snalyze specisl mater-
lals not coversd im the quality control progrem; (e) to give advios and
guidanoe on the analytieal program in general (App. E8Z, £é3). |
Expenditures under She quality control program have totaled

t

about $826,930 to 1 January 1947, ;

-

12-2. lUniversity of Chisago. = There was no direot aontrzot between

the Madison Square Area office end the University of Chisego group for
administrative reasons, and, on 1 June 1343 the latter ask»d to be ree
lieved from routine duties in oomnsotion with the program because of the
pressure of other work (App. E€6). The group agreed, however, to continue
to perform the routine physical testing. Arrangemsnta were made for the
group to cemse routine chemical analyaes ws soon &3 the la=boratory at

Iowa State College was in a position to take oare of their routine control

%—i i . -
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testing. This was accomplished about the middle of July 1943, and, sub-

sequent to this date, the activities of the Chicago group in the guality

- control program wére limited to the physical testing mentioned abqvc.
The physical test on brown oxide was tranaferred to the

National Bureau of Standards on 9 October 1946 leaving the physical

test on metal the only activity of the Chicago group in this program at

this time (5-102).

12-3, Prine Uni ity. - Analytical work on uranium and its
compounds had been carried out by Princeton University under an OSRD
contract as early as 1 February 1942. On 13 Aprﬂ 1943, the services of
this small group were acquired by the Manhattan District under a Yump
sum Contract W-7405 eng-81 (Ses App. F8)., Steps were immediately taken
to expand fac:liit.iu and personnel to cope with the demands which con-~
tinued to be made on this group. In #ddition to carrying a heavy load
of routine analysis on weekly composite samples, this group has carried |
out fundamental research both on banalytical methods and on the physical
chemiatry of uranium and its compounds, Of particular interest are the
development of an electrolytic-polarographic method of analysis and the
preparation of a agries of papers on the aopaﬁtion of uraniun from im-
purities by ether extraction. contr;ct W-T405 eng-8l was completed on
15 April 1946 (B 103). The official ore assay at this time was taken .
over by the i.uc»iua Pitkin Company under contract number ¥-35-058 eng-9,
and the National Bureau of Standards assumed the remainder of the

analytical program duties,

12-4, Massachusetts Institute of 25.5201251- - In the fall of 1942,
\

N

the group at M.I.T. was making spectrographic analyses under a sub-

contract with Metal Hydrides, The group was organized as a central

E =532 SRR b
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laboratory operating unde;&éﬁntraet W-7405 eng~40, dated 1 April 1943,
The work of this group was largely a spectrographic nature, and the
unusually complete spectrographic equipment at M.I.T. was put to exten-
‘sive use, not only in the routine control analysis of weelly composite
samples from the producers, but also in the development of new proced-
ures. Contract W-7405 eng-40 was completed on 30 April 1945, but M.I.T.
continued with the spectrographic analysis of recast metal on a purchase
order basis until 1 Hovember 1946, This work was transferred to the
Hanford Engineer Works on that date.
| 12-5, HNatiomal Bureau of Standards. - Sinc§ early 1942, both
Princeton University and National Bureau of Standards had besn engaged,
through OSRD, on analytical problems éoncoming uranium, Many of the
early methode of analysis, both chemical and spectrographic, had been
improved or developed in the Bureauts laboratory, and it was entirely
fitting, therefore, that National Bureau of Standards shoujld be includod
in the central control group, . .
| The work at the Mational Bureau of Standards has been of both

a chemical and spectrographic nature, and, in addition to performing
routine control ana.ljau » the burden of which has been carried at this
location, the National Bureau of St.u;adnrda has been active in the prepara-
tion of suitable primary standards for the use of the project as éwholo.
The Bureau &a-ﬂso been the principal U30g assay laboratery, and im-
proved analytical methods for these determinations have been developed
at the Bureau and are widely used throughout the piojcct (App. B6L4, E65).
In addition to work of an amalytical naturs, including radium assays,
this group has been active in research on methods of processing ores
and concentrates, especially for the Colorado operations.

12.4



PART II - THORIUM

“ ..
12-6, National Bureau of Standards., - The only work done by

Madison Scuare Area in regard to thorium quality control has.bden some
development work on raw material assay by the National Bureau of
Sﬁandardx. They have also preparéd a standard series of monazite g
aamplas.

12-7. lowa State College. - The major portion of the analytiéal
development work done up to 1 January 1947 has been done at Iowa State

College in connection with thelr research program,
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SECTION 18 - ACCOUNTABILITY

13.1. Progream. - Tﬂu need for conserving and accounting for the
extremely large tonamge of uranlum-bearing materials ownsd by the Jov-
ernment was recopnized sarly in ithe development of the feed uuterials
program, hoth for maintaining olose sontrel on gperstions and {or pure
poses of security. The development of a sound acéounting program was
therefore tied in directly with the contrel of cperations.

The provedure used by the contractors in reporting to UIRD
on uranium-bearing naterials was wirerseded in January 1943 by the
"Weekly Produstion Report” (App. E72) submitted by esch major con~
tragtor who.praaanaod materinls. 1his report sontained detalled
data as to inventories, recsipts, consumption, pr;duution. and ghlp-
ments of vew, io-process, finishsd, and by-product uranium-bearing
materials and was used by Madigon Square Area in planning, ascheduling,
and coordinating over-all operations at the contractors' plants.

In order to supplement the Weekly Produoction Report, a
“Monthly Yaterial Belance”, lustituted in ¥ry 1943, waz submitted
sach month by all major contractors (ipp. B68). The Monthly Maberial
Balance zave additional date required for accountebility purposes, in-
amuch as it took info-accaunt. in addition to the nst "ss 1s" weighta
shown on the Wuekly Production Reports, the ursuium content of the
materials and over-;iiﬂéporntional data conqorning sood material pro-
duced, sorap produced, and process losses, which latter are inherent
in the somplex chemiocal processing work being undertaken.

The contractors were advised, in July 1943, of standerd pro-

sedures for the handling of by-product materials which would eventually
18.1



be consumed in rocovery vpsrations. Prior to that time, in Hovember
1942, they had bsen advised that ne naterial of eny kind was 5o be
disé&rded withiout the approvml of wadison guares Area (App. E67).

Paeriodic inspections of the comtractors' plants were zede
by‘t@chniaai persounel to iuvestigute sources of loss end, wherever
posgible, to make recomnendations for thelir reduction or elimination.
Standard procedures weore algo set up to eataivliah policlee for accurats
weighing methods (to oliminate waristions in reported weights of
materiel shipped by one oontractor and roceived by another), methods
of aisuying uranium content, and cheoking of contractors' asasays st
the sentral coutrol laboratories. In additien, contractors were re-
quested to take elsborate precautions in hendling, processing, and
protecting uranium~bsaring wmaterials in all Corms, and they have
been impressed continually with the need for maintaining acourate re-
cords to aosount for materisls in their ﬁosnetllon. '

In Septemler 1945, s standard shipping memorandum procedure
was inltitutqd.clpp. EY71) which provided for the forwrding te Msdison
Squars Ares of coples of .uth ahippigg snd receiving m«moran&n on all
tranafers of jovernument-owned uraniuQﬁbsuring materials into and cut of
plants undeyr the Ju:iadietion of Hadison Square Ares snd its gub-aress.
The contractors® meterisl balances have besn ocarsfully oross-checked
against the shipping memcrands to ses that all the umterials ashipped by
ench oonsigneor have beent recelved h} the various consignesee; and, in
Hovomber 1944, detalled audits were undertaken at the contrastors’
plants, to scrutinize carefully procedures and scsuracy of records, snd
to make & complete audit of thelir uranium-bemring meaterial transactions.

Thus, by means of the procedures snd educationsl progrems outlined




above, it wae possible to meintein a satisfactory control over the
movesents of uranium-besring msterlals.

In February 1948, progrem of mo-ountsillity was estaulished
for thorium sund thorium-sonteining materisls in umdison 3guere Area.
This preogrem was enalogous to that malutained for ur;nium, but wae
augmented to inslude voluntary uixlomianion of materisl balances by
the prime supplier of thorium chemiocals, in snticipation of ultimate

licenging under the Atumio Fneryy Aot of 1548.




MANHATTAN DISTRICT HISTORY

BOOK VII - FEED MATERIALS
APPERDIX "A"
GLOSSARY

Billets Uranium metal cast into cylinders 4,25
inches in diameter and 13 to 21 inches long,

Carnotite A vanadium-uranium mineral of canary yellow
eolor occurring in the Colorade region,

c. I. F. Cost, Insurance and Freight,

F, A, S, Free alongside ship,

Green Salt Green uranium tetrafluoride, UF ,.

Green Sludge A éancantrato, obtained from carnctite cres,
containing 5-10% black oxide, and 10-20%
vanadium pentoxide,

Netal Branium metal,

Radium-neutron A mixture of radlum and beryllium to produce
a nout.ron source,

Red Cake Vanadiu- precipitate, recovered from ore
refining operations, which is converted to
a salable form of fused vanadium pentoxide V;0s.

Rods Uranium rods, obtained by extrusion or rolling

: of billets, 1,5 inches in diameter and 8 to 13
feet in length, .

Sands Tailings contalning relatively low percentages
of uranium oxide, U40g, obtained as by-products
from vanadium refining operations,

Yellow Sludge A concentrate obtained from carnotite ores

containing 10-15% black oxide and 2% vanadium
pentoxide,




MANFATTAN DISTRICT HISTORY
BOOK VII - FEEL MATERTALS

APPENDIX "B"
ORGANIZATION CHARTS

Ne. ’ Pescription

1 Materials section organization; 1 January 1943

2 Madison Square Area organization, 1 January 1944

3 Madison Square Area orgmizatioﬁ, 1 January 1945

b Relationship between key contractors and Madison
Square Area, 1 January 1945 - » '

5 Madison Square Ares organisation, 1 Janmary 1946

6. Madison Sguare Area organiz#tion, 12 January 1947

7 Relationship between key contractors and Madison

Square Area, 1 January 1947
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MANHATTAN DISTRICT HISTORY
BOOK VII = FEED MATERJIALS
APPENDIX "D"

GRAFHS

Duor:lgﬂon

Uranium production
Uranium: produotion versus requirements
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Reoast metal operations « production and cost data
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MANHATTAR TISTRICT HISTORY
BOOK VII ~ FEED MATERIALS
APPENDIX "E®

REFEREKCES

[}

(A1l documents are located in the MSA files of the Atomic Energy
Commission, Office of New York [irected Operations,)

Ho.

1

Description

Hemorandum to the Files by Capt. P, L. Merritt, dated
21 December 1942, Subject: Present and Prospective
Supplies of Uranium-bearing Material,

Memorandum to Brigadier General L. R, Groves by Lt. Col,
J. R. Ruhoff, dated 23 November 1943, Subject: Position
of Belgian Congo with regards to Uranium and other Metal
Production,

Letter from Mr. Julian Leroy, African Metals Corporation,
to Lt. Col. J. R. Ruhoff, dated 27 Qctober 1943, stating
that the Shinkolobwe Kine could not be re-opened,

Memorandum, dated 17 September 1942, concerning a meeting
in New York between Capt, J. R, Ruhoff, Ir, R. L. Geddes"
of Stone & Webster, Mr. E. Sengler of African Metals and
Nr. P;;gel of Canadian Radium and Uranium Corporation,

Memorandum to Major General L., R. Groves by Col, K, D,
Nichols, dated 18 April 1944, Subject: Ore Prices,

Memorandum to Brigadier General L. R. Groves hy Lt. Col.

J. R, Buhoff, dated 15 February 1944, Subject: Summary
of Ore Contracts. ,

Memorandum to Col. K. D, Nichols by Lt. Col. J. R. Ruhoff,
dated 26 November 1943, Subject: Plans for the handling
of African Ore, .

Letter from Mr, Carl French, Eldorado, to Major P, L,
Merritt, dated 11 October 13944, enclosing the Order of

the CGovernor General in Council of Canada which appropri-
ated all the issued capital stock of Eldorado Mining and
Refining Limited,




10

11

13

14

17

i

APPFENDIX "E"
REFBRENCES (Contd, )

letter from Mre Lesslie R Thomson, Special Liaison
Officer, to Cols K. D¢ Nichols, dated 16 April 1945,
onclosing a Memorandum showing the cost of produce
ing black oxide at Bldorado.

Hemorandum to the Filee by Capte Pe lLe Morritt, dated
28 Januery 1943, Subjeots C(Conferences Regarding the
Recovery of Uglg From Carnotite Tnilings.

Memorandum to the Files by Capte P» Le Merritt, dated
18 Jenuary 1943, Subjects TZTreatment of Carnotite
Tailings from Vanadium Plants in Colorado and Utah.

Letter from Lte Goles Js¢ Re Ruboff to Hry B B
Bransome, VeCuhe, dated 20 January 1944, conoerning
the re~opening of the Metals Reserve Monticello plant
by Ve Cu Ao )

Hemorsndum to the Files by Major Je R. Ruhoff, dated
31 January 1943, Subjeots OCost of Vanadium Sands.

¥Wr Production Board Order X-285, dated 26 Janvary
1243,

Anended War Production Bosrd Order M~-285, dated 15
August 1944,

Lotter from Lt. Col, J» Re Ruhoff to Mr, R. Js Lund,
W.P.B., dated 87 Novenmber 1943, concerning the pro=~
corement of awmilable commercial uranium stocks by
Vitro Menufeoturing Company.

Memorendum to the District Engineer by Lt. Col.
Je R+ Ruhoff, dated 4 November 1943, Subjects Polonium,.

Hemorandum by Dre Js He lam and Dre Ip, [+18 mnﬁliuﬂ,
dated 23 December 1943, conssrning a meeting at
Bldorade to discuss lead residues and polonivm reoove

a@rye

o



19

2l

22

23

26

26

27

AFPENDIX "R*
REFERBNGES (Contd.)

Menmorandum to lt. Col. Jo Rs Ruhoff by Brigmdier
Genersl L., R. Groves, dated 27 October 1943,
Subjeots Trensmittal of Letters.

Memorandum to the Files by Major P. L. Herritt,
dated 6 Deoember 1543, Subject: Purchase of
Tailings, :

Momorandum to the Area BEngineer, Madison Sguare
Area, Attention: lajor G. W, Russell by Col.
K. Ds Hiohols, dated & October 1944, Subjests
Authoriszation for Purehase of Uranium Compounds,

Memorandum to the Files by Capt. Ju A« Bergauts,
dated 27 January 1944, Subjests Operation of
Uy B¢ Yo Ureaven aoid leach phnt.

Letter from Mrs Jo Rs Van Fleet, Uu8.V. to Col.
Ko Ds Nichols, Dated O May 1944, regarding dise-
ocontinuing operstions at the V.8,V Uravan plant,

letter froa Mr, Blair mtl' UsBuVe s to It.

Cols Je Re MOff. dated 1 &y M. Eiﬂns
eatimates of coste of lemching operations at Uravan
and refining operations at (rand Junotion,

Menorandun to the Files by Major J. B, Vance, dated
18 April 1944, Subjects Estimated Cost of Operstion
of the UsB.Ve Uravan Mill for Army Aoscount.

Letter from Mre Blair Burwell, U.3,V,, to Lt. Col.
J» Rs Ruhoff, dated 18 June 1944, discusses the
cancellation of Contract W-7406 eng-201 and the
resumption of aoid leach at our Uravan Plant by
the Army Contract Aocount,

Menorandum to the Piles by Major J. B. Vance, dated
27 June 1944, Subjeots Operation of the U, 8. V,
Uraven Plant under Supplemental Agreement No. 1 to
Contraot We7406 eng=82.




ag

29

81

33

35

APPRNDIX "E"
REFERENCES (Contd. )

Letter from iMre Je A+ Holladay, Union Carbide and
Carbon Corporstion, to lLte Cols Je¢ Re Ruhoff,
dated 13 August 1943, giving an estimated regarde

4ing the average wonthly nutput of Step I of the

Linde Coranloeg Plante

lottor from e Je Ae Holladoy, Union Carbide and
Carbon Corporation, to Lts Cols Te Te Crorshaw,
doted 5 June 1943, piving status of construetien
and/or operstions of Stops Noss 1, 25 8 end 4 of
the projacts

Letter from Mre Se Wa Coloman, Yallinckrodt
Chemioel Works, to Mo jJor Ce Vanden Bulok, dated
13 November 1%2, giving the cost of the mamie
facture of Refined Tube Alloy Dloxide for
300,000 1bge ot $1456 per 1b,

letter from Cols Ke Dy Nichols to lMre Edward
tellinclrodt, Jre, Mellinokrodt Chenical Worlm,
deted 8 Moy 1944, acknowledging the voluntary and
unsolicited return of the suvinge reslized as a
result of apereting teshniques,

Letter to the Ares Engineer, Tonawanda Area by
Ye jor Cv Hedleok, dated £ Pebruary 1944, Subject:
Release of Linde Step 2 Bquipment for Other Works

Letbter from Mre Louis Spuglor, du Pont, to

Lte Cols Js Re Ruhoff, datad 18 March 1944, re-
parding aconomio survey on ths menufacture of
C=11% by varioua mothodse

Letter froam Mejor C. Hadlock to Mre Je Ae Holladuy,
Unjom Carbide & Eleoctro Metallurzioal Research
Labe, dated 28 July 1843, giving standard procedure
for handling byepraduct materisls scheduled for
processing in the du Pont slag recovery plant.

Letter from lire Ae Ce Kloin, Stons & Webster
Engineering Corpe, to the Harshaw Chemicel Cos,
dated 26 September 1942, regarding tatrs.fluoride
productions




APPENDIX "B"
REFERENCES (Contd. )

3 Swmery of prooess entitled "Production of
Tetrafiuoride® written by Mr, K. E., Long, of
the Harghaw Chemical Qo., dated 8 April 1943,

37 Lettor from Hr. M. Ke Richards, du Pont to
Dre. He W, Elley, Director Chemiocal Div., dated
20 April 1943, repgerding regquirements of 2000
l?“sﬁd:" of Produot C«618 for U. $. Engineers
sommenoing 1 May 1944,

38 Iotter from Mres K. Eo Long, Harshaw, to Lt. Col.
Js« Re Ruhoff, dated 24 August 1943, discusses
the methods of preparstion of Product C=816,

39 Letter from Mr. Me K+ Richards, du Pont, to
Dr. He We Elley, dated 11 September 1943, re-
garding location snd oylinder atudy of Product
006161

40 . letter from Mre. W. Jo Harchaw, to Lte Cole
Jo Re Buhoff, dated 5 November 1943, disousses
erootion of building for manufsoture of Product
C=816,

41 letter from Mre S. W, MoCune, du Pont to Lt. Col.
Je¢ Re Buhoffl, dated 19 November 1943, regerding
feocilities for mamifacture of #,200 lbs/day of
Product C=616. .

42 letter from Mr. 8. W, MoGune, du Pont, to Lt. Gol,
J. R« Bunoff, dated 4 December 1943 regarding
menufsoturing cost of Produot C«l6.

4% lLetter from Mr. Wo Je Horshaw, Harshaw, to Lt.0ol.
J« Re Ruhoff, dated #3 December 1943, giving re=
vised ocost calculations owering the production of
Product C=£16,

&4 *  Letter from Major E. A, HBrinlkmen to ir. C, S. Parke,
Horshaw, dated 22 August 1944, authorizing cone
struction of a plant t‘or production of Preduct
C=6164

e
i
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47

48

49

8l

53

APPENDIX "E"

REFERENCES (Contd.)

Letter from Mr. R. L. Doan, Metallurgical Lab.,
to Dr. C. B, Sawyer, dated 15 September 1542,
regarding the production of metal by the
magnesium reduction prooess.

Letter from M. R. L. Doan, Metallurgical lab. to
Dr. €, B. Sawyer, Brush Labs., dated § Qctober
1942, regarding the undertaking on a small

seale of produoction of metal by the magnesium
reduction proaess.

lLetter from Dy. C. B. Sawyer, Brush Labs., to
Major T. T. Crenshaw, dated 12 Fovember 1942,
confirming produstion of metal.

Lotter from ir. J. A. Holladay, Union Carbide
and Carbon Qorporation, dated 17 September 1943
ta Lt. Col. J. R. Ruhoff, discussing capacity
of plant to produce finished billets and eggzs.

Letter from Msjor W. L. Sapper to Mr. ¥oQune,
du Pont, dated 7 August 1944, authorizing

- continuation for Product ¢«10% and diascontinu-

ing operation of plants for Products ¢-~104
and C-108.

Letter from Major C. Hadlock to Dr. Frank H.
Spedding, Iowa State.College, dated 20
September 1943, discusses the future status
of supplies of Slo-3et. !

Memorandum to the Files by Capt. R. D. Morse,
dated 1 February 1944, Subjeot; Ames Experi-
mental Program for Turnings Recasting.

Lotter to the Area Engineer, Madlson Square Ares,
Attention, Capt. R. D. Morse from Frank Huke,
dated 31 May 1944, SubjJect: Report on Recasting
of Turnings.

Memorandum to the Files by &, E. Chipman, dated
30 Oetober 1944, Subject; Development Program
et Iowa State College.



58

66

57

b8

69

6}

62

APPENDIX "B*
REFERERCES (Contd. )

Letter from lt. Diok Duffey to Dre Ps Ps Alsxander,
Metal Hydrides, dated 26 June 1943, authorising
continuation of the production and resasting of
metal under Contrast W=7406 eng=8 through 31
August 1943, ‘

Letter to Lt. Cole J. Re Ruhoff from Lt. Duffey,
dated 29 July 1943, Subjects Cost of Cast Netal
at Metal Hydrides, Ino.

letter from Lt. Cols T. T, Orenshaw to Dr. F» P»
requesting the recasting of 500-1000 1bs/day
of trialloey.

Letter to the Area Enginesr, Beverly Ares, from
Lte Cols J. R. Ruhoff, dated 21 April 1543,
Subjeots Recasting of "Heels®™ fram Mr. P.» A.8hinn,

latter from A. s Klein, Stone & Webster Engineer-
ing Corporstion, to Westinghouse Electris & Manu=
faoturing Co., dated 6 Qotober 1942, regmrding
extension of faoilities,

Letter from Major Te T+ Crenshaw to Mre A FPrankel,
Westinghouse, dated 30 December 1942, oconfirming
production of §00 lbs/week of 1" oubes until

20,000 lbs, have beon produced.

Letter from Major Es Ae Brinlman to Mr. A. Frankel,
Westinghouse, dated 13 November 1943, cancelling
oontraot No. W=7407 eng=2 as of 15 October 1943,

Memorandum frem Major J. R, Ruhoff dated 18
Poebruary 1943, Subjeot: - Proposed Quality Control
Program and Organization of Qentral laboratories.

Hemorandum to the Materials Pile by Lt. D. G.
Sturges, dated 15 April 1943, SubJect: Conference
in Chicago on February 26, 1943, for Discussion of
Central Control Group.
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65

66

67

68

69

70

71

72

73

'« APPERDIX ®E®
REFEHENCES (Contd,)

Letter from Yajor C. Hadlock to Mr, N, Mcl, Sage, MIT,
dated 18 Harch 1944, regarding sending two members of
the MIT staff on "“fire brigade" duty at the District

Office.

Letter from Major J. R, Ruhoff to Ir. Clement J, Rodden,
KBS, dated 11 March 1943, regarding samples being sent
for analyses with a schedule attached.

Memorandum to the Flles by Lt. D, G, Sturgea, dated 17
November 1943, Subject: Ore Assay Schedule,

Memorandum to the Files, by Lt, D, G. Sturges, dated
1 June 1943, Subject: Analytical Conference at Chicago
on May 28, 1943,

Letter from Major T. T. Crenshaw to Mr. A. Frankel, Westing-
house, dated 18 Hovember 1942, requesting that wastage and
by~products of certain tuballoy compounds not be thrown

avay.

Letter from Major €. Hadlock to Nr. J. A. Holladay, UCC,
dated 11 September 19,3, regarding the accounting for, and
safeguarding of, speclal metal or its compounds.

Letter (and tabulation) from Capt. M, L, Hecker, to District
Engineer, Attention: Capt. B, G. Seitsz, dated 27 March 1946,
Subject: Quarterly Budget Review,

Memorandum to Files by Capt. D, G. Sturges, dated 3 November
1944, Subjects Survey of future operations of Metal and :
lMetal-intermediate plants (with attachments dated 1 June

1944 and 26 September 1944).

Letter from Major C. Hadlock to Ir, Spedding, Iowa State
College, dated 20 Sept., 1943, establishing a atandard
shipping memorandum procedure,

Letter from Lt. Col. Crenshaw to Mr, K. E. Long, Harshaw
Chemical Co., dated 15 January 1943, establishing “Wbekly
Production Report® procedurs,

¥emorandum from Mr. W, E, Kelley, Manager Hew York Directed
Operations, dated 22 October 1947, Subject: Manhattan District
History, Book VII, Feed Materials and Special Procurement,

with Exhibits Nos. 1, 2 and 3 attached.




MANRATTAN DISTRICY HISTORY
BOOK VII - FEED MATERIALS

APPEXDIX “r*
CONTRACT DATA
Fo. Desoription
1 African raw material proocurement mmu-y
2 Canadisn raw material procurement summary
3 Domestio raw material procurement swmary
4 Marke% proocurement -muﬁ
5 Radiocactive lead proocurement suzmary
8 Radium and radiumeneutron source proourement
summAry :
7 Refining of ores and conoentrates - Summary
8 Refining and treatment contract data |
9 Misaellaneous oontract data
10 Thorius procurement sumaary .

>



. o——L

AFRICAY RAW MATRRIAL PROCUREMENT SUMMARY

No. F-1

Contraoct Price

Contract or Tons of (re % Ug0s Tons of X U308  per pound of
Purchase Order Date of Delivery Contracted in Orve Ug0g in  Content U0y TOTAL
Bumber Contract Period For (Apprez.) oOre Paid for (Approx.) cost
Africen Metals Corporation )
W=T408 enz~4 Octoder 19, 1942 October 1942 100 88 ™ 80 $1.00 $ 118,200
W=T408 eng-24 Cotober 16, 1342 Ootober 1942 -
August 1943 2,050 66 1,338 88 1.30 )
W-T408 eng-24 Qotober 18, 1942 Pebruary - ) ) 3,108,000
N July 1943 1,000 20 189 86 1.30)
W=7406 eng-30 Yovember 19,1942 November 1942 250 a8 157 -1 1.08 183,000
W-T408 eng-~-94 May 27, 1943 OQotober 1943 -
June 1944 530 88 332 93 1.28 )
W=T408 eng-94 ay 27, 1343 August 1943 - ' ) 3,748, 500-
June 1944 1,078 20-26 199 90 1.28 )
W=-T7408 eng-94 Yay 27, 1943 October 1943 - ))
July 1944 10,280 10 967 0 1.28 )
W-7408 ang-94 Nay 27, 1943 August - )
September 1944 2,000 [} 114 20 1.28)
W-7405 ong-289 Dotober 15, 1843 October 1943 20 10 2.3 100 1.13 12,100+
N-7406 eng-279 Deocsmber 5, 1943 larch 1944 - !
February 1946 12,000 3 323 100 1.13 1,518,000«
¥=T408 eng~280 December 5, 1943 September 1544 -
Hay 1948 181 50-60 113 100 1.40 )
W-7405 en;-280 becember 5, 1943 Yovember 134 - ) 423, 700
June 19456 278 20 50 100 1.38 )
P.0. 371 Sovenier 25,1942 Kovember 1942 1 ;11 G.4 100 1.13 1,800+
. P.Ds 3044 April 12, 1343 Pevruary 1943 Q.5 20 0.1 100 1.13 600+
P.0. 32156 Jotober 12, 1943 Aujust 1943 0.3 10 0.03 100 1.13 200s
P.0. 28638 December 4, 1943 December 1943 1 68 © 0.8 100 L.17 4,500
P.0. 29707 December 1, 1944 December 1944 0.6 50 - 0.3 100 1.17 1,300%s
TOTAL 29,754 3,359 $1.12 49,113,800
(Avorage)
Washington 0ffice Procurament
TAS=-1 68 1,868 1.45 $5,411,400
TAB=2 65 1,278 1.90 4,368,400
T:TAL 3,144 310,267,800
« Cost of ore after oredita have neen deducted for the radiwm and other precious residuss returned to the asontractor.
*s Includes the coat of radium coutained in the ore and purchased by the Government.
£ mny e

K] rore










Contract or

Purchase Order

Fumber

African Metals Corp.
W=7406 eng~-18
R=7405 engz=4T
Tie7405 eng-47
We7405 eng-47

Vitre Manufeoturing Co.
%~=7406 eng-9

WeT405 eng-9
W-7405 eng~52

Ps 0. 2789
Po 0. 3343
P. O, 43672
Harshaw Chemical Co.
W=7406 eng-46
W~7406 engz-456
P. 0. 3220
Boris Pregel
W-7405 eng-44
W=T4056 eng-44
We-7405 engz-44
General Chemical Co.
P. 0, 42816
Linde
W=T401l eng~16

W-17=025 ong=-29

p——

Date of
Contract

Nove 11, 1942
¥ar, 29, 1943
Mar. 29, 1943
Mar. £6, 1943

Oot. 29, 1942
Oct. 29, 1942
¥ar. 27, 1843

Apr. B, 1943
June 22, 19438

May 20, 1946

Mar. 27, 1943
Mar. 27, 1948
Mar. 26, 1943

War. 27, 1943
Mar. 27, 1943
Mar. 27, 1943

sﬂpt. Ts 1945

Oot. 17, 1942
lay 4, 1948

—_—

Delivery

Period

Nov. 1942
June 15438
June 1643
June 1943

KRov,. 1842
Kov, 1942
May 1043
to date

June 1943

mu. 1948

March 1943
June 1943
April 1943

May 1943
May 1943
Moy 1943

Oat. 1946

Deoc. 1942
July 1948
Aage 19456

RASHIXGTOE OFFICE PROCUREMENT - MISCELLANEOUS

Tons of Tons of
Type of Katerial UsOg
Material Purchased Content
Soda Salt 108 X 88
Orange Oxide 4“4 BERTE 1
Black Oxide 39 77 88

Uranyl carbonete 11 £t $ &

Soda salt 14 a3 12
Uranyl carbonate 9 Tety [}
Various refined 84 34 2
uranium salts, @.g.

bl..ok w.‘ sods

salt, carboaste,

nitrate, eto.

Yarious refined 2 e 0.4

uraniuz sal s

Brown oxide 0.04 /., 0,04
Sods salt 0.03 .. 0.08
Black oxide 0.8 ¢ 0.7

Bods .‘lt ‘08 B¥ 8.3

Uranyl nitrate 0.6 (o 0.2

Black oxide 2.9 97 2,8

Soda ..h 8.‘ ¥V 201

Uranyl nitrate 2,0 <5 11

Uranyl nitrate 0.2 o 0.1

Black axide 43 w4l

Ore conocentrates 23 1 2.8
T0TAL 389 70

Soda 3al ¢

$1.89
1.89
2,08
1,60

1,69
2.61

.00

2,16
1.90

4.28

2,01
1.89
3.7

4,05

2.18
1.08

Cost per
pound of

Ug0gContent

(average)

Ho. F 4

TOTAL
COST

$ 326,000
138,600
159,700

16,000

435, 600
14,700
128,600

1,400
200
130

3,100
13,800
2,700

11,200
10,200
8,200

178,400

8, 800

$1,066,180
(Wet available)



et

RADIOQACTIVE LEAD PROCUREMERT SUMMARY

Gontract Date of
Kuzber Contract
Borie Pregel

W=-7406 eng=31 June 1, 194%
%~T7405 eng-286e ¥ay 10, 1944
Dept. of Munitions

and Supplies

W=44~1563 eng-1 Apr. 5, 1945

Gilbert A. Ll.Bi.no. A‘to

R-26-021 eng-lé Hay 1, 1846

TOTAL

ojow included in African Metals Contract W-7405 eng=-24

Cost per
Tons of % Lead Pound of
lead Oxide Content Elemental lead
3.6 80 $1.00
9.6 7 1.00
33 80 0.5¢
89 82 0.54
86

TOTAL

COsT

$ 7,000,
19,000,

£8,100.

54,300

88,400

Ro. T 6



COBTRACT

NUKBER

Baris Pregel

W=7405 ong-33
#=-7408 eng~297
W-7405 eng=318
W-7406 eng-35
=7406 eng=-91
N-T408 ong-148
W-7408 eng-220
W-7408 eng-~288
W=7405 eng-291
P. 0. A-25008
P. 0. A-20228

RADIUM AND RADIUM-REUTRON SOURCE PROCUREHFNT SUMMARY

DATE ar
CONTRACT

28 Jan. 1843
1 Sept. 1944
24 Tob. 1943
1 June 1943
1 Nov. 1948
14 Teb. 1944
6 Tob. 1942
30 Mar. 1942

TYPE OF
CONTRACT

Rental
Rental
Rental
Purchnee
Purchase
Parchase
Parchase
Purchase
Purchase
Rental
Rental

16 ¥isoellansous Purohase Orders 1942-1943-1944

R-26-021 eng~30

Eldorade Mining & Refining Co.

- 20 Nay 1946

Joseph A. Kelly, Agent

W-T412 eng-158
W-T412 eng-157
B=-7412 eng-169
W-T413 eng-180
We38-094~ eng-16
N=38-084 eng-18
W=38-094 eng~19
R=38-094 eng-22
W=38-094 eng-23
W=-33-094 exng-2¢
Po O A=25854
P. 0. 2-3313

P. 0. 8814

P. 0. 12689

P. 0. 12490

P. 0. 12732

P. O. 27228

Po 0. 24441

Fy O. 27895

P. 0. 11807

P. O, 28422

P. 0. 28421

P. O. 28420

P. 0. 29009

P. 0. 29628

27 Hov. 1548
28 Mar. 1944
12 Apr. 1944
1C Hay 1944
28 Oot. 1944
20 Feb. 1948
20 May 15948
20 June 1848
20 Juns 1948
7 Aug. 1948
12 Feb. 1942
15 Dec. 1943
15 veo. 1943
12 May 1944
1 May 1944

16 May 1944
17 June 1944
30 June 1544
19 July 1944
18 Feb. 1644
6 Sept. 1944
8 Sept. 1544
8 Sept. 1944

30 Oot. 1944
30 Nov. 1944

a

Rental

Furohase
Purchase
Purehase
Parohase
Purohase
Purchase
Rental
Rental
Rental
Rental
Rental
Purchage
Purchase
Purchase
Purchase
Purchase
Rurohase
Purochase
Purchase
Rental
Furchase
Furohase
Furchase
Ru\hlg
Rental

KILLIGRAMB

OF RADIUM

3,021
1,000
6, 595
4,941

2,021
1,001
2,008
2,638
2,4TR
1,000

180

721

2,584

CosT 10

12‘31&“

£6,823
4,549
51,718
43,997
34,357
17,018
34,038
44,882
42,015
7,800
100
10,800

2,077

30,081
1,498
15,308
152,949
16,881
87,720
7,128
6,780
8,875
2,400
400
1,289
267

26
1,358
174
187
120
465
100
2,061
198
445

50
50



CONTRACT
HUMBER

DATE OF
SONTRACT

Joseph A. Kelly, Agent (coatirmied)

P.
Pe
P.
P.
Pe
P.
P.
P.
P.
P

Redium Chemical Co.
W=38=094 eng-28
R-38-094 eng-28
W=38-094 eng-30

0.
0.
00
0.
Q.
o.
C.
0.
0.
e

209358
29100
28141
36079
20079
30232
36432
38737
38620
42833

P. 0. 7883

17 Yov. 1944
30 Oct. 1944
21 Aug. 1944
28 Jan. 1946
18 Jan. 1946
5 May 1948

1 June 1948
21 Mar. 1948
28 June 1948
23 Aug. 1948

29 Jan. 1548
1 Oot. 1948
11 Aug. 1848

YR OoF
CONTRACT

Furoshase
Purghase
Reatal

Purchase
Purchase
Purchase
Parchase
Rental

Purohase
Rental

Rental
Rental
Rental
Pental

TOTAL REWTALS

TOTAL PURCHASES

ORAND TOTAL

& LLLIGRAMS

O RADIUM

200
1,000
8,211

100

36,013
36,375
72,986

§ 488
2n

100

a0

812

33

928

100
1,994
100

188
500
1,090
100

97,032
502,807
$679,399

. m
NG, A -6



Date of
Contract Number Contraot
ELLORADO CONTRACTSS
F=7405 en;~6 10/21/¢2
R=74056 eny-17 10/17/42
W=T406 eng=20 11/24/42
W-7405 enz-264 10/26/43
¥=7406 eng-281 1/16/44
WeT405 ong-281 1/16/44
W-7406 eng-318 9/1/44
#-7405 eng-318 8/1/44
n-28-021 eng-El 1/30/46
W~26-021 eng-26
African Ore
W-7405 eng-145 8/22/43
W=7405 eng-252 9/11/48
W=26=021 eng~Ge
Stone & Webgter
Purchase Order 13§ 7/16/42
Canadian Ore

ELDORADO TOTAL
VITRO CONTRACTS:

W=7405 eng-21 12/2¢4/48

¥=T406 eng-251 9/1/43

We28-021 eng~168 8/15/48
African Ore

WaT405 eng-54
W=256<021 eng=T -
Wo26-021 eng-24

4/20/43
. 48
Weatern Ore
YITRO TOTAL

U. 8. VARADIUM CONTRACT:
W-7405 eng-32

1/38/43

i
‘. % SUMMARY

e

REFINING OF ORES AWD CORCENTRATES

=
To 1 Januery 1944

% Ug0g Total Toas Tons U0 Usq, Refining
in UgOg in Ore Rooovoxs'os Cos
{Aporox.) (Approx.) To Date To Date
(] 73 68 $ 63,900
26 1,861 1,164 1,418,600
82 48 4 87,500
20 168 160 892,090
20 5 82 127,450
60 111 105 126,820
20 768 n 116,210
28 74 68 106,210
£0 29 27 44,320
€6 75 70 76,450
1.969 1.832 ‘80 sgalm
80 228)
30 532) 687 $ 829,360
30 544 20 40,000
30 172 140 237,600
1,108,980
1,870 ﬁi_’ 31,108,
3,229 £5698 43,655,520
2,679
1 1] 83 $ 83,50
(1 893 3719 498,900
66 prly 188 199, 600
623 800 $ 781,900
58 3 3 4,600
© 14 1¢1 218,900
38 2 108,130
173 188 $ 421,5%0
796 768 $1,203,430
1] ] (831a) $¢,071,1400»

Refining
Costs

Ko. P 7

TOTAL

§ 63,800
1,418,600
87,8600
628,260
127,450
145,620
118,210
140,430
54,880
75,460

§2,823,310

§ 629,360
40,000

£37,600

§288,390¢¢

$1,106,960
$3,980,270
$ 83,800
498,900
199, 600
§ 781,900
4,800
218,900
198,130
$ 421,650

#1,203,430

$5,100,830¢






Contract

Badger, E.B. & Sons
W-44-163 eng-7

Brush Laboratories
W-T7406 eny-3

REPIERING AND TREATMEET CONTRACT DATA

TO JANUARY 1, 1847

ration

Construction of
Mallinokrodt Refinery

Hesearch - Netal

E.I. du Pont de Nemours & Co.Brown Oxide

W-7412 eng-8

W-7412 eng~6
Wo7412 eng-161

W-7412 eng-22

Green Salt

Metal

Standby & Eqpt. storage
dreen Salt

Hexafluoride Research and
Productiones

Research - C~l006 series
Researoh -~ Scrap Recovery
Scrap Recovery

Eldorado Mining & Refining Co.

W=7405 eng-6
W-74065 eng-17
W~T7406 eng-20
W-26-021 eng-6
W-28=021 eng-26

Electro Metallurgiosl Co.
W=7406 eng-14

W=-T7405 eng-227
W=7400 eng-265

Evans, Robley D
w-T409 en =20 .
W-22-076 eng-13

General Chemioal Co.
W-T405 eng-~316

Refining
Refining
Refining
Refining
Refining

Notal

Regearch and Development

8tandby

Plant extension

Plant design and
engineering installation

Analytical services
Ra assay

Anhydrous hydroflusrie
Acid

Effective Date

Ootober 14, 1942

November 20, 1862 )

July 29, 1942
September 5, 1844

Decenber 30, 1942

Octeber 21,1942

November 17, 1942
November £4, 1942
December 1, 1944
January 16, 1948

November 4, 1942

March 1, 1848
March 1, 1843

December 87, 1943
May 15, 1948

Beptomber 1, 1944

eIncludes Research and Development and Quality Control Costs

eslnsludes costs incurred under W-7412 eng-10 and OF MSy 409 which were incorporated into W-T412 eng-151

Construction
Coat

$5,698,360

1,080,000

£0,130

842,280

284,800
10,400
2,600

Ko. F-8

Qperating

Coste

8§,000

1,891,080
869,170
800,150

19,680
20,000
88,760

89,440
139,410
2,294,150

83,900
1,418,600
37,500
GO.wO
76,4680

% 132,900
84,100
26,260

1,800

42,900



Contrast

Grove, Shepherd, Wilsm &
Eruge

W=14-108 eng-17

Harshaw Chemical Co.
N=T7408 eng -2

N-7406 eng-43
W=T406 eng=37
W-7406 eng~276

¥-26-021 eng~4

Hooker Eleotrochemieal Co.
W-7405 eng~28

Iowa State College
W=7406 eng=7

Kinetic Chemicals
W=7405 eng-27

uBin., Gohe As.nt
W-T405 eng-252
W=7405 eng~264
K-7405 eng-23)
W-7408 eng~318
¥-26-021 eng-21

Linde Air Produets Co.
W=-7401 eng-14

lLeDoux and Company
W-1l4-108 eng-18

Mallinokrodt Chemical Worlks

W=7405 eng-13
W=7405 eng-29

W-7405 eng=1
W-7405 eng-8

REFINING AKD TREATMENT CONTRACT DATA

gzorution

Cheaioal Storage tank faor
Mallinckrodt Refinery

Green Salt
Oxyfluoride
Bexafluoride
Tetra pghloride
Green Salt
Hexa fluoride
Tetrachloride

6lag Reoovery

Hetal )
Recast Netal )

Hydrofluorie Acid

Refining
Refining
Refining
Refining
Refining

Refining
Brown Oxide
Green Salt
Btandby

Sample sludge

Plant for green and metal
Green Salt

Metal

Brom and orange axide
Brown and oreange oxide
Research

Effective Date

karch 5, 1946

September 1, 1942
March 18, 1943
February 26, 1943
January 5, 1944

Qotober 18, 1944

January ¢, 19843

November 9, 1042

Novexber 18, 1043

September 11, 1843
October B5, 1843
January 15, 1944
September ), 1944
July 80, 1846

Yovember 16, 1942

April 1, 1946
Hovember 23, 1942
November 23, 1942

Novenber 24, 1942
¥May 12, 1948

eIncludes Research and Development and Quality Control Costs

o
% 7

Construction

Coat

¢

46,000

802, 000

42,000

35,000

1,768,940
762,160
518,130

Op=rating

C

$

oste

634,630
2,270
77,300
27,800
795,730
2,106,410
68,800

£8,400

2, 524,240

65,000

829,560
623,260
273,070
266,640

64,880

5,074,260
458,470
1,394,670
568,110

7,720

2, 501,120
2,778,760
4,745,260
838,260
156,000



Contract

Massachusetts Institute
of Techmology
R-7405 eng-40
W-7405 enz~83
W-T7406 eng-85

Metal Hydrides
W-7405 eng-8

¥ew Engzland lime Co.
W-7415 eng-23

Pitkin, Lucius
W-7421 eng-18
W-35-068 eng-9
H-~356-058 eng-10

Pregel, Boris
W-7406 ongz-31

Princeton University
W~T7405 eng-81

Pean Salt Mfg. Co.
¥-7405 eng-80

U.S.Vanadium Corp.
W-T7405 eng-32

Vitro Manufacturing Co.
W-7405 eng-21

¥-74056 eng-64

%-7406 eng-251
W=-26-021 eng-7
W-26-021 eng-16
W-268-021 eng-24

Weatinghouse
We7407 eng-2
W-T7409 eng-31
W=T407 ong-132

Yale University
W=T416 eng~22

REPINING AND CONTRACT TREATMINT DATA

Operation

Analytical services
Research
Ressarch

Metel
Recast Metal

Ug. Stookpile

Sample Ore
Smmple Ore
Asgsay Ore

Proosss radium-bearing
sludge

Analytical Research

Rydrofluorie Acid

Yellow sludge
Vg0g
Standby

Refining
Refining
Refining
Refining
Refining
Refining

Metal
Thorium Metal
Equipment

Research

TRANSFER OF GOVERFMENT FUNDS

ationa oAl O

Analytical Services

Kational Bureau of Standards Research

sIncludes Research and Development and Quality Control Costs

Effective Date

April 1, 1943
Hovember 1, 1542
August 12, 1844

November 1, 1942

December 1, 1843

May 11, 1944
August 15, 1946
Petruary 1, 1946

June 1, 1943
April 16, 1943
March 27, 1948

January 285, 1843

November 24, 1942
April RO, 1943
s.pt.lb.f 1. 1943
January 1, 19456
May 15, 1945
February 1, 1948

August 1, 1848
August 7, 1944
Decenber 18, 1943

December 1, 1943
TOTAL

TOTAL
GRAKD TOTAL

Construotion
Cost

35,000

1,591,680

W

¥o. P-8

Operating
g_utt

$ 110,000
40,900
380,000

670,800
719,680

9,800

75900
7,820
1,930

104,600

201,000

471,800

4,871,140
238,390
161,260

83,500
4, 500
498, 900
218,900
199,800
188,130

1,699,200
18,000
8,200

68,490

614,000
266,000

$48,82 8: 130






Contract

Stearns-Rogers
%-7407 eng-62
W-35-088 eng~&

Southenpton Hauling Co.
B=-28=054 eng-11

Transportation Equipment Co.

W-7423 en;-20

Treegoch - Fedcral Truek
F=-T428 eng=-21

Union Bag & Paper Co.
WeT423 eng=-1T
W-T7428 ang-25

Vunsdium Corp. of America
W-T406 eng-£68
W-26-021 eng-9

Woods Merocantile, Hugh ¥
W-7423 eng-56

¥iscellaneous Service
Contracts
{Telephone, Gas, Kleaotrio,
eto.)

HISCELLANEOUS COETRACT DATA

eration Effective Dete

Boilers - Colorado
Desiyn and Engineering
Jervices

January 27, 1944
October 1, 1944

Hauling by-products April 27, 1948
Trailers for hexaflucride ¥ay 15,1944

Trailers for hexafluoride Juns 1, 1944

Supi-lies - Middlesex
Supplies « Niddlesex

April 15, 1944
June 28, 1944

April B2, 1644
Jenuary 2, 1946

Heul tailings
Truoking services

Asphalt folt-covered

sheet iron Noveaber 1, 1943

TOTAL

No. F=9

Construction Operating
Cost Cost
$ 15,500 § -~
15,200 -

- 13,100

.. 4,200

— 11,700

e °.m

- 13,800

L G,m

e 40,700

5,800 -
549, 760

$ 175,700 $ 893,940




r——

¥o. F-10

THORYM PROCUREWENRT «~ CONTRACT DATA

As of January 1, 1947

bDate of Lbs. Contract Cost TOTAL
Contrect Material Contract Delivered per lb. COst
Lindsay Light & Chemical Co.
WelT=028 eng-~33 Thorium Kitrate Januery 21, 1948 9,120 $1.80 $16,420
W=17=028 ong-36 Thorium Witrate, Mantle
grade July 10, 18486 24,130 1.80 43,340
Thorium Ritrate,
ohemically pure 190 4.00 760
TOTAL 83,440 $60,8620










c-218
C-2144
C-21448

c-714

C-7150L
c~716
¢c-816
C~-8160L
L

L3

Freon 113
HF

WFL

MFI

0G

P-45
P-45CL
P-45CLg

pP-539

R

Fluorine
Fluorinated lube oil
Chlorofluorolube oil (from terphenyls)

Mixture of tetradecafluoromethyloyclohexane
and tetradecafluoroothylcyolopontnnl

chloro-pontadooafluoro-hoptano
n—perfluoroheptuno
Perfluorodinethyleyolohexane
lonoohioro-pontndeon dimethyloyelohexane
Fluorolube

Fluorinated lubricant solvent or fluorinatod
kerosense

Trichloro~trifluoro-ethane
Hydrofluorie aoid .

Polymerised and further fluorinated trifluoroohloré~
ethylene (1liquid)

Polymerised and further fluorinnted trifluoroohloro-
ethylene (grease)

/ Pluorine

Hexafluoroxylene
Monochlor P-és
Dichlor P-4$§

Trifluoroohloroethyleﬁ;

—






sealant was that this grade material was expected to be bled slowly

into the process gas stream through packing glands while the coolant
material would not get into the ﬁrécess gas except through leakage.,

The manufacture of C~-716 consisted of fluorination of normal heptane

in a vapor phase by passing it over heated cobalt trifluoride. The
process for the manufacture of this material had to be developed on

the basis of research results at Johns Hopkins and du Pont and the
material was manufactured in a plant especially constructed for this
purpose, The OSED had already developed a workable process for the
production of C-716 at the time the Manhattan Iistrict took over this
project, and an OSRD order for 20,000 pounds with the du Pont Company
was taken over by the Manhattan District in November 1942 (Ref. 1). The
C-716 was procured from the du Pont Company in Wilmington, Delaware,
_under the cost-plus-fixed-fee contract Ho, W-7412 eng-2 which was effective
on Hovember 17, 1942 and covered construction and operation of a plant
for manufacturing this material., This contract was awarded to the du
Pont Company since they were at that time the only company in the country
which had previous experience in the prpduction of completely fluori-
nated hydrocarbons of this sort and in addition they had done consider-
able work on the initial development of this process,

In Pecember 1942, specifications were given to du Pont covering

the stability of C-716 process gas (Ref. 2 and 3), It was planned

that 20,000 pounds of the material would be produced in two grades;




3,400 pounds of sealant grade and 16,600 pounds coolant gride for use
in place of C-816 on the test floor. It'should be noted that the term
C-716~1 which appears frequently throughout correspondence and docu-
ments refers to this initial order of 20,000 pounds.

In early 1943, it was believed by those working on the program,
that the use of synthetic heptane was necessary to obtain a grade of
C-716 suitable for use in the plant (Ref. 4), and further work along
those lines bore out these opinions. The irnitial lots of C-716 were
showing production costs in excess of $40 per pound and, as a result,
it was necessary to increase the amount of money provided for the
manufacture of this product,

| In June 1943, it had been definitely determined that the previcus-
ly considered C-816 was not satisfactory as a sealant material for the
large plant and it was, therefore, necessary that the entire sealant
requirements would have to be made of C-716. Supplements to the
Contract No., W-7412 eng-2 were issued for additional smounts of the
C-716 and at the same time additional specifications which were in-
corporated in the contract were set on the material. Throughout the
literature and the documents, this adéltional ordér is referred to
éu C-716-2 and the specifications as C-716-2 specifications. A new
Stedman Column had'té be installed in order to take care of the C~T14
(mixture of tetradecafluoromethylcyclohexsne and tetradecafluorcethyl-
eyclopentane) specification limit in the C-716-2 and the cost of im-
proving the process for this reason amounted to $58,000,

Cost at the conclusion of the production of the initial 20,000

pounds of C~716 was $700,000 exclusive of the fee. However, du Pont

SBE-SEORE

G.4



reflected an enormous amount of

emphasized the fact that ;he pricé
further development work not only in the process itself but in the gen-
eration and handling of fluorine, the preparation of the cobalt trifluorids
catalyst and‘gencral fluorocarbon process development. Those latter

costs would normally have been covered under a research contract, In
February 1944 information was received stating that enough C-816 would be
available to permit its use as replacement for the C-716 as coolant for

the test floor, this resulting in a saving of $250,000. At this time,

it was decided to redistill the C=716-1 of coolant grade which was still
held by the du Pont Company through the Stedman Column in order to pro-
vide for the recovery of a considerable amount of C-716~2, the sealant
grade specification material, This processing of the coolant grade
C-716-1 to C=716-2 proceeded so satisfactorily that production of 716
~exceeded scheduled requirements and there was no further difficulty con-
nected with the procurement of C-716.

Because of the fluctuating requirements caused by changes in con-
ditions, the produciion schedules of C-716 were changed at various times
throughout the contract. However, under the Contract 20,286 pounds of
C-716-1 and 76,755 pounds of‘0-716-% were produced, 9,936 pounds of the
C-716-2 were produced from the coolant grade C-716-1 which became
available when it was not needed for use on the test floor. Produc-
tion of C-716 ceased on June 25, 1945, Cost of construction under
~7412 eng-2, which covered production of both C-716 and C-21i4 (fluorolube)
amounted to $737,290. Under this contract, 20,280 pounds of C~716-1

were produced at a cost of $656,290, 76,752 pounds of C-716-2 were



produced, 66,816 pounds at a coat of $1,492,680, and 9,936 pounds
(from C-716~1) at & cost of $7,800.

It should be mentioned that the 715CL (chloro-pentadecafluoro-
heptane) process developed at Purdue under W-T405 eng-7T4 by Professor
E. T. McBee could be operated to produce a sufficient amount of C-716
of gatinflotory quality to meet the sealant requirement as a by-
produst of the 715CL coolant. This was an attractive feature of the
T150L process. Undoubtedly this process would have been used had it
been possible to develop it in time since the cost of the material as
" & by-produot would have bsen relatively low in sny case and the process
was particularly attractive on agoount of its very low reguirements for

slementary fluorine.

Perfluorodimethyloyolohexane (C-816) and Hexafluoroxylens (P-46)
0~816 was developed for use as a coolant material in the diffusion

plant. The physical propertiss and an inertness to process gas required
for this coolant restrioted the choice of practical gompounds to fluo-
rinated hydrocerbon derivatives having 7, 8 or 9 carbon atoms (Ref. 6).
0f these (¢~816 proved to be the mpltiaatiafactory and the least eox-
'penaivi to manufacture. | '
When the coolant requirements for the large plant were presented
in December 1542 (Ref. 7), it was obvious that the greater proportion
of the coolant for the large plant should bs manufaotured ms s cheaper
material with lower requirements for fluorine, since the cost of
using C=716 (n-perfluoroheptane) would be slmost prohibitive in the
amounts that would be necessary. C-816 was chosen since considerable

*

Ge8



work had been done on the manufacture of this material at Johns

Hopkins and Purdue Universities and at the Hooker Electrochemical
Company and the du Pont Company on a semi-plant scale, The process
involved the treatment of P-45 (hexafluoroxylene) with cobalt
trifluoride in the vapor phase, C-816 had been the subject of a

long report from the Kellogg Company stating that its properties

made it satisfactory for use as coolant in the large plant, Accord-
ingly, Contract Mo. W=-7412 eng-6 effective as of Cecember 31, 1942

was executed with the du Pont Company for its manmufacture., du Pont

was the logical choice for this contract for éeveral reasons. They
" had had more experience in the field of organic fluorine chemistry
than any other company in the country, They were engaged in ex-
clusive work on fluorination for the OSRL before the Hanhattan District
took over this work. They were engaged on the work for the manufac-
ture of C-716, and in connection with C-716 they had developed con-
siderable fluorine generating capacity and experience in fluorine
manufacture, FhrthQrmorc, they had done much work oﬁ@he C-816 process
itself, Obvioualy; the choice of the du Pont Company for this manu-
facturing program was indicated, The raw material hexafluoroxylene
(P-45) was furnished by the Hooker Electrochemical Company under
I;7LOS eng-28, Since the du Pont plant would not start to produce
until late 1943, there was still a requirement for coolant for the Kellex -
pilot plant which it was expected would be manufactured as C-761
since the pilot plant was expected to start operating in the Summuer

of 1943.




In February 1943, it was decided to use (~71l6 a8 a sealant in the
large plant becsuse the volatility of (-816 was too low and, although
it had heen hoped that the cheaper C-816 could be used, with this
decision, no further consideration of C-816 as a sealant material was
made (Ref. 8)., Later in February 1944, it was found that C~816 could
be substituted for C-716 as coolant for the test floor, and this re-
sulted in savings of approximately $250,000 (Ref. 11). During
praotically all of the period of production of this materiasl require-
ments varied oconsiderably, (Ref. 8, 9, 10 and 12). These variations
in requirements were not conduoive to smooth economical cperations
since it was necessary at times to shut down certein portions of the
plant and then start up these same portions agein when it was under-
atogd thet requirements would be inoreased again.

Barly in June 1944, the question of the c-7i§.oontont of C-816
was ralsed by the Kellex Corporation as it had been with the (-716,
and Kellex desired to know the cost of raduning the =714 content
in the €-816 to "not more than0.5%." du Pont supplied the information
that the oest of producing C~816 of such quality would inorease the
cost by §267,000 (Ref. 13). The Kellogy Company then formally re-
quasted this change in specifioation to be made and stated that G-816
of the old specifioﬁtian grede already made could be used (Ref. 14).
In July 1944, the new specification was issued and the du Pont Company
was informed that the change should be made.

In Augﬁst 1944, the‘c-2144 (fluorclube) situation was so far
behind schedule that two reactors were taken off the C-816 production

and used for C-2144 production. Accordingly, the delivery schedules
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for C-816 were get back considerahly. 4s stated previously, reguire-
rent schedules were changed almost daily and esnecially in the latter
vart of 194, and early 1945 these chanses varied as work nroceeded
with the construction of wvariouns plants which reguired this material,
Early in ¥arch 1945, instructions were giver for reducing the plant
capacity of C-216 in which about 75%.of the facilities were to be shut
dowr and vdeced in standby condition. Shortly afterwards, however, in
the latter vart of the same month, additional recuirements were received
&nd it was necessary to ask du Pont to increase nroduction rates., In
eérly April 1945, it was requested that C-816 be made at the rate
of 150,000 pounds per month and at the same time it was thought that
additional C-214) would be necessary. However, regnirements changed
so that the C-214L process was shut down entirely a little more than
s month later. In general, increased production of C-816 seemed to
be necessary as the picture appeared in ipril. However, by the middle
of the_year preduction requiremante were again lowered somewhat,
In Septesber, a letter of intent was sent to du Pont with the infor-
mation that production of C-816 would be stopped as of the 25th day
of Tecember 1945 and certain facilifies wquld be plgced in standby
with the excess declared surplus. It was nlanned to place snough
equipment in standby condition to produce 140,000 pounds per month
of C-816 and 1,00C pounds per month of C-2144,

Procduction was completed, as planned, on December 25, 1945. Coat
of construction under W-7412 eng—é; which covered production of C-2144
as well as C-816, amounted to $9,101,260. 3,888,219 pounds of C-816

were produced under this contract; 371,290 pounds at an average cost




of $4.94 per pound, and the remainder of 3,516,929 pouhda at $1,80 per
pound, In addition there was also produced at an average price of $1.82
per pound 286,461 pounds of C-816CL (monochloro-pentadeca | ‘
diuthflcyclohexane). Operating costs for the G-816 process totaled
$8,673,830, At this time the portion of the facilities as stated above
were placed in standby and procedures were instituted to diepose'o.f the
excess and after 25 March 1946 disposal of the entire plant was begun.
du Pont made an offer for the entire plant and this offer was
ultimately rasied to $186,000 in early November 1946. This offer took
into account estimated dismantlement costs of $500,000 which du Pont
would absorb if the offer were accepted, However, du. Pont withdrew
their offer entirely as of 31 December 1946 because of changing
| business and economic conditions and the plant is now being diaposed
of through normal channels,
Hexafluoroxylene (P-45), the raw material from which C-816 is
made, wag produced by the Hooker Electrochemical Company under Contract
No, W-74,05 eng-28 effective i January 1943. A plant was constructed
for iia manufacture which consisted of the chlerination of xylenev to
hexachloroxylene followed by the rchlacmnt. of the chlorine by fluorine
on treatment with hydrogen fluoride under pressure. The fact that the
compound could be manufactured without the use of elementary fluorine
was an important factor resulting in ~f.l'm selection of C-816 as a coolant,
Considerable work had been done on P-45 at Hooker under OSRD Contract
Ho, OFMsr-811 and this work was continued under the Manhattgn
Pistrict with Contract No., W-7405 eng-T76, effective 1 April 1943,
for research on fluorocarbons, |
—SEB-SERREF—
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When the C-8l¢ process was adopted for the coolant for the large
plant in December 1942, it was agreed that the intermediate P-45 should
be ebtained from Hooker. This was logical since all development work
on this process hed been done by Hooker and they hed moreover a great
deal of experience with the manufecture of this type of product,
particularly the intermediste chloro campounds. Considerable work
was done in the spring of 1943 in the development of the P-45 process
and tentative specifications for the materisl were developed at a
meeting at du Pont in March 1945 (Hef. 16). The delivery schedule
inereased very considerably during the early months, 400,000 pounds
on the ariginni order being later inereased to 1,620,000 pounds to
he delivered by November 1944 (Ref. 16, 17, 18).

In Auguet 1943, du Pont changed the speoifications for the P-46
(Ref. 19). 4t this time, counferences were held in which the diffioulty
with the P-456 quallty were discussed and the question was raised of
the affect of the gquality of the xylene raw material upon the dif-
figulties Hooker was having in meeting the P-46 specifications. As a
result of research it was decided to'try better xylene and & new grade
was ordered from the Donner, Hanner Coke Company, who reported that
this xylene could be furnished in the necessary quantity with appro-
priste priorities assistance. At this‘tina, the initial P-45 require-
ments were set back from November to December 1943 (Ref. 20). Also
the doiailn of the xylene costs under the new specifications were
submi tted since this new grade of xylene satisfaotorily £ook care of

the troubles with the P-46 specification (Ref. 21).
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In August 1944, Hooker wams asked to reduce the rate of production
of P-45 (Ref, 22). This was done since the P~45 production program
was far ahead of schedule end far ahead of the regquirements of the
du Pont Compeny. This aotion enabled the Hooker Cempany to devote
their energies to the production of the experimental order of MFL.
During the manufecturing process, there were aonsiderable amounts of
residuss which were set aside and stored. As tests indicated that
some chlorine could be tolerated in the moleoule, it was requested that
Hooker reoover P-450L (Monochlor P-48) and P-480Lg (Dichlor P-45) fram
thegss residues. P-450L was recovered from the residues from the P=48
production and shipped during the life of the contrmot. The residues
from the P-45CL recovery were sagain stored. Hegular produetion of P-4b
ended in October 1945 and at the end of this production all P-450L and
P-450L2 was recovered from the remsining residues and was shipped in
Hovember. The entire plant was then placed in standby for six months,
Earlier, in March 1945, the plant had been placed in standby but less
then s month later more production was found 10 be necessary and it was
started up again in April, and production ﬁhnn continued until the
final shutdown in Ootober 1948, us noted above,
| Coat of oconstruetion of the plant for the manufacture of P-45
under W-~7406 eng-29 amounted te §1,535,000. his plent was also used
for the production of MFL and MPFI and for the unrelated fungtion of
slag recovery from metal operations of the Madison Square Area (which

necensitated an additional $42,000 of construction costs). During the

life of this contract, 2,729,846 pounds of P-45 wers produced et an
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be tolerated in the molecule and that within certain limits such a
chlorine content does not adversely affect the requirements for sta-
bility towards process gas and fluorine,

No fluorinated material with these characteristics had ever been
prepared even in the laboratory when the Manhattan Listrict started
work on this problem, Research on the preparation of such a material
had been carried out under OSRD contracts at Columbia and Johns Hopkins
Universities and at the du Pont Company's Jackson Laboratory before
the Manhattan District took ovér the work, However, hone of the
processes investigated had really worked satisfactorily at that time,
The requirements for fluorolube were slow in being worked out since
.1t was known from the research work that the material would be extremely
hard to hakeband very expensive, Since regquirements had to be kept
at a minimum, the Kellex Company did considerable work on obtaining
pumpe which would have & minimum requirement for the oil and they were
attempting to design the plant in such a way as to use a minimum number
of such pumps, For these reasons, the requirements listed up to Decem-~
ber 1942 gave no quantitative estimates, but stated only that there
would be such requirements at a futu;o date.

On the basis of these statements, it was provided in Contract
No. W-7412 eng-6, effective 31 Tecember 1942, with the du Pont
Company that they would build a plant using a process developed by

them, This process involved the interaction of elementary fluorine




and lubricating oil in the vapor phese in the presence of & silver
plated copper pgeuze catalyst. du Pont was chosen for this work since
they had done all the basic research work on this process which was the
most promising to date. Obviously, there could be no other choice for
this contract. However, it may be stated here that this process was
never satisfactorily worked out since explosions and burm outs in the
plant were a constant source of difficulty.

The first requirements were received in June 1943 for the Kellex
Test Floor and for the pump manufeoturer's testing program (Ref. 23).
A% the time these requirementa were received the production of the
lubricant on a large scale had not yet besn worked out. In June 1943,
a meoting was held at du Pont disoussing the problems involved. The
enly operating units for FL preparation were these at the Jackson
iaborstory using the vapor phase process. This amall plant had a
capacity of 4.3 gallons per month of FL and 4.3 gallons per month of
the so-called fluorinated lubriocant solveut (kz,.s), the FL3 being a
fluorinated hydrocarbon in the kerosens renge necessary for dissolving
Fﬂ in the manufscturing process. There was also a small pilot plant
at Johns Hopkins whioch had been set up under Contract No. W-7401 eng-43
with a capacity of 3 gullons per month of PL end 3 gallons per month of
FL8. This plant was not in operation. To meet the Kellex requirements,
it was decided at the meeting to do the followingy (a) Disoontinue
the vapor phase process work under Contract Ho. W~-74123 eng-§ and
construct instead a plant with a capacity of 170 pounds per day using

a ligquid phase process which had been develeped at du Pont invelving
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the reaction of the oil with silver difluoride in a stirred reactor,
{b) double the capacity at Johns Hopkina University. This material
was to be sent to Jackson Laboratory in a crude state where it was to
be fractionated under Contract No. W-7412 eng=-7 (later incorporated
into ¥=-7412 eng-151), (o) put in a process undar Contract Ho. W-7412
eng=3 at du Pont for the manufacture of 35 zallous per moath ¥FL by &
liquid phase process similar to the one manufactured sbove, ths plant
to be ready by October 1943, and (d) continue the Jackson Laboratory
operetions at the pressut eapacity.

du Pont stated they felt that the arraugements above would onable
thea to meet requiremanis gatisfactorily. Shortly after the middle
of June, kellex furnished the spooifioations which had been decided
upon for the fluorinated lubricant (Ref. 24).

Production of the FL. falled to meet expectations. The liquid
phase program gave & groat desl of diffioulty since the FL obtained
by the process as it had been worked out at that time did not meet
the stability specifications. Also there was & grest deal of wn-
expeoted trouble due to the faot that numerous remctors used in the
liguid phase process burned cut in sn unpredietable manner, thereby
causlng very great delays in production. Only the pilot plants st
Johns Hopkins end the Jackson Laboratofy could be counted on for any
producstion. In addition to this, in late September, naew requirements '
were received from Kellex. They were 67 gallons (1120 pounds) by
February 1944 for the Test Floor and other test purposes ﬁnd 640

gallons (10,700 pounds) by February 15, 1945, for the large plant.
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As compared to these requirements during the month of Uectober, 36.2
pounds of PL and 192.6 pounds of FLS were produced, making a totsl
production up to Hovember 1, 1943 of only 93.1 pounds of PL and 3567.4
pounds of FI8. It iz obvious that at this date the situation with
reaspect to fluorolube was most oriticel since no large scale process
had been put intc operation which could be expected to handle the 640
gallons requiremsnt. However, research was continmuing counstauntly on
these processes in the hopes of developing satisfactory procedures and
at this time, du Pont was doing considerable work on the use of & new
raw material, polyohloroterphenyl, which was hoped would be & more
eatisfaotory raw material than the hydrocarbon lubricant oil then in
use. In late Decembsr 1943, Dr. Bosen stated that the Test Floor
requirements might be reduced slightly if sbsolutely necessary but
that the r;lquirmnta for ths large plant could not be redused. After
s series of meetings, new contractusl commitments were made witﬁ du Pont
to provide for (a) & plant with a capscity of 45 peunds per day using
the vapor phase process, (b) a plant with 22 pounds per day capacity
wsing & ligquid phase process where the ‘uatalyst was regsnerated in a
separate vessel in the hopes that burn outs Eoould. be mininized or
eliminated, (o) & plant similar to (b) with a capaoity of 44 pounds
por day.

The Johns Hopkins Laboratory program was to continue at its
present rate and as of this date they had produced 280 pounds of
flusrolube. Expenditures under Contract W-7406 eng=43 with Johns

Hopkins University for this work and certain other studies in fluorine

aggregated $628,000.
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About the middle of January 1944, e revised requirsment schedule
was received reducing the requirement somewhat, but it waes agreed that
. even with these requirementa it was still a matter of necessity to
attempt to use the du Pont wvapor phase process again., Meetings were
held almost constantly in attempting to lay down requiremsnts and
~ develop means of increasing produotion. In early February, FL require-
ments for the large plant were inoremsed (Ref. 26). Acoordingly,
arrangements wers made to use two of the C-816 vapor phase reactors
units for the produstion of PL by the vapor phese process. The method
used for this produstion was essentially that using cobalt trifluoride
which had been satisfastorily used on the pilot plant sosle at Johns
Hopkins. |

In Maroh 1944, a first deseription of a new fluorclube proocess
which had been developed by Dr. Miller of Columbis was made (Ref. 26).
It was this process and material which was ultimately used by the
Hooker Electroohemical Company sud is covered hersafter.

Qn:;ureh 1§/ 1944, the du Pont vapor phase process under W-7412
eng-6 was finally dropped on aceount of extreme operating difficulties.
In early April, there was an ample supply of FLS on hand and Johns
Hopking was instruoted to medify the pilet plant process to produce as
nuoh FI, a8 possible which would then be diatilled at the Jackson
Leboratory (Ref. 27). In August 1944, (Ref. 28 and 30), Dr. Rosen
stated that 0-21448 was satisfactory for use as a subatitute for
¢=2144 but that it should not be mixed with (~2144 to an extant of
more than 2%. (-21448 was the material prepmred from polychloroterphenyl.
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Meaawhile work wes proceeding satisfactorily on the production
of WFL at Hooke}.' and initial figures indicated MFL to be cheaper
than the other fluoreolubea on the basis of Hooksr estimates and
du Pont production costs{Ref. 25). By early October, Hookor had
produced some 15600 pounds of MPL without undue diffioulty. This
raiged the total FL productien almost to requirements, this FL
production being both (-2144 and MFL combined figures., It was now
possible to discontinue the unesonomical operations at Johns Hopkina
which had been necessery during the period of critical emergency in
the FL production program. Such produstion was finally disecontinued
as of Hovember 22, 1944. Also it was deocided to return the two
¢-816 vapor phase reactors %o the ¢-816 produstion program at du Pont.

During the latter pert of 1944 and early 1948, requirements on
g=-2144 Qh:ngad oonsiderebly in that commitments were not firm and the
requirements would fluctuate almost from day to day. However, produc-
tion of the liquid phase C~2144 was continuously carried out. Dus in
part to changes in requirements and to the satisfactory progress being
made with MPL it was deolided in theimiddlo of Hay that no (~2144
would be made ufter!d’uly X/ 1946. However, total FL production was
in excess of requirsments and as a rqsult of further conferences, &
lotter was written ani'uay ZX/ 1946 stopping the crude feed to the
C~2144 process with the instruotions that only the orude then in
process would be made into finished material. Also, instructions were
given to place the facilities in stasz.cgéy condition. The overall

production of 0-2144 by du Pont under all its contracts wes 30,513

pounds.
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Under Contract W-7412 eng-2 with E. I. du Pont de Nemours & Co,
8,216 pounds of C-2144 were produced at a cost of $783,810, or an
average cost of $95.40 per pound, Under Contract W-7412 eng-6,

15,447 pounds were produced at a cost of $893,530, or $57.83 per
pound., Under Contract W-7412 eng-151 with the du Pont Company,
6,850 pounds of C-2144 and 728 pounds of DXZ (silver difluoride)
were produced at a cost of $211,070. |

In March 1944, the first description of a new fluorolube
process which had been developed by Dr. Willer at Columbia was
referred to (Ref. Zé). The process consisted of polymerization of
P-539 (trifluorochloroethylene) (see Paragraph on P-539), page G.28
using a peroxide catalyst. The polymer was fractionated and the lubri-
cating oil fraction stabilized by further treatment in the liquid phase,
The special fractions were carried out at Distillation Products, Ine.,
Rochester, New York. By the end of July 1944, Dr. Rosen had de-
termined and so stated that the oil developed by I'r, Miller's reacérch
wuul&.bc satisfactory for use as a substitute or alternate for C-2144
(Ref. 31). Alec at this time, it was_recommended that the production
of this material, WFL, be carried out at the Hooker Electrochemical
Company. du Pont was not interested in taking on any more work since
they were completely occupied with the.C-Zlhh program. Hooker was
chosen for this program because they had the equipment available, the
supervision and the manpower to do the work, were already ugder contract
for a variety of othér work, had considerable "know-how* in the genaral*b

program and there would be no new security problems. Therefore, in




August 1944, a supplemsnt to iHooker Contraot #-7408 eng-76 was initiated
oalling for the production of polymerized fluorolube (LiPL) at a cost

of $126,000, which figure included the ©08¢ of research and developusnt.
At this tiame, the produstion of C-2144 at du Pont was considerably behind
schedule, Shortly after the initiation of this supplement with Hooker,
of fioial approval of MWPL as a substitute for C~ék was recolved.

In Ootober 1944, Hooker informed this office that they were willing
to imdert@ka the production of an additional quantity of MPL under
Contract ﬁo. A=T408 Eng~-28 (Ref. 32). Since firm requirenments for
the large plant had not been received, the quentity contraoted for was
large in order to hawe a factor of safety. In the latter mrt of
Oatober 1944, & survey was made of the waricus fluorolube processes
with the obJeot of attempting to decids what would be the most socnomioal
one to use for thes requirements. AU this time, the cosd estimates for the
various processes were not sufficlently firm to maks any final decision,
but the cost shown for MFL was low enough in comparison with the othars
that it seemed obvious that this process would be much less sxpensive.
The cost actually shown was very m;bﬂm the 0~3144 cost but it wae
beliesved that these would be subject to revision as produstion proceeded.
Moreover, on the basis of informmtion aveilable st this time the quality
of iFL was shown to be at laast equal %o that of C-2144 mnd probably superior
to 1%,

Early in 1948, the production of XFL was oxtended (Ref. 38), and
produotion continued without trouble. All during the ti.nﬁ WL was being

Ga 21 @



produced considerable ressarch was in progress on récovery of MFL
from the residues byaracking, and on the preparation of KFI, a heavy
vaseline-like grease obtained from the residues (Ref. 34). A con-
siderable amount of acceptable meterials was thus obtained.

In a serles of conferences, it was shown that overall production
of all types of fluorolubes was exoeeding schedules and the fact was
brought out that it appeared very probable that consumption would not
be as high as primary figures indicated because of improved operation
and recovery by the users. Accordingly, MFL production was stopped
as of:;hy PY/ 1946 (Ref. 35 and 36), and only the material in process
wag finished. %he MPL from a considerable amount of residues was
recovered as well as some more MPX after the cessation of regular
operation., The plant was then placed in stanc}:hy.

The MPL plant was maintained in ata.m-l;by with the P~45 portion
of the plant and this atand}y period expired oni ipril f;f/ 1948. At
this time enough equipment for future MPL production thought necessary
was negroéa?:ed and placed in stund}:y while the remaining equipment fer
all products manufactured under Contract No. W-7406 eng-28 was decla red
surplus (Ref. 37). It was planned to terminate W-7405 eng-28 as of
April 30, 1946 and to exeouts @ new oontract to take cars of the MFL
standby start-up and production after that date. This new contraoct
was prepared but later w,\:ﬁo changeover from the Corps of Engineers
to the Ltomié Buergy Commission it was decided that it would be more
suitable to supplement W-7406 eng~28 rather than issue a new contract,

and a new supplement was issued accordingly. Originally, start-up of
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these MPL stendby facilities was planned for July 1947, but later
consumption of MFL indicated that the plant should remsin in stané?y
until July 1948 and then start production. The supplenent was issued
to cover these revised requirement dates, '

The entire remainder of the plamt operated under W-7405 eng-28
is in the prooess of disposal. Hooker, having entered a bid on the
facilities, is now negotiating with the proper authorities.

Cost of research on MPL under Contract mln. W-7406 eng-75 with the
Hooker Electrochemical Company totaled $121,010. oOperating costs from
the MFL and MPI process under W-7405 eng-28 totaled §670,680, 21,710
pounds of MFL and 559 pounds of MFY were produced under this contracta
Converting MPI to MFL (559 pounds multiplied by & conversien factor of
2,5) gives 1,398 pounds as MPL, and this amount added to the 21,710
pounds above ylelde a total production as MFL of %gg'po‘unds. Thus
the unit price per pound of MPL 'producpd was %@%.2

Fluorine (d‘-216.' 0@) and Hydrofluoric Aoid (HF)

The bulk of this gas was used by Madison Square Area contractors
engaged in the manufacture of speclel materials L_ng’ g,_!j,j}mngj,mg}?n
plant site far conditjening pu_r,p,oaéi‘? " hese requirsments were filled
by eleotrolytio generation at the point of consumption. However, a
cortain emount of packaged fluorine was supplied by the Madison Jquare
Area to off-site users in nlckel oylinders under 400 pounds prescure.
fhis geas was used for research and development purposes éﬂf\.i@ff’r,,,“'f’“'

ditiop;pgmpgoratiqgﬁyat locations where certein equipment was being

fabricated.

o /)i(I
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then development work on the project was begun by the OSRD,
elementary fluorice wes a sclemtiiic suriesity which had teen prepared
oaly on a laboratory scale. A good deel of work was done in Jeveloping
satisfac dory slestrolytic cells for the zeneration of iluorine by
slsotrolysis of potassium fluoride, hydrofluorio aoid electrolyte.
This davelopmeat work was carried out cvoperstively at the du Pont
Company, We740b eng=-181, at the Hooker Hleotrochemiocal Coumpany, WeT408
ong=78, at Johus Hopkins University, We7401 eng-43, and ot the Harshaw
Chemisal Qompany, We7408 ong-43, Prequent conferences were held to go-
ordinats the results of research at all installations. By the time
the ¥+ 5+ Dngineer Department took over this work, the du Pont Company
bad already progressed well in the developmsnt of a oell capable of
producing fluorine on a large scale, However, this cell had two out-
standing disadvanteges which were (1) the yield of fluorine was less
than 70% of the theoretisal bdased on the asleotrieal current consumed,
and (2) there was & vory great consumption of nickel wnodes, whioh
wore the %thmdhmmmﬁoemnpmd&mtol/&thﬂa
pound of niekel per pound of I‘lwarm‘ gos produced, This work was
carried out at du Pount under W-T412 sng~l@l.

Binoe the Hooker Rlectroohemioal Coupany had developed un outstanding

chlorine generation process and was known to have in its smploy &
staff with outstanding nowledge of eleatrolytic processes, it was

felt desirable %o get the Lsneflit of their experience in the work for
the project. Coutract No. W=7406 mg;Ts. effective ,prril N) 1343,

was signed with the Hooker cmpm& calling for research and development
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work on the production of [luorine on & large scale. This wori was

8 gonblavation of work done under OSRHD. Work on this project at

Hooker was very successful in that they developed a produstion cell
which gave a yield of fluorine based on electrical current consumption
of better than 96% and these cells used carbon anodes, thereby eliminat-
ing the loses of nickel in the anodes which was obtained in the du Pont
call,

Hershaw's development work on cells followsd grestly along the
line of Hooker's experience. Harshaw found that the addition of &
small amount of lithium fluoride to the electrolyte sliminated &
grout deal of the trouble with pelarization and lack of wetting of the
oarbon anodes.

- Large soale generation of fluorine was carried out at the above
companies under the various contracts invelving its use. The preferred
cell used was the carbon anode cell, and the nickel ancde ocells
originally installed aﬁ du Pont were gradually changed over to the
preferred type. | '

In addition to the work done at these industrial concerns,
laboratory-scale work was done at Johns Hopkins University under
W-T401 eng-43 and at Massachusetts Institute of Technology under
W~7401 eng~288.

It is interesting to note that umder this progran, in.t compera=
tively short time, the generation of fluorine dewveloped from that of a
suriosity to large socale industrial produotion., Also the first cells
constructed gave only a comparativﬁly faow hours of cell life while,

at the present, it is estimated the life of cells with specizlly-

hardened carbon anodes will rumn to almost 5,000,000 hours.
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Work on packaging elementary fluorine in cyliunders wes oarried
out at du Pont and Hooker. It wss found at du Pont that the most
satiafactory method of paclaging fluorine at 400 pounds per square
inch pressure was by liguefection of the fluorine gas with liguid
nitrogen and evaporation inte the nickel cylinder at desired pressure,
For lower préssureu. a satisfactory diaphragm pump wasz developed at
Booker. Procurement of the packaged fluorine at 400 pounds pressurs
was govered by the du‘ Pont Contrasct W-7412 eng-15l under which 1,797
pounds of C-216 was abtained.

HP is one of the most vital ochemicals to the Manhabtten District
operations ag they are set up. It is neocessary for the produotion of
metal, of the process gas (=616 and the various flﬁorina.ted organig
chemicals, all of which are neceasary for the operation of the EK-26
process. The quantity of HF required by the District hes been very
large and in 1944 kbout 6800 tons or ahqnt»_@g:%gg}of the country'a
entire dutput of H¥ was consumed by the Dintrlct. Though the con-
sumption of this material is not so la;-ge at present, its importance

-

has not decreased.
HEf was supplied to the contrastors on the followlng three bases:

(1) the Government contracted with HF producers for shipments of the
material which were aﬁppliad to the consuming contractor without expense
to him; (2) ﬁhe Contractor aoquirdd KR on his own puruh‘ase ordersy
{3) the Contractor manufsctured all of the HF needed for his operetions.

In the fluorine cell ‘gamration problem it wag believed that &

purer grade of HF was required than the commercizlly available
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alkylation grede. Accordingly, Contract W-7405 eng=-27, eifective
December 31, 1942, was ade with the Kinetic Chemicals, Inc. te
supply the Government with rodistilled HPF. This material was masnu-
factured by redistillation of flkylation grade HF, the greater
majority of which wes obtained from Penn Salt Mfge Companys A
certain amount of this rediltil;ed product was being supplied to the
Hanford Engineer Works and Los Alamos to satisfy their neede. When it
was desired to stop the productiou of this material at Kilunetic, tThese
users tested a redistilled grade of HF which the Penn Salt Mfy. Company
had begun to manufaocture. When thie was found satisfactory, work
under W-7406 eng-27 was stopped on June 25, 1946,

All BP is now being purchased from regular commercial suppliers
by those who have need of it. Harshaw, being a commeroial supplier,
still manufactures all their own needs for work on our contracts.

Costs on these contraots are itemized in the tabulation which is

part of this appendix,

iflscellanepus Materials

There was a considerable number of miscellaneous materials which

were sssential to the work of the project. A brief mention of these

follows,

Polytetrafluorethylene (D-29, K419, TFR) ~ This material

was intended to meet the needs for a plastic material for
gaskets, valve seats and the like which would be inert to
fluorine and procosﬁ gas. Experience had shown that by far
the most likely materiasl would be a completely fluorinated

substance. 0-29 had been developed by du Pont on an experimental

)
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scale in the years immediately before the war by polymeriza-
tion of tetrafluersthylene, whioh was derived from a Freon.
Since this wae partiocularly a du Pont product, srrangements
wore nade to meet requirements by purchase of the material
from du Pont,

vPreliminary requirements indicated that very large
amounts would be necessary and it was intended that a plant
would be built by the Government in which du Pont could
produce the required amounts. However, further research
indicated that this material was not as satisfactory as
originally expected and the quantity needed would therefore
be very much smaller. All material was subseGuently obitained
on normal purchase orders. Also arrangsments were mede with
du Pont %o provide for the priority of the Menhattan District
orders and for suitable security arrangementa with respeot to
the use of this material by the District.

Trifluorechloroethylene (P-539) - This is the material

which Hooker used for the manufacture of UFL. P-539 is
manufectured from Freon 113 (trichloro-trifluoro-ethene).
Sinoe Freon 113 is a du Pont product and since the production
of P~-539 from it was in the experimbntal stayge and was a
du Pont development, the contract for this material was awarded
to du Pont. P-539 was purchagsed on a unit price basis under
Contract W-7412 eng-161, effective iay 20, 1944.

The original price quoted by du Pont was $9.00 pcr pound.

This figure was later found to be oxcessive aud they reduced
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the price to §4.50 per pound, at which price the first
2,500 pounds were purchased. Three subsequent reduotions
in price were made: 8,400 pounds being purchased at §2.90,
2,000 pounds at $2.50, and the balance, 66,960 pounds, &t
$2.26. Total cost for the 79,880 pounds purchased under
W-7412 eng-16) was $191,250, or an average cost of 2,935

per pound.

Research Géntnctl

A number of research aontracts were written with a number of
industrial concerns by this office. Very complete inforuation relative
to the work done by the various contractors warking on resesich contracts
‘13 to be found in reg&larly sulmitted raeports under ell of these con~
traots except W-7412 eng-161 with du Pont. With the excepiion of this
contract, esch contractor submitted & monthly teohnical report describ-
ing the work during the month in deteil. Also emch oontraotor sube
mitted & monthly progress report with a summery of the work accamplished
during the month and the monthly fimm;:iu.l statement. du Pont under
W-7412 eng-151 submitted a great number of speclal project raports
covering the largs number of research projects carried out under this
contraot, All of these contracta with tha exceoption of W-7406 eng=-288
with Massachusetis Institute of Technology grew out of QSRD contracts.

American Cyanamid - Contraot W-7401 eng-G3, affectivefJune B 1948

was & combined research and service contragt which providé@ mainly for

analytical services of special types. The main development undar this
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contract was the Infra-Red Gas 4nalyzer. ZThis apparatﬁa was developed
by Dr. V. 7. Williams ss a simpler and cheaper method than the mass
spectrograph for analyzing fluoreocarbons. FPFouwr were conastruoted at
Amorican Cysnamid under this contract and furnished to various #genciol
under the U. S. Engineer Department. In addition, a great deal of
analytical work was done by Dr. Williems using the verious specialized
physical methods whioh he had developed. Since Dr. Williams is an
ocutstanding authority in the fleld of optical enalysis, it was not
belioved that this work could have been done as well elsewhere.

du Pont Contrect W-7412 ong-lﬁl- - This contract, effective

fSeptambor ,1/ 1944, not only originated in a large number of OSRD
contracts but Contracts eng-9, 10, 47 and 156 with the du Pont Company
wore all combined in it. This was done at du Pont's request. The
contract therefore incorporated all research and developmsnt work
conneoted with the very extensive program ocarried out for the Madison
Square Aréa at du Pont es well as a small amount of production whioh
was carried out as part of the development work. sinc; du Pont is the
largest ohemical company in the U. s." and its experience with fluorine
compounds was almest unparalleled, it was inevitable that a very
considerable part of the wark for the U. §. Engineer Department should
fall to this company. All the research work for the fluorocarbams,
fluorine gan@uti,on and packaging and the motal and metal recovery
process was done under W-7412 eng-1561.

Hooker - W-7406 on§-75 - This contract covered the researoch on

the development of methods of manufmoture of organic fluorine deriwve

atives and particularly of hexafluoroxyleanes, P-45. Also the research
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work done by Hooker on the manufacture of chlorofluoroheptane (P-46)
which is the intermediate in the Purdue 716CL alternate coolant
process, ths research work on MPL and MPI plus the initiel 100 gallon
production lot was mede under this contract.

© Hooker -~ W=T74006 92§776 - This contract was for the research and

development on the generation and compression for packaging of fluerine.
Hooker was chosen to carry on this work because (1) it is one of the
oldest and best known manufacturers of chlorine gas in this country,
(2) the cells developed for the eleotrolytic generation of chlorine at
Haoker have been extremely succvessful, and {3) it was believed that
the seme talent which had brought this cell %o such a high state of
perfection would be equally successful for the gensration of fluorine
gas., That this has proved to be the case is evident from the fact
thet the Hooker sarbon anode cell exceedsd in effisiency the nickel
anode cell already in uase at du Pont by 60X and that steps were taken
because of this efficisency and the long cell life to substitute the
Hooker ocell for all du Pont pioknl Anpdn oolln;fkTho fiuorine genera-
tion experience accumulated by HOOker:uus of great importance to the
District since they were under contract to install fluorlno generating
equipment at the site for the oohditicqing of the units thef.. Devélop-
ment of mechanical equip;nnt for low pressure packaging of fluorine was
also developed and financed under this contract.

Johns Hopkins University W-7401 eng-43 was for research end de-

velopment work on fluorocarbons. Most of the work under this contract
was devoted to the development of a high temperature fluorine geners-
tion cell end the use of metal aalts as fluorinating agents for organic

chemicals in the vapor phase. However, Johns Hopkins conducted a great
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variety of small ressarch programs at the request of Madison Square
Area under this contract. In a seven-month period in 1944 when the
fluorinated lubricant program had fallen greatly behind schedule,
production of fluorinated lubricant wes carried out in order to relieve
the ;ritical state of affairs.

Purdue University - W-7406 eng-74. This contract covered work

on research and development relative to fluoracarbons. Considerable
generel research experience in this field had previously been

developed at Purdue and it was felt that Madison Square Area should
avail itself of this exceptional background of experience. The main
work has dealt with the problem of developing am alternate coolant

to take the place of 0-816 which was part of a more general program

of developing methods of manufagture of fluorocarbons without the

ufe of elementary rluorina..becauso fluorine is the most expensive

item used ag well as the most difficult to handlo-' Dr. B. T Hﬁﬂeo

who carriad out this progrem at Purdus achieved considerable succeas

and brought the process for developing 7150L (ohloro-pentadesafluoro~
heptane} to a high degree of perfection during this work. Unfortunately
hy the time the proocess had been perfected the operating contraotors A
hed invested so much in the C~816 process that it was not feasible

to put the C-715CL process in operation. In addition, considerable
work was done on & variety of aaéooiatad projects as requested by
Hdadison Jquare Area. The Purdue Uhiversify Group was partioularly
sctive in developing analyticui wmethods which were appliéablo to

fluorocarbons, and also functioned as s servisce organization by
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carrying out meny anslyses for the U. 5. Ingineer Departmentd, In
November 1944, the rescurses availahle at Purdue under this cantrut'
were turned over te Lt. Golomel Auhoff as Onk Ridge whe had u.rgu;t
need of them for his work.

huuhunm' Institute of Teghnelegy - R-7408 eng-288 - This
centrast was written te previde for certein researeh werk om fluerine,

whieh i% was decided at a general sonferense should b instituted at o
wet this wasa + of work ' _
university, sh\oh?-c‘l—.—ﬁ’xp;w (’-hj.ch the miversities wers partisularly

A
adapted. The contrest was arranged with MIT sinee Prefessor Sochuab

of that scheel had had meay years of experiense ‘“‘ fluerine and
fluorides in general and ’m an outstanding authority om this subjeet.
By the latter pars of 1944 work oa fluorine had progressed wmder all
the scatracts sovering this typs of work te such & peiat that it was
fels that there was ne WMM uuqroﬁnihh subjeet.
Aseordingly, research work as MI? was diseemtinued in November 1944.
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TMNARY OF PROCURENENT FOR K~26

CONTRACT DATA

Construction Operating
Contract Operation Effective Dete Cost Coste
Massachusetis Institute of
Technology
W~7406 enz~288 Research C-216 February 15, 1944 : $§ = $ 14,600
Penn Balt ¥enufecturin; Co.
W-7405 eng-80 Hydrofluoric Aoid January 1, 1544 - 458, TO0
Purdue University Research - C=716 CL, May 1, 1843 - 209,000
W=7408 enyg-74 P45 , otuer

§11,725, 760 $20, 771,800

+«Includes research and development costs




SWOARY OF FROCUREMKNT FOR K-26
COXTRACT DATA

Construction Operating
Contreoct Operation Bffective Date Cast - Coate*
Anmerlicen Cyenemid Co. Research, Analytical
W~T401 enz-6% Sorvices April 15, 1943 § -- $ 82,000
Canadian Industries, Ltd. Liquid Chlprine July 20, 1946 .- 5,600
W-44-163 eng-9
E.I. du Pont de Xomours & Co.
WeT412 eng-2 c-716 Fovember 17, 1942 ) 737,290 2,156,770
C-2144 ) 783,800
W-7412 en;-6 c-816 8,678,830
C=2144 December 81, 1942 $,101,260 853,530
05-12-116 (cobalt tri- 66,370
fluoride)
W-T412 enz-T D=29 April 22, 1v43 92,700
%-7412 en;~8 Construction of EF Plant December S1, 1542 100,000 -—
¥-7412 ong-151 Research C=716-+ Septomber 5, 1944 - 76,180
Research C-816 -— 147,870
Reseerch and Produgtion C=R2l44ss« ‘ - 657,860
. Research and Production ¢-218 (1) 184,200 448,700
®-7412 eng-161 Product 639 July 1, 1944 191,250
Oenerul Chemiocal Co.
K-7406 eng-316 Anhydrous hydrofluoris acid September 1, 18944 - 42,900
Hershaw Chemiosl Co.
TW=T7400 en;-43 Researsh C-216 March 18, 1943 8,100
Hooker Electrochemical Co. P-45 Production Jamuary &, 1943 ) 1,538,000 3,564,880
W-T406 eng-28 KFL & ¥FI ) 870,880
%=7406 eng~75 Research - WPL April 1, 1943 121,010
Research ~ slternate coolants 118,880
W=7406 en; =76 Research C=21& April 1, 1943 20,000 232,840
Johns Hopkins University Research
W=7401 enz~43 C=-2144 and C-218 April 1, 1943 80,000 678,000
Kinetic Chemical, Inoe.
V=7405 eng-27 Hydrofulorie Acid November 16, 1043 860,000

(1) Includes costs incurred under W-7412 en;-47 and OEMar 809 and 682 which were incorporated iuto W-741% eng-161
*ss Includes costs inourred under W-7412 eng-9 and OFMsr 414 and 664 which were inocorporated into W-7412 eng-1851
s  Inoludes ocosts incurred under OENMsr 531 whioch were inocorporsted into W-7412 eng-l81

¢ Inoludes Resesrch and Development Costs




Special Chemicals for K-25
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APPENTIX H
MISCELLANEOUS MATERIALS FOR P-9
(Heavy Water Process)

Baker & Co., fnc., Contract W-7407 eng-6, provided for sup-
plying platinum-impregnated carbon catalyst for the P-9 Project. The
process fbr manufacturing this catalyst had been worked out>by the Baker
Gompénj in collaboration with Professor Taylor of Princeton University
under OSRD contract OBMar-412. When the USED tock over this project,
contract W-7407 eng-6 was written with the Baker Company to provide for
continuing to supply this product. Thls was a unit price contract pro-
viding for supplying of platinum, charcoal, and making the catalyst, by
properly combining the two. A total of 31,000 1lbs. of Product 43
{platinum-impregnated carbon catalyst) was supplied under this contract
at a cost of $197,400 or $6.37 per lb;

Harshaw Chemical Co., contract W-7405 eng-~16, was developed
for the purpoai of providing a nickel-chrome actalyst for use at the P-9
project. This catalyst was an alternate to the platinum charcoal catalyst
which was to be furnished by Baker. Difficulties aross in the mamufac-
tore of thia'catalys::;;rgcly due to iﬁability to get proper equipment
and the contract was tersinated as of May 6, 1943, Costs under this
contract totalled ‘80,000} $22,000 of which covered purchase and instal- ,‘
lation of equipment. The remainder of $58,000 covered research and
development and the production of Product 80 (nickel-chrome catalyst)
.and intermediates. 4,509 1lbs. of Product 80.were‘auppliad under this
contract at a unit price of $2.42 per 1b.; 4,366 lbs. of intermediate No.
1 at $1.1899 per 1b.; and 19,313 lbs, of iﬁtornndiato No. 2 at $1.1989

per 1b, P
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Contract No. W-26~021 eng-10 with the Harshaw Chemical Co. was
negotiated in order that material manufactured under VW-7405 eng-16
over and above quantities set up as termination inventory in the
termination settlement of that contract and not previously paid for
under W-T405 eng-16 might be acquired by the Government without re-
_opening the termination agreement on Contract W-7405 eng-l6.

Because of security consideraticns, it was essential that all
quantities of Catelyst 80 and intermediates he obtained from the
contractor and placed where it would not come intc the hands of the
public,

12,200 1bs., of Product 80 and intermediates were procured under

this contract at a unit price of $1.00 per 1lb,




APPENOIX I

MISCELLANEOUS MATERIALS FOR X-10

Helium

The Madison Square Area received various requests to supply
Helium, The TNX Division of the Exploasives lepartment at duPont deair&d
helium for the Hanford Engineer Works. For this request arrangements were
made with the Bureau of Mines of the Dept. of Interior to supply the
helium to Hanford, The business between thias office and the Bureau of
Minea was handled by tranafers of funds from the War Lepartment to the
Department of Interior at a cost of approximately $30,000. As the work at
Hanford progressed, the requirements tapered off greatly and later the
schedule was withdrawn by the Area Engineer at Hanford Engineer Works
‘and shipments were then made on the basis of individual roqueits from
Hanford Engineer Works. When the requirements loomed large, 7 helium tank
cars were purchased.from the General American Transportation Company under
Contract No, W-T401 eng-i) at a cost of $258,700, For security reasons
these cars were numbered with Bavy tank cars numbers and were operated on
a joint basis with the Navy in ord-tyto use the total number of tank cars

available in the most efficient manner,

Off-Gas
The term "off-gas” refers to process gas which has been run
through the K-25 separation process and has been depleted in valuable materi-
al to such an extent thai it is no longer useful in such processee, However,

did not
the depletion of the valusble materisl was not sufficient so that it,have




valus in the %10 proc;u and for this reason it was desirable to trans-
forn this off-gas into metal for %-10 use. Also the storage of off-gan
ie inconvemient ’35’?.‘315.1?1%. extreme volume and transformation to some
material more easily stored was sought.

DuPont was requested to assume the responsibility for studying
the chenical treatment of the off-gas under ¥=7412 eng-10 which sontracs
was later incorporated into W=7412 eng-151. The program was to include
mathods for the conversion of process gas to metal or soms intermsdiate
product and the design and construestion of a plant to utilisze such a
process, The fmportance of providing for the recovery 6! any G718 or
(=816 in the off-gas was stressed and 1%t was suggested that it probdably
vould be the-mest desiradle %o somvert the "off-gas* to the tetrafluorids,

DuFont developed a satisfactory nethnd for the recovery of off-gas
involving redustion of the gas with sodfum hydrosulfite. Provision vas made
for the recovery of the flworocarbons snd process had been developed through
the pilofplant stage. It had been assumed that the duPont Co. would con-
struct and operate the off-gas plant. However, duPont was not willing teo
construot such a plant nor was this office able to change their decision.
The reasons given for this reluctance wers that i% 414 not 1% in adminie-
tratively with the duPont progran and duPont was reluctant to assume addition-
a2l war wvork becauss of the large mmhn of projects on which they had al-
ready sswmumed responsidbility.

Because of this reluctance, it was decided to attempt to interest |
the Hooker Elagtro Chemical Company in this project. Kooker was chosen bHe-
cause of their familarity with other Manhattan Diastrict Work. Negotiations




wore satisfactorily completed with Hooker and these negotiations eventually
resulted in Contract w7405 eng-319, However, Hooker stated that they were
not willing % do any research on this program, bt ware only w#illing to
construet and operate a plant according to designs and direciions imuvninnsd
Ly the Mailson Lyuare Ares.

sGbout this time word was recsived that Dr, Spedding at low: State
Collaege hsd lavslopud & large-scale process jor producing letrafluoride
direetly frox process gas by a method lavelving pyrolywis with dry hydroche

th
loric zeide This process was seccescfully tosted by duPont, ZIessude of

>

the adventsgse of this vroczee Lt vae lmsedistely decided to pubstitute
this for the duPont sodliunm hydresulfite process.

%\{ém tke cemmstion of hoetllitles, plans wers changed and the
épalegn wrk vas not completed, However, Hooker wae relzburssd for the
amsunt expended anéd the finel draft of Contract W7405 enpg=-319 covered
thig reizbursenent which totaled $2,200 and alse the provision that
Hooker would te williag te azssure ihis work agzin at eny timo wp to ths
e¢nd 35 the uor god =i x monthe $kerezftor,

The ¢oot of rocearch in ths Yoff-gas" prograx at dFont under

K-7412 ang-151 totaled $59,870.




CONTRACTOR
£l1is Chalmers Company
American Cysnamid Company

American Phenolic Cerp.
L} L L}
Ameriocan Truck & Body Co.

Aasrican Bselting & Re~
fining Company
L] ]

L ] " L ]
Arnold Engineering Co.
Babcock & ¥ileox Co.

L] - L]
Baker and Company

” e =

L} ] L]
Baldwin Locoactive %orks
Belmont Emelting & Re-
fining Uorke
L] [ ]
] L]
[ ] L] a

Blaw-Xnox Company
Bowser, Inc.
Brewster Aeronautde Corp.
Brush Berylliua Co.

L ] . [ ]

- L] L]

Bendix Avistion Zelipee
Pioneer Tivision

Buffalo Youndry & Mschine Co.

Callite Tungstem Co.

Oubethﬂ;llv. iu-
: s .

%~26-021 eng-3.
W=7h01l eng~-91
%-38-094 eng-17
-38-094 eng-20
¥-7423 eng-19

=701 eng-T5
%7401 eng-180
Welh~108 ong-1C
¥~-7h07 eng-57

574,21 eng-19%
%-31-109 eng-3
M-7L07 eng-15

ERU AT
I—?W omg-22
%-31-109 eng-2

¥-TL01 eng-76
¥=14~108 eng-5
¥-14-108 eng-6é
E-14-108 eng-S-1
H-1i,~108 eng~7
¥-28-004 eng-l
%7409 eng-28
%=Th01l eng-78
"-22-075 eug-10
¥-7401

v=35-058 eng-12
K~Th07 eng-56

¥aTh09 eng-29
%-14~108 eng-1
¥=ThOl eng-8l
¥-T401 eng-98

W=22-075 eng-2
B=22-075 eng-3

natE OF
CONTRACT

& Qet, 1944
@ Peb. 1944
10 Jan. 1945
18 May 1945
10 Apr. 1944

30 Aug. 1943
1, Gept. 1944
12 June 1945
1 Ped. 1944

2 Den. 2944

é Yarch 1945 .

12 Jnm 191»3

22 Jnly 19&3
10 Dec. 19kk

3L aug. 1944
30 Jan., 1945
17 March 194$
21 Tec, 1944
30 Narch 1943
12 Tes, 194k
7 July 1944
15 Sept, 1943
9 July 1948
18 Aog. 1943

1, Peb. 1946
21 Feb. 29kk

10 May 1944

7 Sept. 1944

10 Oot. 1943
¢ June 1944
30 Oet. 1944
2 Nov, 194h

~HRSLREL

—T

Betatron.

504 lbs, crystalline boron 10%#

1.1oo,ooo ft. coaxial uhlo.
1,900,000 ¢ .

2 eustom built t.num.

50 tons (sh) lesd

11,000 1bs. lead bissuth alley.
15,000 1bs. blsmuth tin all
KRectrio ourrent (night 1«“‘
1 Fed, to 31 Mareh 1944.

1 hyﬁnnlte accuzulator,

. w/spare parts.

1 circular gold disc (780 os.)

CONSTRUCTION
-l

¢
,000

11181

1 eircular platinua d¢ise {886 os.)

200 oz, iridium
3 testing machines.

95,000 1bs. cerretru.

£ale of 8166} lbs, bissuth metal bars.—

1 tower.

1 Bomser unit.

1 turret lathe w/accessories,
Powcared beryllium oxide.

Beryllium metsl, lump & peddle form. 33.000

Berylliom metal & fluoride flux,

13 inverters.

3 stean jJacketed kettles with

tilting mountings.

152.005 kgs. Puretest fabricated

into varicus forss.

Preparation of 100 14n. ft. 4" &

100 14a, £t. 6" Furetest.

2000 1be. mm urbid. pndcx-
-

Boowe. = = s

Researvh & production of 1 tungsten

earbide sphere,

1,4L00%
15,000®

8,200°
$5,1008



Carmegie Illinois Steel Co.
F, H, Crawforé

Eastman Kodak Company
- » ”

Sast Coast Service Co.
Eimer and Amsnd Co.
Kleoctronis Mechaniés, Inec.
Electro Metallurgicsl Eales
Corporation
Fansteel Netallurgical Co.
L ] " [ ]

Federal Telephone & Radio
Corporation
Garwood Indestries, Inc,

International Nickel Co.

CONTRACT NO,
B-22-075 eng-b
%-22-075 eng-8

E-T418 eng-55

»=TL0S eng-300
¥=26-02] eng-2

K-26-021 eng-18
#-31-109 eng-12

Reldy=15L ong-2

F=20-094 eng-12
"=26-021 eng-19

w7425 eng-27
W=Th25 eng-29

¥-17-028 eng-30

*-38-09L4

ong-22
¥=31-109 eng-~7

¥-T4L09 eng-24
¥-7L09 eng-30
w7405 eng-147
w7405 eng-269
%-T405 eng-299

TATE OF
CORTRACT

7 Pec. 1945

12 Apr. 1945
6 Juns 1945
1 Bov. 1946
15 kareh 1945
8 Juns 1944

22 June 1944
22 Sept. 1944
21 May 1945
11 Jume 1946
2 Apr. 1945
31 Oet, 1946

22 ¥ay 1945
1 Fed. 1944
ah May 194LL

June 1945

1945

B B

%
-
g =

85255238
it
BEF

gpw
33

!
£

BT~

LIEM

CORSTRUCTIOR
—f03T

12,000 1bs, tungsten carbide powder § -
{32, 9%, 6% ocdalt).
7500 lbe. tungsten earbide.

25,000 1bs. tungsten carbide powder,

Lease of freight ear,

1 rolling =ill, 1 V belt motor drive,

PEd

1 20 h.p. motor & 1 magnetiec starter.

1050 rolls 35 mx panchromatic film,
90 shipping cases {for "X* Unite),

] u:m‘u.

2809 gms. gallium metal.
420 mkroy rings.,

2000 1bs. redistilled ealcium,

720

beryllia bricks.

359 *A Bars" 13" to 10}" leng

% £,

tentalom red,

100,000 ft. eoaxiel eahle,
Attachments for Caterpillar -7
tractor & leTournesu Al-2 erane.

Seryliiuve oxide bricke.
1 vibration test smschine
$00 troy o3. gold.

§ shests gold.

11 shests gold.

120 ft. gold wire,

10 sheets gold,

50 sheets gold.

8

go1d sheets, 25 ft. goléd wire,

92,450 1bs. boren triflucride.

5 wire recorders.

Services & equipment to perform
ealoulations,

350 os. iridium powder

bt glllll
3

trirretrtd



CONTRAGTOR
Johnson Matthey & Co,
] L} L]

LAB Corporation

Laboratory Associates

Lls Tourneau

Ksssachusetts Institute of
Technology

Monarch Msschine Tool Co.

Yonsanto Chexical Co.

[ ] L} L]

| ] L} L ]
Bational Carbon Company

] ] |

[ ] B8 L]

LR | ] [
Northas ¥arren Corporation
Sorton Company

[} [

Ploker I-Bay

Pough, Fred H.

Racine, %=, A,
Raytheon lfg. Co.

. L}
8ickles Company
Stauffer Chendoal Co,
perry Gyroscops, Inc.
Sprague Hleotrie Co,
Union Switch & Signal Co.
L] L ] - L]

University of Illinois

—p-Greh

TLATE OF
CONTRICT HO, CORTRACT
W=7407 eng~2L 22 July 1943
W=7407 eng-35 7 Sept. 1943
#-28-094 eng~-2 26 Dec. 1944
#-31-109 eng-8 7 June 1945
¥-17-026 eng-26 8 Jan, 1945
#=26-021 eng-22 20 Aug. 1945
V=Th23 eng-22 16 June 1944
¥-74L07 eng-134 16 Aug. 1944
¥-ThOT eng-}4b 11 Sept. 1944
¥-35-058 eng-l 25 Oct, 1944
¥-T401 eng-T7 10 Sept. 1943
©-74L01 eng-179 13 Sept. 1944
¥=-22-075 eng-b 18 Dec, 1944
Wkl,~108 eng-S-% 7 dan, 1946
¥%~28-09), eng-6 2 July 1945
%7405 eng-292 15 July 1944
¥-28-094 eng-7 1 Feb, 1946
¥-7412 eng-162 21 sug. 1544
¥-22-075 eng-1 30 Sept. 1944
#=31-109 eng-10 15 Aprid 1946
¥-14~108 eug-3 28 Oct. 1944
¥~14~108 eng-9 15 ¥ay 1945
¥-14-108 eng-12 8 Aug. 1945
%-14~108 eng-13 9 Jan. 1946
-14~108 eng-19 11 Qat. 1946
*432-060 eng-8 1 July 1945
WTL07 eng-39 5 Nov, 1943
¥-26-09. eng-8 . 21 Fed. 1946
W=31-109 eng-; 20 March 1945
T-42-069 eng-4 16 apr. 1944
%= 2069 eng-6 18 May 1945
Fdply=153 ong-3 31 Harch 1945

@m&ﬁ—

IiEx

200 os. iridius
100 es. camfum
1 500 1b, shake table.
& eeiemographa,

&4 cranes,

Rasearch & development of "X" Unit.

4 lathes w/accessories.

200 plastic tubes, LOO plastisc discs,

6000 8q. ft. plastic shest.
] - ® ]

$000
40 tons graphite AGNT or AOQT

'g pioeu ‘uphit.o rod.

Sale of 50.000 1bs,. sorap graphite,
equipment .

Electrical
Crystalline boron,

593 magnesia crucibles, type 6-1,
1226 2 . * A2
1 X-Bay unit w/mobile chassis &

tube stand.

radiograph
oIS Unites 45 M-1, 280 M-2, 125 %-3

CORSTRUCTION

8

RIEEEEREREER

25 other (experimental), 12 N-2-60,

Eplices for coaxial cable; 500 sets

coaxial ceble; empty csses & covers

for eng-3.

ents for *X° Unit N-2,

Cempon

§ "X* Units, ¥-3,
1550 spark gepe,®*®
230 delay lines,

1,131,525 1lbs. boron trichleride
1 portable radiograph timer.

Condensers.
Electricsl equipment.
Electrical equipment,
& vacuum tubes.



SONTRACTOR
Vascoloy-Ramet Corporation

Testern Electric Company
%estinghouse Flectric &
Manufscturing Co.
] L L]

o L] ®
Westvaco Chlorine Prod.
® [ ] ]

Yale & Towne Xfg, Co.

CONTRACY HO.
#-14-108 eng-S-3

6~7609 eng-27
¥=-T7409 eng-33
%=17-028 eng-27
$=17-028 eng-28
w7405 eng-298

¥-7407 eng-131
¥-T405 eng-312

¥-35-058 eng-3
¥-28-094 eng-4
¥-28-034 eng-15
¥=22-094 eng-d

LATE CF CONSTRUCTION
CORTRACT ITOH CO8T

18 Oct. 1945

Eale of 1875 lbs. tungsten carbide & —
powder (6% cobalt).

5 July 1944 Tungsten carbide bricks. -
2 Bept. 1944 3000 lbs. tungsten carbide powder, -—
1 Feb. 1945 1500 1bs. tungsten carbide powdar. o
9 April 1945 2500 1bs. tungeten carbide. -
8 Aug. 1944 75 éelay lines. -—
A Feb., 1944 2000 inches tungsten bar. -—
15 Neo. 1944 Research & development regarding -—
Z~ray tubdbes,
37 .". 19“ ’“0-8 k‘.- m‘m mo -
26 March 1945 100 T. barius nitrate. =
25 Nov, 1946 60,000 1bs. bariuve nitvats. -
& dan. 1945 Chain hoisting egquipment. -—
Sub-total $236,150

®  Tinanoially completed.
#2  Contract later supplemented adding the following:

1. 8% 1lbs. calcium fluoride-boron trifluoride
oomplex in which the retioc of B-10 isotope
to B-11 isotope is greater than normal.

2. 242 lve, ealeium fluoride-boron trifluoride
coaplex in which the ratio of B-1ll isotope
to B-10 isotope is grester than normal.

Contraot originally ealled for delivery of 5050
spark gapej however only 1550 deliversd and re-
mainder cancelled. Contrect not as yet executed
pending the Government's scceptance of Contractor's
claia; no paymmts hsve been made. The eperating
cost noted constitutes the amount of the claim
sudbaitted by Contrastor.

OPERATING
T

$ 15,300%

36,000
20,600%
10, 300*
17,100%

3,300¢

10,000%
S1,400%

5, T00%
35,400%

6,900
m.m

$5,826,775



=

The following contrects covering radium rental and procuremsnt, also listed wnder F-6, were for Site Yt

DATE OF TIPE GF MILLIGRAMS TOTAL COSYT
CONTRACTOR GORTRACT HO, CORTRACT CONTRACT OF RATIUX
Boris Pregel 5=7405 eng-313 1 Sept. 1944 R 5:59% $ 31,78
" " §-7405 eng-91 1 June 1943 P 2,0 34,357
. . R~7405 eng-291 30 March 1944 P 2,471 42,015
Joseph A. Kelly %7412 eng-157 28 March 1944 P Y4 1,496
. " . %=-38-09 eng-19 20 ¥ay 1945 R 5,000 7,125
) . . %-38-094 eng-22 20 June 1945 R 5,000 - 6,75
" s s v-38-094 eng-23 29 June 1945 R 5,000 4,375
. s . %-38-094 eng-2L 7 August 1945 R 200 2,420
Sub-total Radium Procurement 25,344 132,236
Tota) Coniractual Procureaent . $6,195,161
Procurement for Site Y on Purchase Orders, totaled:
o, of hase Zotal
1944 3e3 $278,815
1945 N9 250,645
1946 Is -31,700
Total Purchase Orders 776 $581,160






and at prices which made the laurge scele us; of beryllium prohibitive.
Furthermore, the material was of & guality completely inferior to
that required even l"&r moat Project purposes.

| Prior to the lanhattan Project's interest in beryllium,
varj little use hud been found for the metal us such, most of it
heing used in the preparation of alloys with aluminum, nickel and
copper. BRecause mothods had been found by which many of these alloys .
could be mude direotly from beryllium oxide, 1% was not necessary to
produce lsrge quantities of berylilum metal in order to produce large
quantities of beryllium alloys. As & result of the inoreased demend
far the metal, however, within the Msnhattan Project itself, the
Madison Squars Area of the Manhatten Rz;ginm Detrict undertook, in
1343, the iolponlibﬂitr of procuring the various reguests for bctyl.ux-
metal and beryilium compounds whioh originated as many of the Manhattan
Project instullations. Since thess requests for beryllium were
comparstively small and were received in & highly sporadio manner,
the procurement of beryllium and deryllium coupounds was haudled by
the Special Projects Group of the H;-flhn Squars Area. This arrange-
ment endured from 1943 through the Sumser of 19L5. Howsver, in July,
19L5, as & result of discussions between Colonel K. D. Nichols and
¥ajor W. E. Relley, it was decided that the entire tsechnical and
proourement position of beryllium should be completely investigated

and recommendations made oconcerning a continM48 production progrem
for beryllium and its compounds. This decision was an outgrowth of

an increasing demand for beryllium metal and berylliwm oxide, not enly
in the rew metal and powdered forms but as special fubricatsd shapes

K.2
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suitable for use in the dovelopmentwof ne-\‘v’!atomic remkctors
and for the development of special military weapons.

On July 31, 1945, #ajor Kelley requested lst Lt. &, B.
foboff to carry out an investigation of the status of beryllium
production and fabrication throughout the United States and to
recomnend action to be undertaken By the Madisom Square Area Office
to initiate a large scale program for the production and fabrica-
tion of beryllium snd its compounds.

A Uuring the month of 4ugust, 1945, a comprehensive study

of the existing beryllium companies, as well as Hanhattan Distriot
metallurgical laboratories involved in the development and fabrication
of beryllium was wade. Based on the findings of Lt. Roboff's survey,

a report entitled The Production and Fabrication of Beryllium was

issued to Wajor Kelley om September 8, 1946. This report outlined

the current sources of beryllium, mcthods of metal production, methods
of beryllium fabrication known at that time, a deseription of the
ressarch and development work being performed on beryllius at the time
and a sumsary of the sxperimental resulte obtained as of that date,
statements of methods of inereasing the production of the crude metal,
statoments concerning the provision of facilities for the fabrication
of the metal, and discussions of the various health factors known at
that time which were involved in the productiom and use of boryllim‘.
In addition, the report listed recommendations to be followed by the
Hadison Square Area in ixﬁthbing a production program for beryllium
and its compounds necessary to meet the increasing quantitiss and varieties

required by the Manhattan Distrioct.

K.3




Soon after Lt, Roboff's report on dheryllium was issued;
a deryllium Seotion was formed to oparate within the scope of the
H=Production Group of the fadison Square Area, Lt. Robolf was nlaced
in cherge of the RBeryllium Ssotion and was assigned the rcsponsibility
of organizing a beryllium production program capable of meeting the
quapntity mad gquality requireaents of the warious Hanhattaa District
installatiocns, In addition, because of the nebulous state of
knowledge conceraing the state of fabricatién and production of high
quality beryllium, Lt. Roboff was also charged with organizing the
necessary developmesut projects to smable baryliium to be produced
and fabricated in accordance with Yanhattan Distriot requirements,
1t. Roboff was to report directly to ¥ér. ¥, ¥, Belmore, then Chisef
of the ¥~Production Group, who supervised and coordinsted the work of

the Beryllium Sectlion in acoordanss with the overall policies of the

#=Production Croup,

Sinoe prior to the formation of a separate berylliua production

scction within the Hadison Square Area, the précuromanb of beryllium
production was h;ndlod by the Special Projoéts Group, the procuremsnt
of beryllium prior to September, 19;3 is described in the sestion of
the History dealing with the activities of this group. However, in
many instances in the descriptions that follow herewith, reference
will be made to éontractunl sotions and production date occurring
prior to feptember, 1945 in order that a more complete continuity of
text may be provided. In tpa main, however, the discussions of

beryllium procurement and development presented will cover the period

K.4




from the formatlon of the Beryllium Seotion im September, 19456
through Lecember, 1946, which latter month wae the last month of

active oparation of the Hanhattan Fagineer Istrict.

K.b




DRGAHIZATION OF BERYLLIUK SuCTION

The Herylliwm Section was organiged in Jeptembor, 1945 us
an operating unit within the i-froduction Croup of the Hadison Sguare
Area of Hanhatten Fngineer District. At the time of organisation,

r. F. ¥. Belmore was Chief of M-Froduction and Lt. S.B. Roboff was
aseigned as head of the Beryllium Sectiom, reporting directly to

dr, Belmore. Corporal R. E. Worie acted as assistant to Lt. Hoboff.

By the Spring of 1946, the technical and administrative work of the
Jection had increased to such an éxtent that a position was satablished
to enable a man to seb up and handle the hundreds of small reguests

I‘hr beryllium materials received, and to set up a production procure-
ment control system for not only the smmall requests but to cover.the
large scale production then being carried out by the Beryllium Seoation.
This position was filled in lMay, 1548 by ¥r, Bernard Engel, who reported
direstly to Lt. Roboff,

Daring the Swr and early Pall of 1948 the production and
development programs within the Beryllium Seotion had expaunded to such
a point that it became necessary to obtain the services of an additionsl
enginesr. Hence, & new position was ntubunhod" in October, 19546 for anm
engineer to speoifically supervise the technioal admiaistration of the
development work them being carried out by the Beryllium Branoch. To
£411 this position, Lt. B. P. falter, Corpsrof fngineers, was assigned.

By the end of 1948 the organisation of the Beryllium Ssction

was as shown on the organisation chart in Addendum No. 1.
E.8




Ral WATERIALS

As found in nature, beryllium occure chiefly in the minerals
beryl (3 Be0-A1203+858409) and phenacite (2 Be0.5i0y}. Beryl is by
far the more common and large deposits of this mineral are found in
Bragil, Argentina, India and in the Black Hills of South Dakota.
Lesser deposits of beryllium-containing minerals exist in all parts
of the world and in this country can be found extensively in Hew
Hampshire, Massachusetis, Connecticut, Rew York, Maine, and Pennsylvanis,
In 15456 the total quantity of bsryllium fn the earth's orust was
| deemed to be sgual to the total combined quantity of copper, lead,
and sine.

) Because it is by far the most prevalent ore for beryliium,
beryl has been used almost exolusively as the raw matarial for the
manufacture of beryllium metal, beryllium oxide and beryllium alloys.
The chief commercial sources of beryl have besn Brasil and Argentioa
with Brasilian ores being used almost exclusively t‘roﬁ the ysars 1544
thru 19468, Occasional shipments of beryl from India wers received in
the United States md smell amountse \;nro mined 1:;. South Dakota for
commercial use, Becsuse of wartime restrictions existing in 1546,
however, sontrol of all borylllmt—ccutgining minerals, foreign and
domestic, which were to be used in the United States wes under the
cont rol of the 4Yetals Heserve Corporetion, and it wes necessary that all |

purchases of beryllium-containing ores be made through and with the

coneent of this oorporation.
k.7




During the period 134i-1348, the nrice of beryl ore
felivered im thiz coumtry ranged from $3.00 to 212,00 per ton unit.s*
This price was considerably more than thai charged at the onset of
World #ar YI, but since the cost of baryllium metal doss not vary
considerably with fluctuaticns in price of the ore, the relatively
high price of beryl ore at the ond of 1348 did not matsrially raiss
the cost of beryllium metal at that bime,

Although the Hanhattan Diastrict was interestsd in the supply
of beryllium ore te the producers, the  fanhattan Distriot did not
snter directly inte a procurement program for beryl ore. This was for
two reagons: Firoﬁ of all, the producers cf berylliuws wetal were
able to obtain, on the open market, sufficient quantities of heryl
ore o more than msedt the total production requirements of the Manhattan
District during this periosd, and henve 1%t was felt that no active
perticipation. in a beryllium ore procurement progrem was reguired by
the Mmhltﬁn District, Secondly, during this period, beryllium ore
procuremsst was being undertaken by the Xetals Reasrve Corporstion,
whioh organization was buillding a u'zubh stockpile of beryllium ore.
This stookpile was available to the Hanhattan Enginesr District should
the need for the ore become necessary.

Alv.;hough the Manhattan District did not sotively engage in

the procurement of beryllium ore, a study was undertaken by the Haw

+ A ton unit is defined as that quantity of beryllium ore containing
26 pounds of beryllium oxide content.

K.8




#aterials Group of the Hadison Jyuare Area 1o determine the

futurs status of the beryllium mineral supply ané to lay all
aeceggary ground wrk for a Vanhatten Distriot ;rogram whish could
be put into effect should the sources for bveryllium ors no longer
be availab‘la to the beryllium companies for danhattan Distriot
production. (Ref. 111) There were indicetions, even in 1945, that
the availability of beryl ore may be subjeot to @ sharp reduction,
and plans wers made by the Raw idaterials Group to initiate a special
ore production progrem for the Hanhattan [istrict in the event a
tight situstion became prevalent in the prosurement of beryl ore.

Up through the end of 1548, however, bmr'yi ore was available in suf-
ficlent quantity to supply the producers of beryllium so that ne
conorste action by the Hanhattanm District was necessary in the ore

proourement field.

k.9




PRODUCTION

Because the requirements for beryllium metal, Verylliua
oxide, and fabricated shapes of both metal and oxide vere received
in the office of the Madlson Square .rea in large numbers, in
various vroportions, and for verigus types end shapes of materials,
1% is virtuuslly impossidle to descride the detalled production of
these regulrements as part of this discussion. Therefore, for the
convenience of the reader, a complets compilation of all production
and proourement reguirements received by the Jeryllium Jection from
its inception through December 1346 huve been grouped, together vith
ralsted information, in Addendum io. 3. Addendum Yo. 3 liste all
requirements, both large soale production and amall proourement tyrs,
upon wvhich asotion was taken aurdng this geriod by the i’ieryluzm Sectim,
The requirements ars grouped under the name of the installation for
which the material was to be procuftd. and included in this compilation
is the typs of material required, the type of material produced, the
juantity produced, the sourcoe of production or delivery, the contraat
nusber or purchass order number under which the procurement was effected,
ond the dat$e upon which final shipment of the reguirement was made., A
atudy of Addendum Ho. 3 will give the reader & thorough insight as to
the wide range of materiale and types of production and fabrication

which were required.




In disoussing the produetion und fabriocation of beryllium
and its compounds, in view of the detailed listings glven 1in Addendum
Noe. 3, it ila woll to break down the types of produotion amnd fabrice-
tion into five main groups, namsly, productioa of beryllium metal,
fabriocation of beryliium metal, production of beryllium oride,
fubrication of beryllium oxide, and the production of beryllilum
nitride. It was the aim of the Poryllium Zection to oetablish 2e
for in advance as poselble the regquiremsnss for wroduction and fabrie-
cation of berylilium 4in order that a steady rate of pmduoi!on and
fubricintion could be planned and oxecuteds. As can be saen from the
listings in .ddendun IRo. 3, the produstion requirements for deryllium
and 1%s compounds vere received in an axtremely sporadiec manner and
mormally called for a highly srratic rate of production in ordesr %0
acet the reguirements. To more evenly balance the rates of production,
& oontinual cheok was made by the Beryllium Section of «ul) Manhsttan
Project instellutions to obtaln insofar &8 poseible the t‘uu\ée reguire~
menta of these inetallations. Dased on the future requirements, it
wus possible to seb up the productlon of beryllium and ita sompounds
on an aVegggg‘ rate buals. Such produstion, together with a heryllium
stockpile established at Middlesex, New Jersay, snabled deliveries of
wost requirements within e reagonable poriod of time, =nd still allowed
an'efTiclent and steady rete of beryllium production. Hence when ree
quirements were low, 1% was possible for the Beryllium Seation to
accumulate in the Micddlesex stookplle consideradle <;;uaﬁiition of

beryllium metal and beryllium oxide, which stockpiled materisle vere
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shipped to uwsers at such tines u8 delivery raquiremonts sver-
bulenced the production rate. Hence, by using the liddlagex stock-
plle ar a uffor to mest requiremex;ts, an overall effact of compara-
tively steady produstion was reallied st the producers’ plants.

#or those readers who #re interscted in ths actual
proecscsés used by ench of the thrae Weryllium producers in the
menufaciure of beryllium snd berylliue compounds for the Mpnhettan
hnglacer ldstrict, compiete procése deseriptions as well se procecs

flow sheots mre prosented in iddendum Ho. 2. (Also see Ref. 149},

frodugtion of ﬁ‘f’m’lli}m Hetpl

a8 wae menticned previously hi the intfaqlmtinn,. moi'a
wae an early iuneiron-t throughout the Honhatten Project in \the procure=
ment of beryllium metal, and as early me the Suwmer of 1943, & requir;-
ment for 2,000 pounds of bm‘yllium_ metal vae received in the NHadison
Sgquare ares Offices for shipment to Mev Hexico, In addition, there
wae mmideré.ble interest in the nee uf—beryluw exidel (Ref. T, 9)-
An a result of the liew Mexico requirement for 2,000 pounds of beryllium
metaul, authorlzntion was received fron Lt. Uole Cornell, dated sngust 9,
Yor the Mudimon Square Area to enter lato a unit prias contract for the
supply of 2,000 pounds 'of berylifum mfetal (af. 8).

in 1943, the oply domestic commsrciml producer of beryllium
vas Lhe Srush Jeryllium Company of (lsvelsand end Lorain, Ohio. The |
ehief busiuness of the Erush Beryllium Company up until thie time. had
been in the production of bBeryllium copper alloy, but the Srush

vompany had svallable o small size plant whioh Brush olalued at the

X.12
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time, wae capable of »roducing 354 to 500 pounda .of beryllium metal
per month (Ref. Q). Henee, Uontract Ho. =Ti0) eng-60 dabed
sagust 18, 1943, was entered into with the Brush Beryllium Comcuny
for the manufacture of 2,000 jpounds of berylilum metal and 200 to
gu0 pounce of beryllium flucride, which, inciden%}y. hed also been
raquested by MHew iexico. 7The toial considaration of this contract
wag 89,000, and the Jrush Beryllium Company wus given sutborizetion
under this conbtract tc employ doverament-owned equipment which had
been used by tho Irueb Laborstories in conncotion with an earlior
development projact for nanufacture of wrinivm metel.

4t chout this time, as the result of Munhattan Iroject
interest in the BErush Compery, Eruck wae given avthority by the Yapr
Production Foard }to mere‘uaé its production gapaeity of berylifum
metal to 600 pounds {¥ef, 10). The Brusk estim:-tes m. to thelr
sxieting production capacity had been groatly over-estimuted, und
by sebruary 19844 apvroximately oaly 300 pounds total of Deryllium
netal had beon produced under this wontract (Ref. 1i). Part of the
diffieulty wvith the Brush Joryllium Company was occasioned by the
lack of #billity to meet the specificatlons covering ruxé of the
natertal to be produced. In addition, it was found hy Jrush that
the squipment which had been on hand nnﬁ which had been thought
capable of producing upwards of 350 to 50 pounde of matal pop
menth could oﬁly produce gomewhat undor 100 nounds por month of
beryilium metal as required by the Hunhettan Projest. As the result

of technicul assistance glven by the New Tork Nffice :nd asslatance




srovided through the var iProduction boerd, .roductlon of the
he:t'yllium wae effocted at a slightly greater rute throughout 1ghk,
although Brush never reached the 600 noumis er montk output vhieh
had bson deslred.

The type of beryllium metal produced ut toat time, und
which was, tneidan:":.y, the best available, was prodused ~ith an
escay renge from B5% to 90, the remaining percentage coneisting
chiefly of beryllium fluoride -« magnesium Ifluoride sluzg. !Murther-
more, in spite of the falrly liberal spelcu‘ications then plaged on
the material, the beryllium also wvas high in slumizum, iron, Dboron
end silica content, and much of BAruch's wat’iﬁution could not be used
becuuse of the prevalence of these impurities. 1t was possidle to
reduce the rslag content of the metal by a remelting aperation at
drush, end in come cases it was necessary to obtaln remslt metal in
order to meet the physiocal and chemicul specificatlions on the metal.
“he price of the beryllium p'rocured during this pericd was »45.00
a pound for raw lump metal and $55.00 & pound for recust or high
assay metal (Hef. T, 17). a |

During the latter part of 1944 und during carly 1945, the
requeats for production of bBsryllium mebtal begun to grow in nagnitude,
and 1% was nedeasary {or several ew;sir.wbians 1o be made by the 3pecisl
srojecta Branch to advise the various iianhaitan Project inetallations
of the possibllities of recelving beryliium matal in the susntities
dasired. (iiaf, 13, 15, 18). By idarch 10%5, the rojested requirements

for the sLsnbattan 'rojoct had reachod such « stage that tha production
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riutbe then in effect, namely 1:5-200 ysunde ney month, would fall
far short of meeoting the overall renuiremente (ilef. 16, 18). On
the basis of tho new reyuirements, negotiations were onterad into
with the Lrush Beryllium Company for an expanasion of the metal
production plant at this organizetion. Innsmuoh as the Brush
seryllium Company's Lorain Plant wus then cupable of produocing
15,000 vounds of beryllium oxlde per month {equivalent of approxi~
n.tely 5,000 pounds of bYeryllium metal), it was not necessary to
inerease the facllities for the production of oxide. The bottleneek
therefore existed only in the conversion of beryllium oxide to
berylliun metal, and 1t was necessary that additionsl equipment be
srogured and installed at the lLoraln Plant to inorease the outpub
of the Wrush metal plant to a maximum of 1,500 pounds per month
{iof. 19). 4As a rosult of the negotiations with Brush Beryllium
vompany, a new contrast, No. We22«075 eng-10, was entered iato with
this Compuny on July 9, 1945, -hich provided for the additional plant
cuprcity at Jrush Beryllium Company (cost to Government approiimatoly
$26,000), and for the manufacture Et 4,390 pounds of beryllium metal.
The total valus of the contract was 133,000,

Shorsly thereafter, the Bﬂ?yllium Sention of the NMudipon
Lquare sres was created and the responsibility for the uroduction
and development of beryllium und Ats compounds was undertaken by
this new Section. .8 a result of increased requiroments, Supplement
0+ 1 to the rng-10 contract was lssued on Uctober 17, 19Y45 which

reiged the total berylifium to Dbe mannfactﬁred under this contract to
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5,570 pounde and resulted in un incresse in the contractu:l consldera—l
tion of 345,(C0. By the end of 1945 wund by virtue of the lncreased
wroduction capuelty, Hrueh Jerylliun Company was producing medal at e
rate of syproximitely 1,000 nounds por month snd shipments were being
made to £111 the existing reculrements.

“here waa no improvement, however, =% thig timo in the
waldty of heryllium metal manufactured over that which had been made
by Zrush Perylllum Cemnpany in the nrevious two yesrs. However, s=ince
2 large proportion of the metal vrodused was to be used for metallurgi-
el studise at various FManhattzn Project installations, the assay of
the metal could be improved by remelting onarations either at Brush or
% the nser's site, and a compsratively l:rge quentity of othar im-
zurities 444 not spoesr too importent at the $ime since nuclesr pro-
rortios of the heryllium were not a dominent factor,

By the Surdng of 1946 ne o result of process improvements
end small equisment additions to the Brush nlant, the capeeity of
thids plant for the production of raw beryllium metal rose $o spproxie
metely 1,500 »cunda por month, aslti;ougl: eluims were made by the Brush
Heryllium Company plent at thie time of a totel produnction output of
2,000 pounds per month (Ref. 4). By late Soring 1846, prectically
ell metal required hsd besn Aelivered under the orizinsl contrsct and
Supplement No. 1, but additiongl requivemsnts had been recsived in
the Baryllium Seetion for approximately 700 nounds of remelted
berylliun metai. This wvas provided for under Sunplement No. 4 to the

ing=10 eontract dated april 17, 1046. For the remainder of 146 most
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of the burylifum motal output of the Brush plint was ueed directly
in the fabrication of specisl shapes regulred by Hew lexieo and

uhlcago, #s digouszed under the subheading "Fabrication of Beryliium
#obanle™

By the snd of 1yhb, a stockpile of several hundred pounds
of beryilioe metel hed been accumulated at the iiddlesex arehoune
Al wag being held in reservo to meet now reguirements for delivery
corly in 1947.  ihe boryllium metal stocipile was plenned for use,
topether with full scale srush cutput, eurly in 1947 and by the end
of 19h6 negotdutions had boen started with the Brush Company for
Increased output of boryllium metal to meet new large scale berylilium
requirements. {ef. 1 through &).

48 & yunult of the inoreass of the potential requirements
in the yoar I9U] 1t appeared that the production schedule of Brush,
vhich wus antlelpated between 1,%00 and 2,000 pounds per month,
would not be swiiicient to meet the requirements of the Project in
1447 which were to be upwards of 2,500 to 3,000 po;ndo por month.
(fef. 101, 103, 104). ience, late"in 1946 discussions were entered
into with the Dferyllium Corporation of Readlng, Pennsylvanla, and
sreliminery contrzetual arrangements wore made for the produstion of
approxinctely 1,000 pounds per month of high purity derylllium metal.
Hovever, ao ysrmaneat agreement had besn reached with this Compony

by the end of 1G4+ and hence no contruct had been iswued by this

time. {(scf. “1, G2, 93, gh).
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It nust be mentioned that eurly in 10kk Cliftonm Products,

Ine., Puinesville, vhio, Ir & wwslied tis TProject with e-rovimutely

100 nounde of beryllium nmetal in flake form. (itef. 150, 181, 159, 160).

fiovever, thie rnatericl wus used only for small geals sxperimental
notallurgleal purposes and 1t was not required thereafter for any

srojact surposes.

subrication of Seryllfiws Metal)

Al though e considorable portion of the bheryiliuwm metal
sroduced up through 19436 was in the form of raw lump beryllium metal
for use in metallurgical studies by variouvs Project installations,
in 194¢ fairly large soale requirements were received for special
fabricated shuapee of berylliwm. “he lurge sosle reguirements for
fabricated shapes were chiefly for beryllium metal in ths form of
beryllium blocke measuring up to 2% x 2¥ x 8" and for beryllium
rods meusuring up to 3" in diameter. In addition to the raltitude
of small individual requests, there wero three large scale produc~
tion~type fabrication requirements received during igib. Two of
these requests were received fron:Loa Alamos, one reguest deing
approximstely 2,000 pounde of beryllium rods ranging from 5/16" in
dianeter to 3" in diameter, the other being s series of beryllimm
blocks rapging from 1% cube up to approrimetely 4¥ cube, and
weighing-a total of approximutely 1,750 pounds. The third large
requirement received im 19ib was from Chicago and involved the

fabrication of approrimately 3,000 pounds of berylliur metal blocks
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o x 2W x 8% for uwse by Jr. dra itn the study of neutron diffusion
und 1Life meusurements in beryllium, vhich measurements ere neceg=
sary bofore the design of auclear reactors employ&gﬁka beryllium
could be completed.

By the sarly Summer of 134, i% was a parent thut there
«8re two [rocesses by which the three orders could he completed,
the first bélng the stenderdieed extrusion nrocess as develoned at
rassacuunette Institute of Techmology; the second velng a newly
developed powder metallurgy-sintering process developed at the
{rush ﬁeryliium Gumpany. Inasmuch ae the requirsments had not
1isted specifically how the fadbrication of the various shupes
should be made, sample shepes made by both the Brush sintering
wathod snd the extrusion method were sent to Los Alamos and Chicago
for s comparigon and evaluation, together with the recuest that,
as soon as the comparisons were completed, Mazdison SHquare Ares be
notified as to which fabrication :rocess should be uged in making
the various finnl pleces.

#ithin two or three ronths after the wirlous ﬁhapsa had
bteen forwsrded to lLos Alamos and Chicmgo, instructions were racelved
to fabriecate all of the Chicage hlocka, us well &g all the blocks re-
sulred ot Los Alamos, by tho aintering process. However, probadly
tecsuse of the high corrosion resistance of the extruded material,
it wvas requested thut the rods required for lLos Alamos de manu-

faetured by the axtrusion process.
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g a result of these instructions, srrangements were mode
with Msesaahusstts Institute of Technoloxy late in 1046 to have |
sutticient raw metsl produced to ensble the casting of required exe
truglon ingots and the subsegquent sxtrusion of these ingots o rods
of the desired dizmeter at the ievere loprer and Brass Company
located at letroit, fichigam. Since Hassachusetts Institute of
Technology hod zmade 1t & regular pragtice to carry on extrusions
one or two deys per month at the Hevere press, it vas felt that
they could include each month a sufficient number of extrusions for
Los Alamos in the reguler monthly mchedule at Revere to onable the
fabrication of the rod erder for Los Alamoa over a period of geveral
monthe., Ro attempt was made by the Madison Zquare Ares Office to
contact 'Rovou Copper and Braes Company directly, inmemuch as the
number of extrusions to be performed in fMulfilling the Low Alamél
rod requirenent was comparatively small snd 1t was felt that con~
siderable expense aould be saved dy having Hanaaehunatﬁ Institute
of Technology perform the work at Revers on the same days that they
normelly rent the press for unse o:;» theiy own extrusion work (lef. 79).

In order to provide for the production of the Los Alamos
bricks ae woll as the bricka for Chicago, Contract No. W-22«075 enge12
was issued to the Brush Deryllium Company effective May 2, 1946, te
provide for the production, &t prices varying from $100 to $1L0 per
pound, of all thege shapes (Ref. 41, 64, 67, 120, 128). Purthermore,
this contract was so written that any additional requirements for

sinterad barylnw shapes could be made by simply supplementing the
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contract (ief. 62, 03). The firet shipment of blocks to Chicege
under this contract was made om Angust 2, 1946, aﬁd by the end of
secenber 1946 this requirement wes more them 50% completed. BSince
it had Leen determined thut the shipments for Chicago were of highey
priority than the blocks for los alemos, full effort was nlaged in
196 on the fabriostion of the Chicngo Wloeks, nnd hence no shipw

. ments a.ninst the Log Alamos order had be&nvmada by the end of the
year. (ief. 6L through Th).

1% should be yointad out that in 24diticn %o these thres
large scale requirements received in 1986 a great many other fabri~
catlon requirements were received and met during this year. Thoss
requiremente involved small tut important shapes in the form of
folls, discs, flats, plutes, sphares, hemisphares snd various oddly
shuped pleces. Since thé Motallurgical Laboratory at Massachusette
Inatitute of Technology wae exceedingly well emuipped, 1t was
possdble for this laboratory to produce these smaell snnlg, and in
nuny csses, 4ifficult orders within their laboratory. Hence most
'of the smaller orders, which in mﬁhy cases involved a research
progran to devslop special teshnlques, were feabricated at\
Massachusatts Institute of Tochuology. 4 comprehensive listing
of the regquirements for vurfous fabricated piepes can be obiained

by & review of addendum No. 3.
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Frodustion of Berylilum Uxide

he Irojsot’s Interest in berylliun oxide was svident ae
enrly &s the Sumner of 1943, at which time the Madison Square Ares
was requested to arrange for the production of 4,000 pounds of GO
beryllium oxide at the Brush Heryllium Company (Ilef, 21). Ak that
timo, the Irush Beryllius Uompany wés cupable of mamifacmrina
approximstely two bto three mndred pounds of 00 grade beryllium oxide
pop waek (Ref. 22). DBecause of the strictness of Project Seourity,
it was impossible eg deternine the emt'ﬁnal use for the order
for Los ilamos. 4% that time, Los Alsmos and esoperating ladoratories
st Chicago und Juttelle Hemoriaul Institute wvere not somplolely defi-
nite ss to the apecifis form in wvhich the boryllium oxide vas $o be
delivered, that is, whether or not it should be highefired or low=
fired oxide, or vhether the mesh size should be prodoninﬁntly in the
higher renge or the lower range {Ref. 23). Howsver, by the end of
Jovember sufficient work had beem performed by the users of the oxide
to indicate that the 4,000 pounds. should be of the high-fired type,
and hence Brush was instructed tha$ the oxide should be high~fired,
re-ground, and acid washed to remove impurities (Ref. 2k, 25). I
was found by brush, however, timt in high-firing the oxide considerable
unanticlpated losces occurred, and in order that Frush would not lose
noney, revised co_sts vere allowed to cover the incressed manufacturing
cost of the high~fired beryllium oxide (Xef. 26, ﬂ).' By Mey 1948
it was posnible to complete deliveriss on the 4,000 nounda of

berylliun oride, and from May 10U4 throuszh July 1945, n serinss of




supulenents were iegsusd to Comtract ing-T78 to provide for the
production and delivery of beryllium oxide, in many caseés sintered
into speocial shanes, to various Menhattan Project installations as
reguired. (lef. 28 through 34).
In Uctober 1945, requests had been received in the

Hudison EZquare aArea Office for beryllium cxide which acturlly had
been fused end them reduced in size to =GO mesh. Factlities at
the lirush Beryllium Company would not enasble thig Company %o com~
pletely fuse beryllium oxide and hence the Dyush t}:pmgvm, through a
subcontract with the Nortom Company of orcester, Hessachusetts,
vas able to arrange for the fusion of approximately 2,00.05;»@@6.' of
rew beryllium oxide (Hef. 35). 1% was felt that this 2,000 pounds
after grinding would give avproximately 1,500 pounds of =60 mesh
beryllium oxide, the quantity required by the Haphattan Projeat.
Hence on November 8, 1945, Sunplement Ho. 8, which wase lster modified
by Supplement io. 10 to Contract WeThOl eng-78, was issued $o Brush
to provide for the manufacture ot.‘approximtaly 1,500 pounds of
Norton fused beryllium oxide for delivery to the Mamhattan Project
(Ref. 306}, The mamufacture of this materinl was coug;letud ia early
rebruary 1946 (Hef. 37).
. In early 1046, the design of the Daniels nuclear reactor
was well under way and considerablie discussions wers held ﬁoiwoen
members of the Beryllium Section and the reactor demsign group at
'Chicago' pertaining to the possibility of the manufacture of the

K.23




antire mo&erntiné structure of this pile from berylliua oxtd@
(qof. §9, L00). sa anticlip:uted by the resctor design group, the
veryliium oxide would be febricated in the form of hollow hexagonal
“bricks but no concrete infoimution was available as to the density
and mpecial physical characteristics of such bricks. ZIhus, in order
to determine the vurious characteristics imparted to zuch bricke
by the use of varying kinde of beryllium oxide and warious methods of
oxide fabrication, arrangements were made for the procurement of
5,000 pounde ssek of Brush SP grade beryllium oxide and 5,000 pounde
of Brush G0 grade berylliws oxide to be fsbricated inte the hexagonal
vricke for use in development work on ihe laniels rile., The 5,000
pounds of SF grade bar}llium cxide was to be sent Lo the A § Spark
Plug Division of the General Motors Corporation in Fiint, Michizan,
whers it Qbuld be fabrioated into bricks by the use of a cold press
folloved by a sintering operation method. Oa the other hand, the
5,000 pounds of Brush GO grade oxide was to be shipped to the Horton
Company for fabrication into the hexsgonal brickes by the hot prose
process vhich had becn specially énvelopnd at the Horton Company.
In order to provide the oxide for these special tahriaat&gn orders,
Supplements fos. 11 and 12 to Contract @§7h01 ong-78 were issued in)
late 1946 to irush to provide for the nroduction of the 5,000 pounds
esch of the GC grade berylllium oxide and the SP grade deryllium oxidse.
(sef. 39, WO, b1, 42, 105). |

In addition to the heryllium oxide ordered from Prush, it

was decided by the reactor developmend greoup to uttempt the fabriestion
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of fluorescent grade beryllium oxide as manufantwsd by Clifton
Produsts, Inoc. Henoe Contraet liv, We3l=l09 sng=19 effective
iiovenmber 4, 19456 was awarded to Clifton Products, ino. to provide
for the production of 500 jounds of refractory grade beryllium
oxide for the Hunhattan Projeat. Thin materisl, which was of
prizury intersst to the liorton Compuay for use in their hot presse

ing method, was %0 be delivered to that Company for tess. (Ref. 50,

51, 52).

Pubrioat

ide!

Until the 1n,terest of the Daniels Group in fabricated forms
of beryllionm oxide, most beryllium oxide manufactured for the
Hanbattan Project was delivered to the ultimute user as the un-
fabricated powder. There were occasiona from time to time as far
back 23 1543, when recuests for fabricated material were received.
Thie, in order to supply the requirement for 600 bricks 3I* x 3" =z &
(made from Irush G0 beryllium oxide), Contrast No. W=7U25 eng=-27
dated Degember 23, 1943 was iam{ 'by the Hndison Jquare Aream to the '
Yanstoel Hotallurgiosl Curporztion of Horth Chiecsgo, Illirols { fef.
116). %his contract provided for the marufacturs of the 600 bricks
which vere delivered %o Los Alamos. Other than this fabrication
contract, little fabricction of beryllium oxide was done on a come
merolial scale until the fabrication dlscussions were started, in
1946, with the luniels File Group. During this corly ber&od. aon~-

siderable beryllilum orxide was menufacturnd into crucibles, but this
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work was performed chiefl- at the user's site, such as Hassachusetis
Instiiute of Technology, Vhicago, 3attelle Memoriazl Ingtitute, and
Igwe “tute College, Deo#uionally each of these orgenizations placed
orders for oddly shaped crucibles or crusibdle stopper rods with
such companies «s the Norton Company or the ¥Helunlel Hafrackory
sompeny, vut no large scale commerecial progranm was initiated.
However, late in 1946 discussions and negotiatloas were
indertaken by the Hadlson Square Aroa with both the Norton Company
and theia € Sperk Plug Divi sion of Gensral Motors aoncerning the
fabrication of 5,000 pounde of Irush veryllium oxide to be gent te
each of the two companies. Special tests wers being mnde late in
1946 by esch company Lo develop the most efficiemt and nractical
neans foy the amploymeni of thelr own proceca in the fadrication of
berylliom oxide. HNowever, ths fabrication techniques had not de~
veloped to such 2n extent nor hsd negotiabions proceeded fur enough
to enable definitive fabrication contrects $o be issued %o sach of

theps organirzations by the end of . 1GUb.

Production Lle ium Hitride

In the Sumer of 1946, considerable interest was expressed
both at Chicego and Oak Bidge 1n the poesibility of manufaeduring
beryllium nitride for use in nuolesr reaatorﬁ for the manufacture of
Carbon l4. Since specifis requests ibr over 200 pounds of beryllium
nitride had been received in the Madison Sguare Area 0Office, steps

were undertaken o provide produstion methods for the manufuacture

of this muteriml. Sinco no known production method for the

P




nanufacture of beryllium nitride was pv-ilable, requests were
issued to both Irush Beryllium Conpany and Clifton Products,

inc., ashing that suitable methods bve investiguted for the
vroduction of beryllium nitride (“ef. 119). To sssist both

Trush and Clifton, Professor Y. O. Schumb of Massachusetts
institute of Technology, operating through Contract U=T005
sug=175, acted as a sonsultant to both Prush and Clifton in
uroviding actusl operating data on the conversion of beryliium
metal to berylllum nitride by the rsaatien of hot ammonia or
nitrogen gas direstly on the metal (Ref. 83). 3By June 19U6,

it wasg deflnitnly‘ostnhllahed,us a result of a atudy of samples
submitted by Erush and Cilffon respectively, that the nitride

a9 manufactured by the Clifton yprooass was fay superlor in

quality to thot manufactured by Brush, and henoe in July prodﬁn-
tion aontract‘ub. #=31=109 sng-18 dnted July 10, 1946, was issued
to Glifton for the mammufacture of 100 pounds of beryllium nitride
(ief. Wb, bB). This contrect was again supplemensed on Catober 9,
1946 to provide for further produc;tion of wn additional 120 pounds
of beryllium nitride. 4l bdoryllium nitride was made by Cliftom
Products through the use of berylliqm metel floke, owned and
furnished by the Govermment (Ref. 45). By the end of 16iH, a
total of 135 pounds of beryllium nitride had deen delivered and it
vas antioipated that during Janusary 1947 the vrodustion of the entire

required amount would bo completed.




LsVELOFESRT

4g of teptember, 1545 the rssearch and development work
on beryllium had been performed chiefly at four project installations,
;.g', Universitj of Chicago, Hassachusetts Institute of Technology,
Iowa state College and Battelle demorial Institute. Of the four,
Iowa State had been interested mainly in methods of procuring crude
metal while Chiocago, ii.1.T. and Battelle concerned themselves
primarily with methods of fabricating the metal. &ince the work on
development of muthods for producing crude beryllium metal had not
been performed on a priority basis at Towa, the work could be done
only when time was available from higher priority projects. The
work on the production of beryllium metal at Ames during 1945 and
1946 never wns placed on a high priority project basis and by the
end of 1948 the Ames method for produciag beryllium metal from the
fluoride, although successful, apparently was not capable of compsting
with the methods then in use or contemplated for use at the Brush
Beryllium Company or The Beryllius Corporation. The work that Amse
performed resulted in a good method i‘or produocing beryllium metal
from the fluoride which was based on reacting powder magnesium with
poudcrod. fluoride and allowed the reaction to take place in an open
bhomb resulting in the production of b;ryllium metal which was
interspersed with a consideradble amount of slag. Ames had alao done
considerable work on production of beryllium fluoride by passing

hydrogen fluoride gas over beryllium oxide and/or beryllium hydroxide
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at slevated Lcaperatures., However, by the emd of 1948, neither

the Ames method for producing metal nor the Ames method for producing
beryllim {luoride had yot boen developed to a point where the
procers as a wnole was commercially feasible., Flans were under way
by the end of 1946, however, for the ocontinustion of this work; and
based on the scale of development assigned to this project it was
expacted that at least snother year to & year and a hall might be
spent on developmeni before conclusive and effioctent processes could
be evolved,

The fabricatsion develepment work which was being performed
at Chicago, ¥.I.7. and Battelle was continued, at the request of
¥adison Square Area, and in many ossos inoreased io soope and expendi~
ture of effort, Actunlly, the fabriocation and developmert work at
sach of these installations was not under the direct jurisdiotiom of
the lVadison Square Area since the work being performed at Chicago was
under the jurisdiction of the Chicago Area, while the Battelle and
H.I.2. laboratories were supervised directly trom Qak kidge (Reference
Nos., 76, 76, 77, 78). The Madison Square Area Office though, through
the cooperation of both Chicago Qnd buk Ridge, as well as the individuml
laboratories themselves, set up coor@inatod programs at each of the
three inatdtutions, esch program aimed at developing several means of
producing fabricated shapes of the typiu which, it was anticipated,
would be required by other Hanhatten Uistrict installagions,

48 the work Qt d,1.T. progressed, greater and greater emphasis

was placed on the fabrication of beryiliwm, until porhaps three-fourths
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of all effort being expended at the 4.I1.T. Laboratory in 1546

was on investigation of beryllium metallurgical and fabricetion
problems. As a result, early in 1946 the Beryllium Section acquired
technical responsibility for supervision over the work bo'ing performed
at the ¥,.I.T7, laboratory under sontract #-7408 Eng-176, while
edministrative supervision of this contract remained the responsibility
of Oak Ridge, This arrangement, howsver, soon proved to be highly
ineffioient, inasmuch as it was virtually impossible in many cases to
deternine where the 1line between technical and sdministrative super-
vision was to be drawn., Hence, during the Summer of 1946, administrative
control of the ¥.I.T, project was gradually turned over te the Madison
Square Ares and by the end of Fell of 1946 all administratiom, both
technical and sdministrative was the responsibility of the Madison
Square Area. (Ref. 78§ thru 89, 147) '

A sunmary of major developments on boyyllim fabricetion
techniques performed at the Manhattam District's metallurgical
laboratories during the years 1945 and 1946 is as follows:

(e) Development of s suosessful method of hot rolling ‘
beryllium by the use of iron jnk.ui'

(b) Development of methods of vacuum ocasting beryllium natti
into varicus shapes and ingote suitable for extrusion.

(o) Development of air ossting techaniguss for beryllium metal,

(a) Doiolopmt of a technique for the extrusion of beryl-
lium metal by use of an iron jaokst ocladding a beryllium ingot.

| (e) Techniques for machining both cast and extruded beryllius

metal. )
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(£} Hethods of welding beryllium metal.

(g) Development of preliminary methods of forged beryl-
lium metal.

As has been mentioned previously, the guality—ef beryllium
metal supplied by the Brush Baryllium Company under contracts
%H=7401 ing-60 and %~22-076 Fng~10 wes of a quality which could not
be used for large soale nuclear application inasmuch as the lapuritiee
contained therein were of such magnitude as t0 increase the effective
neutron capture cross section of beryllium beyond allowable limits.
Duriog 19456 a study of future long range reguirements indicated that
the uese of beryllium metal in actusl nuclear reaoctors was & possi-~
bility within the mext two or three years (Ref, 54) and, hence, plans
were started with the Brush Beryllium ﬁompm;y for a special program
of resesrch and development to provide & new production process for
_the mﬁufncturo of extrems high purity beryllium metal, Hence, in
Novamber, 19468, contract #=-il1-076 Eng-ll was entered into with the
Brush Beryllium Company to emble thpt company to perform development
work for the Manhattan District on a new process for the conversion
of baryllium oxide tc“bérylum mt;l: » which process would be designed
to produce beryllium metal of suoh purity chat the effective total
danger summsbion of impurities would not be greater than 30 milliberns.
(Ref, 83, 55, 56, 67) Briefly, the development work was to be carried
slong the lines of comverting berylliua oxide to ammonium beryllium |
fluoride ic the standard way, the decomposition of the ammonium beryllium

fluoride in the feed sod of a sublimation retort, and the subsequent
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sublimation and condensation of the resulting beryllium fluoride to
produce & beryllium fluoride of extremely high purity.' Investigation
was aho' to be undertaken as to the possibilities of effecting a
reaction between beryllium fluoride and magnesiuam in the vapor sta_to.
whioch if proved to be successful would produce & simple one or twe
step procesa for the manufacture of high purity beryllium metal from
beryllium oxide, Im addition, Brush was to undertake the study of
other means of the beneficiation of beryllium-containing ores directly
to the flueride wl.théut pessing through the oxide step. Thus it was
hoped that & reduction of the cost of beryllium metal could be Kffected
By the development of an ovohll process for the direct oconversionm of
beryllium in ore to beryllium fluoride, the subsequent purification of
the fluoride dy sublimation, and the reduction of such fluoride to
beryllium metal with magnesiwa.

By the end of 1946, considerable success had deen odtained
o:; a laboratory socale to indioate that the process being developed
under the Brush program was successful, and plany hed been started for
the ommstruction of a pilot plant which would incorporats the develop~-
ments on & seni-plant soale and wuld ~g:l.u sufficient data on the
operation of the new process to design full scale plant revisions to
incorporate the new process.

As a result of o.tpnrimntnl work being performed on Cliften
flake metal at ¥.I1.7., it appeared th‘u the flake metal, when used in
ooruin‘fabricatim processes, such as extrusion and rolling, imparted

& greater sirength as well as other desirable properties to the resultant
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fabricated piece. (Ref. 95) Surthermors, it appeared that an addi-
tional method of producing experimental high purity metal could be
evolved by further development work on the electrolytioc process

for fabrication of f£lake metal, Therefore, with the approval of the
Ressarch Livision at Oak Ridge, Contract %-31-109 Zng-1% was issued
to Clifton Products, Inc., on November 19, 1946 in the amount of
$561,000 to enmble this company to establish a development program for
the development of a revised process for producing expsrimental
beryllium metal fiako by the eleotrolysis of beryllium chloride.

(Ref. 50, 51, 52, 157, 158) This program was set up to redesigan
sxisting processes for the chlorimation of pure beryllium oxide such ‘
that the chlorimation of the oxide resulted in the raeducticm of the
1npur1t$r content of the resulting beryllium chloride. Furthermore,
the program aimed at the establishment of revised techniques for the
conversion of the extremely pure beryllium chloride teo pure beryllium
motsl flake without the contamination of the flake usually found in
the electrolytic process. Since this contract was issued late in 1948,
the results obtained by the end of 19,'“ wore not sufficiently compre-

heneive to enable any oconclusions to be drawm.
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Even before beryllium began to be manufactured in
various forms on & large scale for the Manhatton District, it was
known that many coapounds of beryllium were haszardous, and for this
reason special precautions had to be taken to protect workérs vwhe
wers closely associated with the production end handling of these
matorials. It wus imown, for example, thst the compounds BeSC,,
‘BaClg and BeFg were considerably hygroscopio, forming sulfuriec,
hydrochlorie an@ hydrofluoric scides upon even contacts with small
quantities of moisture such as are found on the skia. Thus, painful
and injurious buras cauld be caused by prolonged contaoct with these
injurious salta. It was further kmown that the inhalatiom of beryl-
lium compounds had, in meny cases, & severe but almost unknown effect
on the lungs of workers. Little was known, however, of the paturs
of the disecase caused by the inhalation of beryllium fumes nor wes
information available as to the tolerance. levels below which exposure
to dust end fumes of beryllium omoqndl oould be tolerated.

Effort was made at the mi;m berylliva companies to protect
workers by the imstallation throughout the plsat of what was thea
believed to be norsal, adequate ventilation of various areas of the
produstion plant which appeared to give high concentrations of beryllium
fumes and dusts. However, sven with the precautions which were then
followed many cases of "chemical pneumcnia®™ appeared to cocur in

workers, especially after exposure to a high concentration of beryllium




fumes. ost crscs were not reported to be severe, and general
rest over a period of two to three months seemed to be sufficlent
to ;!‘fect a complete cure., Occasionally, however, deaths resulted
from such exposures.

During 1546, bsoause of the incresased interesst of Thse
#anhastan District in berylllium, the Medical Iivision of the ladison
Square Area, under the supsrvision of Captainm B. 5. rolf, began a
thorough investigation of the beryllium health factors. Captain Wolf's
group, working in cooperation with other interested groups such as
the M@uohmetta Genera) fHospital, the OChio State Board of Health
and the Cleveland Clinio, began to uncover svidence which showed that,
in addition to the obvious superficial types Qf beryllium ‘toz:loitv;y '
such as the ability to cause burns and rashes upon the skin and te
cause a chemical pueumonia from exposure to large deses:of i‘uiu,
there existed a more iuid\iouu form of the disesse, which form did not
manifest itself until three to six years after exposure te beryllium.
Furthermore, studies showed that the delayed form of the disease was
far more serious than the ovor.xpo-ut:. type and resulted alsost
invariably in the death of the patient. Even worse, it appeared that
the tolerance levels at which sancoptgbllity of the discnee wis evident
were of & very low order and it seemed that in many cases prolonged
oxposure to very minute quantities of beryllium fumes could result,
several years luter, in the contraction of the delayed form of beryllium
disease. By the end of 1546 there was suffiolent informmtion on hand to

enable &« distinolion to be made between the two typss of beryllium
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digeases and tentaiive n,mes were applied to each form., "Acute
beryllium poneumonitis™ wes the name applied to the disesse resulting
from » shert exposure to a large concentration of beryllium fumes
which diseuse resultedwsually, within a period of two to three days,
in the contﬁetton of bespiratory disorders of varying intensity.

To the long range type of disewseo, obtained from a prolongeé exposure
to low concentrutions of beryllium fumes, which resulted several years
later in the contraction of seriocus and almost inevitably fatal lung
disorders, the name "chronio beryllium pneumonitia™ was given,

By the =nd of 1946 aa investigetion into the cause and
neture of the disceese was being undertaken by the Medical Group and
studies were being made as to mesns of determining the exact gxposure
tolerances of beryllium for the prevention of such diseuses. (Ref. 108)
In addition, work had been started on the means of treatment of such
discages snd a study had bsen startod on improved neans of ventilation
and preventive measures which could be installed at the beryllium
producers’s plants and which would prevent the contaoct of the workers

with beryllium fumes and dust.
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SECTRITY

R e e

Prior to the dropping of the iirst atomic bowb on
August 8, 1946 all motivitiss of the Hanhattan Engineer Listrict
wore, of course, classified, and hence all interestsofl the ianhactan
District in deryllium were atforded Secret claseifications. all
gontractes wrilten for the procurement of barylliun and beryilim
compounkis, together with the speoificaticas and qumatities of the
materials were classiflied Secret snd the fact that the ianhattan
District wus purchasing beryllium sompounds was classified secret.

Subsequent to the dropping of the first atomio bomb on
'Augunt 6, 1945 and the irmumdiste release of the Sayth Report, tho‘
fact thet the ¥unhetten Distrioct wes imterested in beryllius as a
moderator became known and hence this portion of security wes lifted.
Furthermore, in spite of the faot that & good portion of the facilities
at the Brush BSeryllium Company and Clifton Products was used ¢o msanu-
facture beryllium for the uanh#ttw Distriot, the general plant
processes used for the msnufscture of this beryllium and heryllium -
products were not oonsidered ohcuiriod, inasmuch as the processes
used by ocach of these companies had, with minoer exceptions, been w};doly
published in technioal journals.

In the latter part of 1948 nﬁd in 1546, therefore, no attempt
ws mide to oonceal the fact that the Manhattan Distrioct was produding
beryllium and beryllium compourds, but exact speoifications, both
physical and chemioal, were classified as were the quantities of material
being produced. In addition, as spooial production and fabrioation
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improvensnts snd techxﬁques were developed spucifically in order to
meet new and highly specialized requirements of the imnhatten District,
these techniques were classified Secret. Thus, for exasmple, when
the Brush Beryllium Company developed for the /Manhattén District a
process for simplified sintering of beryllium metal, & process which
gave highly desirable physiocal proverties to beryllium heritoforo
unobtainable, this process was classified Secret by the asnhaftan
Pistrict and upooiui precautions to safeguard the process were set up.
strict seocurity measures continued to apply to all produc-
tion doyilopmnt programe and wmetalliurgical development programs
pertaining to the sapply and fabricatlion of beryllium since the large
scale use of beryllium ia the atomic program defondod considerably on
the success of these development progrems., Furthermore, the work
being performed, and the rssults being obtained frem thess development
programs were such as to give this country an apparent substantial
lead in the use of beryllium for nuclear purposes and in many cases
reactors and other dovi.ao's could be duilt of & higher efficisncy and
apocunud‘purpou by the use of beryllium, provided, of course, that
beryllium could be supplied in rtbri'éﬂ.od forme of such purity aad

physioal characteristics as the specialized use of beryllium required.

Hence, the developaent programs on beryllium, set up to cwulop techniques

by which berylliua could be manufactured and fabricated in the speciulized

forms, were ziven full security treatment by the Hanhattan Distrioct.
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CONTRACTUAL C OuMITUENTS

In the beryllium program, thr&ugh the end of 1546,
approximately thirty-eight separate contractual actions were taken to
provide for the prbduution of beryllium iotal, beryllium oxide, metal
shapes, oxide shapes, end development work on producjbion and fabrica~
tion of beryllium and beryllium oxide. During the same period, tem
separate prime contracts were issued and mainteinsd in order that
this work could be carried out, A summary of all contractual actions
conoerning berylliua is given in Addendum No. ¢ and includes contract
numbers, contractor's names, contractual dates, th\;nn and brief
deacriptions of the scopes of work.

_ _ Wherever possible, it was the policy to have beryllium metal,
beryllium oxide and beryllium shapes px;oducod by the llanhattan Distriot
on unit price contracts. This was possible because thers was suf-
ficient production information on hand at the various producers te
enable firm prices to be quoted to the Manhattan District. However,
because of the very specialised nature of the work invelved in the
production, fabriocstion snd doulopnﬂnh of bory;um. together with
the seourity requirements, it was seldom if ever possibls to issue
‘tavitation for bids. Therefors, whenever unit prices for beryllium
products were quoted, cest breakdowns were made for each quoted price
and were thoroughly reviewed and examined by Madison Square Ares, in
order thet the unit prices quoted were substantiated in fact. Purthermore,
as production under these unit price contracts was iffootad, checks were
made on production costs in order that future price quotations would

have up~-to-date financial backing.
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In the case of development and experimental coatracts,
whgrever possible 1t ita the pollioy to issue such aomtracte of the
lump sum type iz order that much adrinistrative handling could be
eliminated, Hoewever, whenever such lump sum coatracts wore issued
for development work, provisions were made in the contraoct te include
downward revisions of costs upon conclusion of the work in order that
savings in cost f?roatad by the contractor during the course of the
work could be realized by the Government. vIu the case of the
Hassachusetts Inetitute of Techuelogy developmental contract W-7408
Eng-178, the work being performed was of such & varied nature and
the work load was 8o unpredictable that it wes virtually impozeible
%o sscoertsin, with any great agsuragy, lump sum smounts for which
ocontracts should be writtem. Therefore, in this cass the work was
performed on & cost-plus-overhead {ne fee) type of contraat, wherein
all costs incurred by the contractor were directly reimbursed by the
Government. However, in this case expenditures by the contractor tﬁro
carefully scrutinized {(and subject to approvel) by the Contracting

Of ficer,
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Description of the Clifton Frocess for Froducing Addendum No. 2
Beryllium Oxide and Beryllium Hetal

As of December, 1948

Beryllium ore ia orushed so that it will pass through a
2 inch mesh screen in & Jaw crusher and is zround dry in a ball_ mill
operating in a olosed cirouit with an alr classifier, The ground
produoct is mixed with sodium carbonate where it is fod to an oil fired
furnace, melted and then poured. The resulting frit is orushed and
ground and then digested with sulfuric acid. The sulfated material
is then dried in & rotary kiln., The dried product is passed through a
hammer mill to break up any cake whioh may have formed, and it is thenm
added to water. The resulting liquer is centrifuged and then clarified
by filtration for removal of the silica. The filtrate is then conaentrated
by evaporation ia tfun-jnokotcd glass-lined tanks and moniu-’lultato i
added, Aftor‘mrthor evaporation, the liquor is cooled and amsonium alum
is orystallized cut and removed by means of a centrifuge. The liguor is
diluted with water and sodium oarbonate is added to dring the nﬁlution to
pHg. The iren is te be removed in this ‘manner by precipitation as ferrie
hydroxi;do and subsequent filtration. The filtrate is brought up to pHg by
further addition of sodius oarbonate with the resultant precipitation of
pure beryllium hydroxide, Be(OH)g. The h&droxido is removed from the
liquor by means of the centrifuge, dried and ignited in sn oil-fired
furnace to yield beryllium oxide.

Clifton Products produces beryllius metal in the f;m of flake.
This is accoaplished by first chlorinating beryllium oxide in the presence

of oarbon. The beryllium chloride is placed in chrome-niokel-iron alloy




The N TE L EL Tk

pote, where it is fused at high taapsrature with sodium chloride,
The alloy pots esoct as a cathode and & carbon electrode serves as an
anode, Current is passed through the electrolyte until substantially
nothing remsins but pure sodium ohloride. The borylliﬁn mstal is
sollected on the ineide of the pot in the form of flakes. |

At the present time, Clifton ie capable of producing
approximtely 5,000 pounds of beryllium oxide psr month, of which 2,000
to 3,000 pounds now goss directly for commercial use. The mstal plant
is not now in operation but could be set up within three to four weeks
to produce 100 pounds of metal per month in flake form. Additional
metal production capacity sould be made availables by inorsasing the

electrolytic facilities,
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Peseription of the Brush Process for Iroducing
Beryllium Oxide and Beryllium Netal

As of Lecember, 1946

Beryllium ore in the form of beryl is crushed to 2 inch

mesh size in & jaw crusher. The crushed ore is then fed to a carbon
brick-lined 110 volt AC electrio arc furnace., The ore is melted in
this furnsace and is tapped theorefrom as & glassy subastance, which is
then gquenched in water from & temperature of about 2600°F, The re-
sult ing frit is dried in a kila from ihoro it is peaseed to a ball aill
operating in & closed oirouit with an air olassifier, The ball mill
product is sulfated in a digester by the addition of hot sulfuric acid.
The effluent from the digester passes to a Bird centrifuge, where the
dehydrated silica, $i0g, is removed. The ligquor from the centrifuye is
esgentially aluminum sulfate, Al,(504)s, and beryllium sulfate, BeS0O,,
plus minor inpufitioa, notably iron and elkeline earth metal sulfate.

The liquor from the centrifuge is transferred to an evaporating kettle,

and ‘thence to & orystalliser where ammonium sulfate, (NE,)pSO4, is added.

The product in the crynnniur passos ;co a ocmtﬂ.fug. whers the preoipi-

tated ammonium alum, NHgAl(504)2, is removed. The liquor from the
contrifuge becomes sssentially beryllium sulfate, BeSO4. The beryllium
sulfate is evaporated and is passed through a filter for the removal of

finely divided ammonium alum and calcium sulfate., The filtrate is then

orystallised in & tank and & pure beryllium sulfate is thus obtained. The

beryllium sulfate 18 thon caloined in a kiln to form beryllium oxide, BeO.
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If a pure oxide 1s desired, the beryllium sulfate obtained
iﬁ the normal mnner is dissolved in distilled water instead of being
osloined in the kiln, This s20lution is then saturated with hydrogen
sulfide, ana impurities are precipitated or removed by filtration,

The filtrate then passes to & glass-lined orystallizer and then to a
sontrifuge. The salt is then ignited im a batch furnace, resulting in
the production of beryllium oxide of low iron content.

To convert beryllium oxide to beryllium metal by the Brush
method, amuonium bifluoride, NH¢HFy, is added to b;:ylliun oxide in water,
The liquor so obtained is trested with hydrogen sulfide, both on the soid
and .1&:11n§ sides, to precipitate impurities. The filtered liguor is
then passed to evaporators where ammonium beryllium flucride, (3Hg)zBeF,,
is orystallized out. The produot fraom the orystalliser is ceatrifuged
and the salts are then dried. The anmonium beryllium fluoride is heated
in & gas-fired furnsece where ammonium fluoridc, RH,F, is driven off tnd.
beryllium fluoride, BeFy, remmins as a liquid. This ligquid i then
allowed to s0lidify and is broken into lumps. The lump beryllium fluoride
is then melted in a gae-fired furmace uﬁd reduced with magnesium, resulting
in the production of beryllium nmetal and a slag consisting chiefly of
magnesium fluoride. The beryllium metal floats to the top of the furnace
and is allowed to cool. The cake is removed from the furnace and broken
into lumps for further processing.

At the present time the Brush Beryllium Company is capable of
producing approxim:toly 16,000 pounds of regular grade beryllium cxids

per month, or approximately 5,000 pounds of high grade beryllium oxide per
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month, By the end of Jenuary, 1847, it ia anticipated that the
pfoduotion of beryllium metal at Brush will be about 1,800 pounds

per moanth.




Description of the Beryllium Corporation ¥Frocess
for Producing Beryllium Cxide and Beryllium ietal

As of December, 1946

The ore is first ground in a ball mill to about 70% -200 mesh.
It is then mixed with sodiwa ferrio fluoride and made into wet briguettes.
These are heated for about ome hour at 750%°C. The reaction which ocours
..’u the following:

5 BeO & 2 unaroi; = 3 NegBoFy + FegOg
The alumina, silioa, and irom oxides are not m upon. Only enough
fluoride is added to resct with the beryllium oxide coatent of the ore,
After the baking operation, the material is in a sintered, easily ground
condition. Grinding is performed in a wet pebble mill, The scdium
beryllium fluoride is ths only soluble portioé of the sinter and is leached
out with water at room temperature at & soncentration of approximately
3 grams per liter beryllium oxide, About 95X of the beryllium contained in
the ore is im in the solution. The insolubles are filtered off and the
solution is treated with éauntie soda to precipitate baryllium hydroxide.
Enough caustioc soda is mixed with the solution to redissolve the proeipu‘uo
and form a sodium beryllate solution. Zhis is then heated to about 86°C
and more sodium beryllium fluoride is added with good agitation, the
temperature being maintained until all of the beryllium is precipitated as
hydroxide. This is then filtered in water, the filtrate being & sodium
fluoride solution. The hydroxixdo oske is ignited at a temperature of adbout

8000°C, which converts it to the -nhydrouu oxide,
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-At the present time, motal is produced in small quaatities
at The Bsryllium Corporation in the following mtnnof: Beryllium oxide
is thoroughly mized with ammonium bifluoride in nickel pans which are then
placed within & magnesium-lined furnace end heated for 16-24 hours at a
temperature of 450°C. The resultant beryllium tluori.de is then placed
in & geas heated furnace, heated beyond its melting point, and then _
reduced to beryllium metal by the addition of magnesium lumps. A change
in the Beryllium Corporation process for producing metal may be put inte
operation within the next few weeks. This change would involve a con-
version of beryllium hydroxide directly to beryllium basic acetate, and
the subsequent fluorination of this aocetate to beryllium fluoride, This
fluoride is converted to metal in the samemnner as desoribed above, It
is sxpected, ho\vévor. that by using the beryllium acetate intermediate a
beryllium metal of muoh grester purity will be obtained than that being
produced at the present time. It is also anticipated that beryllium basie
acetate could also be convertad to a highly pure beryllium oxide.

The Beryllium Corporation is not ocapadle at the present time of
produocing beryllium oxide meeting projoo'? specifioations., It 1s expected,
however, that withim three to four weeks The Beryllium Corporation will be
capable of piodueing approximately 800 pounds per month of high purity
beryllium metal. Faocllities for producing high purity beryllium oxide and
sdditional metal could be installed within four to eight weeks after

notification has been givenm to The Beryllium Corporation,
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20 1bs,
b lbs.

1 1b.

7,000 grams

lﬁq 1bs,

3100 ibs,
30 loba.

10 lbs.
20 1lbs.
3‘!0 lbs.

200 ll_as..

80 lbs.

Sourse

Brush
Cliften
Brush
Brush

Brush

ﬁ:IoT.

~Clifton

Brush
Glifsen

Ciifton

Contragt or
Farchage Opder

. 44285

44286
44231

47022

W-T406 Eng-175

42542

43001

44099

44201

44241

44333

Addendum 3

Final Shipwment
Late

Eovember 3, 1946

Nevember 22, 1946

September 12, 1346

December 11, 1948

July 8, 1346
august 22, 1946

September 18, 1946

October 1, 19468

Hovember 7, 1546



A
A

g
e

Ig:A STATY COLLEGE

Baryllium Oxide
Beryllium Fluoride
Beryilius Fluoride
Beryllium Oxide
Serylliua Uxide
Serylliua Uxide
Berylliws ¥lucride,
anhydrous
Beryllium Oxids,
refractory grade,
200 mask
Berylliuvs Hydroxzids,
.95 :
Beryllium Oxide
Berylliiva Ozide,
refractory gzrade,
200 mesh
Seryliium Oxide
Berylliuvm Oxide

KER MEXICO

Beryllium Oxide
Beryllium ¥lake,

(surplus ¥ matl.)
Produot 58 (minimum

assay 90%)
Beryllium Oxide
Beryllium Oxide,

61 mesh
Boryllium ¥Fleke

i ket o

Quantity

100 lbao
400 1Ibs,

80 lbs,
900 1lbs.
100 los.
110 lbs.

260 1lbs,

2256 1lbs.

100 lbs.
5689 lbs.

L

1,000 lbs,
20 1bs.
50 1lbs,

2,000 1ba.
100 lbs,

76 1bs.
4,000 1bs.

50 lbs.
100 1bas.
200 1bs ™

Glifton
Siifton

Brush

Clifton
Clifton
Clifton

Brush
Mididlesex

Middlesex
Brush

Yiddlesex
ﬁ-IiTv
Hiddlesex

cod o de

contract or
Purchase Order

T P e e g

28152

29124
%=7401 snge=60
#-T401 :ng-78
%=-7401 Eng-78, &5

43179

43906
43908
43736

44101
28064
35645

%=7401 kEng-78, S6
diddlssex

Yiddlesex
E~7401 Eng~-78

Hiddlesex

¥iddigsex
#=740b Eng=176

Fioal Shipment
pate

Augest 28, 1944
Hovember, 1944
October 9, 1844
1944

larsh, 1545
July 7, 1943

dJanuary 15, 1546

July 12, 1948

July 12, 1946
September 26, 1946

Lecembor ¢, 1348

April 8, 1946
september 25, 1945

Bovember 8, 194b
1946

danuary 29, 13486
April §, 1946

Ry 25 1888



NEW ¥ZAICO (coatinued)

Berylliws dstal

Juantity

6,000 los.,

Sourgce

Brush

Contract ar
furchese GCrdsr Late

¥inal Shipment

38312  (xIT)
56311 (Battelle)
%=7401 Eng~60, 58
#=22=075 Eng-10
{=22=076 ing~1C, 51

«ay 16, 1946



Vo PPY

:Efntitz
KORTOB COLPARY, Ciakaua

deryllium Oxide,

€0 mesh 226 lbs.
deryliium Oxide,

200 mesh, Llifton 85 lbs,

fluorescert grade
geryilium Oxide,

batch mixed, Brush

‘Z.¥. grade 606 lbs.
Seryllium Uzide,

Clifton grede 250 1bs.
eryllium Uxide, .

ﬁx"‘dsh, G'G- ) -
Berylilium Uxide, G.C. 200 1bs.
Seryllium Uxide,

Brush, 4.0, 200 1bs.

Beryllium Oxide,
Usnsified, fluorescent 1-3/4 lbs.

Barylliuam Qxids Hlocks 1256 lbs.
Baryllium Oxide,

fluorescent grade 30 lbs.
Baryilium Oxide Samples

G.C. 128C%C 80 los.

Hiddissex

Clifton

Brush
Clifton

Brush

Brush
Sruah

Clifton
lorton

Clifton

Lontract or
rurchase Urder

diddlesex

43380

43812

45726

43727

44358

47012

47107
47235 (iabricatiom
only)

47187

47581

Final Yhipment
Late

Februsry 11, 1946

sarch 12, 1946

April 18, 1946

day 31, 1946

June 14, 1948

Jetober 13, 1846

Octover 18, 1946

Hoveaber 30, 1548

becember 3, 19456

Docember 17, 1546

Legenber 17, 1546



VW

s LY

GCHICAGO

Seryllium Fluoride
Beryiliuvm Cxide
Beryliium Oxide
Product b8
Berylliuwe Oxide,
GC zrades
Beryllivx Oxide,
fluorescent grede
Beryllium Oxide, S.P.
Beryllium HNuggete
Beryllium Oxide,
nutal grade
Baryllium Cxide,
hWi-firmd

Berylliws (xids,
60 meak (semple)

Product 88a,8,C,D
Berylliue dstal, 97.5%
(Preduoct 88)
Eerylilum Oxide,
fluorescent grade
Peryllium Bydroxide
Beryllium Sulpbate

Barylliua Nitrats

I1tem

800 lbs.
3Q0 1bs.
1500 lvs.
200 1bs.

B0 lbs.
§0 1ibs.
50 lbs.
50 1b..

50 1lbs.

2,000 lbs.

*‘

z 1bs.
80 1b'o
100 1bs.
10 1580
2 1lbs.
5 1bs.

10 lbs,

Source

Brush
Brush
Brusha
Hiddlesex

Brush
Cliftom
Brush
diadlesex
Clifton

4

Brush

diddlesex

Hiddlesex

' Hiddlesex

Clifton

Clifton
Brush

4 oo il § B e

Contract or
Purchase Order

W~7401 Eng~80
ti=-T401 Eng=-78, 58
R=T401l Eng-78, 57
#iddlesex

42964

42%65

43155
Hiddlesex

43162
423873 (Supl. 8 to
Contract Ke.
¥%-7401 Eng-78;
¥iddlesex
Middlesex
#iddlessx

43697

43475
435474

Pinal Shipment
bate

siarch 29, 146
darch, 1946
September b, 1945
October 17, 1945
Kovember 19, 1946
November 19, 1945
Jenuary 8, 1946
January 11, 1946

January 16, 1946

January 25, 194€
January 29, 1345
April 29, 1946
May 3, 1946

Hay 7, 1946

May 19, 1546



PR
Y

§-ox

e

CiICaGl [comtipued)

Froduct &8
Horylliws Oxide,
hi-fired, refractory
taryllium Mitrate,
Y¥ixture 3638, minimum
nitrogen content 42%
Beryilium Oxide,
matal -g rdde

fzryiliua Oxlde,
Bruasn fused, special
grade 300-325 mesh

Berylilum dstal
Serylliom ¥luoride
Beryliium Oxide
Beryilium Sitrate,

HYixture 36C

Bcrfllium Blocks

wulnticy

100 lbas.

200 lbs.

10 lbs.

30 1bs.
1 1k,

250 lbe,

" §0° 1bs. /oo,

thru 12/46

200 los.
£30 lbs=.

9% 1los.

2,000 1bs.

SoUree

Hiddlesex

Glifeon

Brush

Cliifton

Brush

Ziddlesex

© Brush

Clifton

Brush

S S-YIE L
RS0 W) e

Gontract or
Purchase Order

#iddlesex

45728

43912
44099
44100
47013 ,
{for grinding only)
Ylddlasex
%#=T401 Tug-6C
36283
3~31-109 Eng-18

22076 tng=12

Final Shipment
Dats

Juns %, 154§

duns &, 1946

aygust 13, 1946

August 22, 1946

Govember 22, 1346

Lecomber, 1946

-

January 15, 1847

July 19, 1947



Wy

L%

CLIXTGN LABORATCRIES

Beryllium Sphere,
s0lid w/radics
about 43"

Boryliium Oxide
GC
5P
Fluoreacent

Beryllium Hetal,

premium grade
technical grade

BATTELLE

Beryllium Product H8P,
high flux

Beryllium Metal,
{min. assay 85%)

Beryllium Oxide,
pure, 60 sszh,
high fired

@ulntitz

1 l1b.

5 1bs.
3 lb.o
5 1lbos.

130 1bs.
100 1bs.

. "

75 lbs,

500 1ibs.

B lbs,

g.I ﬂ?b

Brush
Brush
Clifton

Bruah

Brush

¥iddlesex

4iddlesex

Consract or
Purchase Urder

. §-7406 Eng-175

44494
44494
44495

%-22-076 Eng-10, S6

42586

Biddlesex

¥iddlesex

Pioal Shipment
late

July 31, 1946

lovember 18, 1343

becember 31, 1948

September 20, 1845

October 22, 1346

Jenuary 23, 1946



Juantity

BATEVLLE (contivued)
Berylliumm Hetal, VC 100 1bs.
Beryllium detal 116 1bs.

MASSACHUSETTE IESTITUTE OF TECHNOLOGY

Beryllium Uxide
325 messh Clifton 100 1bs,
20 mesh 80 1bs.

Surplus Flake Beryllium 300 1lbs. or

{V material) more, 348
available)
Produst 58, lump 100 1lbs.
Beryliiuvm 3ulphate, B
enhydrous 10 1lbs.
Virgin lighs Ketal
Suggete (88) 5,900 1bs.
Serylliuam “xide, Frod. 48
Tyve § 60 lbs.
& mesh 80 1lbe,

8 mesh 25 lbs.

Brush Lump Hetal 400 lbs,.

.¥iddlesex

-

Clifton
Brush

Middlesex
¥iddlesex
Clifton

Hiddlesex

Brush
Clifton
Clifton

Hiddlesex

Lontract or
rurchase Order

Hiddlesex
38812

43021
43022

#Alddlesex

ididdleasx

43062

¥iddlessx

43263 Brush
43264 Clifton

#lddlesex

Fipal “hipnent
bate

October 16, 1946
Getober 6, 1945

October 10, 1946

Hovember 20, 19496
December 10, 1345
Janguary 1ii, 1348

Fobruary 1, 1946

February 4, 1346



i

Convrach or Finsl opigmeut

GORTGY rurchase Upder uate
in 33 GUUSATES T4STITUTE OF TRCHHOLOGY (ooumbinued)

Geryllius

Lurp Letal, highest _

guality 180 1bs. Ziddiesex Uiddlaese s warch T, 1948

Flake dstal, 8% 35 1bs. Clifton 432938

Plake Netal, 99% 27 lbs, Clifton 43293
Beryllia Crucibles

Stundard Brush Bel 6 1los. 3raah 5556 April 22, 1946

Borbton fused Brush Bed § lbs.
serylilus Oxide &0 lbs, ~1lif'ton LIeEH A Ay %, 1946
Proguct 44, dype 8 150 1bs. Brush 43462 qay 9, 1946
§" dismeter Rod, not

less than 4% or .

sreater thea 8% 1 b, Brush 43937 July 31, 154¢€
Yroduct 45, Typs 6

Aigh=fired froa

L.¢, grade, 320 mesh 150 lbs. Brush 44152 Leptanber 26, 1946
Berylliuw Cxide, 8 mesh,

refractory grade S¢ los, cliften 43432 uovember 1, 1548
Berylllum Oxide, GC,

(Norton Grade) 10 1lbs, Brush 44498 Kovamber 21, 19546
Froduct 48, Type 6 150 lbs. 8rush 45874 September 26, 1346
frocess  Scrap 25 1bs, Chicago - November 27, 19486



vod

ey U E e
[RRAP |

. Contract or Fimal Shipmeat
Quant ity Source Purchase Order Date
HASSACEUSETPS IXSTITUTE OF TECAROLOGY (continued)
Beryllium ietal 100 1bs. imaed. . i1ncex 1dSntifiocation Mo,
: 100 lbs. monthly LSV-20 Uecember, 1946
Process ¢ Material 20 lbs. (powder) Grush 44242 February 28, 13947
2F z ¢* 6 pieces
2" x 4" x 4" 6 pieces -
3/8" x 4" x 6 & pieces
Brush Beryllium Oxide - B0 1bs. Kiddlesex diddlesex ' -
GENERAL ELECTRIC, SCHEHYCTADY
Beryllium Oxides, _
high-fired 100- 1bs. Cliftea 44480 Hovember 11, 1348
Beryllium Oxide, .
low density 10 1bs.

Baryl Ore 10 1bs.




Lonirastor

bBrugh Beryliium

Sompany

23

wonlrac

Beryllium Contrect Date - Henhattan Project, Beryliiun kraueh

W=g2=~U7hH eng~-10

W) eng=78

1

i

o

¥

#

a3,
W

A % %

°

Addendam No, 4

affective _
Contruct late JYalue
July G, 1945  $193,000

2.1 Oct.l17, 1945

5.2 July §, 1945 7,898

5.3 April 5,1086  tone

S April 17,1946 .10,698.18
630

Sept. 15, 1943 316,200
S.1  Dec.27, 1983 5257.30
5.2  Hsy 5, 194 59,406 additionsl

§.3 Moy 12,1944 -

(coverunent re=-
(imbursed

- ~ (:3.M5.29

3.1# Segat.l, 19"’“’ %l?wo&

§.5 Jan.19,19% = .26,725
E.6 ApT e 2301% £10,250
g.; ;:i? él.igig #19,987.50
5.10 Feb. 1, 1946 $6.581.50
$.11
8.12

SM45,000 additional

op

Furchase or manufacture of Schedule A
equipment. Memafaciuvre of 4360 1lbs.
of Xe metal.

hniges total Be to be manufactured to
557Q lbs. '
Additionsl Schedule i equipment

{ amendment of basic contrect).
Frovides for reatal prymeants on
govarnment-cwned fecllitiayg.

Purehase of 701.52 1lbha, of remelisd
¥s metul from he metel supplied by
vovernnent.

Yor meintaining Schedule 2 sanipment
on standbdby baels.

Fenufacture of 4000 lus. of RBel.
Frovides for overtime labor.

furehase of 17256 adéitionsl pounds

of '560.‘

Uavernment sold to contractor 662 lbs.
of 360,

Purchased 100G 1lbs. bal
Furehased 900 1bs. el
¥ 1000 1bs. ey
¥ 1950 1bs. BeC

1}‘;}0.25 1lbs. fmd BG’D.

Production of 5,000 1lbs. GG Bel.
Prodaetion of 5,000 1bs. 5P BeO.



beryllium Contract Data - Hunhatten Projeet, Yeryiliwm Braneh  (Continued)

Effective
Contractor Contract ‘ Contract Jate Yalue Seope
Erush Beryllium #7501 eng-60 auge 18, 1943 389,000 Manufacture of 2000 lbs. of Be metal and
Company ' 100~200 lbs. of BeFp.
#% 80 Hay 11, 1944 Hone Provides for rental of Government
7 . fiellitiee. ]
n “ 5.2 Sept. 1,194k - Hone Allows Contrastor to sesign rightste bank..
# ¥ 8.3 Sept.ll,lobl ' Basic Contract amended as follows:
Purchage of 1830 lbe.(max.) Be lump.
16-20 1bs. of Be billets
180-150 1bs. of Be billets
} 100=-200 lbs. of BeF>
* & gk  Jan. 17,1985 5,500 1000 lbe. impure Be metal
* . 8.5 - Har. 30,194 368,708 1500 1bds. of Be metal
% # 5.6 apr. 24,1945 &7 N0 15 pleces each of farts ¥),704 & 0%
_ _ (Be-il fabricated shapes)
1 pleces of Be-al fadbricated shapes
¥ 8.7 July 6, 1945 None Hostoration of Premise Clsuse added
*» ¥ 5.8 July 27,1945  $66,975 1500 1be. of Be etal
W-22-075 eag=1l  Hov. 6, 1946  $52,000 " Hesesrch and development work om the

production of bi-purity berylliue metal
by reacting el with semonium bifluoride
and reducimg the bderyliliuwm fiuworide thus
formed with megnesium to obtain the
hi-yurity metal.

. ll‘
Y




Beryilium Contract Dabs - Manhatten Project, Beryllium lranch

Sonuractor Sontraot
Brush Beryllium We22-U075 eng-L2
Gompany :

Clifton Producis,lnec. W=31=109 eng-1f

8.1
#=31-109 eng-19 -
H=3=105 eng~16

Kuzsechugetts V-TH05 eng=175,8.1
institute of Teckaolegy

{Definitive contract o~

ast prepared in

¥adisom Square dres) ’ N
o # 8.3
& % 5.1;
’ # L 8-5

e

$.2

Effectivs

Gontract Dste

Hay 2, 1946

July 10, 1946
Oct. 9, 1946
Bov. 4, 194
Kov. 19, 19L&

May 1, 1943

Jan. 1, 19)4')4
July 1, 194k

July 1, 1945

e

{Continued)

.
zlne

$%00,000

8,750

$10,500
¥3.500
51,000

Hot to exceed
360,000

Increased %o
$312,200

Incresged to
31,032,500

Inoressed e

- 1,800,000
March 15, 1946

sCope

Purchase of 4,000 lve. of berylliom metsl
blocks fadbricated by powder metallurgy.

100 1bs. Berylliium Hitride
120 lbs. Beryllium Fitride

500 1lbs. Pel, refractory grade

Research and Development of & low cost

berylliuvm of extreme purity.

Conduot studies and ezperimental investiga-
tione in metallurgy on & cost plus averbead
bable.’ :
Conduct studies and experimentsl investigs~
tions in metsllurgy on & cost plus overhsad
baeis.

Conduct studies and experimental investiga~
tions in metallurzy on a cost plug overhead
basis.

Gonduet studles and experimental investiga-

tions in metallurgy on & cost plus overhead
banis.

Soope of work ilncreased to cover ithe furnieh-
ing of personnmel to render servicss ina
gopneetisn wlith the “Crossroszde Project.®

) .



derylliun Contrast Dats ~ “anhutian Project, Yeryllium Srench (Contimued;

Lffective
Gountractoy Contract Contract Tatie Yalue Scope
Fansteel Metallurgical WeTU25 eng~2] Dee. 23, 1943 Production of 720 eV bricks from

Conpany - ;o S0 Brush GC oxide by hot prees procees
_ “ LIS § ) Zricks to be 3% x 3* x 6¥




Addendum No. 5

Brush Beryllium Company Contruast W=22-075 eng=-10

Sontraoty

lefinitive Contract :«f-22~07a ong=10 with Pyush Beryllium Company
was signed Zeptember 21, 1945 and called for a total quantity of
2195 units (2 1bs. g 1 unit) of Produst 58 and/or Frodust 59,
Price was atated as $88.50 per unis for Produst 58; :83.20 for
Froduet 59, (Produots 58 and 59 are Bs Hetal.)

Gorrespondence;

A& sapmary of important correspondence pertsining to the contract
follovss

lsfersmos  Desorintisn

No. 3 Septenbey 8, 1945, Nemormdum to Files from J. Pinketon,
Senior Kngincer, subject "Future Supply of e Metal",
states that supply of metal to H.d.Ds 1 dependent upon
one company whose business foundation appears shaky and
whose price is high due perheps 10 inefficlency and
large overhead. At the time has an outstanding
ordey for 5,000 lbs. at approximately 345/1b., which
should be filled by Mersh 1, 1946,

Yo. 2 Ootobar 18, 1945, MHajor Ureager to B, kKjellgrea (Brush)
sets up a method of paying for Je metal according to

analyals.

. 3 Gotover 18, 1945, N, W. Baws (Brush) %o 8., B. Noveff
states that contract called for 4390 Llhs. Be, of whiech
1042 1bs. had been shipped, plus 1000 lbs. in process,
leaving 2348 lbs, wubject to change im prioce,
specifications, ete,.

Koo W Haroh B, 1946, C. B. Sawyer {(Brush) to Major Felley
states that Brugh can produge 1200 lbds./month premfum
grade (99%) Bei spproximately 2000 Abs./month for
Product 88 (Be metal in lump form). Premium grade
could be raised to 1500 in 4 to 6 weeks} quotes prics
of #55/1be for premium grade. States that contract
Eng~10, Supplement 1, 1o pearing completion.

Av. B March 15‘ 19"‘65 Ly, Col, Kelley to P, M. Helmore,
degignates ¥. 4. Helmore as duly authorized reprée
sentative for Eng-10.

oo & Angus® 21, 19Y6, R. Cobb (Brush) to Capt. Roboff, gives
iéd on wresking A.F.C. installations at Chestey Ave,
swarded to Broadway Hounsewrecking Company for 567%5.

Add. 51



Brush Beryllium Company Contract W-7HOL eong=60

Brugh Oontruot W=THOL eng=-60 provides for production aad supply

of Be metal and beryllium fluortde (Be¥Fp). Supplements call for
Ba billete, berylllum-sluminus alloys, ete. This contract has been
consolidated.

wrrespondense’

» summary of important correspondence perteining te the contract
follows:

Reference Jesoription

dos T July 3, 1643, memo Ls. Col. Grenshaw, Corps of
~ ingineers, to Col. K. D, Nichols. Gives require-
ments for Be for British and Canadian Govermment.
Btates that «t present Brush is only produser of
metallio De and has a capacity of 400=500 lbs./month.
l5/1b. for lump and 455 for recast metal.

o, 8 Angast 9, 1943, memo to Lt. Col. Cornell from
Hajor Hmssell, Corps of Englneers. iHequesis
preparation of UP contrast for supply of 2000 1bs.
Ee and 200 lbs. Bel¥ -3

Yo, 9 September 6, 1943, memo to Mr. Levin (Legal Seationm)
from Lt. Col. Ruhoff, Corps of Engineers. Dasire
to purchase 4075 1lbe. 5eQ. Delivery of total by
Fovember 1943 at $1.0%5/1b.

¥e. 10 Angust 7, 1943, ur. Hendersom, Chief, Be Section,

' Hinerals Baresm, to Ir. Sawyer (Frush). Glves
authority to incresse production from present 350 ids.
per month to 600 lbs. per momth.

Yo. 11 February 2§, 194li, Major Russel) to Srush Beryllium
Company. Gives sbipments of Be (type A) metal to
Pebruary 10, 1944 as 403.25 1be.

los 12 Marsh 30, 1844, memo to Majur Groenstein from Franmk
Zeitlin. Provides for U0¢/1b. eredit for all metal
produced in government-owned facilities.

Hoe 13 ~ Degember 8, 1944, Capt, Chaymen to Area inginser,
¥Kadison Square Area, Attention Mr. Frank Zeitlin.
Gives Be estimutes for first two susrters of 194§
s 2700 1bs. Je0, 5200 1bs. Be¥y, and 1500 1ba. Re.




Srupgh Beryllium Scmpiny Sontract =7U0L eng=60 (Gontinued)

Zeference Jeneription

o, 1b nscember 1Y, 10k, Frank Zeitlin, Prineipal Ungineer,
to Capt. Hecker. wives summary history of contract.
xplaine that utilizetion reguirements changed after
slpning of oomtract co that rerld deliverieg are no
ionger recuired. In additiom, Yrush had troudle in
meeting specifications, and cartain changes in
specifioations covering purt ¢f the material were
wade, At tne present time less thun one-half of the
sonbtractual quantity has veen shipped. Tha contrset
wag written at the request of the Chidugn Ares.

Hoe 4% Fobraary 15, 1945, Frenk Zedtiin e Dr. Sswyer (Brush;.
Laguests quokatioa for 200 1ba., Be lump metal per month
for five or six months ip adddtion to that wnder
Jontrast eng~60.

fa. 16 Haroh 7, 1945, neno ¥, Zeitlin, Principal Ssgineer, to
iinjor telley. Stubes thet rroduction ab Brush is sbout
125 1lbs./month metal, 790 lbs./month high firsd oxide,
plus large pmounta of [eP,. Uur reguirement of 200 1lds,
EeFs per wonth le belng fIlled, but metal rate ig too
sialls

Ho. A7 Harch 28, 1945, memo to Files from John ¥. Pinkston,
Sonlor Chemist. Lxplains that remelting is neceszary
to produce 98% metal, but 96% mstal can be produced
without renelting.

in. 18 darch 29, 1945, ¥, Jeitlin o Chicago Area Bngineer.
States that present producticn rate is 200 1lbs./month,

Ho. 19 suly 21, 1945, nemo to Files from ¥, Zeitlin, subject
"Be Requirements®. Liste nev Da requiremonts snd stetes
that expension of Frush's faeillities now in progress
will increase vroduction to 1500 Lbs./month.

fHoe 20 uvetober 29, 1545, Lt. dobaff $o Cnpt. Hecker {memn),
Lequeste coasolidotion of contraet ar conirnctor hes
completed obligetione.

H4d s \‘



Eyueh Beryllium Company Contrsct W=-7401 eng-T8

lontract s

Brush Uontract W-7N0l eng-78 provides for produstion of beryllium
oxide (Be0) in various grades and amounts.

Yorresyondencet

A sunmary of important correspondence pertaining to the contract
follows!

Refarence Desoription
No. 21 September 6, 1943, memo Mejor Hadlock %o Capt. Spaulding,

Allocation of BeO. Request for UOTS lbs. BeO, Grade GC.

lo. 22 October 15, 1943, A;InJar fuasel)l to Dr. Sawyer (Brush).
States that produstion of G0 oxide in its normal form
1s at the rate of 300 to 400 1bs/week.

Hoe 23 Uotober 22, 1943, memo %o Files from Major Ausaell,
Gorps of fEngineeys. Concerns the present position
regarding procurement of BeO., States that the only
firm requirement thus far is for 4000 lbs. of GG oxide -
delivery dy Nav. 30, 1943, 1If high-firing or molding
is required, contamination resulting muy allow usge of
lower grade 5P pxide. 4bsolute maximum produotion of
GC grade oxide 1s $50 1be./week; for SP oxide,

2000 1bs./week.

loe 2l Sovemder 27, 1943, Major Hussell to Mr. Fletecher (Brush).
States that all G0 oxide prodused in the future under
kng-78 18 to ¥e high fired and ground.

Ho. 2§ Decembor 3, 1943, Major Russell to Mr. Fletcher (Brush).
’ States thet Brush hes practisally completed production
of oxide under kng-78, and that high-firing of the
oxlde will start ané continue at & rate of 700 1lbe./week
wntil the 4000 1lbs. have boen so fired. The fired oxide
will alao be ground and acid washed.

do» 26 January 6, 19hl, Mr. Fletcher (Erush) to Major Ruszell.
States thad lowsey in firlng sre mush greater than exe
pectrd, and anticipstes a revision of contract to meet
increased coaste.

Ada, & )
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#rush Yeryilium Company Contruct We=TH0l eng~T8 (Tontinued)

Sesoription

Harch 18, 19b4, iir. Fletcher (irush)te Ir. Zeitlia.
Gives breakdown of costs imcurred in sroduction of
4362 lbe. high-fired ovide. Cost per 1lb. 1s stated
to be .3.62/1b. but this does not include sny profi
figure.

April 29, 1944, memo to Legal Tsction from Frank Zeitline
daquests preparation of a supplement to ‘ng-78 to authorize
purchase of various quantities and grades of Ded.

September 5, 19uM, ¥, Zeislin to Area Engineer, Chicago
wrea. Glves prevalling prices of high~fired BeQ. Ffrices
range from 56425 /1b. for =20 mesh to ¥10/1b. for ~32§ mesh.

Uotober 10, 194k, P, Teltlin, memo to Flles, Ixpleins
that najority of cride wvas seant %o Fanstes) Metallurgical
Gorps for fabrioation into sintored shapes. Supplement
Hoe 3 permita sale to Jrush of umused as well as serap
HpU,

Junuzry B, 1945, Yrenk Humistom (Brush Comptroller) to
Ir. Zeitlin. Suggeets 510.25/1b. as the price for
ZBOO lbs. BeU proposed im Supulement Fo. 5.

July 4, 1545, memo to Capt. Heaker from F. Zettlin.
ttates that contract ling~-78 wis completed wrpreximately

fey 15, 1945,

July 13, 1945, nemo by P. Zeitlin to Legul Seation.
Aequests preparation of Suiplement He. 7.

August 31, 1645, fengt Fjellgren (Vice Fres. of Brush)
to Gire Zeitlin. 4agrees to accept a contrast callling for
1000 to 1500 1lbs./month of high-fired Je0 at 38.50/1v.
Hor orders loss thun 1000 1bs./month, the nrice will be
310.25/ 10,

Untober 26, 1945, . ¥. Lass {(Frush's Haleas Hanager) o
Lt. Roboff. iefers to preposed aupplement Vo “ng-78 for
1530 1bs, BeU and propozes lan vhareby Horton Sompany
would fune the uxide mnd raduce 80 =H mesh.

Novenber 9, 1945, memo 1L.t. Hoboff %o lLe;sl Sention,
States that Supplement Ho. § is bheing extended and
orevides for further produetion {1516 1bs.) of BeO.

o
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e
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Brush Berylllum Company Comtract 4-7HOL eng-78 (Continued)

Asference Despription

Fo. 37 Japuary 30, 19%6, N. W. Eass (Erush)to Nr. Belmore.})
Gtates tha$ except for &4 1bs., Supplemant No. 8§ hae
been filled.

Yo. 38 April k1946, N, Y. Eaes (Brush) to Lt. Fisghep, U. 8.
kaginears Offiae, states that Supplement JNo. 10 has dDeen

slgned.

¥o. 39 Augast 20, 1946, ¥, ¥. Bass (Frush) to Dr. Oliver Simpson,
Hetallurgical Laderatory, Chicage. Concerns a 5000 1d.
order for rotary fired 5P Be0 for A C Spark Flug Company.
States thad basic price is £3,40/1b,

Fo. b0 Septembey 30, 1946, memo by Mr. B. Morie (Produstioa
Branch) to Legal Seation. Fequests Supplement No. 11
be prepared.

Fo. ¥} Decenber 2y 19"‘6. J» 5. (pidor to Iy, Sawyer (Bﬂ“)u
States My, Lelmore is delegated representative authority

for EZng-18. :

Bo, W2 December 19, 1916, memo by Nr. R. Morie to Legal Sestionm.
Requests preparation of Supplemont Neo. 12,

Add 5.6



Clifton Products, Inc. Contrect ¥=31=109 eng-16

gontragtt

Contract We31=109 eng-16 with Clifton Products, inc. is & reeearch
and development coutract to develop a low cost beryllium of extreme
purity.

Gorrespondence

“he followlng correspondance nertains to thias contraed:

feference ~ Usseription

No. U3 July 3, 1946, ¥. #. Solmore to Mr. ‘ipdecker (Cliftom).
Aequests that a modification of a previous ;ropoeal for
a research and development progrem be submitted. This
program would endesver to produce highly pure He metal
st low cost.

A (,‘,a& Ly
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Ulifton Products, Inc. Uontraet We3le104 angeld

Gontract:

GContract We3le109 eng~l8 with Clifton Produate, ind. wrovides for
vroduction and supply of beryllium nitride.

Sorrespondences

4 sumary of important correscondence pertelning teo the coantrect
follows:

Beseription
fioe 4 July 11, 1946, P. M. Folmore to B. T. HeGown (Gliftom).

States that Contract Fing-1l8 is being lasued to Ulifton
whieh provides for production of 100 lbe. of Mixture 360
{(boryllium nitride) at 3527.50/1b.

Ho. 45 July 15, 1946, memo by.lapt. Soboff to Legal Section.
fLizplaing that the Jovernment will furnish (Cliftom with
high purity Be metal (Product FLK) for the production
of the high purity beryllium nitride (Mixture 36().

Ho. 46 August 8, 1946, F. M. Felmore to Hr. vWindeoker (Cl4fton).
Gives suggested specifications for beryllium nltride,
and points out that since 81, Hg, and 4l tolersnces are
high, (1%), refractories of g0, Aly03, und 810 are
porminsidble. :

Noe M August 26, 1945, mermo R. Horle to Mies A. Hodnets.
Lequesta fiscal clearance for Supplement Fo. l.

Hoe 48 December 12, 1946, ¥r. R. A. snderson, Deputy Advisor
on Patent Matters, O.8.R.Ds to ¥. M. Eelmore. Itates
that a type © patent eluuse will be incorporated inte

Fnge18.

o, U9 Degenber 27, 1946, rero to Logal Section from R. X.
torie., Feguests preparation of Surplament Y. 2 to
;“31!&‘-18-




Clifton Froducts, Ine. fontract ¥-31-109 engel9

Consract:

Vlifton Frodusts, Ins. Contruct W=31-109 eng=l9 provides for
produstion and supply of refractory grade heryllium oxide (Be0).

sorrespondense

A summery of important correspondence pertaining to the contract
followas

leference  Dasortption

Ho. 50 Hovember 29, 1546, memo by Col. Deeler te Dlstrict
ingineer, Hanhattan Distrlict, reguests approvsl te
avard Contract rng-19 to Clifton Produgts, Ino, for
500 lbs. BeO at §7.00/1v.

fe. 51 Desemder 6, 1546, ir, Rentenbach to irea Engineer,
Madison Square Area, approves aveard of Contraot Zng~l9
to Clifton Produsts, Ine. to furnish Sed.

¥o. 52 Junuary 7, 1947, memo from R. Horie to A. C. Hodnett
(Contraet Section), requests preparation of Supplement

fo. 7 to Mng=19.

Add.5.q



Zrush Boaryllium Jompany Contrsct W=22=075 eng-ll

Contyaot:

rush Beryllium Contraet Weo2-075 ang=il ie & receareh and
nhvalopment contreect perisining to the jrodustion of high purity -
38 metal by mosns of repating beryllimm oxide (Rell) with amzonium
Uiflueride (iHyl¥a, and roGuelsg the rreulting weryllium fluoride
(hel o) with megnestum (¥z) to give Ja mobal.

Lorpeapondencat

i summary of importsn$ correspondence perteining to the contrect
Tollows: .

Heferenge Jeseription

Ho. 53 April 10, iskb, €, B, Sswyer (Irush) to Capd, James Cox,
Manhanan Metrick. Gives a suggested plan for production
of high puplity Be. Ouilines Process i, "rogess H,

Procens 8, and Proeess 1.

Process %2 Aggregation of powderad Be into fine
grained, high-density patarial.

Preoess Bt Low $mmpersture vacuum aublimation of FeFge.

Procese §8 FProduction of Be powder from the Produst of

. frocess 3 by reaction with Fe or Mg vapor.

Process Tt Produotion of crude ReF, dlﬂmﬂv from the

ore.

Suggests that Hanhattan District agres to purchase certaln
amcunts of materiels prodnged by the above procesces.
’i’ha vork would be carried out at Plancor Pilet Flant 6@

Moo B4 !&y 1, 14i6, Hajor Barnett to Uapt. Roboff. Recuests
nogotiations Yo started with Brush for a ressarch and
development contract leading to the produstion of highe-
‘purity Be metal,. ;

¥o. 5% June b, 1956, Hemo Capk. Hoboff to Legel ZJection, requestas
that letter contract ing~ll be drewn up.

fio. 46 June &, 1946, Capt. Roboff to Legal Sectiom, defines code
words "savgran® ohé "Prooesz RS" as follows:
Sewgrsn - Je metal nowder of certain spesification. .
Procees RS - Purification of Mg by sublimation, and
direct production of Be nowder (Sewgran) by remction
vith Mg or Ha vapor.




Hrush Heryliimm Gom oeay Jontrach We20=079 ong-11l {Coatinued)

sKeferonce

Hoe 57

Hoo %8

e BHY

Yo 00

lescripiion

July 1, 1obb, Lt. Col. A. . Ubarbeek to Distriat
Ingineer, Jwphattsn Mstrict, sttention: I, OChapman.
defers to final proposal for resesrch snéd develaopment
progras snbmitted by Jrugx, =nd ewplalns that oaly
¥rooess R snd § are to be investigsiad at this tine.

July 2%, 1946, Mr. Bass (“ales Hansger, Brush) to
fiol. Beeler, states that Supplement No. 1 has been
slgned,

sngust 29, 1946, #r. He Yo Pmes (Brush) to Hr. uidor
states that Supplement No. 2 has bosn signed.

Septembey 22, 1946, Hr. Baes (Srush) to dr. ‘guddor,
states that Supplement Ho. 3 has bean signed.




Srush Zoryllium Compuny Contract W-C0=075 eng=12

Contract:

Convragt W=22-079 eng-1? with ¥rush Berylllium Company calls for the
production and sapply of 4,000 lbs. of Be metal blocks fahricated by
povder metallurgy.

Gorregnoadsggga

A sunmary of lemportand correspondence nerta«ning to the contraot
follows:

Aefarence Heserintion

Ho. 61 Kay 17, 1946, Japt. Hoboff to Legsl Sectiom. Requeede
that letter nontract Eng-l? bs drawn wup.

¥o. 62 June 25, 1946, Mr. ¥. ¥. Bass (Brush) to Col. Beeler,
U. 8, EZngineers Office, atates that Supplement Ho. 1
to Zng-12 has been signed.

No. 63  July 25, 1946, N. ¥. Bres (Brush) to Col. Beeler,
etites that Supplemant Bo. 2 has been signed.

No. 64 July 20, 1046, Mr. Humiston (Vramsurer, Brush) to Capt.
Rodoff, quotes price of 5139.50/1b. of finiched product
for Be metal blooks. Price is subjest to certain
redustions.

. 65 August 23, 1946, P. M. Belmore to N. ¥. Bess (Prush).
Lists specifications for the Be metal blocks snd states
that maximum total impurity, evoluaive of oxygen, be no
greater than 0.4%.

¥o. bb Ogtober 1, 1946, Mr. Bass (Zrush) to Mr. ‘nidor, states
that Supplement Mo. 4 has beer eigned,

Ko. 67 Octoder 2, 1946, M¥r. Humiston (Brush) to L. B, Horie.
Gives price of Froceas { dillets from which protsctive
soatings have been stripped as 5100.50/1v. Rough
machined billets are $114/1D.

%o. 68 October 7, 10456, Mr. Roboff to Mr. Bass (Brush),suggests
that work proceed imnodiately on fabrieating bricks by
s new sieving method.

4 \\ r‘ B !
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sefevenns

Hig. ?l

Ho. 72

Ko. 73

Hove ?L}

rreT i Compopy Lontract =00=U7h eng=12 (Continued,

deperintion
November %, 1848, tr. Dass (Vrush, to M. zoboff,
Ulves quotatlon of 564,30/1be for *Process
Bilieta, strl:si bub ned machined.

Hovember B, 1946, Hr. Humieton (Brush) to Mr. Sobaff.
Voneerns proposed purchase of 25,000 lba. of Mg irom
Dominlon Mognesiuwm, Ltd. Dugeests thet Goverament

© purchase g to aveid payment of duty.

Fovember 1b, 1946, dr. Tues {Rrush) to Mr. H. %, Horie.
Gives reviaed oodes for identification of metal blocka.

Process | ~ premium or remelt metal, and use of
. Wellman Press.
A -~ Same as i 8xcept orushed and sleved metal
is used instead of remelt. :
W8 ~ Same as X except that preas is not used.
tH ~ Bome as | except thet sreas la pot used prior
to sintering. o

Hovember 20, 19i&, memo Mr. M, Ancher to Yiles. Concerns
& visit to the Brush Plant ond gives a pariicmlurly clear
desoription of thelrundertakings. Deseribes the wo
methods of making Be powder; methods for produeing Re
blocks from powder, eto.

Degember 5, 1946, Hr. Bohoff to Legal Section. Requests
that Contract ¥W-22-0T%5 eng-17 be drawn up.

Hesember 13, 1946, §. . Dass (Hrush) to Mr. uuidor, states
that Supplement No. 7 te. Letter Contract eng-12 has been
sigred.

AN



Havsechusebts (nstitute of Techmology Contract “=7H05 ang-17%

Yontruct:

Contract w=TH05 eng=17% with isssathusetts Insfitute of Technology
is & research end development contract involving work with He ae
well &s other motals aund compounds.

Coryrassnondense

& susmary of important correspondence pertaining to the contraet
followas ’

iieferenge Degeription

. 75 = iugust 31, 1943, Major Hurold Greenstein to N, MeL. Sage
(WIT). Heturns & signed copy of Comtract to M.l1.T,

Ho. 76 Tebruary 17, 1984, Maj. Greenstein to HoL. s&gn (M17).
lequeats return of signed Sup lement No. 7 to contract.

ioe 7 Pebruary 22, 1948, Maej. Greenetein to Area Hngincer,
Chicage (Capte Karl). Transmits proposed Supplement
yo. 9 for approval,

Ho. 78 December 7, 1044, 1st Lt. Lord to Arsa Bngineer, Madlson
fquare Area, requests copy of Supplemental Agreement No. 2.

%o. 79 Angust 21,_19&5, H.I.Té,to fevere Copper and Brass Co.
¥urnish 1250 ton press aznd labor for axtrusion work.

Yoo 80 Jepusry 2, 1946, Col. Brown, Cak Ridge, to /rea Lngineer,
Hadison Square irea, discusges transfer of adminfetrative
responsibilities from Poston srea office to MHanhattan
srea wheon Foston closes. Trensfer to take place ¥Feb. 15,
1946 uccording to letter.

No. 81 Hereh 8, 1946, memo from John Chipman to MoL. Sege (KIT).
Dr. Feufmann hne become Director of Project. The former
separotion of the project into divisions has been abandoned.
Group leaders now report directly to Zaufmann.

Xo. B2 Hareh 11, 1946, iaj. Grenger to Dr. Chipman,(BIT), Discusses
plans for comprelensive Be wnalysis program.

lioe B3 burah 12, 1946, F. d. Lelmors to iy, Kaufmann. aequaing
reprogentatives of Prush znd U1ifton with MIT method of
making I'e nitride.,

Y
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Hnegechusotts Institute of 7 Ac.lmnle:;g,f

aeference
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Ho. 39

2ogerintio
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April 12, 1948, Ur. faufmasn (G167 o $. L. Roboff.
Deseribss difffoulty in producing extruded He rods greater

tion 29 dlameter. i@ouire new wmelting equipment
produce larger billets.

tf;

day 9, 1086, memo H.3.Enhaeft to J, Horen, Property
Ssgtion, planned move of HIT o Hood Milk Co. Snilding.

June 4%, 1946, memo to “iles by ¥aj. Hearon. lentions

Lng=2p, ing-40, and ‘ng-175 to be terminated and

replaced by contreeis on cost plus percentege-fer-

overhead plus 75 fixed fea,

June 29, 16h6, Yaufmann (BIT) to S.B.R0boff. Lstimates

cont of producing finisbed extruded Be rod stapting

with Brush metal (s44/1b.) as 565/1b.

Sept. 6, 1546, d. S. taidor to Distriot ingineer

dpnhatten Metriet, Tak Ridge. ‘ancloses letter dated

sugant 30, ]twﬁ delegating mpramnmtiw sathori by

10 Hr. }mlmre for SGopIOval.

Septs 12, 1946, Ir. Saufmann to 7. M. Teluora.
to teat Brush Proceas v metal on behavior during
fabrication, :

Plang

fonbraot H=THO5 eng~175 (Uont®4}



deryliliun Corporation - HUH

Oz lence

4 summary of important correspondence followst

Rnfereggo
No. 90

fo. 91

Ho. G2

Yo. 93

lo. 9k

imseription

Avgust 23, 1943, Lt. Ool. luboff to hr. dravely, Beryllium
sorporation, requests unslysis of 580 nroduced by Feryllium

dorp. -
Aprid 25, 1946, Mr. Sravely (Peryllium Corp.) to ¥. H.

sielmore, states that Beryllium Corp. has developed & new

process for produstion of high purity metal.

September 30, 1Gub, memo to Viles from A, E. lHorie,
gtates that Beryllium Corporation oan produge 99.5%

be metal in pig, lump, or brick form st #%55/1b. Be powder

is sold at $85/1l%. In addition, thin metal sheets can
b8 produced. Production to dete is on a laboratory
scale, however. ‘ : E

Jovember 29, 1946, ¥. H. Belmore to Mr. Gravely, Beryllium

Corp., gives specificatlons for 2,000 1bs. of Be metal
blocke, and requeste a price quotation.

December 26, 1946, Hemo to 2. lurnmer, Safety Seotion from
5. B. Hoboff, states thal the Covermment is sdout to enter

into production Sontract and a research and development
contruct with the Jerylliuwm Corporation.




weneral doryiiium Piles

LOPraspOndenoe;

A gummnsry of 1mydrtant gorraespondenss rom the Genernl Meryllium
Files followst

safareacy

Ay L LTI
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Hoe 99

¢

seserintion

July 20, 1945, memo to Dp. Chipman from Paul Gorden.
Gtatos that CGlifton Make Be cun be mouvessfully
extruded by compaoting in omns before sxirusion.

1/2 inoh roda were extruded a$ 900°C and 10009C.

Yrein slze is very fine and shows practieally complete
recrystalll zation.

January 15, 1946, memo to Files from Cept. Hobeff.
snumerates Se requiremente for 19463 disousses various.
programs, snticlpated ns well as those in ovparation,
for producing Ye metal, ie shupos, B¢ compounds, eta.
The total Re requirements for 1546 are ostimated us

6,‘3@0 'lbﬂ.

Haroh 11, 1546, memo to Files from Capt. Woboff.
“oncerns » proposed standardization program for Be
anelysis. The Nutional Buresam of Standards 1s to
prepore stendard samples which will then be
distriduted to various laboratories for anslysis.

it is thought that the asssy of 3e for free metal

content is in vory poer shape, snd that a research
Jobu would be neceasary. -

darch 12, 1946, ¥. 4. Belmore to Capt. lox, tHunhattan
Metrict. OGives typos of De metal avallable, yrice,
and production rates

fie lump metal, 2000 lba/month, H%5/1b.

Be lump metal, nremium grade, 1500 1bs/month, 58/1b.

Be flake metal, 60C lbe/month, ,100/1b.

Mugust 26, 1046, Lt. Col. 