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UNITED STATES 

ATOMIC ENERGY COMMISSION 
W ASH INGTON , D .C . 20 545 

June 3, 1970 

Memorandum to File 

MANHATTAN DISTRICT HISTORY, BOOK VII, FEED MATERIALS, SPECIAL 
PROCUREMENT, AND GEOORAPHICAL EXPLORATION 

In April, 1970, I requested the Division of Classification to 
review Book VII, Volume I of the Manhattan District History to 
see whether it would be practical to prepare an unclassified 
version. 

The deletions necessary for declassification were listed in a 
memorandum, Charles F. Knesel to R. G. Hewlett, May 27, 1970, 
Copy 1 of 4A, 4 pages, SECRET RESTRICTED DATA. 

Copies of this memorandum are on file in the Division of Classi
fication and the Office of the Secretary. 

Richard G. Hewlett 
Chief Historian 
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" or th3 ., ,.,_: c ,: :_, · 
thor i:.:ed :,ersci1 ;$ µ.v :: .;. ._ ,J. 

f olUM 1 of look m Of the Sanba\tan m.n.riat. ll.at.o17 dll& 

with th• teed materi&la and •PK1&1. procv•lllt p:rocrn Ire. ita 

inceptica tbJ'ou&h 31 Iltc..,_. 1946. To make t.h• h1etor7 oOllP].-.., 

ret'9NDC• are made to work .,.__... 1sT tile Office ot Scimtitic 

:a.eanla ud nn.J.opment ' (<IJln) prior to ...._ 1942. t!Wt nl- 1e 

d1:ri.dlt4 into tllrft part11 aact 11 app..ao..1 Part. l CNU.11M9 t.M , ... 

t•t.V.. concerning the prop-aa u a 111lole; Part I nl•t.. to t.lae 

proeu 1 ••\ ot raw JD&ter1ala, whiola comt.it.wt. \be tint ot \w oper• 

al pbaeu ot the progrea; Part. C deecJ'i"9 th• refining and treat.mt 

th• raw •teri.ala, which e011pri•• the ... oncl operati011•l pbue ot tu 
prograaJ the first 6 appendi.cff contain: a GloeNrJ', Orgud.nUon Ch&J 

now Dia.gr ... , Orapba, B.etennc .. , -· CoaVac\ nat.a, reepectiYel.7; .. 

the other appendic• conr the ~ of mpe~al chmicala or ot.I 

uteriala tor ftl"i.ou part.e of tile •n1Mt.t.a ProJec\. 

TM t• .. .._.ial.e J>Nll'• 1a a plftic11larl7 iat.ripinc w 

iatel'•t.iDc nbJec\, dlt&ling u 1\ clDee oldAtll' 1dt.la tbe •terial 

v.m.-, wbicb bad 11"1• comercial ~--~' &Dd ...... retil 

and in6&etl"ial treat.mm\ had not. Mm paf0l'M4 on ..-, •1piticaat COi 

Ml'Cial acale. It. aearcit.T and aovu contr.l bf' aaUonal go..-....t 

ud otaer •jor internatioul orpn:lut.iom, th •it.Nm ••NCJ' 111\la 

wtaich all operat.:l.one U. t.o 'M contlnaed, t.h• mapit11de ot \I•• qunt.it 
1-

iJl't'Olftd., and the speed w1 t.la 11bich aalnataotvinc planta hatl Mt be eon-

·~• ad t.lte pl'M.cta ob\aine4• u wll u tile penouli\1- ud 



During the period that tbe District Office was located 1n 

New York Cit7, August 1942 to August 1943, the program wae handled by 

· the Materials Section as its primary responsibility. With transfer ot 

the District Office to Oak Ridge, TermeBaee, in August 1943, the 

Madison Square Area was established primaril7 tor the continuation ot 

the supenision of the feed materials program, although this ottice, aa 

the Vaterial.s Section bad done previousl7, also handled the procurement 

of certain special operating .materials tor the procees·ing plants, which .. 

aotivitiea are discussed in the hietories ot thos• plants and brietl7 

covered 1n Appendices to th.18 YOl=e. 

Thie book hu been prepared b7 the Jfadieon Sqaare Area 

Off ice on the baaie ot th• per.aonal knowledge ot the at.art at that 

office concerned in the program, and the records ot that office. 

References are ma.de in the text to pertinent docuraente ot record, which 

are in th• .Jladiaon Square Ana tiles, and other sources .of intorm.ation, 

and a liat. of such cbcument• ia appended. Copiea ot War Pepartment 

contracts reterr•d to in the text are on tile in the Contract Section 

ot the lla.nhattan District in Oak Ridge. 

l 8Uml8JT ia included ahead ot the text to· enable the reader 

to get a condensed but compreherJaiYe pictun ot the subject matter with

out reading the entire book. Paragraph nUJlbV• and titles in the •WlllD&l'1' 

correspond to section numbers and titles in the text. The asterisk (*) 

baa been used to indicate those words which have been defined in the 

Glossary. 

The stor7 ot the studies ot geological literature, field 

explorations, and inspections and surveJS to locate new sources of 
• 
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uranium ore or to evaluate and investigate existing known deposits 

tiill be found in Volume 2 of this book,. irGeographical Exploration". 

" .... :, :; .. ~i. 
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r'A..rt A - ll Gnal"~ll :;·ear.u r-e'a _,,__,_ __ 
1. Int rod~~ - The . eed me tet•i s.la p rogro.m. had a.a 1 ts objaoti i 

t he procurement of the basic J·e.1• muteri.als containing, uriin ium a.nd theii 

oon.,,.qrsion to faed .matt>rials fo r the processing plants. The pror; t·am it 

volved t he locating and processing of :l"f{W ntorials and t;heir ref'ininr, 

and treatment to obtain foed .matorials, in the particular .fonns and of 

the highest pu:ri ty • for utili zation in t he proceadng pl nuts within th< 

stringent time limitations which had be ~n established. At the outset < 

the program., tha obj eotive wa.s to procure tu1proxiJnQtely l, 700 tons of 

t black oxide (U30a) .. or its equivalent in ore oouoentrates by the middl« 

or 1944, f or conversion to feecl ma t eri als, while the priuent objective 

is to p rocure suftioient U30s to permit opei•a.tion of production and r'9· 

soaroh. .i:"Fl.Oilititts a.s raqu.ired. 

Tha ocourranao of the element uranium was r~oognized in 1789 

by M. H. Klaproth in the min'9ral which hs oal1ed tlro.nite. Uranium is 

found primarily in pitchblende and oarnotite ores, and to a lesser ex• 

tent in other ores such at torbarni t.,e~ The principal ortiJ depos:I. ta are 

. 
loos.ted in the Belgian Congo ot Afrioa., the Great Bear LAke region of 

Canada, and tho Colorado plateau region of western Uni ted States, and 

lessor deposits a re known to exist in many other countrhs throughout 

the world . Although thef'e was no particular demand for pu.re uranium. 

metal, aa ouch, prior to the atar·t of the projoot, there were some com· 

meroial 1..1.s ~s f or compound.a of u:rnniwn, i.e., for tho oxide- in the oerM 

indus·try tmd for tho nitrate in the photogra.phio induatry. The prop©r1 

of u l"ani um a.re e:id::remely interosting;; physieu.lly, urani Ul!l atoms a r-e of 
• 

three kinds ( aach .-ofer r ad to a.s an isotope) ~.nd are among the heavias1 
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known ; while ohemica.lly, uranium is ooneidored to be a r<'l lativaly notive 

ehrment. It is a.lso :radioactive~ that :1.~, 5.ts atoms are 1..mstabla, and 

they undergo spontaneous and unoontrollallle transmutation into simpler, 

or lighter Vfeicht, s le i::ients. Uranium a.nd radium, in their natural 
.·• 

ooou:r:ronoe in ore, bear a de.t'in1te rolnti ..:.inship to enoh other, rad4,1:'111 

occurring in uranium ores in the ratio of 1 pa.rt to ovary 3i million 

pnrts of black oxido . Th.a primary demands 1~or · radiwn are for m.0dioal 

purposes, luminous paint. manltfe,oturo , nnd. industrial radiobrapby. 

I n tho original deve lopc.ent of. the progrt.lm., it wu.s envisioned 

that one oontrac;tor wotild perform all or the nace:Jsary work under one 

prime oontro.ct. rrowever, as the prot~ram was enlarged,. it readily b!lloame 

apparent that i t would be both. desirable and essential to engage the aer-

vices of as r:ian1 lea.ding industrial oonoerna as possible in order to dis-

tribute the L19lly oomplox t ask• among the best personnel available in 

industry. l n general, operations consisted essentially of looe.t1ng 

a dequate souroas of raw :materials, proouri~g the raw matarinlo, refining 

tl1e.m , and t"inally converting ·bru.'• in a series of' trontmant ope:rat i ons to 

obtain feed f.o r the proeossing plants. 

Initial proourem.ent of black oxide wna l>ogun in 1941 by the . 
OSR.D. In Jul;y 1942, the first order f0r blaek oxide was pla~ed by Stone 

& ;iebster for the f.tan.ba.ttan District, and in the lat~~er part of 1942, all 

proou:remont was ae:sumed direotly by the Manhatt an Ui striat. As part of 

the procurement program. certain othar i tams . such a& radium, r adiW!l-

aoutron :Jourca.s, and radioo.otiv~ lead, were proouritd f or otJw r projact 

installations. In addition, Undi3on Qqaa.re Araa nctod a.s a special pro-

our emon.t e.genoy for Lo:s AlwnotJ. and the K-25 pro5ram. In the oa.se of 

th6 former, many i tams of a highly speoie.li zed nature ' ••e r e prooul"6d, a.nd 

·~--. ---... ,_ 82 



they will not be detailed. However, a cost summary ot the work done 1a 

given in Appendix J. The procurement for K-25 consisted in contracting 

tor the design, construct.ion, and operation of plants tor special and 

unique fluorocarbons, and the details are outlined in Appendix G. Raw 

·11aterial prticea varied according to the grade and type of ore, and the 

resultant difference in subsequent cost. ot refining to recover t~ uranilllll 

content. The sequence of operations and th• tTP• ot procqsea to n 

ued in refining and treatment. operatiou, and the requirement.• tor new 

and expanded p1ant facilit.1 .. tor large-ecale manufacture, were eetablis~ 

e.d in th• tall ot 1942, at which t.i.M th• conatruction program was 

initiated. and carri•d forward at an accelera~ rate,, with the result , 

that, by the middle of 194.3, }u-acticallT all ot the plante· llhicb were 
, 

required were in l'11ll operation. 

Throughout all etagea ot the program, it was neceesa17 tba:t 

Taried and extenaiT• reaearcb and dnelopnaent work be undertaken since 

enol"D)U8 quantit1ea ot uraniua, in epeci.al form and ot the higheat purit7 

( ainee effn sll&l.l concent.ra.tiona ol illpuritiea re<Juce the etticienc7 ot 

th• l-10 process), had to be produced on a commercial scale neTer before 

thought possible. · Recove1"7 operatione·were instituted to a&lvage scrap 

and b7-product aateri.als, and the uraniua content which waa recovered waa 

reintroduced· into the processing circuit, where it waa eventuall7 cotr 

verted to usable teed materiw. The result• ot the prograa b&T• been the 

attainment ot both the procur ... nt and prodtiction objectifta. The project 
~ . 

baa obtained title to approxillatel7 10,000 tone ot v3os in ore concen-
·I ·.· 

tratea ot llhieh 3,625 tona were obtained through the Waahingtoa office. 

There h&Ye been produced aa te.ed mat.etials tor the proceasing plants 

approximatel7 6,600 tons ot high purit7 uranium or its equiTalent, inelud-

•' .· .... 
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ing recast l"..J.atal . .At no time ware de liveries hahind the forec&st schedule 

of requirements. Among the i'uture considerations nhioh will be brought 

about by the c ompletion of the program are problems with f ore i gn interaatfi, 

problems regarding distribution of ore residues ii.nd disposition oi.' tha pro .. 

ce ::;sing plants. 

Tho 002t of tho program, to l January 1947, has been approxi-

m.ate ly $90,268 ,490, of whioh $27,592,360 was f or procurement of raw mater

ials, $58;622.,360 for refining and trea'bnent operations, and $3 ,357,690 

fOl'.' researeh; develop11ent, and quality control aotivitias ; $88,400 ~or the 

proouramen'fi of radioactive lead1 $547 1 160 i'or radium, e.xolueive of that pro-

cu.red tor .Site Y; and tG0,520 for thorium salts . The direction and super-

vision of the prog,ra.11 was handled essontial],y by oi'fioer personnel on the 

staff 0£ the Distriet Engineer. The organi~ation originally established 

in 1942 ·to ·adminhter the program. in its early stages was the :Materials 

section of the Manhattan l>iatriot, at that time lo<l&ted. in Bew Tork, lf.Y • 

Since A.uguat 1943., #ti 'Which tiJDe the DiBtriot Ofi'ioe was moved to -~k Ridge, 

fGlllla 1 the prograa has been administered by the Madison square Area in 
. . 

New York. lf.Y. Acknowledgement is made of ·the unt.iring eft~rta o£ those 
. I 

who contributed to the suocesa of t~'.progrtllll; und all militfl,ry and civ-

ilian personnel. both in the war Depar'Qnent and the contractors• organ-

izations, deserve the highest praise £or the results which they have helped 

achieve. 

Pa.rt B - Procurement 

2. African sources - The richest source of uranium-bearing raw 

materials for the project came i'r<n the Shinkolobwe mine, lo0totec:l in the 

southeastern oorner of the Belgian QongQo The mine vms disooverad in 1915• 

but operations were not beg~=2l.}ts owner--Union Miniere du Haut Iatanga , 
~~~· .......... . 

$4 
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a Belgian Company - until after World War I. The ndne operated inter-

mittently from its opening until 1937, during which time mining and re-

fining operations were conducted principally tor the rec0Ye1"7 ot radi'!lll1. 

The extreme richness of the· African ore, assa)'ing as high aa 65. to 75f. 

U30g,. has enabled Union Jliniere du Haut latanga to dominate com.pletel.7 the 

radium and uraniUlll market. By 1937, sutticient ore had been mined and 

stock-piled. to e.atiSty the future normal radium and ur&ni'1Jll market for 

s.pprorlmatelJ' 30 ,..eare. Therefore, all mining and refining operations 

were stopped in 193?. 

In order to procure raw material• froa thia rieh Atrican eource, 

tbe Ka.nbattan ~istr1ct ente~ed into negotiations with the African Keta;la 

Corporation ot lew York, I.I. Thi• eompa07 wu the sole agent tor the eale 

ot Union Jfi.nier-e's product, in the United St.ates. A.s ot 1 Janu&.JT 1947, 

3,839 tona of t130g contained in ore had been .procured~ contract from 

African Metals st a cost °.~ approximately 19,113,800. Of' the total 31839 

tons, 767 tons o! U30g were obtained troa ore which was alread)r in tbie 
:?,r. 

country, and the remainder wae obtained trom the stockpile at the 

Shinkolobwe mine in Africa. In a.ddi.tion to tbi• material obtained by. con

tract, 3,l.41.: tons o:t U30g in ore had :~een obtained by the Washington ottice 

as o~ 1 Janua.1"7 1947, at a. cost of approrlmatel.7 $10,267 ,aoo. The trane-

portation o! ore trom Atrica1.preeented a difficult taak, einc• enemy sub

marines were active during most o! the .period ot shipment. Howe"Yer, only 
f 

two shipments, totaling about 200 tons of U30g in .ore, were lost at aea. 

One of these shipment• waa lo.st through ene.IDJ" action, and the other waa 

lost through a marine accident. 

Since shipments troa Africa arrived faster than refining opera-

' S5 



tions in this eountl'J" could be carried ot:l't, it was necessary to obtain 

storage facilities in the United States for these ores. Ores arriving 

· from Africa were ator'd originally at the Seneca Ordnance Depot, and 

later, at the Clinton Engineer Works. They are currentl7 being shipped 

to a warehouse ib Middlesex, New Jersey, and are stored there until th97 

can be shipped to the refineries. The weighing, 3amplL.J.g, and assaying 

ot African ores are also condl.lcted at the !liddlesex. Warehouse. 

3. Canadian Sources - The aecond richest source of raw materials 

for the project wa$ tbe Eldorado mine, located on the aoutheae.t shore ot . 

Great Bear Lake in Canada. Mining and re.tining operations at the 'Eldorado 
Co 

mine, o·aned b.Y Eldorado .lining and :ilefini°' began in 1933- and continued 

until 1940, during which time, the ore was mined and refin.ed tor the re-

eovery ot :radium, uraniU11, and silver. l'he mine was closed in 1940, since 

auff icient ore had been mined and stock-piled to satist7 the normal future 

cozmnert1b'a.l market tor a.pproximatel.1 5 years. BoweY'er, in 1941, the Ottiee 

o! Scientif'ie Research and ievelopment placed an order for ore ·ifhich nec

eaaitated the reopening of the mine. The mine was reopened and started 

operations late in 1942, and mining and re.tining operation• have continued 

since t.hat. date in order t.o till the ~ub1equent. requirements of the 

J.lanhatt&n District. 

There had been contracted for, to 1 January 1947, approrl.mately 

4,149 tons or ore, at a cost of approxiinatel7 85,0S2,300, to be delivered 

aa 1,137 tons o.t black oxide. To l January 1947, 921 tons of U30g have 

been delivered. The early contracts !or the purchase of black oxide 

were written directly with Eldorado, or with Bcris Pregel, president of 

the Canadian RadiUlli. and Uranium Corporation of Mew York City, th.e sales 

agency for Eldoradots pi-oducts in the United States. Since 3eptember 1943, 
• 

:S:*!i;•-, _w~tjlf '.P1rT • 
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Ms.n.h!i.'ttrui Distriot contracts• for security x·easons. have boon written in 

the ne.mo of Carl French or Cilbart A· J,a!3ine, who wEu·e , respectively, 

treasu:ror and president of Eldo1•ado and ac:ted as agents for that company. 

Eldorado had its own refinery at Port !lope. Ontario , wh.ere o:re eonoentre.tes 

were refined to produo., black oxide. 'l'heraf'ore , it v1as posdhle to pur-

ohase blaok oxide directly from Eldorado• and r.here was no need for the 

atorago. the weighing , Sflmpling, and asaa.ying. and the preliminary re-

fining stepa, as in the case of the Af'rioe.n ores. 

4. .i\Inerioan Sources • The third important source ot u t•e.nium•bearing 

·raw materials was the oarnotit• orc:i s of' th0 Colorado Pla teau :region in 

the Onited States. Operations in thie area had begun abo~t 1911. and, 

-· 

between 1911 and 1923, high-~rade oarno·tite oru had been ffleotively ~ned, 

principally for the radium content and to a 11\inor degree for m·an1ua and 

vanadiurQ.. The high-grade carn1;1tite or:-es contained a maximum ot only l.251' 

U30a, andJ operation• on theae ores deolinod rftpidly after 1923 because ot 

tha unfavorable position wbioh oarnotites thetn had in i:he radium field with 

respect to radiwa deriv~d from the newly diaooTored riQh ores from the 

Belgian Congo. HowevEtr. the great deman.d tor vanadium brought about by 

World War II stimulated the developn~rt1i and exploitation of domestic aourc•s. 

and earnoti tttt have been 111inod ainoe 1957 principally for their vanadium 

content. 

As a result or the mining nnd refining of oarnot1te ores, prin

oipally tor the recovery of radiwa and vanadium, during the past 30-35 yea.rs, 

ther$ were aoowuulated tremendous stookpiles of te.113. n.ga whioh oontdned 

varying low, but eoonom1oally reooverabl8. peroontages of uranium. The 

District entered into · oontraot nsgotiationa with the three ma.jor oompani<'lS 

in th.e vanadium. fielii to procure tho stook-pilad ,tailings from the fonMr 
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operations a s well as the produots of' the ci1rrant operat i ons. To l Jan:1ary 

1947, the u. S. Vanadium Corporation, ·the Vanadium Corporation of .America, 

. the Metals Reserve Corporation, and vari r>US other am.all produoer"a had oon• 

tracted for t he delivery to tho project 9£' _ approximately l,349 tons of 

U30a, contained in 379,671 tons or ore tailint s, at a cost of ~2,072,330· 

5. Market .?roourem.ent - Prior to the start of Wo.-ld ~iar II, approxi-

mately 150 ton• of uran1wa Clompound• we re being consumed annually in the 

manufaoture of C$r&mio colors. The neod for conservation and control ot 

qraniwu fJUpplies wae .reoognhed in Deoem.ber 1942. at whioh tinut the War 

Produot1Qn Board was reque•ted by th• District to to.lee appropriate e.otinn, 

and, in aooordanoe with that l"equest. Conservation Order M-285 wae iawued 

on 26 January 1943 and further a'm.ended in August 1943. prohibiting the 

sale or purchase of ura.n1um. oompounde tor a.ny use other than. a fp -vital 

mili t ary and indu1trial applioationa. As a raeult of thflH operation•. 

the stooka ot retined uraaiwa compounds held b7 various inanufactrurera 

and d1atributor1 were made available to the proJ•ot. 

As of l Januu7 1947, contraot .negotlat1ona with the Vitro Manu-

taoturing Co:iapany. Afrioan Metals. and 1everal other oompaniea resulted in 
. 

the procurement ot e.pproxima:t•ly 270 't<ma ot t1308 contained in. variou.a re• 

tined uranium. aalte, at a oost of appro:d-.tely $1.056.Uio. Th• Waahington 

office also· obtained approximately 481 _tone ot U309 in 1i\e fora or 1Jli106ll

aneoua compounds# m.01tly impure aodlwa aalt1. Those ~at•riala were found 

by our anaed f'oroee in th• European Theatre of Operatioas • 

6. Procurement ot Othar Radioaotive Materials - In addition to the 

proourmnent ot uranium aa a raw material tor the project, it also beoame 

neoaasary to p.rooure oertain othe.r oubatances, i.6., radium and radium-

neut ron sources and radioaotivo l~ad. Inasmuch as ·tmese materials ooour 
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in nature in conjunction with uranium, their procurement was handled aa a 

part or the general procurement program. Tbe varied operations ot the 

Dietrict made neeeaa&?'J' the procurement, to 1 Janual'T 1947, of 7'3 grams 

ot radium, at a coat ot 1679,399, and SS tons or lead oxide, as a source 

of ratiioactiYe lead, at a cost ot $88,400. Hegotiationa to date. baTe pro

cured all the radiu and radioactive lead required b7 the Jl&nbattan Die-

trict. 

Part C - R!tining and Treataent 

7. Refining o'l Raw Oree to Black Oxide and Soda Salt - The process-

ing operations ror refining raw ores and ore eoneentratea were per:to.rmed 
Co . 

b7 Eldorado Vining and Retining/\at Port Hope, Ontario, Canada, and. the 

Linde Air f:rroducta Co. at Tonawanda, Ifft York, both of ldtom produced black 
\ . 

oxide, and b7 the Yitro Manutactving Co. at Cannonaburg, Pa., wb.e pr.oduc'ed· 
~ ' 

'aoda salt {Ba~112"?).. Both pro&lote required 1ubatantiall7 the sae 

aubaequent t.reatment. 

ill C.anadi.4D ore• were processed 'bJ' Eldorado, whereaa Atrtcan ore 

concentrates •ere p:roceeeed at all three ot th• retineri•• mentioned aboTe, 

the high grade concentrate• being processed by Eldorado and Vitro and the 

low grade concentrate• b7 Linde. The' .maJoritJ' ot American ore concentratea> 

were processed b7 Linde; and relatiYely small quantitiea _ b7 Yitro. The 

Linde plant •as placed in atand-b7 in Jul.7 1946 because ot ineutticient 

1uppliee, of suitable raw materi&la. In Jla7 of 194.5, conatruction ot a 

high-grade ore refin817 was started at the Jlallinckrodt Chemical Works in 

St. Louis. This plant was completed in Jfa7 o~ 1946, and at thia writing 

was just beginning to reach quantit7 operations. 

The American ore concentrates which were refined by Linde were 

Vanadium Corporation at Grand 
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arc.ta 11111are oonc.~nt.:rt\.~~d in 111Uls f.lt 1Jl•fi.v1ui ~nd Dw·ang<l. ConcoirtratE:uJ nnd tail ... 

1.ng" ware ~11:.JC> s>btainud fr<ll\ the vunt.\dium Gm<portttion ,~· Amoriea, who~e mlllr,i 

8 . Procll.letiou '! Ht'~n O:dd, and Oreul6e pxi~ - The production o.r. 

brown oxide (urit.niui:a iU.oxid~, uoaY is <rnnnide1~ed tne rira" ntap in eaoh or 
r . 

thff thra1e pe.ritUel. ohainl:l of tre•t.ment opare.timte ht"ll'olvod in tbt purifion• 
I 

, step weru c&rried out prb\ar1;y. to produce the brown oxide, but. in addition, 

-there wore withdrawn at fJ.11 ip'tormodiii.t.e pqi.ut thfl quantities ot orr:i.nge oxide 

(u.r•\llium trion<loio tms) requin4 f<}r ~ t-12 pr.- t>ce•~n. the withdrawal for 

. 
Uallinekrodt Oh .. r;d.c.aJ. norko, Qt t:it . Louis . 110., :S.!. <lu Pont de No:moura & Qo., 

T01Lawanda, l{ew y01·k 1 'l"tttre tlw three or~nha~i~.,u engaged in i;h,e produ.otion 

of' brown i)Xide . All of tlw oro5tnr;e oxide rE.aqu1rOJn{tnt8 waro supplied by 

iab, with euboequent <tJC<le1ta brown oxido produQtion <Je.1,..cit.y., and a nead £or 

u~rtain e<J.ui~1ent of the type utied in the brown oxide proocHH!' tor use iri 

the I>l'oduotion of nick~ l Qompounds for thtt ~-25 prooEtss. sl.lowed the Linde 

brown oxide pltmt to b6 placed in stand~by ooi:1dition and enabled part ot ite 

equipr!ient to be U8ed on tht"J P: -25 "niokal work" 1 wtdM wrui l.mder the juris-

di~tion ot' the '.Ne• York Are~. Continued exce:rn capacity in thb proceas 

~. 
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step has made it unnecess&r7 to start brown oxide production again in the 

Linde plant atter complet.ion of the "nickel work". 

T()tal production o:t brown oxide to 1 January 1947, baa been 6,626 

tons,. and of, orange oxide 341. tons, at an operating cost, in this &tep, ot 

17,928,030. The average processing cost of production tro:a black oxide and 

soda salt has been $o.,55 per pound, and the present coat is $0.45 peF pound.. 

't'he average proceaaing coat ot brown oxide produced from. high grade ore 

{lfal.linckrodt Winery) h~ been $0.82 per pound. 

The dJ1 Pont ae:rap reco'"1"7 plant wu eonatructed and put. into 

operation in ·sept.ember 194.3 in ordft to. recoYer the uranium content or ecrap 

materiala:" reeidue•, ctuat, etc., prod1tced. in the proeeaaing oper•tiou. nut 

plant ie able to· preceae nearq all tJP.. ot econo.ad.cal.17 reccr1erable .scrap 

materials and: produce& trom n.ch material.a a wet. uraniu peroxide aludge 

which 1• charged directl7 into the b11awn orld• procea• Jut. as it it were 

black oxide. . $,486 tom ot scrap material ha•• been proceeaed to 1 

January 1947 to produc• abOut 982 tons ot equiT&lent blaek oxia, at an 

operating coat. ot $2,294,150, or an a•erage proceaaing cost.' ot tl.17 per 

pound ot ,.308. · " : · 

. ' 

I 

9.. Production ot Green Salt and H!X&(luorid! . - !he aecond. step in · -~ ", · ,.. ~! 
I . 

. ·; th• parall91.' ch&in or treataent plant.. is th• product.ion of green. salt. ·· 1 

(uraniua tetf'atl~ride, U1'4). Ope:ratio~ in this •tep were neceais&J7 in 

:, order to convert the bntm oxide produced in the previous plU"iticatlon at.;1fC•' · 
. -~ 

·into a tora 1u which it coul.d be reacted with ugn.atwa in the succeeding 
. : ' :_;:, ;\· i 

at.ep to . produce uraniua metal. The proceae inTOlYed. ee~entiall7 the treat• 2.;::.i(j;'.;·+i 

sent or th•· bro~ o~de . at a high temperature with ~7drotluoric acid, wldc~'.'"~/;::.1{~~; .• 

:::.:::::-:1::0:0 tb:·p::t::t:f ::.:~· In=.::::.d ~~~if tr 
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Harshaw Chemical Compal'17 at Cleveland, Ohio, had a green salt plant, and 

the material produced by tha was used until the sWilliler of 1944 in metal 

production operations and, after that time, was converted by Harshaw, in 

an additional step, into the hexafluoride (gaseous uranima hexatluoride, 

UF6), which was the feed material for the X-25 and S~50 proceasH ., :md 

subsequent to Sept.., 1945 tor the 1-25 process alone. Operations at. the 

du Pont green salt plant. 'Qre discontinued in the sumter ot 1944, and the 
. ' 

PUB\ WU put in , stand-by condition after & rerlew of the pertorm&nce of 

all plaate trom. the quali.t7, ;rield, and coat. et~dpoint. For reason of 

econorv, the till.de gree operatione were tel"llinated. in Jul.7 1946. 

The t~tal prod\tction or green aalt. tor use in tb• manufacture 

ot •tal, ta l .Juu&17 1947. hu been 1,342 tone, at an opera.tine coat, in 

this step, ot 16,605,320, and an average processing coat. ot lo.45 per pound. 

Huatluoride pro-et.ion to date h .. reached 1,622 tona, at an operating coat. 

ot f2,221,470 tor this operation, and an aftr'age proc.eeaing coat ot approx

ilaate17 I0.6a. per i>ound. 

10. Production of lletal. - In the third atep in th• cha.in of ' treat.

ment opuatione, the green salt is converted to uraniua metal by reaction 

with •gn•eiua at high teaperatv.. The aetal aggloaerate obtained: in thia . . 
reaction i• a.:J.ted in an ind.uction:-heated vaeuua furnace and pured into 

graphite molds. In addition to thh main process, which was carried out b7 

Mallinckrodt, du Pont,. Jnectro lletall:urgical Co., in Riagra Falla., lew Yo?'k, 

and lowa State College in .Aaes, Iowa, two other proceseea were uaed in the 

earl7 etagee ot operation bu.t were later discarded bec.auae ot lower quallt7 

metal (l)btained and higher cost~ One ot theee proceasee, ued bJ' Jletal 

Hydrides, Inc., in Beverl;r, llueachuaette, involved the reduction ot bro'WD; 

oxide with calcium hydride and the eubsequtJnt recasting of the metal powder 

obtained. The second process, used b7 Weatinghouae Electric • lltg. Co., 



ot the oo$t .0£ Y1otrtinghoune production in the early stage of tho pr ogrnra) . 

i:;he proouremeut of thorium ue. J.t. for the rt•saardh project at ion stato 
' 

College.. '1o1Janut\ry 'f/ 1947 # ttU oi' thio lilJl.toris:A. p~oattred had been ob .. 

·t;ai ruid f'rora the :Lil:i.d:,ay Li g,ht and Chemioei.l co . imdor 0-0:ntraot n - l'l-028 en~-3~ 

and w-12-oaa <1ng-3ff at a ooat oi' ZlB0 .5~0. 

12. quality Co.ntvlll. - i't' t>m the bogi'nnin.g of proCiuotion of ut'f4niUJa 

uttltul by ~e M.anhtlttan Dintriot# it ••a i·~cll&niHd that the eousid&ration of 

m.ent progru14 und thn t the atta1ninent ot' the high qw:ality required would neo• 

essitate a riluoh 1:1or• OCXlpJ."ehendve progrna of te3th:1.g . bQth oholllioal &nd 

phyaioal, than ill ordina·rily t:arriod out in CJ(nttrolling the quality of .mater• 

i~l nlQnufaoturod to usual oni.'im.oroi•l £..tande.r (ht . Aecordtlli;lY # th• progr eim 

of opei·ations provided £or: . routine pro<Jeu oontr<ll tea tine; · in the labura .. 

t oriaa tit oech or the 'individual produotion facilities; a Hy&tt<1m of oentral 

oon't.rol laboratories for the o.n&lyt>is o.t' compotti~ uample$ f rom aaoh !lro-

on brown ox:ioo and on l'.!Wtttl :;h ipped to the X-10 prootlua. 

or f r !lotiouis of n part per mil~ion., was :rnoh "'" to prev0nt the po:.;sj.bility 
_ , -- a 
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wan d,(ic idau tu l:itdt t ho tot;ting e1.t aacb producEn·' a l&boratory t o routine 

and the !>!~tional auraau of at~nd.ards in ~l~shington. n.c. ?he .functions (lf 

ane.lysas t.. s indic~ted in t he quality aa.utr ol pro&rl!'>nlj to hlprova E.IX:f.wt ing 

u.iethods ~nd <levalop iww 'oo.illthods of ~naly·ds~ 1fo ~ut ~s ~ 11tb•tt brigfl\de" • 

guidanoo on t.1lte ~ntirt> li:l.llfllytieal prograll\. Prom etx~riE1nce gain.ed in three 

yeartt oi' opurrttion~, it was found thllt tideqUAlte oontrQl c ould ba r.dintairutd 

by using tlte con t::.•e.etors• organiif.tions and employi:n6 only the J~ei.tiontl 

13 . Ar:oountabilitt• ·.. 1'he Elnormous quemtitiea of valuttble Oov0crl ~11tent 

owned itranium.-oont~ining mt1tarinls which :v;e1·e be :mg pro<)6s~0d imd tran~ftlrred 

frot1 cme p-.Umt to t.\nQther neoo:.-1dtatad th!\t ~~n aooow~J'e.biHty program be es

ta.blislwd to orw.blo close oontro:\ to be exarohed nn all mato1•S.tii.l~ both S:r>r 

account :!.nt; purpo~at: ~11d !.'o r purpQFlOS or pnwerv5..ng tha s.,<QUJ'ity of the pro-

handling and prooe:rnil1g operations yvare undoi.·ttlk~n. in oloue ooopora.tion 
• 

• ·,· "". 



with the various contractors who processed material for th• Government. 

Procurement for IC-25 - f"o 1 Januar'T 1947, procurement tor 

Ji-25 totaled $~3'2,497,5'<>. Ot this amount, $11,72.51 750 covered construction. 

(App. G) 

Procurement tor P-9 (Beau Water Pr00ts,) - Procurement ot 

catalJ11ts for thi• proceas b;r the lladieon Square Area involv•d the upend

itve ot 1289,600 (App. R). 

Prgcurpmt. of Jfiecelltpeou1 lfaterial'e tor l-10 - Procuraumt 

ot heliwa tor the Haatord Engineer Work• wu hlUldled b;r the. Jfadiaon Square 

Area tor some time... The helllJll ... procured troa the Bureau of .line• b;r 

GoTemm.ent Tranaf-er ot Funda. An •ott-gu• recoTd;r research prograa wae 

earried out under Contract W-7412 eng-151 with B.t. da Pont de lemoura a 
eo. (App. I) 

ProcyP!Dt tor Site t - To 1 Janu&17 19411 16,.340,.051. had 

been expended tor th• p.rocureaent et aateriala tor ;Site T. ot thu aanmt, 

$1.32,236 covered. the rental or purchase ot ractiua. and ia included: in the 

total cost o! ~adiua procureaent given in para.graph 6 above (App • .J). 
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.IWIHATTAll DISTRICT HIS'roRf 

BOOI m - FEED l'ATERI~ 

S!CTIOI 1 - IITHOWCTIOI 

1-1. ObJeeti'Ye. - The objective of the teed a.aterial.a program wae 

the procurement ot uraniua-containing cOllJ)Ounda and their conYeraion, in 

a series of relining and treat.IMQt operatione, into teed material.a tor 

th• proc.eeeing plant• at th• Clinton Engineer Worka and the Jfan:tord Engineer 

Woru. 
1-2. Scope. - The prograa 1nftl'ff4 the deli'ffl'7 to l JantJJ1J7 1947 

ot about 10,000 toil• ot uraniua cxide (t130$) in o~e . concent.ratee (more 

then the tot.al quantit7 proc:haced in the 'WOrld prior- to t&. start o! the 

pf'Oject), wit.It final deli'ftJT .. nried fed Mt.rial• to the aeveral pro

cessing plants: ·1;e.:, urani\IJI trioxide (IQ))• •orqe oxide• tor the t-12 

plaht, elect.rougnetie proc••J uraniua hexafluoride (UP6) for th• I-25 

plant, gaa dit~~ion process; and the S-50 plan' t.b.Vmal dittueion proceee; 

and uraniua mtal tor· the .1-10 plant, pile proe•••• Sbipacta o! orange 

oxide to th.• y:.12 plant, were diecontinu.ecl iD the: apring or 1945 when the 

· t-2S plant eOJmeneed operations. ShiP!&ent• ot hexafluoride to the 5;.50. 

piant ceased int.he tall ot 1945 when thia plant's opera\ion wu di.soon... 

tinu•d. .lt the p'-'"ent tiae, teed aateriala are deliYel"ed to the l-25 

and .I-10 plants onl.7. The quant.it.iea of i'"eed .materials and otber radio

active .material• required b7 the proaeeaing plants neeeaeitat•d the tall.eat 

exploitation ot eve'r7 teaaible eource ot material, and th• time limitations 

required that the program be carried out with the utmoat. speed to meet 

the anticipated needs ot the prooeaaing plant.. The initial objeetiw· 
~·' 
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in the earl,. da7s of the project was to procure abo'1t 1,700 torts ot 

black oxide in ore. concentrates b7 the lliddle of 1944. Deliveriea, in 

re.tined state, 0£ the first q~titiea ot material procured under the pro-..... 

gram were required tor experi.Jaental purpoaee in ~ember 1942, and 

th• stockpiling of ret1ned met.al tor th• X-10 process waa sche<luled to 

b~ 1n Febur&?'J' 1943. The te•4 materials progru alone, on the required 

scale, necea•it&ted:. the eatablie•ent <furlng wal"t!me ot What amounted 

to a relatively na-. indutr)" oa a seal• o! operations ot roughlY' 25 

million doll.ar• per year. 

1-3. Autborizatioy. 

a. G!nery. - Th• :lanbattan District project wu a?Jt.tl•rized 

by th• Pres1dttnt ot tu United Stat•• pursuant to authorlt.7 conterred 
I . . 

011 him by Public La• lo. 5801 17th Congrea• and Public Law lo. 354 

(First lf&P Powel"S Act), 77th Congress, as aore 1"ully described in Jook X, 

Volume 1. 

b. Specific. - In a Peport to the President,, dated 13 

JUM 1942, signed by J. B.. Conant, Chairman. National Detenae Resea.rch 
, 

Council and · i. :tueh, Director,. ()t'tic• of Scientitic Research l Dnelopment 

(CB.RD), an.d apprev•d b7 th• Chief ot St~t, the Secretary of War, and. 

the Vice President ot the Unit•d States, it waet·reccaaended that. research 
\ . ' . . •· ~ ' , ' 

and development, ~ continued and t.hat design and construction ot production: 

plant• tor material tor a\<)mic !is3ion bombs be started at the earlieet 

poeaible dat.e. !bia r•port WU transmitted OD 17 J'ane 1942 b7 Dre Buh 

to the President, .tio approYed it. 
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1•4. Oocurr"nce, lJs$s 1 a!.~ Pl"OE~il!Ht ot Uraniwa. 

a. Ooc:ri.u·r aaoe. • Uranium ·was disoovared i n 1789 by Marti n. 

Heinrich Kl apr oth who r aoognized thEt existonce of the elem.ent uranium 

in t he m.i:neral whi ch lle named Ura.nite. Urania ia found in nature 

prisrily in pi t ohblende a,nd. oa:rnotite,tores, and to a leaser f xten't in 

other minerals· auoh as torbernite. Thft elcHaent radiq will alwaye be 

found e.a sooi a.t ed with urauiwa la th••• ore• .nd min•rals in & tilted 

small proportioa, an4, in moa'IJ wtanoes, the oree hav• been lllin•d an4 re• 

tined pl"'lmaril.7 tor 1Jb.e1i" r&diwa oontent. The prbu.ry a11pplitr ot uranium. 

and r adium i n t he world lUl"k•t• tor a period of senroal year• pnor to 

World war l l was th• Union lf!Jd.•,. d.\l ll&ut Ka.taga, a Belgian Oo:mpan7, 

whioh obt ained -the•• produot• tr• 1111 $hh&kolo'bwe Jdn• ia th• lelgia 

Congo ot .Atr1oa ( Se• Seoid.ou a). lmportant depo•ita al•o e:det in th• 

Eldorado min• in the (Jrea'i Beu Lalc• regioa of O•ad•• wtdob ••• one4 bf 

Eldon.do U11ihg aad Retlrdng (s .. Jeoti<tn 3), t.lth.ough tu ore• troa thia 

mirw ar• not neul7 •• rioh &• tho" ot th• S!Wakolotnr• mill•· In adcU..tion, 

&ppJ:Oeoiable quat1 ttea or raclia an4 l.U"aztia.-beutug one nre obtained at 

om ti .. .troa varloue ain•• in the Oolon.clo Pla•e&u region ot •••t•n . 
Unit.cl S\atet {••• Seot1oa •), ba tli••• or•• wu•• ot •uoh lower g.rade 

than either th• .Atrioan o)" Oan&dtan oree, and rtttbl1ng ooatl• to extraot 

the radius and ur.a.n1ua tl*Oll th• All.erio'9ll orea were high. When the Belgian 

Oongo and C~l&n aine• ooaeueacl produotlen• the Al\el"ioan mine• oould 

not ospete in the radima and ura.niua -.rkeil• beoau•• ot their high pro• 

duotion ooat•, and prcxhaotioa tor radiua and uriUliua in th• United State• 

wa.e 1u1pended. 'l'hHe .Aaerioan oree, how•T•l'", were baportant ao\u•oe1 of' 

vanad1UJI and ware OOJ!lI!e roially mined od refined tor their vanadium content. 

During thi s exploitation, the uran!ua content Of the or•• was discarded in 

\ 
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the tailings. Certain oompanies did some experimental work in attempti ng 

to reduce the cost of the uranium ref.inm g operations, but no work was 

· done towards the refining of r adium from these ores beoauae the qmmti ties 

contained were so infinitesimal. ln addition to the above-mentioned 

soul:"Ces of uranium, th.er$ are known to be othei" deposits in Czeohoslova¥-ia, 

Pqrtugal, England, _ Madagaso~r, and other oountriee througho\1t the world, 

containing varying percentages or uranium.. 

b. Commtr~ial. U11es .... Prior to the start of the project, 

there had been no pal"tioular- demand for pur e uraniua metal ae auoh, but 

there was a aall demand £or the.oxid• in the oeraaio industry and for> 

the nitrate in the photogJ'aphio industry.. Consequently• the orea ••re 

refined primarily tor 1;he reoovery ot radium, the uranium 0Qmpowtd1, suoh 

aa uranium oxid•, uranyl nitrate, and 1&d1ua dluranate. being reoovered a• 
br-produot•. !he Ocbn011 oomneroial to r m.a ot uranium were blaolc uraaiua 

oxide, SOdiWI dl Uranate, Sodium. Ul"~)'l OtU"bOnat•, and Ul"Qllyl nitrate. the 

tirat three were u•ed primarilT in the oera:mio• induatry for oolor~ 

ing g;laeaware and pottery, imparting a beautiful yellow o.olor to the 

article• -bo whloh th&y wei-e ad.ded1 whereas the nitrat• wae u1ed tor 

tin~ing photographic tilna. 
}:<, 

•• Propertie1. • Ther• ia included below a brtet gen.ral 

dtHerlptton ot some ot the more intereating propertie• ot the eleme.nt 

uraiiiwn., and further details oonoerning the properties ot. thia element 

may be found in 1tandard text• ·auoh aa •treati.se on Inorge.io Chemis~ry", 

bJ Mellor, "Appli•d luole&F Phyaioa" by Polla~d ~d Davidson, and simi-

la.r reter~noe works. 

(1) Phya1oa~. • Aa tound in n_ature. uranium a.toma are 

of three kinda, indistinguishable oh9lldca.lly, but of' different mass • . 
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;\n e.tc:r.t o f the h·~e.vy kind wo1.ghs 238 tim.0a, one cf the ini;emediate kind 

235 times, nnd ona M? the lighter kind 234 time(;, as m11oh as Qrl atom of 

hydrogetn, whl oh is ·the lightest known.. 'r'hes~ so-called isotopea of 

uraniUll) a.re abu1y3 :tou.."l.<l in the same proportiona 99.3% of t;h.e hoavy 

v~riety, o . r~ ot the i ntermediate vari0ty, tuid a very minute puroentage 

ot the lir;ht variety; i .e., l!lbout seven out of every thou.sand ul"anium 

atoms a.re ot~ the int~rmedi3te-weir,nt 236 isotope. The disoovery in 1959 

that u235 ato:ms onn be made to yield· 'bremendoua quantities of Mergy 

brought the ele.tMnt ur&niUlll .from i'te position ot relative obsourity to 

one of transoend1ng importanoe. 

(2) Chemical. - Uraniua 1s fdrly a<ative oheaically, 

which ilroperty i s al together separate and distinot froa 1 ta radioao• 

tivity. Oonsequen-tl:y. uraniUll. 1• f;enera.lly found in. nature aa an oxide, 

raot., pi tohblend• or• 1a 8Hentially W"aniun oxide. 

(3) J!ad1oaotivitl• .. Uranium i8 ru.dioaotive1 that is, 

its a~otlll are unstable. 'the instability i• similar to that of radium, 

and oonsiats ot aponta.ne,.,ue and unoontrollabl• ·tnranaaute.tion at a def .. 
. 

1n1te rate into simpler (lighter) elem.eQte, with the aim\\ltaneou• ejeot-

ion ot extrem.el7 s~all eleotrioally charged partiole• (alpha re¥•). The 

lighter element• •o· produo11d a.re. in their tiurn, rad1oa.ot1ve and und.eTgo 

!imilar tranautatione. Thu•, a. whole series ot ehutenta is continuously 

produced, each breaking down at its own eha.raoteriatio ro.te, the quantity 

ot eaoh present dependi ng upon the rate at whioh its parent genera.tea it 

and the i·ate at ;rhioh it itself breaks down. The uranium. :series ende 

with an isotope of lead whio.h h not radioactive. Tllo rCitt.f o1' breuk:down_ 

a diotinotive ptop$f'ty of' radioaoti've elementa. is measured aa the "half
:~ ·141£JQ1 LW 
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lite", that is, the time required tor one halt ot a given qaantit1 of 

the element to disintegrate. For the isotopes ot uranium, the average 

halt-lite is of the order ot two thousand million years; for radium, six

teen hundred 7eara. Radiwn ie a member of the uraniUll aeries which begins 

with the 238 isotope. It ean thus be seen why radium (and all the other 

tlellbere of the aeries) is alwa19 found associated with uranium. in nature. 

(40, Relationship to Badiua. - .As pointed out prnioual7, 

prior to th• start of the project the pri.Jaary object ot uploit.ing the 
·; 

uraniml-bearing deposits had bem th• recove17 ot radium; and uraniUll was 

in the category ot· a b7-product. In. 1941, the price of radium in large 

quantities· na about. t20 per1.:.Uligru (1/1,000 ot a gram.) whereas black 

oxide (V30g) was sold on the market in large quantities tor about t2.05 

per pound. A1$ thete are about 454 grau in a pound and. since radiua occurs 

in uraniua ore in the ratio of onl.7 one part in ner,. three and one halt 

million part• ot black oxide, it can be s•en that tor each pound or black 

oxide worth $2.0S, the ore contain• about $2.60 wortboot radiua. 

' .. . 

the pr~ demands tor radiua were ,for· aedical purpoeee, lum- ""· 

1noua paint, and industrial radiograptq {fol" exupl•, in det.ftUng 

in\emal nan in metal cutinga). The· material uaed in luminous paint. 

wae mixed with oth•r conet.ituenta and applied to a great man7 arUclea 

and, hene•, •:ae lost. permanentl7, the aterial u•ed. tor medical purpoaee 

and radiograph7 waa: contained in capftlee and because ot ita long half

life, remained e1aentiall7 unaltered in fora and quantitT tram ,-ear to 

year. 

To produce the annual prewar requireaents of ratiua ( apprOJC:i

tU..tel7 35-40 grama), there resulted as a b7-product about 160 tons of 

1.6 
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refined u1·anium com.pounds such a.s black oxide and s oda salt (Na2u201) 

which the radium producers were just able to dispose of to the caramios 

· industr.r and other customers • . In fa ot., it v.ppears i'rom limited inform-

a tion ava.il~b lo concerning this industry 1 the.1t only during the le.st i'ew 

years prior to the war did anything like an ~van bale.nee oxist betY1een 

re.di um sales end uranium s a l e s . 

J.- 5. ~lopmont of Program ... At the outset., it was planned th.at 

all operations in connection with the project v.muld be performed by one . 
prime contractor• the Stone & Uabster Engines.ring Corporation.. However, 

ae the progr am deve loped , it beoame apparent · th.at it would be desir able 

to engage directly the services of other industrial organhations. in 

order to spread the load of many oomplex and perplexing probleraa among 

the bast technical and operating personnel available in, American induetry. 

During the latter part of 1942. when tho faed 1nateriala program began to 

take ~pe. it l'tas recognized that the program. i'ell into several general 

¥'h,a~es; i . e ., location oi' raw material souroes, procurement or raw mater-

ials., and r efining and treatment of the raw materials to develop the 

proper i'aeds for the processing pl.ants. Distinct lines of separation be• 

tlfeen these phases oftell: could not be ':drawn ai1+ce • 1"requently ~ operations 

in one phase inQludad o±' necessity operations in another phase. · For ex-
' 

ample, additional supplies or Bolg1an Congo ores l~ere revealed whiie 

negotiations were being conducted for procuraT11ent of previously disclosed 

suppliesJ uranium from Canadian sources was bou&}lt as refined black oxide 

a nd not as raw ore; while uranium from. American souroea, in certain in-

stances. 'Was purchased. as refined sodium salt rather' than a s raw ore. · 

Essentially, however,. the ·plan of operations was: (1) the location of 

adequate quantities of raw materials. (2) the prooure~~nt of nlaterials 

,· 
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in raw_. semi-refined. or refined states. (3) the refining or raw :ma.teri• 

als, and ( 4) their treatment to obtain feed me.teri ala• in the necessary 

quantities and high degree or purity, requiredfor the pl"ooossing plants 

(App. E9'.70). 

In general, proourmnent of ores trom produoera wa1 handled under 

unit price. contracts (See Part Bt Procurement). !he oonatruotion and oper-

ation of the various refining and treaiment planta were handled,for the 

:moat pa.rt. under ooat•plua•fixed•tee oontraots and administered~ suceeas• 

ively. by the uanhattan Dlatriot Materials Section a.nd the Jladhon Square 
A l/B 

AJ:"ea (See Pan c. Refining and 'treatmentJ and flow d1agraa9 App. C\)• 

1-6. Proow-eme:nt. 

a. 17.raniua'"'Ocmtain!J5 Katerial•,• • It was :realized from the 

start t hat. of the three available prinolpal deposits containing uranium 

oo.lllpcumds (mentioned above in. Par. 1-48.), the moet important f'rOJD the 

standpoint ot both quanti-ty and riohn••• of' ore was the Sh.1nlcolobwe aine 

1D the Belgian Congo, and tt waa apparen'b that the bulk ot the- ore re• 

quired f of' the projeot would hav• to oome .froa the Belgian Congo. Accord• 

ingly• every eftort waa ma4e to prooure the inaxinua ore possible tl'Olll thia 

rioh source. in addition to all that:oould be obtained from:. the Canadian 

and domeatio aouroea (App. El). 

Initial proour-.nt ot blaok oxide wa• begw in 1941 b7 the 

0$1),· who handled reaearoh work prior to the tomat.ion or the Manhattan 

l>111'rio11. and provldecl th• eouro• ot uranium. for' the Tery early work iD 

· connfk»t1on '.With the p:rojeot. Xn July 19'2• th• tiret ord•i- tor 'blaok 

oxide w~s·plao~d by Stone• Webster tor the aooount ot the Vanhattan Die• 

triot. With the rapid development ot the soope ot the pl"Ojeot, the raw 

material proourement ao1:1•ities, 1n the latter part of 1942, 11ntre re• 

U.nquishe4 bJ' Stone It Webatei- and ~esumed. up to, Auguat 1945, by ths 



Manhattan Distriot Materials Seotion1 and,~inoe August 1943, by the 

Madison Square Area. 

b. Misoellaneous Materials. - In addi tlon to uranium•oontain• 

ing materials, whioh we:nt Of primary in'herfHt in the feed materials pll'O"" 

graa, othel" auxilial"Y' subatanoes, suoh a.a. radiwa i!Uld radiwa-neutron':l~souroea 

and radioaotive lead, were prooured for other- projeot installations and pro• 

grama (See Seo·tion 6). 

l• 1. Raw l(aterial Frio••·· - !he extenaift f"eecl material requirements 

made desirable the proouremsat of all anUable uran1Wll 111 the world whioh 

could possibly be aequired. !hue, orea val"ying wtd•l7 in gn.de, and pl"G• 

duota at various stagea ot refining, had to be proeured,. and, oonaequen~ly, 

no uniform. price oou~d be eet tor these . uranium-bearing ma~rlale. 

Material procured from .Atrioa wae obtained f"rom the Atrloau 

Metal• Oorporation, whioh wa.a b7 far the lat"geet supplier ot ore conoe.-

tra.tea for the projeot. and the oonoentraiie• obtained. troa them were pur• 

ohased at pr1oet ranging rrom t1.oo per pound to fl .9G per pound or con• 

tainetl U305. Al~ of the African orea required subsequent refining. Row• 

ever• a minor porti·on of the material• prooured tram tht. ' aouroe wae re• 

t'ined salts, whioh. had been produced 'prior to the inception ot the projeot, . 

and the current market prioe• were pa.id tor these materials. 

In th.• oau ot the Canadiu aouroe, the_ matel"ie.l wu paid for 

on the basis of delivery ot refined black orlde at a price o~ tl.95 per 

pound ot blaok oxide prcd~Cr,ed, or approx1matel7 $2.01 per -pound of oon• 

tained trsOa• Beoauae ot inoreasing oo sts in mining and ret"1n1ng opera-

tions a later oontraot tor blaok \U"8%11um oxide from Oanadian ore was made 

at a oost of approximatsly f6.00 per pound. 

In the oase of materials proeured from American sources, the 

bulk of supplies was of low-grade tailings 



•• 
(from vanadium operations), whioh were obtained at prioes ranging from 

to.20 per pound ot reooverable V30a in 101J•grade tailing• to fl.60 per 

poWld ot contained t130s in more highly refillltd uranil.Ull•bea.ring sludge• 

(See App. F3)e All Gt the materials obtained froa domestio aou:roee re• 

quired subsequent re tining. 

It should be noted., however, that a true oo:mparieon ot costs 

cannot be made on the baeia of the price ot the contained tJsOa in ore 

alone, beoause of the wide variation in grad•• and type• ot material, with 

the re•ultant ditferenoe in the oost of n;fining to reoover t he uraniua 

content. 

Th• bulk or the materb.la purohaeed cm the op• •rk•t was 

obtained at the ourl"ent oommeroial marlcet prio•• paid by t.he oeramio• 

trade, the prtnoipal ffDID9roia1 uaer ot ftr1oua refined \lreniua ooa• 

pound•• i.e., t2.o& per pound ot blaok ox1de,. $1.16 per pound of soda 

salt• to.?i per poun4 ot aodiwa uranyl o&F'bonaw, f2.3t per pound ot 

uranium nitra~, eto. 

1•8. Rfif1n1ng and f,reataenil. • At the beginning ot the program, the 

only plant• aftilabl• tor ret:lning raw ore• to black oxide were those ot 

Eldorado JO.nlng and Ret1ning11 and Yit!o Jlanu£aotul"ing Ooapaq, who had 

been proo•••ing uraniua-oonta1nlng or•• to OOD11eroial grade black oxide 

or soda salt (App. 1"7). It wa• aoon apparenii that theee plant• d14 not 

have a11tfioi•n" oapaoity to prooeae the quantitiea of raw material which 

would be J"equired. Late 1n 1942, the Jlldort.do faoilitie• were enlarged. 

and it waa alao deoided to have Linde Air Product. Company oonatruot and 

operate a plant to refine low-grade pitohblende ore• and the oarnotit. 

."'9P• .Ar} oonoentrates whioh would be obtained by the preliminary treat-

ment in Colorado of tailings from vanadium operation• in the Oolorado 

plateau region. 

• 



The nature and. sequenoe of the blaok oxide treatment operations 

(to convert refined blaek oxide, in a series or stepa to reed materials). 

was established in the latte tall of 1942, and oonst!l'Uot1on of manuf'aotur• 

ing faoilitiea w1-.e puehed ahead with all possible speed. 

'the fira'b brown oxide plant; at Jlallinckrodt Ohemi.oal Worlcs,, ha.cl 

been in 0peration ainoe Uay 194.2 under a oontraot •1d. th OSR)). Plans were 

made to enlarge this plon'b and to oonst~ot. additional faoilitiea at ~nW. 

and. 1. X• du Pont d• IE.OW"• • Oom.pany. Tht- Jiallinokrodt •xpanSio!i was 

completed early iD the apmg o£ 1941. the chi Pont plant #-tare.4 oper• 

a'tiona ia J\lll• 1943, and the ~inde plant bi .Aug.11•t 1943. 

liarahaw ·Chamtoal O.ompm.y had opel"a.•<t a small•aoue green sa.l:t.* 

plaat (App. A) tlmdet a eont~t •itli OSJm. a• ha4 4u Pon't a"\ the Jackaor.a 

Ma.nh·attan :oistrl.o" to talc• over' the•• plant•· Th• Ha.rah.aw ple.n:h wa• es• 

pande4 dttrill& tn. eulr p•n o.t 1943,, and a•• plqt wu ooaa'truoted. at 

the \lu Pout; Chalil.b•J'• Worka. whiea ataned opera:bi.ng in Jebruary 1943. two 

other g"ea aalt pl.ante w~tB b~llt. one at llal11nokl"odt. whioh e'barted 

opel"atiaa 111 the spring ot 194$, an.d the other at Linde, whioh oame lnto 

produo.tion in Qotob•r 194$. 

Ueva.1 liyddtt..a.. Incorporated, and Westiughou1e lleotrio and 

Jlaaufaoturbig OompanJ' -..r• operating pl~t• tor the m.anutaotu.re ot •tal~

-':-'PP• A)- im4er oontnete With OQD. a.t the t1111e the Muhatt;eui District came 

into being. ln. addlt;ion. reae&J'Oh on nn •thode tor the manuf'aoture ot 

m&ta.l waa being oarr1•4 on ai; Iowa Stat. College and Brush Laboratories. 

In Ootol)er 1942• it wu deoided to aonoen:brate oit the Iowa $tate College 

prooesa. and oontraota were entered in'bo with )(a.llinokrodt,, JSlectro-

Metall UJ"gioal Company• and du Pont tor the oonatruo ·t;ion ot th• necessary - .. 1.11. 



plants. In addition. plans were made to expan4 the :towa State College 

pilot plant~ and this expansion was oompleted in Maroh 1941. a month 

prior to the startup ot production at Electro Metallurgical Company. 1'he 

du Pont pl•t began operation in the spring ot l94S. while tb.e Mallinckrodt 

plant started produotion in July 1943. In the tall ot 1941. the Westing• 

house and Metal Hydrides prooesee• tor the manut1.otu~• 0£ metal were dis

carded beoauae or higher ooata and lcnMr Ji~lde than th• Iowa Sta'be Col• 

lege prooese. Ketal lyd:rid••• h•ever, oontiiwed work for 'bhe projec1s 

and reoaat. scrap tS"'Onl the X•lO tabrtoation operation (s .. P&l"t c). 

3.-9. Rese-.roh and U.velop~11· • ln vie• ot the taoi; tha't priol' 

d.emanda .tor uranium had beea relativel7 a•ll oompe.1"•4 to the luge 

quentiti•• require-4 tor the projeot. and. since the oont..,1ate4 u•• ot 

prooedures throughout all •ta.gee ot the rel'1ning an<l treaiaent open'tion.e. 

!he ori.tioel nee4 tof!' w-an.ium. demanded that waatee t:rom tlle ret1Diag and 

be reooTered, 1.t posslbl•, and reint.rocl"cte<l into the ayat911.. Xa addition# 

the t:lmt soheclulee l"eq'ld.Nd th .. t all dp•r•tion• be oond\lot.~ with the ut• 

moat speed. Jnaamuoh a• p""'1.ou•l7 •xiatillg p?"Oduotion taoilitie• had 

'been g•arecl to a very amall dem.aiul• ~aive naearoh and deTelopment 

work waa neoesaa17 to ooabin• •ttiotenoy and qeed. ot operai;i.one.. Ao• 

oo~ingl.7, aewral oontraotoJ"• oonduotecl oaNfUl •t•dte• and reaeal"Ob pl"O• 

gnuna 1n ooxijunott&11 wttlt sp4tcdt1o •peraid.ona (Se• Par1J G) to deY1e• waya 

and UaJU 0£ pertorming open.tiona wbioh ha.cl never been per.torae4 betor•. 

it~ 
to dev•lop altema:tj\ methoda, and to improve ourreat prooessea. '!'he oost 

ot researoh and develepment aotivities to date ha.d been about #2,530.760 •. 



1-10. Recov9ry Opera.tiops and BY-Products. - Throughout the ret.$.ning 

and treatment operatioha, elaborate measures were ta.lc':en to salvage by

product material.a from the Yariou processing operations and reintrodu~ 

those materials aa .feed for recovery operations. For example, the turn-
. 4 

ings neul..ting from the operation of machining the slugs (m.•tal rods""used 

in the pile process) to tinal size were cleaned and remelted to cylin

drical-shaped billets* and reintroduced. ae teed tor the extru.eion and 

machining plan.ta. Likewise, the sheared-ort ends et ext.rud:ed metal rods 

were recae:t to billets. In addition, the 07-products ot the metal re

tining and. treatment optration:s. wer• re-treated in tbe • Pont recneJ7 

plant., and the recoveired 1.U'ania content wu introduced aa tffd tor the 

brown oxi:d• plants. A total of teur plan ta was inwl ved primarily in this 
i1~~~~h~-· 

reclamation pnce~: the du Pontr ncoYerf plant; the RookeJ" Electro-

chemical Compan;r slag plant, wldch concentrat.e<l certain slag tor delive17 

to the du Pont. pl•nt; the Metal .SrdJride• :teeut.ing plant, which ree~t 

billets trea scrap ends ot the ,extruded. bare and other solid Mtal acrap; 

and the Iowa State Coll•&• tundnge preparat.ion and reeaa,ting plant, whicll 

:reproceued tb• ·tvning• troa the alug machining into qtal. billet• (!pp!> 

Cl). nu latter plant c••••cl operatio119 in the winter ot l94S at which ti.Q · 

the Jfantord lbgin~ Works took o..-er th• tvnings preparation operation and 

shipped the pre•••d briqv.ettes to Ket.al ff7drid.ea tor recasting to bUleta. 

Although th• uraniua-containing bJ'-pl"Oducta were reintro<bced 

u teeds whenever po .. ible, those b7-products whose repl!.oeeasing •• not 

economical were normally stored at their point ot origin, tor security 

re&$Orut, and 1n order that the uraniwa content would be retained tor 

possible future ree0Ye17. Certain other by-products,. aucb as recovered 

hydrofluoric acid and potaseiua fluoride, whieb do not contain uranium. and •1· tJ1:·::Htlz 
1.13 
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which eould be disposed of without jeopardizing security, were disposed ot 

to commercial manufact urers .. in accordance w-lth standard War f'epartment. 

policies as expressed in Procurement Regulations paragraph 363 and Technical 

Manual 14-910. 

ll-11. Results. - Te date, both the procurement and product.ion ob

jectives of the program have been suceessfull7 achieved. Aa to the pro

curement g9a.l: the project bas procured a total of about. 10,000 tons ot 

0'30a ·in', ore. concentrates. Ot the raw material delivered to 1 JanWU7 1947 .. 

72J baa come from the :Belgian Congo, 9% fl"Oa Canada, 14j from th• Colorado 

plateau region, and 5~trom miacellaneoua aourcee. (App. '&73.) 

Concernillg the product.ion goal: research and U.-1.opment. wo:rk, 

" construction of large-acal• plantt located thro~ut tbo eountr7, solution 

of nlUllerous and highl7 c0.111plex technical probl&JIS, and operation ot t.he 

plants to produc• the Yaried feed .ma.teriala never betore made on a eominer-. 

cial seal& have all been accomplish•d 'Iii.thin the tim. scb•da.lea llhi~h were 

elita.blished. The initial reCNireaents ot metal tor experimental work at . 

. t he Universit7 of Chicago had been :filled by June 1943 .. and accumulation 

Qt metal for Clinton Laborato.ries and the Hanford X-10 plant waa begun ju:;st 

prior to that time. In October 194.3, tpe initial shipaents of orange oxide 

to the I-12 plant were begun; and in July 1944, deliveries of h.exatluoride 
~- . . 

t or the K-25 and S-50 plants began to reaep significant quaatitie:a. to 

1 January 1947 approxilnatel7 6,600 tons of U!"anium or it$ equivalent, in

cluding recaet metal, were prodUced to meet the requirements ot the sev-

eral processing plants; and it me.:r be noted that at no tim9 were d•liver• 

ies to an7 p:rocessiv.g plants behind th.e for.ecast requirement sch.ednles {App. 

Dl, D2, D3) • 

1-12. Future Considerations. - The completion of the program 1Ji.ll 

bring about a number or problems with certain foreign interests, problems 

~ • Tl ·~' "tP '"?f ~l. t'\•'· ·;· · ' ··.1 
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as by-producte of processing operations, and, finall7, the disposition ot the 

&everal re!inil'l.g and treatment plants themselves. As described more tull7 in 

Part B, the procurement arrangeacta made with Atrican lletals Corporation 

provide tor the purchase of only the uranium content of the oree b7 th• GoTern-

iaent; the storage Oltr pr•servation ot th• reaaining eomponenta ot \he or•, in

cluding the highly valuable radiua content; and the return ot these remaining 

components to the supplier. ln addition, luge atocke ot vanadiua pentoxide, 

which is commerei&ll;v valuable tor prochtcing Yanadiua ateel, have been ac-

cumnlated as by-products ot the refining operations. The•• products baY• 

been turned oTev to Arm;r' Wa'Y7 llunitiona Boud for their aet.&l stockpile. 

1-13. Coate. - The eatillated coat ot the teed aterial.• program, 

exclu1Te ot O .. S.Jl.D. -coat., to 1 larmarr 1947, aa '90,268,490, which 

represent.a t2?, .592.,.360 ~or procurBellt ot raw material• chl.1Tered,, 

$51!,622,.360 tor r.tini.Qg and tN&ting the raw materials to produc• high 

purit7 teed .mat.rial.a in the required toru,, and f3,3S7,690 tor reaearch 

an4 developaent, an~ quallt7 control aetiYitiea (App. 169), 188,400 tor the 

procurement of radioactiY• lead; 1547,160 tor radi .. , u.cluaiw ot that pro

cured tor Site IJ 160,520 tor thoriua aalt. Ot the relining and treatment. 

coat ot 158,622,360 (shown aboft), $12,237,850 wu tor construct.ion ot go••rn

ment-nn.ed taciliti .. , '46,,384,Sl.O was !or opvation or all tacilit.ies,, in

cluding those prertoul.J' existing 01" p:rintel1 ow.eel (App. 18 and 172). 

!he total coet o! the teed •t•iiala prograa U7 be allocated to 

the processing plants apprdxiatel7 aa . tollowat $67 ,913,,.330 to tbe I-10 

process, $15,881,530 to the l-25 process, $1,964,280 to the S-50 proceaa 

(including the NaVT Yard Pilot Plant), $1,013,500 to the I-12 proceaa, and 

~.3,495,790 to miscellaneous uses. 

1-14. Organization and Penonn!pl. - The direction and auperrlaion ot 

tb• procurement and refining and treat1aent phases of the teed materials 

' 

.. 



a 

program ware handled, f'or the lllost pa.rt. by officers on the staff or the 

District Engineer • . At the outset. -1'4:hen the soope was relatively small and 

it was planned that th• design, oonstruotion, and operation of the program 

would be performed · by Stone & Webster Engineering Corporation, that o.ompa.ny 

made the preliminary arra.ngemen·ba for the initial proourement of the raw 

:materials. Iiowever, when the soope ot the projeot began to expbd and it 

waa deoided to oontine the activities ot Stone & Webater to the design and 

oonatruci;ion of the T•l2 plant an.d supplententary ta.oilitiea, th.e initial 

handled by the Iliatrlot Engineel', Col. J.C. Jlarah&ll, and hie Deputy, 

Col. J.D. Niohols_. who aubaequently beoam• l)1atd.et Eqgineer in 4Ugllst 

1943. ln October 1942• the Materials Seotion ot th• XUatrlot o£t1oe wa• 
or'ganbed under ths aupervieion ot tt. Col. \t.t. Orenah.aw tor the ad.mini•• 

tration of th• teed ma.terial• pi>ograa and remaine4 under hh direction 

until July 1943. 1{.e waa :succeeded by J,t. aol. 4-·R· Ruhoff, who had bee• 

hi• assistant. tt. Ool. Rub.oft oontinued directing the wor'k oE th~ 

Il&terials Seotioa and, later Oil• b4o ... Area Engineer ot the Jlad.iaon Sq~• 

.Uea.. which waa organized to oon.ttnue th• won ot th• D:latriot; llaterial• 

Seet:S.on when th• D1atrlot ottloe n• iacwed tro• few York to Oak Ridge. 

feJ!U3.9asee. ill .Auguat 1948. ·xn Ootober 1944• Lt. Col. Ruhott wu euooeeded 

ail Area Elsgineel' by X,t. Col. w.:m. K•ll•7. who .... in tun SlU~Offded by . . 
Colonel a.w. Beeler in April 1946. 

13 $&-S<:> 
There are a.ttaohed (App. Bl. 82, B~, oharte showing the 

orge::.nizatio.,.• iavolved in the proourement and re·tixling and treatment or 

raw material•, u of !January XI 1941, 1944, 1945, 1946 and 194?. In 
. ,. 

addition, a ohart (App. B4) shows the name• ot key oontra.otora• organ.iza-

tions engaged in proourement and refining and tr&atment operations, and 

th• to Madison Square Area and 



the sub-areas, as oflJanuary "/.; 1946 and l January 1947. 

T.he key personnel oonoerned with the ~eed materials program 

were aa i'ollowSt 

Madison aqua.re Area 

Ool. G.w. Beeler 

it. Col. T.f. Crenshaw 

i.t. Ool. J.R. }Juho.tt 

Lt. Col. w.m •. Kelley 

Lt. Col. A.W. Qberb4tok 

... 

-

.. 

-

-
t,.'b. Col. R.J. Waleh, Jr. • 

llajor G.W. lluasell -
Major o. Badlook · -

.. 

Major o.a. Greager -

' 

Area Engineer. Madison $quara Area, 
April 1946 to January 1947. 

Head, Uaterial1 Seo'bion, October 
1942 to·Jul11943. 

$t. Louia Area, July 1942 to October 
l942J Aaaia~ant ~o Head, Material• 
Section, October 1942 to August 19431 
Area bgtne•r. Mad.i•oa Squal"e Area., 
Augµat 1945 to October 194'. 

Area hgineel", M'adt•on S"quar• Area, 
Ootobttr 1944 to April 1946. Deput7 
Area Engineer, Kadis.on Squa.re Area, 
April 1946 to January 19''1. 

Bead. Researoh an4 De'fflopae~t Sub
.S.otion, Jovembel" 1943 to April 1946, 
J.rea &xeouti'Ye Ottioer, April 1946 to 
August. 14. 1948. 

1!1xeou1Ji•• Ottioer tor Operations. 
April 1946 to January 1941 • 

.Euoutl•• O.tt:loH' ~or Ad:mlni•trat1on. 
July 194f 1lo .J~uary 19''1. 

· Ana Ex•outb .. Ott:t.oer, April 1941 
to Jrovem.be~ 1944. 

Mater1a1a Seattota, l•ptember 1942 to 
A.ugliat 19411 f"eohnioal otfioeJ>, Augu•1J 
194~ to Ootober 194'1 .41"ea Ex•outin 
Ottioer, Jovaber 1944 to April 1948. 

U..teriala S.otton. Ootob•r 1942 'to 
Auguet 19431 Bead. la Materials 
Seotion, (now Raw Materials Division) 
Auguat 1943 'to January 1947. 

t.ohn1oal Gtticer, May 1946 to 
March 1948 • 

.. 



·Major E.A. Brinkman 

Major W.G. Akeley 

Major W.W. Stagg 

Major D.G. Sturges 

Capt. R.D. Morse 

Capt. W.)(. Hearon 

Ca.pt. Jl.t.. flecker 

Oapt. R. Mel'.end• 

Capt. o.u. Blmker 

Capt. J.w. Jfenke 

Capt. J.L. Davie• 

H.J. Sentiff' 

- (}[0ll[f I 

-
-

-
-

-

-

• 

-

-
• 

. .. 

Admin:htrati ve Ottioer, August 
194$ to lfoveaber 1944. 

Raw Material• Seotion, January 
1944 to November 19441 Adm.iniatra• 
tive Otrioer lfov9111ber 1944 to March 
1946. 

Labor Rela~ion• and Satety Offioer, 
Auguet 1943 to November 1944. 

Materials Section, Ootober 1942 to 
Feb.ruary l94!J Head, )I. Production 
Seotion, Pebruar;r 194$ to October 
l944a Asaiatan11 to !echnioal Ott1-
oer, Ootober 1944 to August 1946. 

•· Pr~duotion Seotion, Jlal"oh 1943 
to _April 1946. 

llater1ale Seotion, lo'fflllber 1942 
to Augua'b 19431 Speoial Jlaterials 
Seotion, A.Ugua'b 1941 to July 19441 
law Kater'la.l• Seo'tioa, July 194" 
to June 1948. 

Speoi•l Jlatedala Section, Janua17 
1944 to lfaroh ltff i Jfead, Speoial 
Mat•ria.ls Seot1oa. Karell 1944 to 
~19". 

Aas1et.nt to A"9& Exeauti•• O:f'tio••• 
S.pt•'ber 1943 to Jun• 19.U, lieac! 
Oonvol $•eittton, '7uae 19.U to Ma.7 
1948. 

Ae•idan' Adm1n1•trat1Te Otttoe?'. 
Sept•ber 1944 to J.l"•'bruary 1946 • 

.AnalJ111oa1 8114 Report• Sub•Seotion. 
April 1943 to Novembel"' 1946. 

Propen,. Ott1cer, Janu&.rJ' 1944 to 
Karch 1946. 

Intelligen.oe Otfio•r• January 1941 
to Sept.Jaber 1944. 

lntelligeno. Ottioer, July 1944 to 
June 1945. 

Aooountability Seotion, August 1943 
'bo '•bruary 19460 

• 



P.M. Belmore -

G.O. Selfridge 

I' 
f. ZeHlin .. 
0 .g. 1f 1ntcu·• -

E.E. CM.pm.an 

s. Sturge• -

-

J(.S. Loldetz 

s.p. Sullivan -

J.F. liolCee -
t.J. Cotton, Jr. 

J.s. Quidor • 

JI. Produotion Section, February 
1943 ~o Ootober 19441 H•ad, M· 
Produotion Section (now Produ()tion · 
and .AcoO\llltability Division) ~ 
October 1944 to January 1947. 

Raw lfaterit.le Division, Ootober 
1946 to January 1947. 

Bead, Speoial .ETojeota Section. 
July 1945 to October 1945. · 

$t. L<>uia Area, April 1943 to August 
19411 Madison S<!ual"e .A,rea Researeh 
and Dewlopaent Seotion, August 1941 
to Uovernbe~ 194•. 

towa Area, Januaey 1943 to April 
19431 •· P~oduotion Section, July 
1941 to Deo911beP 1944. 

Jlaterial• ho1don, t>eoem'ber 1942 
to Auguat 19431 ll. Produo111on 
Seotion, Aug\lat 1943 to January 
194'. Speoial hojeota Seo1don, 
January 1944 to September 194'. 

Diatriot J.egal ~ Oontraote Section. 
Oetob4tr 1942 to Auguet 19431 Bead. 
kdleoa 8qual'9 Ar.ea Legal and Con• 
traot.a Seot1on, Augua1'& 194S to 
October 1946. 

Bead, Ma411on Square Area Legal and 
Oon1H'aote Seo"loa. Maroh 1946 to 
4'anuary 194'1. 

Dl•tnot Audit SeG~1on, Deoab•r 
1942 to Auguat l9dt Head, Madi.eon 
Square Area Audit and Coat Section, 
Auguat 1941 to Auguet 1946. 

X.ad:, Madison Square Area, Audit 
and Oos- Seotio:a, .A.ttgQet 1946 to 
Jan~ary 1947. 

.Admini.atrative D·ivision. November 
1944 to Jeb~ary 1946• 

Adminiatra.tiYe Division, April 1948 
to January 1941. 

F 



Tonawanda Area 

Major E.L. Van Horn - Area Engineer, lfoveaber 1942 to Augu•t 
1946. 

Capt. w. 'thou• .. Operations Ott1oer, li'ovember 1943 to 

lf iba!nfiton Area 

Major W.L. Sapper 

Karch 1946. 

• Area lmgineer, Deoeaber 1942 to tfovember 
1944. 

Jlajor Dewey•· Stower•• Area Exeouti•• Otf'1o•r, ltaroh 1941 to 
IfovemlMr 194'J Area lngineer. NoffJllber 1944 
to oetober 1m. 

Majol" c.w. Swartout • Produot1oa Ottioer, Jauary 1943 to 
lfovem.ber 194'. 

Capt. o. Bergelia • hoduo1d,q S.Otien, .tul7 lMS to N'bvemlMr 
l944J Produo"iea Ot'"ttoer, lovaber 1944 
1so Oowber 19411 Ana lngine•r. WoTe.llbel" 
1941 1Jo f•brwu7 J.94'• 

OapiJ. G.L. Jqan • A.rea ~er, J'eb~17 1946 to Jan.ual'T 

Oolorado Ar.a 

R. Alexander 

19.frT. 

• Ana . Engineer, . ..,.on 1941 to Auguat 1948. 

• . Tonawanda Area, itebra17 1941 to Deoem.'Nr 
19411 feohn1oal Qttioer, Colondo .Area. 
J)eo.mber 19fl to Deoeaber 1946. 

11.ajo:r 1.s. Benbow • Area Engineer, febrttary 1944 to JUH 1944. 

Capt. w.. 1. Dalton • Aseletant 1:o Area Engineer,. rebrn17' 1944 
~~ o Jun• 19441 Ar•a Engin.e•r, June 194:-6 to 
lfovember 194', and. Jun• 194& to hoember 
19461 Aa~iatant 4daln1•trat1ve Ottioer. 
Jfactieon Square Area, Wovemb•J" 1944: to Jun• 
1945 and J>eoember 1946 to Maro&. 1946. 

St. Louie .Area .a.net Iowa Area-I 

- Area Engineer, l'lov•b4'l" 1942 to Novembel" 
1948. 

lfoveaber 1941 to Auguat 



Major P.s. Finn 

Capt. E.M. Velten 

BeverlT Area 

- Area Engineer, August 1944 to 
November 1944. 

- Assistant, love:mber 1943 to November 
1944; Area Engineer, lovember 1944 to 
Janua.r7 1947. 

(Iowa Area established in Jul1 1943) 

- Area Engineer, Janua.17 1943 to January 
1944, M. Production Section, Jladieon 
Square Area, JanU&l"T 1944 to January 
1947. 

Mallinckrodt (~ oxide, green salt, Mtal) 

Kr. J. lister., Jr., S-ecret&J7 
llr. H.f. farl"" Vic•Pru. 
Jlr. B.E. 'lba7er,. Project JlanagC" 

Harshaw ( Gre•n •alt, hexalluorid•) 

lfr. W.l. R&rah&w,. President 
llr. !. E. Long, Director ot ltoea:rch 

Linde (Black o.xide, brown oxicl•, green ealt) 

vr. J.A. Boll&dq., Vice Pr ... , Elec·tro Ketallurgical Co~ .• 
lfr. T.J. Coleman, Plant Sttp.t. 
Mr. A.B. 801-s, Plant Supt. 

Eleet.roKet (letal) 
' 

Kr. J.A. Bollada7, Vice Pr.a., llect:roJlet&llurgical Co. 
J{Jt. B.c. Yorb•, Supt. 
lifr. R.¥. Bl>inq,. .bet. to Research Director 

du Pont (leown oxide, greeo aalt, metal, ser&p ree0Te17) 

Kr. s.w. •C:Cune, Zr., Jlgr.,. Wv Product• Div., Orch• Dept. 
rr. H.w. 11.lq,. Director of Jteaeareh,. Orchem Dept. 
llr. l,W. Fielding, Area SuperViaor 
Dr • .r.1. Cl.ark; .Aeat.. Area Supervisor 

JfetalHTdride• (lleta.l, scrap metal r.casting) 

Dr. P.P. Alexander, Preeident 
Dr. R.J. Anicetti, Plant Supt. 



Westinghous~ (Metal) 

Dr. J.W. Marden, Asst. Director ot Research 
· Ir. A. Frankel, ·1usineae Mgr. 

Iowa State College (lletal, turnings · recovery) 

1'•an B. l. GaalQ.11, Dean ot Science 
Dr. F.H. Spedding, Project Mgr. 

U .. S. Vanadium Corp. (Concentrating orea and tallinge) 

Kr. B. Burwell, Vice Pres. 
llr • .J.L •. Robinson, Sup\., Colorado Operations 

Eldorado (lletining ot orea) 

Mr. G. LaBine, President 
:Kr. A. Boaa, Plant Supt. 

lanadiua. Corp, ot ~ca {concentrating oru and tailinge) 

Ii", E. D. B:ranao-, Preeidant 
Mr. De Viles, Plant. Supt •. 

Vitro (Rfltining of one to soda salt) 

llr. B.11. Fleck, Preaideil\ 
lfr.. A. J. Strod, Vice President 

Princeton tJniversitr (Qualit7 cont.rol,, Analytical) 

Dr. •.M. Furman, Prof. ot Anal.Ttical. ObemietJ7 

Maaa, lnet, of T!!Polocr; (Qaal.U.7 cont.rol, Aoal,tical) . 
Ilr. o.a, llarrison, Dean ot Science 
Vr, B. lent, 3d., Projeet Jlana1w 

Tale UniYeraitY (.Research on ore extraction and refining) 
. ' 

Dr. A. Rill, chairman or Chemiatr.r· 
Dr. 11.S. llarned, Pro.t. ot Ph78ical Ohemiet17 · 

latioqa]. Bureau of Standard! (Quality control, Analytical) 

Dr. C.J~ Bodden, Project. Manager 
llr. J.G. 'lhompson, Chiet, lletal.lurgical Section 
.r. B.F. Scribner.., Chiet, Spectroacop7 Section 
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•oa <Joao•ruifti tlw J."t\IGOV-V:te• at 1:IMt Ud• ii.ate."'••· "ftf»ity ia Uelgl• 

-4 .Uao un ·tba peroen•g. noowq whloh ww..4 bl g..--.'tHA b"/ the two 

lvt;t•t reliai-C ~~i•• iJl lfo.rtib AJWrtoa. l~l~ Nlldng utl RotiatD.g 

(ee$ Pr&l'• l-l) ad tho Vitro Manu.1M1'Urln& 0~ (App, 18). At 'bl.at 

tae, Bldo;..Qo. whioh or ~·• two o~• had the· .~a:•r .r~Jnl.ng · 

kno-wle&lge aad exp.eriec•• wo\l.14 .no\ '1.~t'ttt• • reoo•ey ot 1UCJre ~ 

a.a 



'< 

-- (l r-~ i -'· r ·:: !1!1111' c L f5 _, t ~-· .. 
$05( ot thit Ug~ o•~•• b U. orf. 1h9n.t.,.. la 1lhe &•• t>l"OOUl'O-

MA't O<l'll'b~aot. ~ Oovel'11Ml4 agnetl ... paJf tor on11 ~ or the U•Qa 

~~4 in. the ore. 

- A prioe of . !l .• 00 per ,oWld Iv ea I~ tlaOft n•oftJ7 waa 

&Cft•d upon to.- ti» orlgi:Q4 ln ot •n fl"OC••••rt. lhl• p;rto. ... 

•11"1 Ted •t b1 Uklng th• o,,.l"e#'C wk01_.le llW'koil prU. Z. blUll 

6Xi'-, 1~•• tbf; noJ'l1Al uOllllid.,.ito ~ aa..lo• ic11 ~ •• .,...... lu• tlbl 

· ~.o•t. ol ret1Aibl tb• ort·t the· whoh-1• prio• ot l>llak oxldtt ..... ft.OI 

:pe-r pound. oo•:il14Ultona '* Dt.1•• to wlMll••-1.•r• ._ • .,,,_!•'-1¥. ~.41 
P*~ potat4,. Qcl t1- 0.11$ ~t f'8~ ... Htablbh\14 b7 Sldo~ .. #0.$0 

per pouut. 

a!~ 1ot1 .et on, Atn-. •W• ·~ ._._, taai• ial~ ,.,,_•I 
t l .• N pd po-4 ot ~•ow~t• U1ut W&I o-.i_do,,..11 lwtt th.a ~ 

-~ ..iu ot • •• to tMa. Atri.o• ~ '\IUttcl 1M -1• of 

--. _. to ~ • 1ibft 1*1.• , .. .._ •• ol :r•t.18•4 bl•k ad.dt . JdaU.I * 
relia.11i1 ••1J ill hlcJ.• ant ,..~ •'-• • tm. i.1.- m• a•· 
llrlP,• t. thf Unltl4 st&lU. In 1Nl ..- .1"2. Uri~ Me-W• Q14 

la~ oxldil- ht tu l1Jd. ttd $tq 1'• .b.OCI p.r to-\A1id• U.d.44W ••1• . 
,,,,._ • .,-. ntllllna ••' 91 or• -.~t>l.agt •llM '1$ r.Jelll• tio 1- to.a 
,_, -~ ot blaok -1• (u ~ to th.e 11~ ft:~ ooa• ot 

to.eo p,w· ,o\84)., ftl a;~-. ~.-~ .. • bi.11 ~ tra 

DtlP• to U.lW Bat.• pd.or 1- ta._. . ._.*'•°',.,,,.,-.. nu., 
'*' tbi• wu. ... -1• mu• '° Ahl.OM. :tM&l• " uao, Sa •J"t .. 

. , 
.about 11.eo t• '°"" o~ rtoowr.bl• VA er•'-"• t.o.i. •. hlei• 
ftd.•· pl'Wi• aa ~o._ uMpt4t4 Ji>l b (fow~t, u !Adlcatilti bf .a. 

a., 

. I 



f'aot tJ\At the &voe-. ooefs Sp;tl" 1)0~ ot reeowa-able 11a'ls 1t1 O.r boup• 

to da~o i• ,~1.1a. The gri.o• riM h'om. ·tlle wiig~ £1.gl.ltft ot tl.00 ~ 

, pl)und tQ~ 80% or 1'.he co~~- UaQa to ~ awr~• ot Jl.ll per pow:Ml 

-.- ba1od tJpan ·tbfi .f40.~ ~-- aub14M'1u.•u'b n.t'i.tting •P•l.l"&tit>WJ ~- Eldorado 

pr.ov-~d. ~t 1.lhe;y QQ~.4 ntOO"ter' O-Ona;ld.er-.b.l)' ~rtlw ~ th9 ~ri~J. 

&•ti•t~d. s°". 
'r.he praou.r._rdl or i1iT1oN& or•• _, aue-.l1.ud uaa.J!' iWt 

¢Jontrao~o Wrtd, purQ~ orderc ~ in -'Pl• Fl (aln •• App. a•)• 

2•3. ~l'f.'t¥i?Olt~~- '1t Ot"~ t'\~ ,,A~t1~• - thJ tl"Gl~tQQ 

du;o!ng ~tmo ot 1-. t>I• •1....-• ot 'riW1r uHH •ter1&1 ~dt

ta.~4 t~ w:ie or cxtl"ff• o.-. .in qboclu.Un4 ~attcao• w ald.,._.ta. 

%1:.t.allJ.teb •• the cn.i'blaN-w Jan•• oon.i¢nu.4 4urlne ~, Of ~ perto4 of 

zshtp#'iAJ~t, vran~t• ·•r• _. .,..,, ~ or .... ,.. ahippecl b¥ hat 

:ao~ Yt•••l• U-.vwa1.\G1 ou1i ot <UllWOf• 'nw•• ~- w-.. -a. 
wi.ta ''**- eM.p.Pffl' -"tor 4._\al,tbg v:t• ~ ft"IM,_.~ 0'1..,., v .. I • 

~.. •• t• ta. •.teat ~ et .a,..-. r. obi,.._ ,.... to.• •• 

••• .- ·a• ta 1,ita ud _. ovIT a LMI. fht thw• •ht.~ ,,. 

14•-t ~up •1M1111 aoti• IM. i:Nt ..o-.4 t.hro\tg)l A •l'lbtr aooW.t. A 

ww· ot •PP1"'•"-t•l1 aco tou ot Ulot ill ·mt _. 1oa~ ~ •imd:oc· 
~uolt. _. •ll~ p~-·• ..,.. 1*dl •·l·f ·,. N• fork, -1.l l<Ja•• •'# •• 

. ••ff tn. ft•ponl1bU1tt o.t Uritl)aa U..•1"• 

2-ft. .s•!!I!· - Si.nae •'-~• ""°" Atrto. •nftd ta•w ~ 
ttttin1ng operatlont 1A W• Ot\lltr)' o4R\14 be OIU"ri•d \!)u•. 1.iJ-. »00•-

aary ~ •tor• the· ..... ~111 ~ 'tlM ttill. te4 tlta'k• beloH •ldppkl& 

·~ ~ tM ,re&er1••• 'l'bt or1glna1 .atone• tao1ltib•· "" in the 

s._oa 0r>d&uu1ot1 Depot. ~-. 1Jo1f rode. TM• taolU.tlot ._.. 

=Si?.- ? ' " i " ' 

~ .. 1, J .,, tiar 
\ :,, . ~. 



u.ttl1:ae4 beoaUA thq wore •• ord)t onea ·t tbat 't1mo roadil.Y a.'Vd.l&ba 

Jl6&1' the .Po:btt when the Ot'tt would aub1equ«m,tly be p.roo••se4. A Uttl• 

l.at•i- !:n the provaa,. ine«aing ore_. atored. in a. war-&louse &.t thll 

Clilltun l5nglneer li\'.'1u:·ka;,, wbi.ch had l>Mn oonatitUotlll4 prblarily tor the 

f:1UJrpo•• ut 1tor:tng raJU._...boanng 111.ldgo• d4triwd. tl'"fm t)w er~• (tel• 

b•low). Xu liovmal>or l&Q, a ....-eh-ouae vu leued .a-u lflddl••ex• B• 

J'•r.a91, (Per,rf 'tan;ho-., W-1'°1 eng•l3a. and. W-42•069 eug-7 App. 19). 

ill oa"Ur that •tor&ge: ud ~uuoell.ns .tu£11t1~• woul.d be •w.U.able n&ar 

tk• Pon ot.,., Yon:, .__ a1t0~ h W'lftfftHu11rtlt 1~ abip:t•t• 

by r.i l (AP!'· Bf) . !fhe ut"Uiua ore• •re rdC-1 w4 nt; ·tm. 1ort ot 

uw l'Orir ill hap MA <bP'~ and Wt'e than abi~pM Cli.tttoo1)' 'bo iUl~ffX 

tor •'tortl · e.<t aaaplt.ng. atWr 'tfhi<1h .._ •at»l•d o"• Wf»'e ehlp.pe4 • 

:r•.flner M ~tt. 

:Ct -.. al.ff flMffttt.rf to •tcl:re ~ V'tU.wr.l)l# •lu<lgoa remat.n1Dc 

· alt&., t.he u~WI baa i.en d1h'ute4 ~-tho or••' Ill -.ocu,>r•o• \dtk 

th• ort 1na1 ilt"l"«DC--1S•· tho•• •lwlgoa ~tl • tropo,rt.;y or 
Atl"101e •91 • a4 wve 1!#«> \>• ~~- ti) . thUl •fto11" tll• n.- tH' s•t.()ovoq 

I 

GI n.clt\8 aa4 prnlo• utAl.1. Sp o1•1 war•hoi.i••~ wr:e ooaa~~otoA , -

the fllhl._ kpD.eot Wora tor tiw JVl?Q•• ot ator.l»g rAdi•!-'bMrmg . 
•lwlp• tdd.ch lWOH· d.eriTed h• ~ o"•• ~~ r·lld.1U1t-be1tr~ #l~• · 

del'1"4 twsa pau• ot o:i-• ot ue•t•r 1lbali le>}( U:aOa odllt.at nre paolli#d. 

hi tfOOdou. lHlrrol1 att.i- o®'pl.etloa ot tho re:tiniag op,.·btOU# and tNu1 

•hlpp4Hl to th• CliJl-n ing!Md ftOl'luf. n.wl to th• lU.'141•··~ mwalM:aUM 

tor •torap. !ho rMUua ·rw·•1duao .tra lowrp.~ .-... oonWnin& 1~ 

ad looa U30& w.n 1torod m ii. bulk plt u.t the I4.li;O (>utarlo 0.-~· 

W~ru • .Mod.eltoa. Uw Yo.rk. nou th• pl•t ot 'bh6 lAndo Ai.r Pt-QduoU. 



C~ • '1V'he1·• -t;b.oue l ow-#fl."- 01"88 wro retlrtod. A HIAl.l qunnti tJ oe 
theae· ol.udgea trti1rl! low•·~ndo ot<•• wu .o.l~o •toi-ed. ~t the iliddl.ota t~are

houae. iJQrin1~ l.946,, ·~ t.ppto.5:•t.o.J¥ 1.024: wt •n• ui.' r•diur. •ludgu• 
. . wnt 

h'on h1gh-~~de ot1Ja in ator'&&• .._, tho Clint~ ~ngiue.er Yiork• ..... ahippocl 

'o the t{.ld.dle.a• 1'ft.rebil'W1• tor •'tonp• Aa o.t 1. t1U.\MJ l&t1, th~r• were 

a,wr~toly 20.w9 •• tona ot i'*4iUia e1ludlQ• troa. low•~ (>re# 1n 

•tor&&•·· •t. tn. ~ ()tto.,-so Ordn_.. ~~ •Ii al wt iJQmt ot a.t.rat~ 

•ti•n61 at clw · · 441•••• w..,.howli•• ~ i'lt 1 Januaq 1a41. •vz>ffxiuw.., 

111.641 w1 tau ot ra411* 11lwlp bte lU.p-p+.U. ·~ ha4- bo.m n• 

·, &pJ.ll'4tdatol.)t 7G1 •t tou. ot •Ud.la; torJ.aJ. - U1i:l4 in utorap 

t tho Mtddl•••X . •rtd:.Ou.tt• 

2-1. V sti~ S~itur .at ,._•Jt.i.fM• • ·a piop• ol 1"ti~lt 
. ~ ~ •1s1t_ I . , 

~uzdi ot ur iia .~oa•t Sa ta• Ah'f.4an. •.-.• toJ' ~ ~ti _, 'bo 

1- ... ¥4a4• Sa .... ...... '*11 the \O"Qi• 41~· °' ~ ~ ... 
~w.a.. Alia•, _ 1, •• ~•:8N'f to o•tablbll wltb. h .F•Einurf.ot ~ 

•tu.1 ~t of ur•J.• o••• b. ~ ro •if.t.riAl•· tc>t 1•J.4h -.1' . 
"" to ~ obatpd. 

hi• wwtdUzic, oaapllnc,. Nl4 uaqlna J»-OP"• ..,. ne44un1At¥ 

o.Al~ tor ~ Ai'l'loaa•h\lrO• •-l'kl•· .l'.ll ~he ·oaa ot tor.Ul• p~ 

ohue4 tr• JU.doraa. ·~• .a4 t1uipl~ ot ti. oroa nl"CI not rt• 

q~4. ain.oo h · ~I'•• nrtt l"fit1•4 bt lildor.acio 1"'olt~ and ~ ,p,.:04un 

-. purohu"4 dtreo'fil.J byi th.8 l!Uiha.~ nutrtot. Ukttwl.il•• 1a tho cue 
' . 

ot the prooUl"OlriOn\ ot urcU.a _prodUota t'l"o= At1111r1caw ptofluc_.a. th6 

antppU.•• went purolU\•o4 on ~ ba111a off. rttfirua4 •terhl•~ Nld no 

2.1 

..... 



we.1.1;hin3,. UWll,Pl.ing, and •11a.y1na pro~ waa nooe«isARir)" tor ·the crude> 

orea or taiU.nga pr0¢-~ 

.tr.t the bo~lng c;f tihfll Pt'"O&rMl. /d:'riaan ores lftu."g woi~~d. 

tJw11pl ad,.. and a•hii~44 ·a\ t1ut ff.f.in~ti-y to nhiob. tlwy V<tl"S deliwru4 for 

pl'Otlogatn.g, .Q.nd the re.1ult• ut tl~•• wo!gbi!t:p and omplu~a wet'ff 

ac.coptH bJ tho ~~~md:ol" ~ tho pl'OOfliUtor.- · u 111"•ll. f\I ~Y i;h~> ~ttan 

Dittl\1.Qt• In e!-l'de~ to 11ml.t th• blowledfp wh.ich ~"' -ti4Qr nd.ibt ~in 

·t»ou.p thia prou·•4un• a ii1l.Pa.ra• c~l.ine Pt't>r~ 11au· mitt-.tod t:d~ the 

.i:1'4••• l1tU-&t'11kd• in ~fo"ftllAbtll' 190. ~. at.'1oP thl• ,,.tc.., al X nighin; . 

and •wql.4nf; ffJluJ.t• woin w.44le•tU¢ W0.11itt aooep'!ittd b1' tho ntJ.nQr-1c• ... 

•l4i1epen~ ~o:•lvbd the ore. Ptl<>F w tho -•t.'blt•~t rot th• war..

hQuae. 1~1111 ·•1 Olll"~~ out i~ ._ pJJ'9aeuioo ~ta t-opreu.utt.ttva ot . 

~ wll.ClC>t e4 • ~~~•ontat:iv• m .. the: pit0•••ot"• ..i .. .- 10A4 u ~-

•l'l'C o-Q\414 l>9 roM1* bJ tM•• two .• ti'>() r•su.l.t1· w•n A\'l!Oeptabl• 'to the 

M~t~ l)tat.1'1«'• · ~ 1abo •6tabUaMM• ot th• Mld4taQX 'ffar~houae. 
' ' 

(}4f\tr..ot -7@1 enc;-11. ,d-.~ U, •1 lMt, ••• vlttoJi "td.th tN!t tira ot 

t 'Y0.1ut Plt.tdn• Ino.,ot I'• to_.ic»- ••·~ u th• •Wlg)U.ng r•prti•om.ti,,.. 

Md o~u~ltMt t~r • ~tt.a lll••lt:t tn '1o~tng and. ·••i?l~ 

•t14.'tra. 1h:U eavao• _. te~1*4 flA· :>.a JM"UatY l.946~ booauo the 

•t>t.a 4t :rw matvS..al• ~ 0.:uto~ ~ ' ddleau tl'M''tthmife w•• no• 

autfi~i•nt ·to -.nat# Ml-.10&1• weiglWliJ tu14 t.toplihg semeciu1. on 

$ A~WJ" 1945• Coatrao1J · ~~8 «ms-0 ritu wttt-.n with tuotut PJ:tkin. 

In~_., w ot.1.ut:tn.u. we1ghinc «ntl ~tug u~rvion,,, i1nd tbio oontncr~ wa.1 

a.o:U..,. u ol l. Je.nUAJ7· 104'1. Atl"l'ltw. ).1$tttl;1 Wlltl i·t:pree~ted l.h ~1· 

~~ling oper.t.tiOlUi by l.AtdOua. a.rut UOmpl\11¥ or lfttw Y()-rk. muapl~• wor• 
~ 

talc® ir:i. ·aooor~~· •1th i"eoo~d.o.tiona ~*l by tbo- 'G~plS;.ng r<tpre

o$.tlta.t1wa,. Md llll p~(.;edu.reur toll~4 VA'f?"e: tlto6u m~:u.rt ad•qwito tmd 



aapt-.bl• to the uum.wto\.W. probl~ pr<-t.ncmte.4. JUl prooedw.•tis wo;re 

•"?Pl"&ftci by <.iQmp.6~' au:thor1t1••• int)ludi..ng tbG :J.ft1>'Gto:ual. .tktre•u. o.t 

Standal"411, t.ed.Qwc Alllti. Ce>-S>Nly, r .. uoiJte Pi.tkin. tmd th() ooxrtl*~otcrrtt o:f 

i:h(; .UlwhattaA Oi ttt riet who tH.tbcoqu~ntly rnt i.ned ·c>:w oro. 

A,&•f.Y• w.re ~@ bo• hy Atrioa:o. ~{•tt\lti ruul b)T t!w (}:pyu~t. 

WM&:l -.ter:hla tt0r.a ton.rd.Gd. £o:r retinint;1 ·th& refln•111· i't&~ suppl1o"'1 

tlith " •.-Pl• tElkon fiU\d s·~ca,lcd at $1l.•J.4le@nx. :N:l.4 t ho re.f'in\tey ~o.~ried 

o\lt H~• ~ $,dJ:i~ w:a. 'bhi.- po.t"tior:t. "'r tho ~re. AM 11:a n 1'~-bs u~l~~ 

tlw· .tioa ot 1Ad11n~ nv.4 c~ or. nw lo.t"k t G:t' tlioa uo~~a .t>u~ette,. · 

~ t hO Go~n~• ue~ ~· ael"'d4tla ~ tho , rick: Ch~r-11••1 ~bo..rato;d,u 

41i Prlut•tQn Ur.U..vortd,ty Cq"fl~'t W ... "fl()B ~~·Sl !:n l ow Jflr•e~j! In the. 

Spbig .of l94S, tl-,i.e o.ont7aot With ' ~SJiqet;cm Univ©r stty u1 o•pl.otu liQ4 

C•t~ut w ... :.w-0&1 ~»a•lO WM ne~U.iHtd wt th 'llal• t1r'711 C1I t uol• fli;}dn 

w pert~ 'the a.ow~t ._.._, vork. , a, llt.W.orur.1 UureAU q,/ !l'Ar~ 

_. utttdi •• tu' UJilip•, t~S" Nl&fin& ~ tho ro•~ t. r>t• th• ~tttnal 

two ·-•••1• ""'"° u® ·iritM.n o.~ Ua%• 

• 

' 
i 
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$1llCTl.ON 5 • CANADIAN SOURCJlJ$ 

aource of uro.nium•bee.~ing oJ"ee wo.s tho Eldorado mine. located on the south

east ahore of Gr0~t near take in Canada. Thie mins •~• originally owned 

by the Eldorado Gold Mines, Ltd. On 3 June 1943, the nam~ W48 changed to 

Eldorado ,Mining and netiuing, Ltd •• and on 28 JMtrn.ry 1944 .. th• mine wu 

Gxpropr1at0d by bhe Bi:"itlah Crown, and t'M na•e lt!lS qhan~ed to Eldorado 

Mining and Ref'ining ( 1944) Ltd. ( .App. BS). Th• 111ining ttnd refining 

ope.rations oommenoed in igs,g ~d were directed tOlfard thw Teao'lfery ot 
'; ,\. .. 

l"adium, url!Ul1Uli~ and silffl'• !h• min• 1e loo-bound trom Movember through 

Jllne, aud, though mining opottat.1m1I are continued during th¢,t period, i'b 

ot th• entire ore output of th• almi tor the pnnrtoua yea.r e.nd serve~ as 

toed matorialt tor tho retineriea tor the euoouding ye•u~. Oporatio~e at 

th• Sldorad.o Dine were oe.l"rted on. troa 1933 until tho 1t1nner ot 1940, at 

wb.ioh time suttbiont etooka ot ore had been acoumulaifed a1' the min• to 

eatt•ty the itommero1al •ai-ket tor appro~imatel7 t!>Y• years. Uow•rre:r. ia. 

l9il. th• OSRD placed an oi.-der tor ore whioh uooeea1-t11ied. the opening ot 

the a1u. Ther•tor•, in th• spring ot 1942, equipiMJnt and eupplha wer~ 

procured .and mining, a.a well aa ret1n.1ng opara:t1on• at Port Hope, have 
~ 

90.ntinued Sinoe that date in ordei:- to till th• eubaoqi.aentJ roquiremente ot 

the Manhattan. District. 'l.'he early contraota to't the puroha~e ot blaolc 

<>xide were written directly w11>h .Eldorado. or with Boria Pregal, prelide.nt 

of the Canadiq nadium and U:rcuiilUl Corporatiun ot H"ew York City, the salea 

ageno7 for Eldorado'• produota ill th• United States . Since Setpt•bor 1943. 

~ -
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Manhattan District contracts tor the purchase or uranium ores, tor 

security reasons, have been written in the name of Carl French or Gilbert 

A. LaBibe, who were, respectively, treasurer and president of FJ.dorado, 

and acted as agent• tor that company. 

The ores of the Eldorad9 mine have assayed approximately 1%

U30g, and, because thie ore is ot con11iderabl7 lower aee&J' than that ot 

the Shinkolobw$ mine, the refining costs to produce radium and uranium 

are considerably higher than sildlar refining coats ot the higher grade 

ore. Consequently, Eldorado hae never been able to challenge Union 

tinier•'• domination ot tbe radium and uranium mvket. 

A total ot appl"O.ximatel7 4,149 toms et ore c1'!leentratu t.o be 

delivered as 1,137 tons ot 1308 in the to:ra ~ black oxf.d.4', had been con

tracted tor trora C'anadian soureu· - of' l Janua17 1947. tat• in 1942, 

approxiaatel7 140 tone o:t \'1'30~ in the f'ora ot bl~k oxide, requiring 172 

tona ot U.)08 in ore concentrates, were deliTered under a purchae• order 
' I 

ias-u:ed b7 'th• Stone .t Webet-er lngineering Corporation tor th• account of 

the lt&nhattan District. S.inoe tha~ date, th• Wanbattu Diatrict. ha.a con

tracted for 3,659 ton8 ot ore c.one•tratea to be dellwrect u 997 tons ot 

l130s in the tora ot black oxide. 'l'be :~ot&l coat ot the procurement ot 

Canadian ore to 1 January 1947 wu approxiaatel;r tS,982,.300 (See App. 1'2). 

3-2. Contract Hegot1at.1oM. - Inumuch · u Bl.dorado had its own re-
. . I 

finery at Port Rope, Ontario, it was poaeible for the lfanhatt.an Diattrict 

to purchase black oxide directly as sue?, and it was not n-eceasaJ7 \o ,enter 

into arrangements _for the storage or disposition ot the bJ'-prodaete ot 

retiriing p~eases, aince these b1'-product, remained with 11.dorado. Con

sequent.17, the procurement contracts -with El.dOrado were based" on17 on the 

delive1'7 ot black oxide. 'fhe prices !or this black oxide were b&•ed 

' 3.2 
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primaril7 on the market prices tor large orders ot black oxide at the out

set ot the procurement program in 19420 The wholesale price ot black oxid• 

tor the cer&mic trade at that time was $2.05 per pound. Contracts were 

negotiated on the -basis of a 5~ reduction in price due .to the Tolume of 

the purch~~•, making an average price ot approximatel7 tl.95 per pound. 

This price of 11.95 per pound probabl7 did not reflect the true coat to 

Eldorado;. however, Eldorado waa t ·orced to eell their product at tbi• price 

in order to compete in the open. Jl&ricet with the lower cost producer, 

Union Jtildere. The laat contract with Eldorac.b,. 'Which waa negotiated 

with the Canadian GoTermaen~, aet a t,op pr:hc. ot 14.20 per pound ot black 

oxide, with credit.a t.o l>e giTeo later when actual caste had. been determined 

and when th• Talue of the oon\ained r81liua 'had been det.endnecf. All et 1 

Januar;y 1947 negotiation were nearing completion tor increuing the top 

price to $6.17 per pound of black oxide. Thi• contract ia a no-profit 

contract and will prebabl7 retleet the tne coat. of operating a\ 11.dorado 

(App. E9) .. I i: 

The procur-..nt or black oxide troa Canadian oru hu been 

oonducted under th• Stone• Webster Purehaa• Order •o. 135 and Contract. 

Yf-7405 eng-145 ldth Boria Pregel, and ·•-7405 eng-25~ and W-26-021 -.:-' 

with Gilbert. -4.. LaBine, Agent ror Eldorado. Contract W-740S -s-145 wae 

terminated for eecurit7 reaaona, and the black oxide to be prodll.ce4 under 

this contra.ct waa added to that to be produced under Contract W-7405 eng-

252. These contracts and the purchase order are liated in App • .F2 • 

.. 

... 

'. 
'' 
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importsnt 501u•ce of t1rani~benring materi$l" '\!fag the Colorado Plateau 

r egion in the United States. ! Carnot1 te. the moist important t;yps of 

uran1mn-baari~ oro in the Unlt$d Gta..tee. waa discovered in this are _ 

in. 1899. bu.t lag.e- ~eale mining and. ref1ntng opet"'ations d.1d not begin 

until .,bou.t t~n .r~ars later. BetVMn 1911 Md 1923, b!.gh.-pade ~tU"noti t., 

ores were ~~lectively- mined pl"inclt>a.117 tor th8 radio content and. to 

grade ()! or II! min•d d'l.U"ing thi• period. its rsported to have had a Us()g 

eont-&nt 0£ , OJdrnat.11' l . 28}&. After l9:?3, )ll'OduCtton declined. J'apidly 

hecmtW 1.rt ~ l G u.l'lf~"'fo~tAbl<t podtton. which carnot1 tee had la th• :rai1u 

field , with -1.~~spei:~~ to ~l.ld1~ deriYtJd troa t.M rich ol"et m1nil4 111 the 

~elt:ta.n. ai,._ri..~U. , Duriitg thf) pariod o£ fA-li)loi tat.ton iJi ~a.r.noti ;;_e• for 

. a•ltlt~, ~ t W4 l"ttpor-\$4 that ~otal ot .appro:d•'t•lJ' 200 grair·• of 

~adllDlt ~men• io apno:dma\ol¥ 900 \on1 o't U'a(>a in ol!'•• ··•• :prod.u.oed. 

stnae iaa?. eamo\lt•• ha.Te bt..m. mltte4 p1"tne.tpal11' to,. thel~ .,.,_ 

naUu -cofltent. '1'he ()••• u m1ncl4, a:vor.ago4 appl'oxim.stel.1' l . ?~ va. 
, 

l'le41U ))19nto>:tct., (T-JJ5) an4 approxhra.te'-7 o.z~ l1:1Ja. 11\e htdl 4emanct 

roit vane4lwa. broqht a.bo-ut by Worltl \fa tt, atil!lllia.tact vanad!UJJI prod:WJ;. 
I 

ttoa t~t th• re,rloit. The W.t~• ltet.~ Co1"'()0ratton. 11 Gov~\ 

apnq, at tempted to tnon-aff pNduotion b7 otter'hig inaea!ed. price• to'I 

the ~u and "b7 otferlq loans to amal.l indeptmdent operat~, 1n 

ord.c- to increase their production. tJ. s. V&nadiwa 0o1"'J?QraUon , Vonadiwn . 

Oorpo?'atiion ot .Aaertoa, and the M.ttal• Rcnen>e Cotopor9tion wre the most 

active ·o~ganizatio111 in the prod11ction ot vanadium dul"ing thi.s period. 

4.1 



Early in 1944, the critical period in vanadium requirements wae passed 

and llet&le Reserve ceased it.a stimulation of production. U.S.V. and 

several small producere accordingl7 decreased their production commen

surate with commercial requirementa, while V.C.A. continued its normal 

production. 

Aa a resuli of the mining and refining of carnotite orea, 

prineipall;r tor the ree0Te17 ot radium and vanadium, during the pa.st 

30-)5 yea.rs, there were accwmlated tre1Mndoua stoek-pilea of tailings 

which contained v&r71ng low, but econoaic&l.17 recoverable, percentages 

o~ uranium. Inveatigatione conducted late in 1942 showed that theae 

valuable stoek::plled tailing•, ae well u the tailings froa the current · 

Tanadiua operation~, could be obtained troa the U.S.V. ·plant. at Uravaa. 

C:olorado, the Y.C.A. plant. at Naturita, Colorad:6, and from Metals Reeerv•; 

which owned a plant. operated _b7 U.S.V. at turango, Colorado, and a plant 

operated b:r Y.O.A. at Yontieello, Utah. In the eaae of the Metals 

Reserve Monticello plant, recovery of uranium waa poHible onl.7 troa the 

current operations tailings, since the stock-piled tailings ot former 

vanadium operation• were too low-grade to be eeonomieal.17 treated (App. D . 

Cl)o 

In. addition to tu td.l.ing• procured from these t..hre.e major 

companies, small lots ot tailings were purchased in scat~ered localities 

and processed in Manhattan ·ist.rict-owned facilities, it the delivered 

cost of sueh tailings was not e~cessive • 

. Aa ot 1 Janual'7 1947, a total or approximatel7 1,349 tons ot 

u3oe, contained in 379,671 tone of ore tailings (App. 1') had been con- 1
:· 

tracted tor. Of the tot.al U30a content contracted for, appro;Jd.matel7 

· 891 tona h&Ye be'en eecur•d t:z;oa U.~.V., 230 tons from V.C.A., 1.35 toms 



from t4ett.:tl.a RaatrVo, 26 ton• trom the· Vt t~ Man'Uf aoturing 6omp,M1' eA 

6? ton• . . f~o.m <>tho mi•o•llanaou• IO\lt'Cff. All ot the lfa"s puro.haa4"1 

wa.e ~ntl!ttn.a. et thw tn 1•w-pad• ta111D«• '111~« app~ittatelt o.zw,& 

t1aOs. or ia ttttaat\llll ~· a••vtac fro•~ to rn/. Va()e. 'lb• tow 
oo•• ot th$ prCJICQ"emen\ of Amvt~aouroe. u.mtal.1 to 1 JaJmfa!T 194'? 

wu •pitostm.&telV $$,cwa,aao. 
4-a. CkmWt:\ U:••UAliMI· • la ordft to ohtatu the U!'md'Qll eon

t~ed 1• th• dd».otl'- ol"•• t>I '1i• $olo11o.4o. Plat.- ,..•glta, a• •11 '"' 

'ha' oon.Wl!l8' la \Ii• tulln«t "t ~ftltt CUt4 put •A.lhacttu operation•• 

•eotlat1on• w•• i:om.u.-.a VS.th '\he tbl".e -.for co~t•• ln tM •~ 

«l• lnm1tv1·· Dl\111el.l', u:.s.r •• v.e.A"• aa4 Me~d• :S.•wt•. 
r ~0:• th• j\r.S.•• Tlnpoint c>f th• '"··-· ot ftW ••••al• ~ . 

th•• ntp,~taUoat--. •tell' tor the ~ha• of t•llb\p an4 ll1l\lge•111 

to 'be tv•h•r l'dtnicl \o l>laok o:d.u b;r a~ p•o~••'t0t•• Hownir. 't• 

•••• G41i•ll• a\ tbta \1• to J!NQl)tfo*l &ta•allt MW 'h•M '4f.1ltiP 

•I •~• Wttn ol>t•u.d, _... thoiiah th• 4•taU.• ot the• opw•\loa• 

ar.- 1.11-.a.a ta ,_., e.. '1, 1. t. Ml. v. o .. .t... th.- l•ce•• ho pro4u.nr1. 

lA \he ~la· tf.•141 h.t -Holt 49Y•loJ'4 and 1d•94 to Ult a dltt_..t . 



ub.~·Uon, sln04! th•H tA.d.li~a d.14 not eolltaln eno'\lgh urard.u.m OJ' 

nruw.dlna to mttk4t furth• :)')l'OC-.ltoiftg COll!'!lffel~lJ' tHIOJ'lG1Jl1Cal . loVGY'tJI'' 

th$ ~ttoa.t ?"i$(J:tti!'el!l.iJnh t>t the U,..,..nha\tan l)lstriei fo-r urmii~bearillt 

t ·eed Mterial 9 mttd• the ~l"9atn.at {)f ·m-1cb t nt Un.gt 01t1 ra'ble. U. !!. Y .. 

wat H1v.etrint to allow f . C. A. tti• ua. of thetl" princess t(}'I th• r~eovQ~' 

ot urriaitUll t~gh th• btu1t1Mm\ rJt t~tli~. and V. C. A. Wfta l'tlllnotailt 

ta ~llllv u .. s. v.. tch~ :ttgl\l ta· ~:nt•l'Ttct mJll t>'.904t• t .. U,l.~t~eatmat 

plenta o.n th• ette• ·of th• •.c.A.-operau!l ·~tttwa p1nt• (~p. :mu>). o 

th•eto-14. •Ince it ·•l' t1ttotunl"'7 fo~ th:e Man.hatt• 1'l•trtd t<> <r1l>tat• · 

all the •~-t ii-nd.lo1• '"• dD-i!ltt~io nl'tJs. 8l'11mtgeJSent• were ·~ 

'- pl"o~ bGth tsne• of' ,-:4v teJ"tal•t (1) a vmu •l'tldp 1)n4u•t4 ,· 

by t1~'· '• f~ ~-~• "' Yaudt~~•tfoa• ••tltftPw ud (a) • oo• 

btn.t vf.ldu.Yitu4!u. tltt4«e na.ewi 'b.r 'l. O. A~ ho• tbs Ur*•' ttr•·•• . 
mft\ of ~ot'l,it• or~•· !he talltnc• ho• iu Q'Q.JTttnt d4 ~ut vanlu. 

T~ ~t~ ¢t"1oa 11.t f. c.A. ..,., to 'b., 'b~~t b.r \h• ~wn._, ad 

tetlt tQ the f~f$. V. plan\• for :fuJfth• 'f)h-t Qtnai ( IN?t/ar -t::,-·•o -. 1.. ~) 

tn gec.aW$1 • th• 111owtnc vnttl9M••• ,,.,... Ul• to J"Ocv• 

volua. b>•erhg raw ma1u~rj.'ld.f: #ro,. .l••••~S.c> to\U'lt• to;.- t'linhu proe••.,. . 
tag tlt 'bladlr itz!d.e (App~ Ill) . ••-4•~•tl• ot th••• 0pttaU.Mt1 are d.1• o 

--·" ill, .· ~ f, Pvqr~ ?-5 a1'Mt "1- 8. -
(l) Oon••ttt-' -4 0'99t'ate, at ~Mtl' ow .-P•••• • 

•'"'1• •J.u.449 J>ltnd on th• e1t• o.t the v.s.v. plMt 

at t1ra'h11, ColoJ'Mo. Th• feed tor- thlt pldt •• to 

'be del"tT-4 fJlt>• th• e:itt•Hng Yana41ua '~U.n«• 1tooto

p!.le at DraYSJl, f\tP'Pl8%lllmtM 'by th• tatllnp of cur~ent 

...... ... 



- ;-.·-:; ... :,· · :" 

. - '"" .,•· · ... ·.·.,_· . .. fb 

eliulge we ~a:.u by th• Kanhat\d. n11trto• en a 

ttnlt pi-toe 'balll.• -4 "'-'* t!um ttt~tlle1!" rettn+>d to pro4.u• 

l>J.acdt od4•. 

( 3) Coit.t\nft at ·OG~-.t •xt*l .. • ail oP4't"At3 tor the 

Gc>••r~-.i. a vat-..•an.Uu abl.ap pl.ad ._. tu .1-. 
ol tt;a ~tua p1-t a\ lift.••• Cole,.ad:b~ on a ao1t-~l'1• 

~I• ba•I•. ~ t••I. tor \bl.• platd •• •• b• thil 

tta•ptlM talllnc- •xt•'-tnc at ••••· ~· wU e.• vm•u 
\&W.,_ P.ff~. bT '1itt Hedbattd Dt•tJ"ld, f'n• f.C.A. '• 

•'°ttlD-ptl•• a• M'al'dl\J. at Wllftl\• ••• Yotcha..C 'bf' 
. . 

W. ,...,..,._ :t>lt\-rte• a\ a ·.t:t pdR 1Ja• 'tlfOR tll• l'e.-

C.Wfla'bl• U'J01 • f.109 obt•tn_. la ·t-blt n., .. 1 •.t'ln•q 

at t.Wa4 lu••toa.,. 0.lonclo. r 
(I) Cea,i\ftd at ctoY...-t ~-··• tltA4 OJ'.Htra't ~O'.I t1i4t 

(4) 

tto ..... , ............. ~ ~ pt..- ~- th• u'" 
(tf , .. ~. \1&1..--. plNI\ Which Mll beln-.f ~ated, 

t• J!141td.• a...-~ '!bl•! cona\ftOtll>a ~ operation .•• . 
toM oa • ••\..plta;..,f!:n~t•• bad•. lh.e tee& to-. the 

plat wa• to 'b• U.. ~- tatltn.c- ••lft.-.,.ptlt14 ,at 

~ :111'14 al• ••t1ln.t• 4•t•t4 ~· ~*'!lt Tat\ 41u 

p-411#tt.oa at .Di.d••• botk ot vklab. ,,..,,. owtM! bT M•'ale 

a.,.,..... the •u1tllC* ,... ... Jnifth•H4 bf th• MaU&ttaa \ 

»t!~ .. s.•• at• ult prta., balff; ••th• •••~able l1:sQa . 

an4 'i'e ollWne4 t!l \Jut oee.U-11111 rettnCWT at Brattd luncH.~. 

Cotini.et at fJoTeJ"JUllnt ~'ti•• mid ~i'•~~e tor th• 

fJG"""111Mt., a eeatir~l re:ttneq ~t tb'~ lttn<lt:l~n.. Colora<!o• , 



... ::, c \~; ~ -:ir··; 
oa a ••t-plup-tix•t•• ba•t•. fh• ol:>jeot ot th• ~entn'l // 

r•fillCtlT we• to l"Pt>'f• 0. .....itua conta1JJ.e4 lll th• ff 
·u~ltni.~vaaditm 1lu~ p.rod'WJ.ft at ttravi• and. hrango. 

·r1n• v.aa.lwa al.~4 \111.a then sld t abl• f 01' tuio~ ,. .. 

f 1n.tng ~ blM.tk oxide. 

'b. Y, C~ . .\. agree4 tol 

(l) t>roclUc"e ~!11'ltua.Vdad.1ua •11141• f.rnm ~t ...-1.1111 

op.fiJ'(;ltlo:n.• atl thell" lfat\\rth., O~loPe.d·o, ,Xq\. !he1• 

al.ti~• '1~re tbo JVcba•ed bf' tlle ~\ta »1•\l'iot 

i;in a 1.udt-pric• 'ba1t1. We»•• of th• t atl.1n,• tetul.Uq 

.fr~• th• el~pra®.t.R& 01era:titon wtu•e of too· 1•• 
. :Q.4- tor ~'b•r flJ'Hlment ~ 

(.a) Sell. \o Wl.e ~ttMl flt ·•t,..tcl sto•ttil .. ot Ylllta4i• 

teUJ.ng• tl'ox. tu patt ~tum opera·tt.,•-• an.cl hlP..· 

c.ontM\ tailltic• tJ>ol!l ~~oat pn4'1lot1~11 a\ lata.nt•• 

•••• kUhrC• were. t• be tUl'thw· tnatd la the._., 
.~ctaa Di'tl\t~ovn...i t etl!t.l•• ai ~~..._ aal4 -•4 

c., M~tel• ""•-"• ~- tot . . 
(l) Sell '° th• Madalte lt.#'1-,tot •to.,.ptlA·• ol ., • .,,,_ 

tdl1nga ho• pat~ op .. at ·t ·on• ~ O'Ol'~•• ~- •.ti.. 

t.~• Jl.G~tllle fro• \bw op•~•t1o1t 11ti' ~· ~U !)1-t 

•' DQ<~. ~l.Glra4o,. op-.a'4d 1>7 ,tt,~s~•· fot •1a11 

lt&·Jtl'Y•. TM talllnp VM"• puroh~aed tti e. ~t• p.tld 

'btuMtd •n tbe "tcT9J1'1 o.t U309 Saft 'f~O& ta .tq 1 ..... 

h.!!t.tim Diabtct.ow*l te.dl.lt1ei at ~9n4 .lunttt•a• 

,4.6 
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(.2) tl:odi:tee. ~anlum-V.(U:J.at.U.Ull slitd,{t;.._, trom th~ cm"'l1'•»" YF.tnad!:a:11 

opera.ti®• at the: s~nticello. Utah, 11luat whtoh -va.a 

op.-rdoo l)y T.c.;.. tor Metals l!ea!!1.t"ve;. 1.i.t~o il:odge vaa 

p.IU'Chaled 1m a unit p:tic• bl!ldi& lJ7· tht.I Mu.Mt\• m.atrlo.t. 

from lif•·hl• •s•i-v•. .44•• the. MQntl()e1lo Jl.ani wa• cl0:111e4 

ll;J' Met.!ll.11 lfo Q.BJ!'V& .it,t li'~b.:ru.at 1'441 it we,, rnpone4 by 

V.Q • .A. an.4 tho 01il.tpUt of 11.rantU¥ll-Vf.l1'lU1um l!Jl'tld!~ vat t,he 

boqu;"ement '()t vantum-·bearin1 •te:rit.1la trrfJU " ~~~{t:. v. t1nt ~• 
·.•····:' 

UD.o.v tla''• ®n• act•• Y-74tllJ et.,...201, W-1401 ~~m • ..utd w..as-on -.1 • . , 
I 

J 
oo:n.tati'l'4 V3(Je bi '-a oonW.•o*-i for aa. ot l IM'l.1.V1 1947 trt)S v. s.t~ at / 

a ••' d ' appr•abt.aklt $.HJ. .• •oo. . ~·• con•~~-· •• ll•'" 1A ,App •. ra. / 
~ 

Sl2 ton~• woe eJ'ltM'et :taq with v •. o.~. t• tu prcum.:r•••t 

ot ,ll'gt~~ aatvt-1•. !':bM.•• toz:i;ll"•t• 14.H ~7401 -.ia. 'il-·7401 

,...1"• w...14-0s ...-a•. w-1401. ••:ae?, 1~?'403 oq...:nw,. Md w_~oa1 -... 

u. fU• •t•:ri-1• WW• p..-oo~ at, pde•o whleli ;~ .• ~·•4 tH• $0 .. 2tlf t• 

potlll4 of ••latl\14 faOa .U $0. &8 p•r pound of V2')5 to $·1. 50 t>ff ~ ot 

~aO;e MPMt $0.st r• ~of '~s- • •o•ai d nippl'Oau'1!il7 ooo t~u .'fl 
11aOt M«. b•• CO!i\J!actetl ftr'f' aa of 1 /Q'UU'J' 1947 • at ~. oo•t ot ~l'O'x.!Mt..,. 

lT. $&-~a.aoo. tM coat?"actis •• list.a ln Aw · rs. 
·~ OC>~tract• were entered, tn·to with MetPls lleserve· for the 

pff<Q.U'•i-.•t o.t 2-av utffl8lt. ~•«t• eonv~ot11 vere .,,_?40t5 •f-2e0, 



V-7408 -..as~. ad ¥-'1405 •ft-28?. '!'he oo·•t ot the material• ""1"$e4 

fro• $1.00 pn tol.l tiw \allbc• contailllng al>o•• o.2d '1~ (which 

--•••tel ~pftsl•''>lr to.ao per poa4 t:>f 'l~a) tc> $1.10 per po~d 

•t laOe ~ $0.99 per pouad. ot T205 tn sludge• e.uait- 60'/t 113oa .aJ\4 
, 

~5' Y~5. A t;c,W ot spproxima.tel7 136 *°n• ot l13Q9 ~ beea oontractel 

tor •• of 1 J~ 1947 b-o• this ooap07, at a. ••t cf approd.nteq 

$Zl6,$>0. !he eo11traet1 . are listed in App. ft. 

ta Jfateh ot 194.5, a CJQntn.d., ~.a.S-021 e~2•. wa• ut.,.a la.'-

. w1 th th,e n tl'9 llqutacturb1g Comp81'¥ '£07 tll• plll"ohase o'f tlai• C()Jltt"a~t"'1 • 

1\o~il• of high grad• cano'1.\e ore, oontaiuing apprui .. t•lt' :le l&ltl 

f4 UA~, at; .a lUl'lp ~· o-r tn.880. (AfJp. 13 .. ) Qontru• •aG-021 •q-21. 
I 

Also oo't"er$4 th• p:r"Q"aaing ot the a-.rriotl'e or. t1 aoQ.. 1a:L\. lhl• ,.,_.. 

t• coftrll4. 1n S.otloA ? .. 

A. ntl1!1hr ot pur<:hue ora.r• -.re ni "4Hl lfl. th. various Yana41P 

produ.4'ers thrQU&ho•-t the c:nmtry tor the pro.,..llt ot ut'aid.,.'bMrtq · 

1Ul• ut taillngf. A total o~ apprW..t•l.7 6'7 toa• ot 'CJ#• ~ 'b .. 

•ntrast..t tor •• qt 1 ./a:!t'Urf lf'"'· Jt a csoat of •pro:d.matei, euo.ooo 

•iii 
•••• 
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SECTION 5 - MARKE! ~ MlSCELLANEOUS PROCUREMENT 

5•1. Operations. - Prior to the Manhattan Distriot program, 

approximately 150 tons ot uranium oompounda were being consumed annuallf 

in the manufacture of ceramic oolora. The need for oonaervation and oon• 

trol or uranium supplie1 waa reoognized in December 1942, at whioh time 

the War Produot1on Board was requeated to take appropriate action. In 

accordanoe with that reqqeat, ConaerTation Order M-286 •a• is1ued bJ WPB 

on 28 January 194S, prohibiting the f'urther sale or purohaae of uranium 

ctoiapound• tor ~s• in the aanutaoture OI" deoora.t1on of oel"tlldo produota 

(APP• El4). In August 194S, the pu:rohase or sale ot urt:mium compounds 

for photog:raphio use wa.a aboreat:rioted. and oerta.ia atc>ck• ma tran1• 

aotion reports were require.d, to be aent to th.e War Production Board, in 

ol"der to control more oloaely the penait.ted u•e ot urania oolllpoqnda tor 

military ancl essential induatrial application• (App lU5). '?h~ue reports 

were made- available to the Jlanhattu l>i•trio't1 and, baaed upon the tntora• 

ation oontainecl in them, a purohaaing program wa• eet~bliehed, with the 

objeotiT• ot aeouring a• auoh a• poaaible ot the aTaile.ble atooka ot 

various refined. uraniua _aalt• £or the ~uhattan Diatriot (App .. El6). 

A total ot approx1mat.l7 210 ton• ot U3<>e, oonta1Jl•d in 

varioua refined uranium salt•, bad been o'btained front aTailable atooks 

as ot l January 1947. fheae mat•riala ~re procured at a ooet ot 

5-2. Contract Negotiatione. - Soiae ot the available uraniua stocks 
I 

were held b7 suoh oompaniea ae the Vitro Jlanut'acturing Company, the Harshaw 

Chemical Company, .A£rioan Metals, and the Canadian Radiwa and Uranium 

Corporation, who were already under oontraot to the ·r.tanhattan Diatriot 

for other phases of the work. In the oase of these companies, direct 
'\ 

./ 
! 
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oontraots and purohase order~ were written to obtain their uranium stocks. 

Rowever, beoause security regulations 11&de it inadvisable for the Manhattan 

District to contact t.he many other o<Jm1ereial oonoern1 who had small stocks 

of uranium oompounds, the Vitro Xanufaoturi.ng Comp8.Q1' was ~uthorized to aot 

aa an agent of the Government in order to obtain the stooks ot uranium oom-

poUl'ldl a.Tailable throughout the United State•· Vitro wa1 seleoted to 

oonduot thi1 proourement program ainoe they were already aot1ve in the 
..... 

Manhattan Distriot work and al10 were well known in the trade aa a comm.er-

o1al p:roQeasor• seller, and consumer ot uran1una oompound1. 

)(oat ot the market proouromenta were made at t he ou~~ent oommer-

oial lllal"lr.et prioea p&id by the qerll:Aioe tr•de, the pri noipal C9Jll\8rQial 

. usor . ot various rat1ned ur&Qiwa eoiapound•l 1 .... ; f 2.0S per pouxid. o.t black 

oxide, t l.65 per po'QJid or aod1ua uranate, $0.76 per pound ot grlUJ1'l 

oe.t'bonate, ta.36 per .pound ot 'l.ltanlua nitrate. eta. (App. E2l). 

!h• market proourementa ot uraniua aalt• were lll&de under the 

oantraot• and purohaae ordtra listed in APP• r4. 

5•S. Miaoellaueoua. • fh• Wallh1ngton Ottio• alao obtained approxblately 

481 ton• ot l'1s0a 1J'l th• fora at lllaoella.neoua ooapo~d•, moatl7 impure 

sodiua salts. !hes• •teriala 'lr9rt t"otµi4 by ~mr a,..ecl toroea 1i1 th• 

Europitan Theatre ot Ope·rationa. 

\ 
/ 



" 

SECTION 6 - P.ROCllREMENT OF O'l'HEl1 RADIOACTIVE llATERIALS 

6-1. Operations. - In addition to the procurement of uranium as 

a. raw inaterial for the Manhattan ristrict project, it also became neces-

sary to procure certain other radioactive substances, i.e., radium and 

ram.um-neutron sources and radioactive lead.. Inasmuch as t.hese materials 

occur in nature in conjunction lrl.tb uranium, their procurement was 

handled as a part ot the general procurement program. 

a. Radium:o - The need for radiua and radium-neutron sources 

increased steadily until, as ot ~ January 19~7, a total of 73 gr&m8 or 

raditlJI l:iad been p.rocur.d !or the various installationa of the ilanh.at..tan 

Dist~ict. 0£ this total• about 36~ grams ot radiua were purchased and 

about .36i grams rented: at a total cost to 1 Januar7 1947 or $679,399 (App.F6). 

b. Radioactive Lead. - In September 1943, it ·became necea-

sarr to obtain subatan\ial quantities ot radioactiye lead (App. El.7). 
' 

Forturnat.9171 radioactiY• lead •• one ot the b7-prowcts recoTered in. 

refi!rl.n! 'll'Snium or• to black oxide,. and it wu possible to recover 

enough radi.oactiTe lead from this aourc• to till all requirements (App. 

1U8). Ae ot l Janua17 1947, appro.xµ.&tel7 85 torus OL le.id oxide had 

been proo•.ited, which amt.>unt f'ultill:s the present known requirements of 

the project. ·· The ~otal cost ot th• procurement ot radioactiYe lead waa 

appro.rlm.atel7 tee ,400· (App. F5}. 

6-2. Contract Negotiations. 

· ·a. Iladiwa, - JJuring 1943, the .market. price for radium ranged 

from $23 .. 00 per milligram tor quantities of less than 25 milligr8118 to. 

$18.00 !)e.?" milligra• tor quantities greater than 100 milligr&m8. As the 

Manhattan District's requirement.a for radium increased, an arrangement 

. 6.1 
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wu.s me.d1:t with t he two .m.nin suppliers. the Hadium Chemioal Com.pa11y and 

'ii 
!. the Ce.ne.dia.n Radium and Uranill'tll Cor:poration. ,,..,hereby the Government 

would get the benefi t of a reduotion in pride according to the f'ollowiup.; 

schedule: 

Radium. Chemic a.1:_ C<i>lnpany 

Less tho.n 25 millig;rsms ··•····• ··· $23.00 per milligram 

25 to 100 milligrams ••• •• " ... u • •• • :~20.00 per milligram 

100 milligrU!S and ovor ,, • • ~ •• "'. w .. ~· $16 .oo per milligram 

The above schedlAle applies to both pla11't ra.diUlll and to radium-neutron 

sources. 

Canodin~ Radium and Uranium Co'!J?oration 

Plain radium. any amount ••••••• . •• • $16.00 per milligrMl 

Radiua•neu'tron aources .... .. .. ... ... $11.,00 p&r mtlligrUl 

t'he inoreaeed price charged by the ·cs.ne.diu Radium and Uranium Corpora.• 

tion for radium-neutron s<lUl"Qes was due to the greater hazard in pre• 

paring such items. 

A• of !January JI J. 941, 18 puraha.ae ordera and 6 contracts had 

been issued to J·oeeph A. Kelly, Agent for tho Radium Chemical Company, 

and 15 pul"oha..s~ M·ders and 8 oontraots:_had been issaed to Dorie Pregel 

ot tha Canadian Radium and Uranium Corporation tor the purchaae ot 

radium. 

ln some oases . it was desirable to rent radium and radium• 

neutron souroaa, whioh wero leased .from both of the pl"evioualy mentioned 

o,ompanies at the rate of $250.00 per gram per zn.onth . Thi• prioft ia equiv• 

a.lent to 20-% of the value of' the radium por year • . As of l January 1947, 

7 purchase orders and 4 contraots had been issued to Joseph A. Kelly, 

Agent. .ror the Radium Chemioa.1 Compe.11y, and 2 puroha.ae orders and S 

' ~-· 
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oi:mtrs.ote had been inued to Boris Prttgel "t the Cane.dh.n "Radium and 

Ur~nlum Corpo~ation fQ~ tne rentAl or radiwa. HoweTer. as oflJan~ary 11 

1947, there rem.,_1.ned ill sft'eo·t 01117 l pureha•e order tor 100 mil Hgrame 

-.dth tir. Kelly and l oontnct tor 200 ndlligro.ma with Mr. Pregel at thia 

inoreaaed priee. 

Three om1trao·t;s and one purohaH order ha.ve boen ia.tJUed to the 

Radiua Ohemioal Co.mpany for tht! Nntal ot radtua. 

One ooatraot •l!i th the Eldorado Minina; and Ret'Wng Company wu 

i oiNed in lfny l9-!ll3 to cover tho i-ontal of' radi1211 f'rom thfit company. 

of radiwa at-e listed ill App. F6. 

b. Rad1oaotive Lend. - Radioactive 1-a.4 •a• prooured rroa two 

main ·aouraot i lead produo.ed e.s o. 'by-product in the OtuVt.dian retinln& 

operations (At>P • l\~19), and lead prodqced · ae a bJ'-produot 111 refining 

sludge• deri"f'ed troa At~riou ore•.. ~rt• Canadian by-product Will$ tho 

large11t souroe ot auppl¥ an4 .,, ... punha•od at a prio• ot to.ass per 

powui ot lead element. 1'ha~ derived £.rom the $eoond to~ro-e mus procured 

at a price of. $1.00 p&l"' pound of lee.cl elem\tn't. A eumina.ry 0£ tbe oontracte 

for t4e purcha.•e- ot radioaotive lead iii l .i4tf? ,: i.n App. FD • 

.. ti . .. : 
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SOOTlON 7 .. . !llli':UU:UG OF ll!W orum fO HlACX oxn.m 
AND ~OOA SALT 

7-1. ~ei-a·ti.~. • !n ~uoN&.l,. the refining ope.rations (APP• 02) 

etml!iilted or a meo.banioal oruahini; and gr1ndJ.ns oi' ·l'J1tt raw oroa to a 

Et,Xtraot the uranium oontcQ.t. the partial treatment o~ the $Xtra.ot with. 

oauatio aud oth<?r oh&J:la.loala to pi"4cip1 .. tate th• l'Mjor1t"/ or 1mpur1 tiotJ 

a f'Urthor tro._•tm.ent With cauat1o autl othor ehomicalo to preoipi tate tho 

uranium.1 and a. t!nal Toasting or drying OPGt-ation to produoe tbe i"4-

tined me.torial aa itbcl!' blaok ox:&.de (W"a.niurll oXido, u3o8) or ne eoda 

aal 't ( &f>d1ura ura.tl&t .. r eau207). 

!ht prooQll de:v\'tlopad Md used by the Vi tl"O - uf'actu.ri41t 

Ci>mpG.n.¥ .for 'th•ir' COll'llmJ'Oial 'buatne•a, '"1ld sub•fqitea'\ly u.•od a tlwir 

con'\atacta nth th.6 U'An.hattan .Oiatr1ot, had b4J.eJl deaign'd to prod~ 

•oda •alt. \?be &C'!U.ipam.t Gd ~·•• tt•.re •uoh that tb.i• plant optti-attd. 

tltOlt •!'t'lo1en'bly ed ao~nomically on ro111t1v.ly bit,;h gJ'&d,• or"••, tha;t 

, u# 601' .or· groator lJ3oa oontont.. tho Vlt:ro rotinc.J')' i• daaigpe4 t o 

handle appNxim&te~ 40 tons peJ> month ol groaa or• input. 

The proo.••• wutcl 'by Rldor94o Vin1ng and Ro.tinins t\t i to Port 

Itope platt" waa · cil.ao do11oiod. £or: 1t. co.nweroial uwsin.o•a AU4. pr.o&.\oed 

l>lau oxidAt. l'bi.a proo••• Gd otu1praon1' allowed et&1eJd; e.n.4 eoonQtai ... 

oal op•ra.ti9nl on Oi'e oonoctra.te• o()ntaizli.n& 20},. or l:i:i&}14u· UgOs GtJJl'tc't. 

!ho Eldora.do retiner1 1e de•it;rled to handle a gro1a ore: 1np~1: ot opproxl

•tol;J 22& torus .t-•r mon'th and, in addition., ha4 4u1•o0iatod raoiU.tio• tor 

1.1 -· 
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and ei."l'ioiantl y ~.,.rooee~int; o:r6e; ov oono&utr(}..t~o containing loea thml 

· 2.0]" U309, thtJ 1.iado Air Produot. .company r~l.tl11ory tit.1; · Too.s.wandll; 

New !orlc, was originally built and doa1s,n_,ri to handl• Atiw·rioem ore 

conoentnto.a - t &i 1'.rlput ot appronatel.r 1>40 tons p•r swntn. but 

tbr-otJgjl suba•q.w.m.t proc,oua impro~t• it haa been ;)Oaaible to proce•a 

both Ama1can md Afi•ica.n ortl et>ncontn.tea at muoh hi~r rau• (1~0-!20% 

dtHipe.4 ua.paclty). C011$ide.ration of the tn- ot ore, ptn-•c:>ent 115\)a u.d 

other to.ot&t'# hAV6 boen rmoeaaAJ:"y in detel"ltdning 1.n wlliah rcttinoey the 

#•Veral Ol"O oonccm·trat0-0 Gllould o• ru.finad. 

!he •riCJ:aui ore• a.H in ro.al.it¥ tilling• troa pt'f;Vioua 

·v•u,d2.um ~.rwrr oporlltiona md. ~ ot auoh law utan.tum content that 

j.i) \I'm# M«letaury to OOIIOt\nb;'at• tJwa in (JU~OCUU&:i- ••it• •'b O)" .fl.Oat' 

the mne where they QN produ.oe:d, t.~aqo ot tM oQoa•i,,. tl"'M•poi-ta

titm ohai.·€•• whioh woul.4· othorw1•• bl.w been requirod. ln. trAtl8porting 

v<oey tow- ade ore• to L11Utt'• retinoey •t ronannd&. iimr York. Ao

ccrd.1rtgly. it..- 11ecos1ta.ry tor ·tbt Oown.JMn.t to proT14- preU.i¥W.let.J7 

coti.e•ntrt.ting 1Jla:n'ta &ii Uravwm and Uurango; Colorado. a.n.d • oeu:ural. 

_retil1«iti7 to rmlWV• vanadtua at Grtmd ~uts.on, Ooloi"ado (APP• olAand 

:04). 'tl'18 U., S. Van&41uaa Col"pont.!<m OJmeci ou plant a'G Ura.van. 

atop. 

7 .. a. !!,.ot1n1ng bz ~.dorado ¥lni~ a.nd a.,r:t~~I· 

11. ()poratiou.1 ... th• t:t.r•t mtrtoried ret1nod by Eldo~do at 
--··...-·~ . . 

Port Ziope., (·:n.to.ria .. Ganad.a. oon•i•ted of the i»iit.itll 100 ton. of 6&J' 

(UaOs) ore procured fro~ African :Metals Cor poration. A# a trial lot to 



determine the efficiency ot refining operations. These ores were de-

livered to Eldorado in November 1942 and refining was started a month 

later. At the time ot the delivery of the oree, . the plant waa em.all 

and did not have a produc~ion capacity of more than 30 tons of black 

oxide per month. However, the plant was expanded at the expense of the 

contractor to a point where h• waa able to deliver 150 tons ot black 

oxide per month when working on 65J African ore. Bxpansion waa a tarted 

late in 1942 and by Februa.IT 1943 tbe capacity had been raised to 100 

tons of black oxide p.er month. Refining operation• have continued. to 

date both on African orea supplied under refining contracts and on 

Canadian ores troa whic.h the black oxide pro.duced waa sold to the 

To l Janua?'J' 1947, Bl.don.do preduced, troa Atrican ore, 

approximat•lT 1,832 ton• ot V)Og. The total cost ot the nrk performed 

under eight contracts wu 12,823,.310, the coat ot relining l130s wu 

$2,528,.560, and th• average processing cost was approxillatel7 I0.~9 per 

pound ot U30g in black orld•. Ixi addition to the AtJ"i,can orea processed, 

app:rox:tutel:r 847 tons ot black oxid• h&Te been pro~ced. to date from 
.. ,. 

Canadian ores. ( s.. App. F7.) 

b. Cont:ractuaj. Arrweunte. ~ All explained 1n Part B, 

~ection .3, no eeparate arrangement• were necea•al'J! with regard t"o 

Canadian ores, ina·811Uch as the uranium wa1 procured troa Elderado 

in the torm ot refined black oxide. Thus, ae tar a11 contractual 

arrangeaents were concerned, the relining ot Canadian ores waa inte-

grated with the procur8rllellt contract. In the case ot treatment ot 

African ores, however, the refining contracte on17 were negotiated with 



Eldorado, who, at the outset of the refining operations on African 

ores, did not wish to be held accountable and responsible fer U. s. 

Government property in their refinery. Consequently, under Contract 

W-7405 eng-6 and W-7405 eng-17, the uranium content of the ores was 

sold to Eldorado but the contracts required the contraetor to resell 

the total quantit7 ot recoYered uraniua content back to the Government 

at an increased price which included the re.tining charges. Under 

subsequent refining contracts; namel7, Contracts W-7505 eng-264, 

W-7405 eng-281., W-1405 eng-:JlS, W-26-021 eng-21, an.d w~26-021 eng-26,, 

t he ore was accepted tor refining b,- Eldorado with a stipulation that · 

all the uraniua content reeoy;ered would be retunned. to tb• Goverment, 

and in ach contract a •1n1,mu.m recov.17 guaran.tee waa ·•tipu.1.ated. 

Becaue ot the importanc• ~ th• material, close checltt were maintained 

OD oper&tione in order to pru.ne tbe required secre¢7 of the work, 

to protect the he&YT financial internt which th• V. s. Gonmment had 

in the .material.a ill'YolYed, and to wake certain that. all uterial.e re

cover•d were ret.tU"Ded to the U. S. GoYwnm.ent. In addition to refining 

African and Canadian ores,, lldorado relined crude soda salt.a to black 
I . ' 

oxi~ under Contract Yl-7405 eng-20. · Appendix F7 shon data conceming 

the refining contract•. 

7-3. Refining br Vitro Jlanutactving Compg. 

a. Operation!• - The Jitro Jlanutacturing CompanJ' in its 

Cannonsburg, Pennsylvania, r.tiner,.1 which was constructed originall7 b7 

the Standard Che.mi.cal Co•pan7 for processing carnotite ores to recover 

the radiue-vanadiua and uraniua content, refined from African ore• a 

total of approximatel7 623 tons ot soda salt containing the equivalent 

; "· • 
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of \:\;)•) ~:<i:rH~ <):,' oJ.a,()k oKida. Xhe :.:oiut'ining, o:·_ -crtd:1. ous oomm11n1eed lii 

b ., Contr otua.l Arre. i.t,~~;'!l.On-bs - 1\ total ~ f' ai.x :t'tB fi.n1~1t:; .... _............,._ _ _..,__ .. _........, __ ___ 

' 
Vitro was ~pproxir:iately J l,203.401> or an ~vsr.agB procossing cost v.f 

Gorporatio.n. had me.de arrangements. with I..inda for t,ho procur-e-:'l\91l't of 

• I 

of· a.pa ially purified ataria.ls by other prooae~es. Linde -w.s ssle tod 
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·et;. bo· va.lu.,ble to tl1e proJoot) . 

'tho Linde black oxido plant located at 'l'onawanda. :l'lew lork. 

was originally dod.~4 and built tor tbe pr~o aa111s ot ur• ita-contain• 

irit;: co~ntratea ho• l1.Ji10rioan oro. Th~•t> co:u.oentratea eontained approxi• 

WJ.toly 10;.L black mdd auid S# 'Vlil1&diuia :peintoxide (Vaca)• In t l • .::IU.l 

ot li4Z alt r~tifilal were ~ to th• pl~~t to perltU.t the proce~nf,.ug at 

A&1o.a or• e.onoentratoa oontai~ i~<* 61& to 10'~' Uaoa. '.1'h'O produ.o:t 

!rtm. thi• plA:nt 1fU black oxide ot a. tTAM .1m:w'itha~ •'9url.011 to ti•' 

no-Jtmal o - :reiitJ. black oxi&. 

In the .v.roeoa• uaod by Undo., ~ o~ 4~en~t. wab· 

11lwwrle4 w.t tt. 1W.tur1o aoid u4 •ter tqio about two ~-· £Qda a.th 

«.<ld-.!ld to th t\Q14 oJ.urry to xu·•otptta• mo.at ot th• itl\Pu:r.it1••· 

th• •lunT waa tiltGred. ?!U.t tiltor. o-* •• •ah-4 with hot dilut. 

o.~di · 40.l"'boxl.&t. oolutlon. and 4f.t1ot\r®4• !he t:Utrato •• trc.ate4 

m·th lurric an4 toniowa •lllt•t. to· pree1p1tate tb., i-ea.1~ VA,_d.1tli\ 

tm.d phNpMl'\.Ut• 1'hAJ. :reoul tant •1U1!T1 wu e.gam ttltore'4111 the 4W· ,.,,.. 

di.•~•· Sodiu:a ~ox14o _. ~ t.o tl- oarlX.>nat• 11q).ton to. 

prf!lo1p1tato thAt urMium. u 19diw:& urM.a•te• ! hsr eodiua _._,1*t6 WI.I 

1ea.ob4td 1n a weak 6014 solution witb. -.iouiwa ttult•t.e: to tona &.'ilm®ium 

Ul"O.Nl.'te1 wh.1.oh •a reta0vod tram tho olt.U.-i""i' b1 .filtorin& and oalclned. 

to t()M ~ ptl11'1tied bl.aok ou@·. 

1 .. 6 
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w111••--·! ••. · ~-;;;:: ~)tCi\ !c.. 
tt11dur- u<>n"t•raot 1-i q . -ri-'1401 ~it;-14 • ~ ~onti•tMl'.Cad to bUU(l 

tu'ld opo1·ti.·te a. plf.ltrt. l"t>r rf>t'in:i.n& African fl.nd k101"ic~i ore oonQ.Glltratea tu 

prod~• hl.AL~ oxide :.bi a .ti.-st ut.p, 1~oi-1 tho .fur·t.ber proceuning oJ: th.e· 

blaci.: ox.id.e to p.rOd\l.o& brown oxide 1n • 1coo11d step. and tor tho OWl:-

verliou ot brow oxide t:nto f!T8t't:Q. ae.l t i,n. a 'thirci atep.. 'X.h~ brOfln 

<l~i- nnd t)reen aa.lt t:ihQ;aoa ar$ diu.oueued an,parff.t&l¥ in S~otiona a f.!l).d. 

9. :i:Nit ~ta.l ov:r1.Mfa"IJ.()ti.Q11 <n'>at wu ti&~Oflo.2ao tor all tlu'o• et•P•• oL 

whieh $1,/159.;94.<» ltM i'()r 'ij® !r•lining awp. '.rhe conti.•(t.ct wu net.t9t1atfld 

on, a eoa..,.1~lua-a.-t.UWd-i"eo mutu; nth the tued fee ~ apilf !~ up.-a~·" 

t i .on.a ~- Doa1t;n fit tho.· U.nde r"tlni~ pl.t\nt ·wu ba:'ed upo.ri P"'1'ioUI 

p:la-G pl.Ant 1tudioa and dewlor~t l'f'OJ'k doiw b;y Utld.e~ Uoruttl\lotion 

~~. tru.. plant wu oWlllpl t.d. iin July 194$ and the plan't a--.tec:t into 

O).)o:"fl'ti<m p~eisti.l~ &:er'itum o:rv e;tOM.$1'ttawa (AJp. ml8.11 119). At'ttr 

Q$l'~ •t.ar~-up troubl••• the. re.ti.n1ng QWp op#n.ted. at ~pp~-1-

•tel.v .110% of it'5· d~d. o~itJ' ~t bl tons ot bl-.ok ~e 9tr 

mwi.th -~u. Dttt•lMr ·1~1- In r»oeml:Mtl" 1943, c:>Jiftn.U~ __.., olWl~e4 

to o~nflu. l~ and Gi( Jhie.u, m"ft.· Duf1l'l6 tb• g#rio4 Dlio~r J.M.•.· 

~O'Uth lo~ ioa. fU>u.Wld.n.g Alt·~o.:i on; th* plu' op.,r&t-4 •'ti 

1&_. <>.t Lt# dv•1&n•A <u11paoity o.t ola tbnt ol bl*'* oxide pe.r. aonth. 

IA tho, Upi-U\g or Ul44, ope~&tiou W«JN ..... l"AW ot ~'UUJ,S O.l doat~ 

c~Lt.1. Alt«it" tfovwnbor 1944,. a'h ti. . .-.u1ue1t o~ tM!ao~ Sq~ A:rea• 

L1nd4 .ma,de el ten-tiona in the pl:tlnt Wl4 obango• in the method ot p~ 

0•$11Jiag ~ ordor to inoroue: ~ht> •xtr.otiou ot tho u.r-an,iwa. c!onton.if fr!JJ!l 

·tM ~Mh '1'h.01H.t i.mproV$lDnt• roaultecl tu an inoreua •t extn.ot1on i .. A 

~~ to 98% of tho o:re oont~nt. )Jooetuso o.t tile !1:101"~••• in ehe~cal 

" --=~--1.1 "iiiF I h& · 



higher ex.traction, the unit operating cost in t his step increased 

from approrlmately $980 to $.S5 per pound of black oxide. However, 

this unit cost would have increased considerably more it other develo

ments in plant operations had not enabled large increases in output and 

ef.f'icienc7. In December 1944, operations were chang~d back: to American. 

ore concentrates, and because ot developaenta made during the period ot 

operation on African Gre concentrate, operating rates or approxillately 

l,50j of the original designed eapaci.t7 were maintained through 

Janu&r7 1946 when all ot the aYailable American ore concentrates were 

eonaum.ed. In Febru~ 1946 the Contractor began procening 3. African 

ore. Approxim.atel7 10,250 tona of ore were processed during the period 

February 1946 to~ 1946 at approximatel7 110l ot th• rated 
bac.dl.IS.t oV· 

capaci t.7 of the plant. The pl.ant wu shut down 18 Jul.7 1 '}46 ilu '4 c » 

inautticient suitable rn material and has been maintained in etand-b7 

since then. Total production te Ji July 1946· waa 2,428 tona of black 

Gxide, at a total operating upenditure ot appnxi.Mtel7 15,074,26o, 

including material turniab~ bJ' the Gover.ruunt. 

Conatruct.iori o~ a high-grade ore refinery, at Jlallinckrodt. 

Chemical Works in St. Louis,, wae etar~ed in Ila,. 1945 and completed in lfa.7 

1946. At the end of the year this plant was just beginning to reach 

quantity production. 
I 

7-5. ·Concentrating ot American Ores bx ·tJ. s. Vapadiua Corporation. 

'lb• aourcea ot uraniwa wi.thin the United Sta.tee consieted ot carnotite 

ores, ordinarily containing leee than about 2• ot uranima, and sand 

tailings from previous operationa tor the production ot vanadium. Moat 

ot the uranium available waa in the form ot sand tailings which con

tained from one-quarter to one-bill of 1% of black oxide and approxi-

mately the aame quantities ot vanadium. Since it would have been ver'7 

expensive to transport euch a low grade material from its source in the 
. -_, . "' 



mew York. it waa obvioualy de•ira'ble to nlake arrangomettte tor thg: 

,preliaainary procesoiug o.t these materiala in plants near 'the- $ourcoe. 

~nth thi• iii moo. ini. tial urangeJt1ent1 wore wade ·with the u. s. 

V'an4ld1Uill Corporation (a sUbs14iary ot Union Oe.rbide a Carbon Corpora

tion) to produce in a a. s. v. plant in f!ravar.i.. Colorado,• coneentrat. 

oonta1n1ng a.pproxim t.ly 16'~ 'bla.ok . oxide fro a larg• quan\1t¥ o~ •and 

1iu11i~a which were the propctrty ot u.s.'I. 'fhfi outp'\.tt ot thia· plant,. 

t~t.U.ng 160 t-Gua ot U109 in oono•atrat••• wa1 uU.var•d dU.otly to 

Lindt (4.PP• Cl) . 

Oom~ntli'bly with thi• pr<aoe.•tlng,. ar,_ngeatent& wore llMt• 

ltlth u.s.V. to build Uid opert.t• pltnta at 'Ol.ll"(UlfiO, l'Jo1ol'"a4o, and 

Ui-a.~, Oolorad.o, tor tlbe preUJ1dD1U7 oouoen.t~~ti.on ~ 'tiht ur• lwa 

oont«nt ol the oawif'lq a 9rooe11 ta~lviug leMhing with aulphiw1c 

ti~id .wd 81.ib•.uq~at preolpitatioa with oauatio, ti.ltre:tion11 anci ~ 

ot a oonc;en.t,_'9 called gruu •1.udp~ oonw!rdng 6%'. to 10% black olltlde. 

:atnoe tl• acid leuhiq proa•.•• &110 t'MO'Vttd tho ret14.ual vuadi* 

oont.tit tram the •a.wt• it ...a neo•••qy to pro.o••• t?#'tb.arr tho oon• 

otatra.to i'rca tM· D'l.u"•ngo M<l Ua-a:van. pl•t• /1 t:o remon thtt ~or1 tJ ot 

th• vanadium. cont.en~ Md t"eo4'f•J!' it in. u.aal>le torm. a• a. by ... produ,ct. 

The ,Plant tor thi• o~•ratton wae located at Grand Jtmotion,, Qolorado. 

to which point th• Durtutgo Md Uravan greeb. al~&• ,..a· bro'1gh ... by Wuot, 
' . .,, 

a:id trora which point a c-onoontrate lcmmn •• y•llow dud.&&, containing 

lo% to US.I( \lsOe a.n4 81' V300 , waa 1hl.ppe(1 by rl\11 to tm, Li.ndo i"efi:neey 

1.9 . 

• 



roasting ot thu ;sree11 uludge with aoda. aah tu Ia.ke thb vane.d.,it.Wl 

• 
re:niove ·th0 vanadium, and, f1nal. lf• the dl"ying of tlltt leached aludge 

to produce tbs tina.1 product, yellow sludge. In aooaaaory 01>erat.1.QlUl, . 

the vQa.dium di&80l.V$d tr@ the grun aludge wa.a teooverod aa red oake't 
I 

'Which n• thtn:i oon.ve·rted in"Vo a sal&ble form ot fused vanacUwa pentoxi<l• 

Cona1;t.U0ti11n ana.. oper•tion ot tli• Oovorm40r,1,t plturts e.t 
v/Uf. . 

Durango, Ura~. and Grand JW10tioa-. awted. in llaroh 194i bv t~ 

u. s. Vana.d.1um Corporation und.or oo•t-p1u.a-tU.d•fee oo.ntrac._ rf-7406 

eng·SI. COuatTUCt1on co•'t or tr.Meo pltw.t• _. e.pp.roxi&telJ tl, 691 ,.580 

o.nd opera.ting coat wu appr<)Ximatoq t203,000 p&r mon.tlt, 'tlitb • t!xecl 

toe ot 6 ,QQO per w:>n.tb, starting .troa th . bep.nn.1~g ot o:pGrfl.tion• .bl 

SoptQmb ,z- 1943. ?h«I d••igntd Q&\_pllcity of' tho•• planta woro ae roll.owaa 

Ur ~. 300 ton.a f(Jf •&ml taU.lnp per Ui1J Duruao., 100 tou qt ear14 

tai.linet per dayJ orcd Junot.ton, cu~paoity autrict.nt to hNidle ~ 

ooacen.~•h• .fr0l4 600 "tows ot •and ta!Ung.1 por dq. 

Contlraot w ... 1.aa eng•201,, w.bioh c~wred the prodUQtion b;y 
I ' 

u.s. . v. ot tlw ore oonoontt'a.te. from 1\• own. mill. at UraVWt• Colo~ado, 

' ' 

ot co.ritdned n~oa and o.oo per pounct of 00.ntain.ed 'V'205 in the produot. 

1i<'Weftr, after th& co~traot had ttt;en 1n ope:rati()A f'or • aut'f1cleut 

1•nsth Gr tiJY to produce approxim&tel,- 150 tona ot u3o8 in the oon

oentr'e. taa,, it n.a •tat&d by u.s.v. ~t beoAuao ot 11 do-orou6 in the 

oount.ry•1 need tor vanadium, ooutinued production ot large qua.utitie• 

ot vanadium. piintoxide woulcl not be mirrantod. Th(t u. u. Vw:ut.diWll 

1.10 ••• '- l 

·: .*-' 



MSLOC!Li· 
Corporation requeat.d suap&ne1on ot Cohtraot w~-7406 eng-201 in order 

to &'IToid a tinanoitJ.l lo••• but they ••re willing to enter into a 

ooet-no-tee eontraot tor tho prc>duotioa of a unniuia· produ.ot only,. 

from sand tailin&••. Thia ·~• to the Advantage ot tM Go~rn:Mn' •inoe 

i1' ~roirid.ed C-overmnent supervision and an inor•aaed reoov.17 ot 

uranium fi'Q& av-.ila'ble dOll'lt•tio aow:"Oe•. The al tel'D&tive 'WQ·uld have 

been ror tho '1ovornr.utnt to hold u.s.v. to Co;itraot W·f406 ug .. am.. 

in whioh oaae u.s. v. would )l•W been required to o_pere.'Q· in »uoh • 

"'¥ u to ltinhdi~ the1r ttnanoial. lo••• Thia alt<tma:tive would n.w 
rewltod in a depletion or 11upp11•• and a G$i-1oua reduction in tbt 

wuatul llt• ot th.- Oo:venment-own.ed. Ura.v.n plant 'bct(UILWI• ot l .aok ot 

raw .mat~r.ia.la to be proo••·••d• It •• alao found that tlu• uthod ot 

op.ra~ion would. lot• i:rroplaQetably a.bou.1) 9& tou oG UaOs whiob wo\114 

·}Ha reoo'V'OJ>Gcl if the u. S. v. trravan plM\ opH•ati ou continued unde:t 

oon41t1o~. ot maxilAU'll recon).7' .ra-tlutr thaa ot ainbllua cott. lfith 

tho•• coaid•a-a~iou in rte•, it•• d•olct.d tha• tt would be in "!he 

best i nt•r•ata ot th• G.ovornMll.t to 1u.1pend operat-.uu ot ao.n,tr&Q' 

•740~ eng-201 and,, 'by aupplnMtr1tary agraemen.t to ooat-pl.ua•tixe4·t~ 

con:tr•et lff-7-lOti eng.-32. to tall• up tb• operation ot th• u.s. V. Uraftrl 

;1.ant on a coat•no-tee ba•i•• sad bav• i t optra.tttd. to eeoun nsx1lllum. 

reoovorle• ot urwum. fhl• ohang•·~"i'er •• .made ettactiw ~ 

1944 bf_ auppleuntal agreement to both oe.ntraot• (App. E2<a-S27'). 

FrQ& the beginning ot operation• to IJan~ /./ 1947. & 
, A 

tote.l ot 831 torua ot 0509 in Yellow aluttge WU produoed b~ tll$ U.S. 

Vrt.nadiua Corporation, a:t an operating oxp0.ndi tun of &ppl"OJd.mat•l¥ 



1~here ia not included .in the e.bow o.01t the credit vn.luo ot 
. ' 

924 ton.a ot vanadium pentoxiCW. (ViOs). produoed a1 a by-product .at the 

Grand Junction plant. Thia material ha.a boen ·t;ranaterred to thlt 'froaeuey 

Department to be. rota1ned aa a reaerw of a critioal mattitria.l. 

· Op0Ntio21a ot the plimta in tht'J Colorado Ar01l ar• l:&\Wtll&:riaocl 

by th~ t;n.phs in App&ndi.X D4. It '4i ll bo noted thll:t the unit coats 

.f'()r th.ii risu lw.a been throe!'olch (a) 4oonaiu~d l~t. ot awila'bili.t)r 

ot i"eocl otooka, ('b) decreased perecmtag~• or ura.ulwa in the· ree« atook•. 

and (c) ino·rca.sed obom1.oa.l eonaumpti(,m, vd1ieh •~• oa:ua" by oh-mi&o• in 

t he nature of' tllG f'ettd attc.>Qkth 

the hi~or co•ta a.tter the 1h!:itdown haa beon ·th11 ohau;;o troa qiU~ pr.iM 

opu:ra'bion to 0011>-plu•-fixed-tu• op•ra:tiou under •wih oontU 'Uoua aa to 

GOOl.U'O maximum. recovery ot ura.uil.D oQntainect in tlMt te.ed •tadalo* 

u d.iaous•ed above. ~· nriation in oo•t .t'T<ia the bogt.nning or 

op .ration.a 11' mid 1944 to the latter pvt ot 1945 J".osulte largol)' 

fr()Ji c~g•fl in rate ot plan'U oper'&lti~u, undoJ" ccmditiona where a J.tlrg• 

ptu>t ot the total ooat• M'et 1nd1root and do uot vary tiith product.ion • 

. !n oonneot~on with <>»-~tions in the Oolora.cto A.tee., a 

cottsidotablo quantity ot re1euoh and developm.enii work wae done, 80l'ill9 

ot which r~sulto~ in impr0Vcm•H1ta in. proooseos and reduction in 

opera.ting oo•ta. Prooeesea wor-e aeve.loped and o.n,:ineering eati-.tea 

tmd deaiane have boon u.de which deti10natro.te tht.i.t , it future oporntiona 

sr• undortclren on uranium .. aontaining utel:'iala of tho typo round in 

I 
i 



111'1 uLtL.J .. ~ 
the Colorado Area,. ne-w plan te uaing ::.mproV6d proceaaec oaJ1 be o<:>aatruot" 

iand operCtted nt i·oduoed oof:lto . 

Credi tJ' !'or the me.jod t;}-1 ot tha idoaa studied, upon Whieh 

laboratories. or the .Arr:f¥ &roupa. The raaQnrch aud devulopmoz:•t of these 

'flUE. . 
idef\s ~ oarried out by the u • .s . V. laboratoriea i,.n tlie Colorti.'10 Area, 

in eolle.boration with Cove.r'wi.Mmt-oper 8ted labo-r&tor iea in the e-.. a.r~•·-=} 

7-6. Concentrat1!§ Of .. ~.,ri,~an Oros bt_ venadium, ~o~ni~on 0£ Amer~<;~ -

The "t:\~?!!~dium G or-po1~!l.tion of Aincu·ioa, undor eupply contract• (~oe ll'at"t D, 

Seotion 4). prQoeoaed in ita Q'Wn retineriee in tho Colorado area at 

.~onticello w.ttl He.turi t& varioue ores frQlil ·flhi<>h nro produC)ed, bla.ok oxide 

con.cent?"a\est con1m1ni.1li • PPVO"X:l.ma:t•l.Y il5% blaok o•ide and 251' Tant.dim 

pentox.1de# \.Vh.ioh 'worct thttn d.oli:wt'ud. tu tho V.i ~ro ienutaoturbl.g O•pay 

--- l •I 
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• · ~e ~ -LZ ·· u· ..... a ,.J l 1 •• • • . . ~ .. 

S$C'UON 8 ... l' iW'OOIJ'tlOI Of EllOW O:.UPlt .l\D 
OJM!fSB QltlR 

s-1. ~il«ll - ln ti. --- ~t 19~ .. Malltn.dk:Ntl.t Aal•l 

Wo*-• .SA ~p~\loa 'fl th .. 08» -4 the U'alwrat·\r ot Qhlo.p, UC 

4:..,.lo)eill a :Ph_.• le U. __,__.. ot UJ'-... ••-4• of btdl 

,_.,.,... fhi• pl'Out• •• ,,...., '*"8 ._ Dt•aotio•• v:l\k ..,., ot ~ 

.,....._ tho lt• 1~ olutloa 11t attn• 1o14., ul• ·-* ooadt\toat 

tb• tJMt 1.,._ti•• r..ia.s. la tht wl•tlcm.. h Ff.fl-' ,...l• m.

tra-.e •• .._ boU.t +:tewa ld4 a. ... at.trati.& 'br ,-..•ti.ii# k ~u.w ·~ 

• ._. •*• (wed• -''•· lJt.3) • wMoh •• .,_ '*'" -.. • 'bn• 
·W6- <•_.,... 4.!oxt.«•• •a) br -...w ta ·• •••lllW• d bJAn.

'(JpJ!t., II)~ t,M.• PH••• W ....,. ,,._, ·Ud 16 a a..,_fll.4 1M1e M4 

t d:J.t•t.•• to• It• \Ill Af.4 M' ...... SinM tt WU-. o:idr- Jmo• N'O.U· 

'Whi6 ..U · . .,._ •'-id ot ._ ,.lS-M ,_..,, lt 11.._ --••atT 
1o ....... d4 ,., iftlt .,..ti••· •• , .. ,. ..... p0nt'bl• ,,.... ., ...... 

fadlltt•I t d tM. UUll••'la •f ·Ult 'JftM•IJ, t. pft«v;• ._ f'~liM 

..-ti\l•• d pui/S .. waat.e ••-'•• JoU.wtac ,,_ bQl• pl.till of 

'"'ti.411'1 ~ ))ddl-1 ttw.n• t tpn•\loa ~• .-ld.a •••••ttt., 'Ult•• 
' .,...,...., ..,.. 111114• _. .,.tia.ttcm• ,., ,,.,_ t•i- ,..._ oo.utnett• 

~ 

.-4 O})et'a:ttoa o.f \M "'11f,.H4. ta~lttl••• 11.,. a. X.Ub#krMt ._.._o4 

lttl'kl ha.A ·4-1'~- ·*- ,, ...... . kt.14 lM kaow-ho•· .,,. ...... . . 

• .,.., td out of ta.. ~ olud••· 141'41 Ml- l'nl'1•'• CJoap•• vi•· W.v-. . . 

how ta , ,Q .-.ti-. of •w• .... at.lt•adf' ......... vl\ll tht ,..., .. , 

aM. wll. t~ate4 ~hl~ troll the MaUbob604.t plaa•• -* tho•~ 

a.• a uni' "' ~ •••*' ohda.. JI. X • 411 Ion• 4• l'no•a • C:0Jll'Ulll'JI', ri ih • 

plea~ l.ooated. at JMpattJ", Jf. l., &ao•• ._~--Al.._. tro• Wtl.mt~ton. 



:~ ·:<t,-'"" Ti ". 
a G _& t :i.-·;_1 f ~t. ,! 

X.lawAH, .- •teocla\-4 vl tl\ .. p~.;te-ot, \h~ tii. On.t) 11 Sla ~• 

· •'~P of mulda,..nc V. Cl'"" &alt. 4•'8.il..t ta s.t•toa th••'· 
Slau... tht.• ~l'liptm1' ht'4 vt4• •XT>•l•ot ta ~ ihaloal. fl.U ucl ih• 

IJMgl'apld.Oal 101Mt1oa •• •H dac\o17 tna ~ feoa.ri '»' lt~SA\, 

d\\ h•t · • Ml.Mt-4 ,.. • -.l\ of ,_,. ..... J'A obata of op••-tl•••· 

l'>roOff••• u d l pl•,$• ,,_.. kM •• ~ oricb.al &tallla4*ro4t .t..tlp 

wt"' ~ =t•• . lattou ·(-. ms). 
a...24" WiU.n_. ,._ kl4t 21•'1·~ lb M81llnolcro4t l>la#• t oi- ~ . 

'Pftd1\lt£.a ~I ·to odQ t.• lo•ttA at ft. f.o.1d1,. Mo,, lb!• lat, •bac 

·•lfihw • ._.. ... ,,._. oat• ••· -'• •iilt., ,,.~ a htcblr .-11e& 

l>Ji.o• odh b1 cu · • t • • ..._ .tta.t~ i>rt••• ~ .a 'br 
% 

lfalUaca.bot'- 4*1MW -...,.., la ~ · -;,.1.- lit tttoa k tM· 

0.0• .... \ht• ,,i., alto "" ....... Ct ....... . .,., Uhldq •••• , • 

. ~·- (UO· t ·· 1)1•"29) at tat.....,_ • ._ ~I .. 

. . ...... ttoa. "'"' JW1ll\:mo4t ta ... tall ot 1Ht ... .-i,, 

lt# M-1.ttA l• a t\tel,dd vh_.ltT tMJ' ..,.I ctot\••Nri, al th.ir ...-:.°"" 
, .ftPn'1° . . a• thell" 01llll ·~···• .-. plaot 4'HlP,M to NO••• &1 \oa• ~t ,,. ,· 

, .... ~ ... .,,.... .. ~~ .. ..,..,~~- •'II ¥1!:.o<~"'·""~-"'I........_,................ . .• 

lJlaolr o:d · OJI' toU ol.t pa. Jll!Plth ta.te \ww. ~a. i- '11• ot• ••_,, 

ua•tOJUd •••• · 

the \ado Con'~ \t.?•& -.1 ,~i.a to~ the r>H4111lUosa ·ol· 

150 itl\• ti ~wa o-aa.. or *l.Ut••hn'-• at•-'' pri.ft. of 1.at l>W :p"114. 

(Ap_p. ~ o). \"h.- ftM o.t 4•11'Ytrf' ••lo be o• t• po "9'• •l• 4t9'• • 

••*· tld 1 ••tnot wa·• Jllad.• efte•\tw 30· JuJ.t 190, la or«• to tn\ilw11 

'W aatftt.a1 pl'Od~ ~ lnt_. oonttaot vl\h \M Stoa• & Ve1»1tei-

~••rJ.114 ~--~!oa aottac to~ \he ODJ>. Opdalio•• hi•- •qartAel 

r 
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Through various improvements in the process, the majority ot 

which were developed by Mallinckrodt, the capacity of their plant has been 

increased from the designed rate or. 52 tons of blaok oxide per month 'to 

a final capacity -of approximately 165 tons per month, or more than 200S 

Ll'lcreaae. At the same time, the improvements in operation and resultant 

economies permitted a reduction in unit price, from the ba.aic contract 

rate of $0.3S per pound on termination ot Contract ti-7.905 eng-1 (App. tf'/). 

Att&r completion ot deliveries called for under Suppleaent #2 

ot the contract,. Mallinckrodt, in reviewing its costs,, !ound that through 

v,arious improvements put into effect since the quotation tar this sup-ple- . 

i 
I 

m.ent was furnished, costs had been so lltlc~· reduced t.bat the price for 

th.e 400 tona o, b?'Olm oxide- covered by that suppleaent aould be red:Uce4 

from $1.11 to $0.70 per poundJ afu:l Mallinckrodt theretore made a 

voluntar;i r~ft1ru1' for thi• quantit,-, totaling 1332,000 (.App. E31). '., 
I 

k.lih~krodt. cont-inued to operate th• Brow ~de plant until .,, ·'· ... · 
·,. . , ., ):; . 

.la7 1946, wba operations ~der Contract lo. · *-7.40'5 en&-l were terminated.. 

and the plant '1f&• dismantled. Froli th• sta?'t of' operation• until lla7 

,· 1946 Hallinek,0-dt prOduced approximately 4, l 90t tona of orange and · bvmm 

oxides at . i\;~~1 proceeeing coat ot.14, 745,.250 (App • .F-S). In these. 

operations.- bU4].1ng large quantit1u ot ur&aiUJa-oxide, Mallinckrodt hu 

accounted to~ 9~~~ ot the .materials furnish-4. to th•. 

,· .. ·,·' 

,. 

A8 lffQtioned above, Jlallinckrodt engaged in considerable research:-'"}' ·'.:-!".. 

in developing a~d improving the other extraction process, Which res~ted ~:·>(:>.) 
large increases in efficiency of operation~, !"eduction in ooate, and iner•~~:' ''. 

in the capaciti o:t equipaent. They also engaged in the development, with th• ·' 

a#rinurl ..-
a.3 
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Yale University r,aborato~y, ot processes suitable for the direct and 

continuing e.x.traction ot high grade ores .. 

On the baais of this work, it was decided about Kay 1945 to 

construct a new continuous extraction plant to produce 200 tons per 

month of Brolm oxide from high-grade "C·itchblende ores. A plant was 

designed by Mallinckrodt and construction was started. by E. B. Badger ~ 

Sons Company on 1.5 June 1945 and completed on 15 June 1946 at a total 

cost of $3,698,360. The cost of constl"Ucting this p1ant wae paid tor bT 

the Government. !{allinckrodt has operated thie plant since la.7 1946 tor 

the GoverD.aent on a unit price basis under Contract lo, W-14-198 eng-8. 

the P.efinery baa operated below its rated capacity through JB(>at of tu 
year ae a re~ult of certain opera.ting difficulties. and chang• which 

were made in the plant. Howe:Yer, the rate ot operation.a inc:reued con

tinuoul7 s:iRC'e th:e start Of operat1ona until it. reached 100 per month 

in-December 194'6~ Sine• the start ot operations ihrough 31 December 

1946, 50'! tona of' Brown an'd Orange oxide haye. be.en prod1:1c•d at an uerag• 

cost of I0.82 pa · pound .. 
j• 

S-3. au Pont Brown Oxide Plant~ - The du Pont brown onde plant !a lo- ... · 

cated at C..,,pwa.t•r P,l.nt, la Jerser•. At t.hi• plant an also· located tho 

du Pont Ch&Jlber.e Worke activities which prodt;1ce organic cheaic&la, dye 
' ... · 

'·: ; 

stuffs~ etc. Th• .du Pont. plant. manutactu:ru brown oxia, b7 th• etandarcl 
i" ' v'.· 

.J '-c.° 

ether extraction proce•• preri.ouslr outlined; t7om uranium peroxide sludge;· _:·. . , 
• ", .: O. O • < 0 ~~·:'~~:{Vt; ......... 1 

which is the product of the· de Pont recove?'T plant {See paragraph 8-5), t't'oia .' ."- .", 
·.: ; '-). 

black oxide and .soda salt, and from small quantities ot clean uranium ~d.•·:: · ;. 

11hich is produced a.s dross in certain ot the metal fabrication operationa. . · -:; · · 

The rlu Pont brown oxide plant was constructed on a eost-plua-tixed- · . 

fee basis under Contract W-7412 eng-3, which includes also the plants tor the 



pro4.uttlon. ol P•• ult .ad '11'.tu 11etal. th9 t:ot.i 401\etructlon ••• 

wa• t1,o.oo.ooa (See App. 18), the -.Jo~t.t7 &f tda.lab. lt ohd'9abl• to tiu, 

bro• o.d4e pol'tloJ\ 6f thtt equip•at. 'Wh14 1no1'\1U• eadtl#able 11>•0f.4 

•ta.lnl••• 4teel equlpMnt f of* thll h•dltnc ot m. Wit uta -olu:Uon1. 

·Di• du Poat brow o:d4• plant., top~~ wt tli th• dell Honal 

••4tP.1• Jlh\ione4.t 1• oP•••• on • ••'-Pl"G•ftx•t• 'bull• 0,•o.Uo•• 

ot tltt 'b ·wa oxJ.48 ••• ao111aieact4 bl ••lt' IUtt lHS u4 h.,.. pi-oeee4t4 

vltho'at .n....- 4tttln19 •tD• ,_. tl-. 4- Poa\'• totd Dft4-Ue:a 

ot 1>•• ~,..._ bu bUll 1.tto to~. •• a c;o.t 0:1 ti.n1.oso o• •• .... ;,.. .~ 

!l'On•.Uc ••• of. to.a ,.- po11114 tor \hl• •'•• a. pnuat ••' ~t 

,u o \l m f.• a 41•th4\ N4aott.oa. ~· ..,.,,_., oott ... 1ihldl · . 

• _.,,_.ln e«. ~ tldlflOJ-.ti ot l•l'o• OJ.MR•'Ua ll!ldW• aft!I t•• 
QCAd D7 

zd.tph tll ~· p t. •f t1'9 ,._ .. ._.,. (ApJ>, l8)11· Ot .U total Cl\tall't'1' of 

. l'Od ~.W.. W 4• Jtoa• • . H:d.mAlffil' 1,aft '4••• o• "" ha• MM 

pnh..a r._ l'M*l•• ••• .,.. ~ .. , •••tel• tilde _.. t• ett110 

k Ob pNd.o'U lhp ( ... ,_,. 11ut) CIJ' af.••otlr ·t. tU 'b._,. ~at.4.• pl&•• 

det•.Unc upoll. tM ..Utr of \a. fMt. Jt vU.1 b• ... ,~ .. thl1 ts..-. 
tha\ ~MIO..., ... ttoa• ..... ,Qf ~., t .. ., ... ta Pnrinc: .\M ..... 

. 
inc ot ,,._,._.. "'-"i•..at• with • 111a1. .. ol a• •lariat•. 

u a ,.ol:t of t..proT4t4 ,ttfS"1•ol•• .fA .U ottera,f.oa•, *' 
q,.c.tt.U.•• ot • .._ • •ia.1 •ta _. Jt•eb99la"4 ,,. th• 41l Jtod pi.at ,., . 

ha.•• --· el,.s.ll#U'lt ... ,.,..,.. 

,a..•. W·llLkal·. Q•t• Val,•· ·11te Jtli* . .u .. ll'n4u••·• eo.,..,, lo.••• 
a• ~ I• Tork, cou.ift.ete« end. op.w•t.e4 a plat fo'Jl \h• pnd.lltl

'1oa, ta thatM eau.mtt• •M.P•• ot ltlaok oxi4•, ~owa o.tu. _. gr"a 

..it. 'lh• proo••• u.M4 to11ow4 b lt• •la polatt tbat fJf th•· Kallin*1'14t 

:..:.· 



pl•t* ~ Jn•oln~ ether extractt.on, de-ni tratlon aFJ4 reduction. of the 
<,·:_~;r:~- . 

oranc- 'rAdd 111a· hydro:pn to ton b:town oxid•. In the hydro,.. ;'Ji9lhl-'' 

tton ttep this plmt• 1 proce•• dtttere4 aligh\lT ti-os the Malltncb'od:t 

aa4 du. Pont plant• ln that conHttuou• :rotart ldln1 Yllft ua.t re.tho than 

the batch :proe••• a\ the other plu\I. 

Th• . Lin(JA, l>J'Ow oxi4• '{tleat •• con1tru.cted. •• a ·pan of contl'a.ot 

141401 -.14i whlob haa 'beu. rtf•11'e4 to 1tl eou.euo11. wlfll LIM•'• on 

r-eftalag ~pnatloa la S.OUoa 7. th• operaUoll of \hl• pl•' und• Coa\nri 

W.1401. ...-1• •• Oil a ooat-,1u. .. tt•&-I•• bans. She fH t or the operaUoa 

ot 11 •tap• Ya• $12.500 pa llOJlth awl tba apuaUAC OO•t of 'th• 'b!'()WA o:d.Q 

ates) wa• $454.•?0· tro• •h• U•• 1t ,,.. •tut.a b Ausa.n . 1943 u.nttl tht ttme ,~ 

the plat n• lhltt dow D4 plaol4 ta •t~"'b, condi Uoa ta \he t;io1Jlc ot 

19'4. »a.ria1 ihi1 perio4,. a 'otal of approzl•••1' SOO \4at ot bro-. oltf.4• 

n• p1'041LM4 by ~inde, a• all a.,..ap firoc•••lnc co•t ot $0. '8 per 9oun4 to• 

tli11 1tep. !&atttoaat r.duoU.ou !a QJ»•aUng OCJ•t• ww• 118.4• tJO tha\ a• 

th.ti •t• ot •tttown. ~-. ualt co•• ha4 b .... Jrt4UOl4 tt ~:roxt.atel( $0.40 

pt!' voud (App. ;oJ) • 

4 eo•btn•ttoit of elreu••t••• t eftlte4 la thAt .a.o.1e1oa ._:i, h 

1944 to pla.d t.h.• iucte 'bl9ova oxt4• plat 1a a 1\andb7 aon.41 tlc>sh a.tu"4 ,. 
npplt•• of black 02tdt ·to all o-ptt.•O:oll.• had re-1. tot b • exc••• ot ~· . . . 
'b1'tH4 t»ld4e p~od~tloa 4apaot tr o•• auppll•• •fti'labl• a1 bpte.t .0 th• 

fl.' 

ltrow o.¥14• .,., •. an.4 a rniew ••-. t>f all opt.Patio•• to 4-tnaiae 

which ou• eould b.e •htlt down. Mallinckrodt wa1 proa.••lnc .spproxtmai•l.1' 

110 tone ot · bl"Owa o:d4e per month ooaparff. wt th total bl"Own oxl4• re

quir-.n\1 ot app2"0dQtely 160 tone per month. lt tht Malltnatrodt 

optl'ation WN 11m.t dovn. lntaAeqtlate Oop ao.ttl•i woulcl i-emt1.n in ~ 

other two pl&ltt to tv;ppJ.7 ~equtremente &114 to oonnme aTaUabl• nppll••· 

I ·~; 

~ •• , .. - . i _... • • .; .: • ; 



The duPont operations wef\!DMake%ntC:.their recovery plant operations 

which were producing a wet uranium peroxide sludge for feed to the duPont 

brown oxide plant, and considerable djjfficulty and expense would have been 

involved in preparing the pe?"Orlde in such fora that it could be shipped 

to other brown oxide plants for .further processing. In additi,on, the Union 

Carbide and Carbon Corporation, in conn-eetiori with ita work on production 

of nickel compounda for the l-25 project, had need for certain tacilitiee 

similar to a portion o! those in the Linde brown oxide plant (A.pp. E32). 

In vi.not the foregoing considerations, the d"ision was made . 

to place the Linde brown oxide plant in atand-bTcondit.ion and to us• a. - . ..,.....__ 
' ' 

part or its t.acillt.iea in the 1-2S work during that. period. Since the 

completion ot the lR>rk on niokel compound• deeCJ'ibed &boTe, the balance 

ot suppl7 Terau requirements and capaciti•• bu· been au.c'b that there ha• 

been no need. to reopen t.he Linde brown oxide plant. llne•e, in order to be 

prepared tor &D.T emergency or disaster which might interrupt operations in 

other brown ond• plant•. th• Linde plant baa been maintained in atand-b7 

condition. 

g ... 5. duPont Scrap lleeoT•JT Plant. - .In the majority of chemical process

ing plant.a and aetal fabricating plants, ther• ia a producf.ioa ot by-products 
~ 

and scrap materials. Thia holds true also in ura.nillll processing; in each. ot 

th• varioua atep& there are· cel"tain wast• or acrap aterials produc,ed wbicb, 

e.ontalli uranium in significant quantities. The 11&jorit7 . ot this . .ecrap comes · 

fro& the metal production and fabrication. operations required tor the X-10 

proce:se (See Sec. 10). Ia the metal production operation, approximatel7 2S 

ot the metal charged appears in the by-product alag froa the magnesium re

duction process and approximatel7 4% appears in drosses from the reeaating pro-· 

cesa. In the extrusion process, in addition to the solid metal scrap, 



\ 

metfil ox1de, con•ti tu ting approxb1a.t el7 1% of \h• met~l extruded. t s 

prodttee.4 . t $<Crap. In othei- op•rattonEJ of thfll urM1um-rirocaf!aing cha.111. 

th& ••~ aontd..•t• of reddue1, material• recov•r~4 from d'fltt.nnb, m•• 
lUld 4r1!lnap qat11JN$, du.•t raoovM>tld f'nm v•nUlatt.nc qetam•. and floor 

flWeopl;Qgl ( .\pJ.' • 1!J34) • 

In ori•r to recoTu th• U1'1$l'Wll co11ten~ of th• variou• ••*P 
material• mt '? 1i 1 \ bacll; into pito••-. du .Pont. at the r•ctU•' ot ih• 

Mflnhaltfla D11t:dii\, d.M'Olop..t a .m.thod fol' hadllftC the•• to.rap .aw.t.el"lds. · 

!b.• dli Pont z-eCQW!'f plant t »lli8J')W.teJ.' Pol.at, :r.w Jeraq, 11 adJ&eent to· 

thel:ir l>Jtown oxl«• 1'Jtoc•H.tng plant. iJhe p1Mt 1• adaptai w th• prooe• ... 

tug CJt n aly all t1P•• o.t adl'ap :materld• a1U\ ptodttoe• fr()• ~hem a w• 
van!• 'P~ltlde (lll4.~0) aludg9, •..ad.Gh t• 'IUlta~l• tor .. d;q d.t~eotl1' 

hl~o th8 btt0• oJd.4- ttnce11 ln th• ,.,. ~- •• tt lt _. biack oxtcte 

(.App. 04). 

thll ctattl"llo\f.oa lin4 01)• tto• ot tlut pl.•• for •M• tt.eco•f7 

l)l'O••• ·• mtd•~ 'by 411 hJlt 'GDA•r cott-'9lil .. tbe4-.t•• Ot>atra'OI 

1J..?4U -.21. !he ooJll\i'Qctttoa '°'' ot tk1• l)lat vu appl"Oziaatel.J" 

a~.mso. (S.• .&pp. r..a). 
1'be detigaei oapacl • ot tJW. plallt vu C)l'tg1nall.J' uo tone of 1.ov 

•alu• aiq amt ••8' . ioaterf.-1.• i>•• mon ~ 8D4 14~ 0 ton,• of ~l&h wu 41' • 

--m&terial "P• liOatb. the origlna.l ,,roe••• u•• in'f'Dl'ftd ~· ~ d4 

r-oa•ttng of th• ••ap •tertala, thea • t\"ut-.• vi th '"11.~to aota in a 

htga iemperatw•· Ntol'"t to 41'1Y• ott ~tluorlo act4 tn• th• fluoride 

contaiU4 tit th• ••*P• tollowcl b7 a tna~aeat vtth lt.M, t'Utratlon to 

re.move th• 'bu.lk ct th• •lac t .mpurl'1e1 •• n&:n> oak•" .. and flnall1 a preclplh1•• 

Uon ot ~ itl'aniU eonten\ ot the tohltlon bf acldt. tion of h¥dl"ogen pero:du. 

8.8 

r 



!he pr-ee1:p1 ta"ee ot urBD.1ua per'C).xid• waa :re.moved 'b7 cenlrUU&Ln&, p:roductns 

. .a wet cake 'Whicl\ wa• eha)rged 'a tlle ~ow on4• proc•••· 
Operal1on ot the r•Oo•!d7 plan' began lat• in .hptMber 1943, 

some dUflQ!lty wu anoounte~4'4 ta obblnf.n& a. p.roduo.t ot aati•facto17 

low tluoride con,ent (which 11 e1sentlal in th# matentll. chdged. to the 

brow.a o.d.d.• }lne:"a) an4 in ruchtng 4•11&'1194 C6ttllWllptloa J"ate1. J'vtho. 

more, lt wa1 found that th• 001t of opwating th• hJ'«b'ofluol.'lo Ut.4 r ... 

mo..-ai atep wa• ccnstdae.b1J · •• than th4t Yaltte of ~ bvdt'otlu.ol'lO actl 

pi-04\\*'4 ( P• 33) ~ bing th.l• potod.. a 1-p baeklog of t dl'«p mat._.... 

ta111 1• oa• • be• ae~tiag, and., tn .,. 1H4't d.l& P01t\ ·watt re

l:lwt$ted e the nea111117 Chin.-• an.ct aMl.41 tletnt to pnflcl• 'lo'l- t., 

ere 1tne the proftadlltt ... ~ to no ton• ot 1011 ..iu.e 11affrial• :pg •nth · < 

MA a& tou of h1sh •al• d.ro•• •'-rial ~· aonth. wt th nab chaacft• ta 

tho4• t proo.ea1at.ac •• wou14 l» .,..,..,..,to ,,.. oar• of V.. t.bJorlu 

ettuatlo,n.. efon ¢4 font 11114 44mtlop.ct. • 1atl.1f•ctof7 •tbo4 ~or tluorld• 

re••alt tale Uni1W•ltT .. aatlnc d• 4U.tloa of Madi•• lqu.Te ~-. 

4"elope4 .a matho4, 1nvo1'1bc ~ ute of al.,._ .utphate. to pr.,._, 

~ nuorid.# from .-oa,811tlu.Unc the ~r•ctpilate& t•nxt.4•. . \'bl• •U.04 

wa.• .top ·· la tM rerteect reooftl7 p~•' an4 s.• w.. tool po•tl'b.1• t. · 

41Q•• entiHlf ·nth the b74rot1UOl'iwt aot4 re111"81 q1t••· which ell.S,. 

n.ate4 at:ttala .bo,,l•necb la tM pl•' ·* allqn4 the prodQtton ot hl&h · 

qua).itl' pemx14e. 'fh• "40J)tl1>n ot tht• •thod of opwatle>ll. ta 'M iteco•_, 

pl•' lllll4- f."t pot•lbl• to ln•••e• oonn11pUon ot ctroe1 an4 *1.aa to • total 

ot 2liO ton• pa month, vtth pJ'a~iOfill.7 no a441'1oM1 9'1llp._. ucept tor 

a atea 417• to handle cv,atn we• scrap aatM'ial. 'ih• plet hat operatetl 

•atl lfaoto.ri.17 since th!• period and. ha• ioapidlT depl$W ti.. backloc of 

scrap lilet .. ial • • • 8.9 
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ULiii ·~ -. '.: ::~--·. H _ -; 
A t~tal flf s.4a6 ton• of ear;,p Mt•:olal ha• 'been ~l)n;-a:med by the 

recoftey plant from the beginning ot operation• ta l lanual"J' 1947-, p.Jld. 

bom thee.e matmttle. a-pprox1 tely 98a \on• of ~iv&ent 'black o:dde 

have bean produced, n• tott.ll operating co1t ot approxtmai$l,y $a, a94,l50. 

()1' :m avera,ge :P">c&adng a-oat of $1.17 pa pound tor thi• opeJ:"ation. Stnce 

th• dit'f;ltt f!QSlt ot tht.1 operation 1.t 1.nf'ltiMlced p:r-inlat-111 'by the con~ 

ts.on 'lf aal"ap• ~athe-11' the. by tlMt outpat ot p.-roxld• 1md dn.ot, a• th• 'b~ 

. 104 ot ••~ ~terialit ·hat lwie11 conlWl*l, U... u:raniu QO:otmit Qf aYalla'bl• 

t .ood.t ha• be4a p.l'f)grt•eiva.ly a.4J'e1a.tng, the 110athlT uni' .-•t 't>ued upoa. 

th$ pVO-Jd.d• utJntt ha• recen\~ 'been tran41ng ~ Actually• ho,,.,..,., 
tM •nthJ.r tosJ. co•t hae shown a .itpl t1'en4 d.ovnver4 a• op.-at1nc 

1-\b.od• t~chU<twt• h&Ye :blproftll., fh.t co1t gaph (App. ~ .,_. 

the .tt•d• ot tM-nrtou• op•atinc taotor1 a.t••••• a'bo••· 

!l'ht'oii · th• u. of \ht• ••co'fttlT pw•. lllo~• ·\haa • ot th• 

'l.\1'aatwl coateat of tti. ••SJ atetal•• 'Whtdl othuwlff oov.14 not h&'f'e 

be•ll re1tc.1 _.a,, haa ~ w-.•94 M4 put 'bac .1ato \he P"CM•lna dl'

Cdt, ••• 1• Will •Teaha117 be oo~ to until• t...i •tal-1•. 



SECTION 9 - PROL"UCTICN OF GHEI£N .SALT AND HFXAF1UORI1£ 

9-1. Opf,?rations. - At the time the Manhattan 111.strict took over the 

procurement and production. of uranium-containing materials, the OSRD had 

mad.e arrangements with dtIPont and Harshaw Ch.emieal Compatl7 tor the deTelop

ment of. processes a:nd the production of small quantities ot green salt 

(uranium tetrafluoride, W.F4). 'Processes previously available were long 

and complicated, expenaiTe to operate and invol''f'ed various wet opera.tiona. 

duPont and Harehaw had each put into small-scale operation dry processes 

(differing onl7 tro.m each other in detail) which involved heating brow:a 

arlo t.o a high t.e11peratlU"e in an atmos-phere of b,.Crotluoric acid, whi.eh . 

. eonTert.ed tile brown oxide to green salt in one simple dry operation, and 

.the only additional step neceesary was grinding the ellke or green salt 

into a tirut powd•r (App. C5). Th• pPOcess ftS Ulere!o:re adopt•d for all 

plants required for the production ot g"en salt. However, Harshaw has 

found it. unnecessary- to, grind the ~ salt tor conversion to the hen-. 

!luorid•. . Op.-aticna are sumarbed in th• production and co•t. g;raph 

(App. D9 and 10) .. 

the · large-scale plant fer manufacturing hexafluoride (ur&niUla 
' . 

hu:atluorid~, tW6), whieh ia the feed ~terial tor the t-2S process and for 

I. 
i 

\ 

.. . 
.:·, 

•• 1 .... ;: 

the S:-50 procea• until it wa. shutdown in th• tall of 1945, was operated by .. :·:' .. 

Harshaw. The process conaiata eaa~tially of reacting- green salt with 

fluorine to o:t>tain the hexatluoride (App. C6). A sunaary ot production and 

price• ia shown in App. Dllo 

9-2. llallinckrqdt. Green Salt Plant. - M.alliiickrodt, in a. building 

adjacent. to its propert7 a.t St. Louis, llo., operated a plant tor tru. pro

du:ction ot green salt .f'roa brown oxide produced in previous Mallinckrodt 

operations, and used a process similar to that used b7 duPont. 

• 3¥1\f .. ., 
--r:= ' ' .,., u 11 
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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 sufficiently fine for use 

in the next operation, that or processing green salt to metal. Jlallin

ekrodt undertook construction of' the plant under lump 8lUll Contract 

-.,.7405 eng-13, which also covers construction ot a plantf tor the manu-

facture of uraniu met.al. In erder to accomplish thie construction, 

additional building spac• was rented, .rroa the St. Louis Sub and Door 

\'forks, adjacent to the Mallinckrodt. tacto:ry. ~ plant na built. at. a 

total coat of 1632,4()0 tor both the green salt and metal eteps. Operations 

in the gr.en salt plant . ..,.. begun in April 1943 under Contract W-7405 eng-

29, which pro'ri.ded also tor th• operation ot th• aet&l. plant. Operationa 

under both ot the•• plant• were on • unit. price baaie (s .. App. FS). Under 

the basi"c contract, p:roduetion ot 150 tona ot green aalt., at a unit price . 

ot to.91, W&f contractecl for, with th• brown oxide raw mat:erial to be tur

niab..ed bJ' the GoYernmtrat. ~ugh •n•ral. supplemental agr.-enta, add-. 

y 

' 

., 
I 

iti onal quantitie• ot green salt hal'8 been ord'ered,. at generall.T cl•ereaaing .J 
. . I 

.;_ 

tot.al production to l Januarr 1947 baa been 2, 926 ton. ot gr"n a·a.lt., at . : . . 

a tetal processing coet of $2,591,120, OJ" an aTerage proeeasing coat. of 

$0.44 per powid tor thie .step (App. D-10). 

The large reduetiona in price obtained troa Mallinckrodt 1n 

this .operation are due to the adoption and installation ot variol18 im

proveJ1ent.s in the plant. Durina the whole period ot operatiom, th• 

Jlallinekrodt green salt plant bas produced uni:f"ormly high quality product, 

with but insignificant interruption in production of material.. 

9-3. duPont Green Salt Plant. - The manufacture ot green salt had 

.. 
9.2 

."i 
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been carried out initiall7 b1 duPont. under OSRD auspices. The Jfanhattan 

District took over this work and incorporated it into Contract W-7412 eng-5,, 

which was effective 29 JulT 1942 (see App. FS). Operation undctr this con-

tract was on a amall-ecale production basis at first but, after other larger 

plants became available, continued operation• under thia contract were tor 

experimental and developmental purposes. Tile contract was eatabliehed on 

a unit price basis and under it approxi:llatel7 108, tons ot green salt •er• -

produced; the first .31 tons at a unit price or $2:~00 per pound and the 

balance at tl.25 P•r pound, for a total coat. ot about $320,000. Since all 

ot the major grem salt. plants wer• operating sati•1'actoril.7 in tbe tall ot . ' 

1943 and aince .no mjor reeearcb work was in progr.U or cont•plated whicb 

could th•• b• carried out. in tu pilot plant, operation of th11 unit 1f6' 

suepended u (f)f 19 Octob•r 1943. 

As Jhn\ioned und.,- the section on brown oxide,. <h1Pont., a• aa 

additional e,t.ep in th• chain ot operations to'l' tu prod1lction ot urani• · 4' 

aetal, bad incorporated 1ilnff.r Contract W-7412 eng-3 a plant tor large-ec.ale 

m.anutactv• ot grnn ealt tl'Oll. brown oxide prodaced in· ita iaitial oP.ratior.i. 

Thi• plant. 1'Q in tlut • ._ building u th• brown oxide and t.h• metal plant.a, · 

and wu cone-tructed lllld•r Contract W-7~12 eng-3 on a ooat.-pla'-fixec!-l'•• 

ba•ie. Pi-oduct.1on GI green salt. wae begun about. th•lliddl• of FebruatT ...l 9 

1943 and operationa wn designed to handle th• hll output ot th• previoua 

step• that ia• approx1Jlatel7 47 tone ot bl'OwnPxide per sonth .• 

In th• '41"17 au.mer ot 1944, when the n.ppl.7 ot raw material.a 

began to be ineutticient to ••tiet:r th-. capacit;r ot all plants,. a stud7 ot 

qualit;r, yield, and colilparatiTe operating coete at the ••veral plant. 

producing green salt indicated the ·adviaabllit7 ot suspending operationa in 

the duPont green salt plant. The plant wu therefore placed in atand-by 

condition and wae so maintain~ in order to eatist;r &DJ' emergency requirements. 



cost ot producing 608 tone of green s&l.t was $869,170, or an average 

processing cost ot $0.71 per pound in this step. Just previous to the 

suspension of operations, the average unit cost wae slightly higher than 

unit prices at other .green salt plants (App. fi9). 

9-.4. Bar•haw Green Salt Plant. - Prior to the format.ion of the 

Manhattan District the Harshaw Chemical Compan7 at CleYeland, Ohio, 

under arrangementa made with the OORO and ita agent· Stone• Webeter, 

was producing greea salt on a saall-aeal.e basis (App. :135) •. When the 

?lfanhattan District undartook the work of uranium product.ion in the latter '.,. 

part of 1942, arrangeenta were mad• with Bar&h&• ~or the continued pro

duction of green salt, u•ing a proceBS similar in principl• to tha~ ue-ed. 

b7 the other manufacturers. Tb• details cd equipaent in thitt process <lit

tered troa the othen in that th• raw uterial, broWD: oxide, wu placed in 

ugn••ium. tra1'8 which were in tum placed inaid:e ot eteel tubes lined with 

magnea.iu. Lata nickel tra7a and •teel tub.. were adopted and tbia t~ 

is in use at the present t1-. The tubes ar• externally. heated electric

ally and h7drotluoric acid is passed through- the tubea to produc• the P"ffft 

s:alt ( App. B36). The production ot gi;een aalt waa carried out under Contract.· 
. ~ 

W-7405 eng-2 on a unit. price basis, ettectiY• l Sept-.be.r 1942 (App. FS). ->.,_ 

Expansion of the green a.alt plant was completed in e&rl7 l943 by Harahaw at 

its olin expemse and the expanded rplant hacl a capacit7 ot 25 tone ot green 

salt per 110nth. The total quantit7 ot green salt produced, troa the be

ginning ot th• contract until its completion on 21 JW.7 1944, was approx• 

imatel7 469 tone at a cost of f634,6)0. !he proceeaing coat tor the tiret 

quantit7 produced ne I0.92 per pound tor this atep and this figure was 

grad.uall7 reduced to I0.48 per pound on the laat quantit7 produced (App. DlO) • . · 

.t •·• 
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Contract. W-7405 eng-2 was allowff. to expire· as ot 1 October 1944, 

in ·orde:r that the .t;acilitiea -1.ght be us.ed. aa the. tirat step ot a two step 

process tor production ot uranium hexatluoride tor the 1-25 and S-SO pro-

cease• and subsequent to Sept.ember 1945 for K-25 alone. 

1b.e contract. Wlder which the gr.een salt waa made tor thia 

proceaa waa W-7405 fJftl._276, ettect.iv• 5 Janua1'7 1944. The present capacit7 

ot the facilities on 1 Januar,. 1947 is 60.5 tone per month. Rowever, the '? 

man\lfacturing fac·tlitiea tor green salt were being expanded at contractor's 

expense as ot l Janl1&17 1947 to a .capacity ot approrlmatel.7 Sl tons pe:r 

month. Conatruction was scheduled tor completion and operat.ione at the 

high.er rate to co~ce on or about 15 .f&ll'UJ'7 1947.. !he unit. price tor 

the f'irat quantit7 of aatierial produced under :W-7405 eng-276 was to.40 per 

pound.: Thia baa been g:raQ.ual.17 redaced to the CUITnt price per pound of 

$0.33. 1,171 tone ot green salt bad: been produced under thu cont.raot to 

l Janua!'7 1947. 

On 18 Octobff 1944 an urgent. .request wu J"eceived trOJa l-12 tor 

the production ot 40 ton• ot uraniua tetracbloria (9Cl4) at the •rlieat / ) , 

poaeibi• date, b7 a pl"Oceas wbicb had been used in the labor&toJ'J" but had 

n•ver been used c~erciallJ. Sin.ce· ~anhaw had prodtlcecl tlG.14 en a labora- . , . 
. 

torr acale,, it wu bell.end that; the ux1•a speed could. be secured in 

· tultiUht& the requff~ b7 h&rl.ng Harabaw udertake t.h• work. llJ" 7 ·•oTelllli>~ · 

1944, onl.7tb:ree ••ka later, Harehaw began larg ... aeale pi-oductiob ot thi8 

Jt&terial. under Cont.ract •-~21 eng-4, and the 40 ton order waa completed 

on app!Wximatel7 l January 1945 at an oTWall unit price of' f0.64 per pound. 

An additi<>nal 32 ton• ot uranium tetrachloride tor 'f-12 was produced from 

r.uiduea \inder Suppleaent lo. 1 to this contract at a unit price of I0.285. 

total cost under t.hia contract amounted to $68,800. 
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9 .... 5., Linde (J:.reen ~.htlt Plctn~. - Linde,, in the tM.r-d step or i te ehai.n 

of opero.ti1.1ni•• i:n·oduoed tp"nen sal il rro-. t he brotm ol't!.de produced iA :I. ta 

. second ut~p. Th@ plant tor thia ·irso.rk waa O-Onl'bruotod under Contrnot 

fi--7,1'01 •n&•l4 on 9. oot;t-plus-f'i:xe4 ... feo basis. G.tld wo.e. oper.'hd under tlio 

••• aoatra.ot (A1>P.· F8). The oonatruction aoot ot the green salt stop 

w~• approxit•1at~ly $518.180. Th.$ pl"ooeSt· uqed. 1.J& 't.llltl op•:tation wae almoat 

id"'ntioal to that u.nd by lhu•ahaw, w1 th thtt exeeption that arra.ngeaents 

-w_En:oe uiad• f'ol*' 'the reoovery or e~o••• hydro:tluetr1o ao1d Md. sepantion into 

h.igb grade anh1droua hydn>fluor:tc aoid .6\&1 low grade h.ydrQua hydrofluo.d.e 

11.qid. The high grade e.oit! waa ~oyeled throu~ the pNeettu, reducing th• 

;uet r1itqld.r..,nt 11 and tl\tit lovr grai4u '1Cid wat aold to o~raial. u•ors. 

thereby. reducing tbe o,pe:r~:t!ng: o:o~. !.he r.~n ~•lt qpttro.tlon• begl\n 1n 

O~to~r 194$• ~ppr-o.ximat•ly trio month*'· bEJhi11d tli9 scheduled date. ~uly 

eperating d:tfti.oul tt•• ·we~ tew an• npe,J"-.tiona. (!uiotl.y a.tte.tall4 ~he noe.•••'7 

ra.1ie. ...Uthou6fl th• pl~'t we.• de.•1gm4 w proctun 51 t.c>tta ot gre•11 s.l.t pel' /.I' 

aonth. e1;p&1'~.eDoo 1nd:toe.ted -t.bt approxi.mat.lr &OJI rnr• t~ thta tiu-.ntily 

:oould b• ()\rladnod.. Op~r&iJion. ot the M.nde tt~••n •a.1~ •t.p wa• oO!lOludect 

on l"'1al7 ,,I lMa. flte·· aoa:t or ooatd.nuing thi• opo.Pa1sl&n would h&'ftl b••ll 
A 

e.X.(HHa1vel7 high ainco thi• o,.ra1doa;•uld .h,.,,.. ha4 • l14t•r 'h.• tow 

O'V'erhrnld. u4 aaW•tr&ti.,. cto•t• ot be ntti:ne17 an4 'bP.OWn oxide •t•P• 

wi.tb wbioh th.• green • ·alt at;op wa.a integnlly ·••·•oolat.d.. ! 'be .ret1n•JI')" aa4 
. ' 

bi"OWil oxtd.• st•p• ~4 boea teratnate4 ·tmd.•l' ocmdi.'tie>n• Ntd tot' reason• •n
tiozied prte1'10U.$lJ• Pt'Oa ,,_ 0.glrmbg ot oper~~1onlt to 1 Jul7 1946,, 3,060 

~ons ()f g.reon oa1t haw-. be•n pro4ucuut. a.ti a. toua.l prooe11•1ng ooa'b ot 

$1.394,670. ot whioh 4167.600 oovered GoTermaen1J•hM&1•rutcl •t•r1a1, 
9 

(APP• ri/). 
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--w·.c~ .. .;Jf lJ .. , 
hexaflual"ido • whioh wae the proceu -~fl·~·· }~d :material for the K-25 and. ;;;, .. 60 

projeots and. t ·u'bsequent to £~eptembet- 19~6 for the 'K• 25 project ~nly ts 

oper~tecl by HAtshaw on their property known at the nrookl.yn plant in 

Cleveland., Ob1o, th• aam• plnnt in whieh th• ttreon ltalt was U'lanufe.otured. 

'lhie plan'b pr1>4uo•• b•nfluori.do by tmo rll!la.e·t.ion bet.Gen {freon 8alt and 

elemental tlu<trin• · The prooses conui'5ta or pns•in!; tlUQ\9il'10 over tn.ye 

oon-.S.uing gr••1l att.l"t1 the r~urultllnt hexa.fluo.ridf) vole.t!,U.$os, is S'1'nllpis 

O\lt of the re•o1l1on voas•l. and. i.I oaugnt in c.1o'ld tl"ftpa. The crude ••~or• 

ia1 1a purit'ittd by di.atlllatiou to r1Jni.o-ve hydrofluot"io e;cid (-W ) ad 1nort 

ga101s. I't it the:a. platted. in JSuttable oon.ti~imn.•e to:I." llhipm.out· ( t~.pp . 06). 

n· .lf90.1l'<ih W!)J!'k: Oil tho hexa.tluortde had --tJ•n c•rt'i.fld oirb 'bJI'' 

dUPQnt tmdcn• ·tl8RD progr4.t& 8l:td, whG11 the l!Ollh t,tan Ubtriat s.11suz·~•c! J"f)• 

sponaibility to-r production. ot tho prdoeo3 gaa, ·tho •o-rk •t du.Poll~, 1fh1oh 

bad :t'Dsult d 1 '1evolopv1tm.t ot a sa.t14tllo~t117 m•thod o.f' pro.Uuoiion, ••• 

ooI).:ti.nuod imd.01' Qontro.Qt 't"l-7412 ~mg•lQ(lo.tor inou.l"pora"t-td ill.tQ Ccmtr.e.ot 

W.;.1413 .•ng•l51) offootive 12 Fobruuy 194'3 lrith duPont (S_,e App. FS) .. 

ltt ad~U.tion,, 1t waa deoihd to ha.v-o lla:rshaw oal"l"1 out turth.er d~Yelopaen'b 

work, 7'hi,nh ,. .. s dono \.mdol" Centl"&ot Vf•'140S $:ntii•43. effo('°bivo 18 March 1943" 

dnoe 'bhay poanssod an ,..XQft,VtionAl b•ekgrowia of oxperioAO• in pro0:••aillg 
~ 

inorganic fluorides i\tld had dl'>n1.1 work on aiaila.r .mJ.tedAl• tor the OSRD 

(App . E37, EIS, E$9). 

The plant r ·or ti.all •soa.lo p -od~tion we.o oonoitruetod •ft•r u• 

ten1Jive- Z"e$G0.1'Ch i\nd d velopin~t work whioh inolwlod not oul.7 the deeip. 

ot tbe r'"'"tor oquiiment but also th• doaip of a •'W.tabl.e tl.u1>ri1Mt 0011. 

Th• contra.ct for tbo production ot heatU.'luol'ih w.- awarded to 

Ht1 . ..-shaw under Contraot w .. 7405 &1rlg•27G. ttfJ:ective i January 1944, after 

ccr.apEttitiw 'bid• w~.r& reo'l!tived trom ltarah~w -.nd dl.lPont. lhtrahaw •ubml:tte4 



a lower bid than duPont tor the construction ot the plant and iutall.atio.n 

ot equipment (App. !40-144). 

Contract W-7405 eng-Z16 covers construction and operation ot the 

plant, which was eqtd.pped at a coat ot $480,000 (the building for the plant . 

wae cenatructed at Haraha•' • expense). Subsequent to t.ll.e conetnction ot 

the original plant, additional equipaent was purchased and parti&ll.7 in

•talled,. a\ a coat ot l.322,000, in anticipation et inereuecl requinaenta 

tor the l-25 and S-.50 pl&nt.. Since thia incJ"eu• did not •t.-i&l.ise, 

the expansion-. caneelle4 wh• partially completed. J(owner', in 

Sept-.ber 1946, it -. decided that th• plant would be expanded &i14 011 

l Janua."7 1947 th• work inYOlffd •aa ..U under n7. 

The contractor1- lfarab&w Ch.teal Coaparv-1 ottered a b-ld to do 

th• n~••a&J7 work a.t a coat of 1123.860 undAlr $uppl-.ent. 19, •ttectiY.e 

26 September 194'. Production at the increae•d rate wu scheduled tor 

1 lebru&Jy 1947'. Prod\lction or huatluoride wu carried out. on a unit 

price ba•i• anct .. the contract. initial.17 called tor a plant capacit7 ot 

l .. 6S tone per dq, to prodac• 81.5 tou ot prodUet. at a rat• ot 5.S. ton,a / ) 

]Mtr week daring l944J the co.t ot productioQ ho.a brown oxidtt wu to b• 

$1.35 per pound, and troa an• salt tQ.9.5 per pound. In a &\lPpl-.ent to 

.. , .. 

.. .. 
'. , I 

...... 

, the contract, dated 6 lonmber 1944, plant capacit7-. incraa•d to 2,25 tou 

, P•l' da7,. and in Su.p:pleaent 19 t.o 3 tons per da7. 

To l JamiiJ.r'7 191+7, ~. plant produced a total ot iL,615 t0ll8 ot 

hexafluoride; current contract price per pound ot producing tlexatlllD»id• 

trom green salt. i• I0.60 •. A naAJ7 of the production rat• and unit ~ 1 

prieea tor procening in thi• operation ie shown in Appendi.x1'll. 

DUring the com"ee ot the operations, Barshaw, at the request ot · 

the Jlanhattan District, in th• aaae equipment used tor the haatluoride, ' 

\ 
\ . 

',,., ' 
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manufactured a spaoial lot of a.bout 2.5 tons of uraniUl.1' o:xyfluoride 

(UOzF8 ) bJ tluorina.tion of the orange oxida. Because of its physica l 

e.otivit;y and properties, thia ms.tarial was par-l:•ieula.rly di fficult i!nd un• 

pleasant to handleJ howeTer, Barshaw proees3ed it at th.e same oost in effeot 

at that time for ita regalar green salt operation, that is ~0.48 per pound, 

under Contract W•7405 eng~2, at a total oost of $2,270. 

9.9 
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SECT!O~! 10 - PRODUCTION OF' ugTAL 

:metal ms.nufaoturing program, throe prooeasea w~re evaluated on a pro-

duotion basis. Iowa Sta.ta Collage at Amel., I o'liva, was uaing a prooesa 

involving the reduotion of green aalt with calcium at high temperaturt . 
Ust&l .Hydrides, Incorporated,, at Beverly, ?lassaohusetts, was using 

oaloium hydride to reduoe 'bror111 oxide; and Westinghouse Electrio and 

M.anu£aoturing Co. at .Blo()mfield, .New Jersey, was dissolving green aal, 

in calcium chloride and electrolysing the eolution t~ the nwtal. In 

each oaae, the metal obtained 'by the above desori'bed operation• was 
' ' . . 

later reoast in ~nductiQn-heated vacuum furnaces. FUJ"ther developmen· 

at !Ol'lQ. Stat& College demonet~~ted .the feaeibility 0£ aubetituting 

magnesiWA f or oa.loiWl in th!!t roduotion of green aalt and thi• eub-

ati tution greatly reduoe.d th .. coat ot preparing the ilWt&l by 'the re· .. 
duotion 9f green salt. !h1• pi-oce:sa ~· ~dopted iA tho maj Qr nietal 

manufacturing plants then und.ot oon•truot1on (A~.P· C7). 

Aooording to the original thre••ohain plan ot ope.rat10J:UJ. 

metal producing operati.oJJ& were loo 'ed at the plants of M'all1nokrodt 

du Pont, and Elootro Metall\lrgioal Company, the latter e.a part ot the 

Lind.• chain. Iowa Sta.to College, whioh had beg\Jn re.search and ~-velo. 

ment work on metal production under th• OSRD, wae intended to be used 

as a amall-toale. produotion and development plant . However, booause 

·th& urgent need for .metal, the demoiiatrated abUl ty ot the· Iowa State 

College plant to produce, and the fact that construction ·of the major 

plants was not yet completed, exvanded large- see.le produotion was 
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until tho FB! l ot 1944. 

the •1arioun fabrioatoru . i~otal in th.'1 f'ot"m of a~ouratE>ly turned slugs 

in requ!rud tor th.e K•lO p1•ojoot. A pr"O.Qetii:i ± .. Qr reoaetln& tho ~tal 

~,ing~ obt.ai.X).Od. trom t..hcae •ohi:rdug. Qperation$ wu duvel.oped by 

ll.lffll StaiH~ Coll11ge in. tho W. i11;i;QT pf l944J r"e.at.ing ot ou.r:rtu.-t tm.~atnp 

oont1nu~d at th.11 ifiate.lia.ti.on. until ~eerabo.r 1945. Imoa#tiug ~ i.u>lid 

sort\p hiu-.. beeth m4 ta ou.rrG:tL'tly bo1ng. cli\'rriEu\ ou.t e.t: ~tal. llydr!.de•-

Ap~~d.i;: pg. 

lo ... z. i-kl.llnctaod't U.'b.al PlMt .. Tba. ~lt.1Unckro4t •ta.l plant in 

St, l.4u1a .• !U.saoud, ocq\l",t>ie.e. t~ .et~ond i"lo~r ot a b\lil41ng._ "h• ttrst 

tloo-r oi! whioh i.a ocollp1«td. b1 the iJIU•U ••lt pl.atl". !he ww.utaot~ing 

proo•a.a unod in thi• pl:C!int ii 11W.laJ1" to th.At. omple>~-4 a't'; tlw Q;u .Pont, 

Bl~ewoaw't, .ult! Iowa. ~tt.tte College r.a~t..l pl~tlt• •· lW.llltly,, the ~o4uo·tio~ 

ot gneu, ual t -.1th m.a~baiu. at $l•vtittld teii:Pf>rA\\.U"e• 1n • at;.eo-l 'boab. 

(.App. 01) 2.inod wlth lU. or do-latii,te. 'l'h• f'Wtod l!U.>tal ingot r~•ul~ing 

t rM thb roaotion i• ~l•.a.tuul a;n.4 rema:;lt.4 in: aa 1tl4uotimt·b••te4 

·vaouUf:l fUJ"nAo~ arid QaG~ in tho tbna ol bil.bt.a in p ·aphite mo).diJ. 1'.0. 

Malli.no~rud:t. t.Wt&l plimt ~ C4i'MWUOtod alone; 'fd.th t}W1r- uoen $alt 

pltm:t under Contl"tWt n ... 74Q:l ong-l.i.. (App. V-8) 

O~riltiona h"'vo bettn o~rried out. under Contra,c.t rr;;... ·1405 ong-2$1· 

on a unit prio• bade. Metal operatiOn8 1..Wdc:o this contr.a.o·t "ur"t bef;un 
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in July 1943 and 1,364 tons or metal had been produced, to 1 January 

1947, at a cost of $2,773,7:,0, and an average processing price of $1.02 

per pound tor the metal step. 'the unit price as o,r 1 Jan11a17 1947 waa 

·to.71 ·per pound (App. Dl2). The unit price agreed on at. the time the 

original contract was aigned was $4.17 per pound tor the t.irst 90 tons 

ot metal. laprovementa in the proceee made b7 Iowa State College and 

lll.ectroaet during the period the plant wae under constro.ction, and 

improved operating ettieieneil:u obtained b7 Mallinckrodt during the 

production ot th• tirat 90 tone~ resulted in production ot thi.a amo1111\ f 

at a lowe~ cost than that orig1nall7 calculate«. Accordingly, 

.lallinckrodt ud• a voluntary Htund to the GoTel"Q.eD.t o! &2.20 per 

pound, resulting in a net eost to the Qovemaent ot tl.97 per · pound. 

tor the tirat 90 tons ot aetal proc.qaed in this step. 

10-). Electro Metallurgical Co!!p&!T 1lttal Plan\. - The aetal plant 

ot the nectro X.\&llurgical Comap~ i• located at liagara Falla,. Bew York, .. · 

on their plant. propert7. Th• manufacturing proee .. waa aimilar to that 

prertousl7 described tor Mallinckrodt. Th• plan\ waa corustrueted and 

operated under coet-plua-tind-tee Contract Vf-740S eng-14 (App. !:48). 

Th• conatruc\ion coat ••• approximately 1~.300 and the 

operating coilt.. to 9 August 1946, the date when production operationa ', 

were terminated approxi.ll&tely •2,16? ,000, ineluaiTe ot research. Si.nCe 

August. 191+6 the plabt was placed in etand-b7 condition at a coat ot 

approximately 16,.500 and is b•ing .111&1ntained in etand-lq at. a eoet ot 

approxi!Jatel7 f4,640 pell' month.. During t.he period or plant ecale 

operatione from April 194.3 to Ju17 1946, 1,538 tons ot virgin metal 

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

10.3 

, ., ., 



... ,.:· r- "· ~ ;-
pound. Operations at the Eleetro-Jletallurgical metal. plant were very 

satisfactory and the qualit:r ot the metal produced in this plant was 

equal to or better than that produced b:r anr other processor. (App. Dl2.) 

Producti.cn operations were termin&ted at llectromet even though their 

bid for operation on a unit. cost basis was $0.70 per pound ae cempared 

with VallillCkrodt Chemical Works' bid ot $0.71 per pound. This decision 

was reached based on the following tacts: 

a. El4'Ctriemet had insutticient capacity to produce the 

total metal requirements. This would have n.eceeeitat.ed keeping the 

Mallinckrodt Cb.Ueal Work1 metal plant in operation and splitting the 

required production between the two p;JJaata. Under optinma distribution 

Of production th• OTttraJ.l metal COSta would be.ve been llOre than operating 

!l.al.l.inckrodt. Chemical lforka alone at their slightly b.i,gber unit cost. 

b. · Th• llalllnckl'odt Chemical Works ·grMn a.alt plant was the 

onl.7 source of green aalt. (th• Lin.de and du Pont plant# •ere 1n stand•bT 

tor reaaou •t.at~ pr"1.oual7) .and \b&oY•ral1 co:st ' ot producing green 

· salt and aetai 'w•• ~ ne aore tawo:rable- te.r keeping ()11).7 the lall~krodt

. Cheai.cal Works plant in operation since under the existing setup the 

adllinistration and teehnical ftpeni.aic ... '.ot th• lfaliinckrodt. Chemical 

Works green· •41.t. and metal plants are th.• aame, a.tt the plante art 

.l ocated irt tb:• ..... building.. Cenaequentl7, &llT dcreue in t.tl• 

operating rate ot tb• lfallinckrodt Ch.aieal. Wol'b .metal plant tended 

to inereu• th• unit coat of the green salt. CC?)naiderat.ion was gi•en 

to taking eithezt th• Linde or· the du. Pont. green ealt opeat.iona out ot 

stand-b7 ~or u,e with the :11.ectriomet metal o·peration but the net result 

was even .Ore unfavorable on the basis of cost. comparison with the 

course ot action taken. 
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10-4. du Pont Metal Plant. - The du Pant metal plant is located 

at reepwater Point, New Jersey, on the property of the Chambers Works 

plant and ia housed in the so-called "Blue ProE!aets Area", in a building 

which al.so houses the brown oxide and green salt plants. Construction 

and operation o! all three of these plants were earri~d out under cost-

plus-fixed-tee Contract W-7412 eng-3. The total cost o! construction 

was $1,050,000 (App. FS). Some difficulty was encountered in the . 

operation of the du Pont metal plant; the J1,elc!s obtained were neve-r 

so high aa thoe.e of Jlallinckrodt, Electro.set or Iowa State Colleg• 

anti the a•erage coat per pound ot met.al produced waa also higher than " .. 

t he pricea paid to th• other produeera who ueed the Sa.JM procen .. 

Thua, when op.erat.inc etticienciee and i.Jlproved )'ields over thoee 

originall7 coatuplated made it apparent that soiat, o-r the met.al produc

t.ion facili\ie• oould. b• ellut down, it was decided 1n th" swimer of 

• '.i 

1944 to s·U8pen4, B.P4tP&tiona in the du Pont aetal plant, which was done ·< 

in August 1944 (App. 149). During th• period 'Pt opera.tiona, 2J2 tone 

of aet&l were produc•d a\ an &Terage processing ·eoat ot $1.?2 per 

pound tor this at.ep. 

10-5" Ipa St.ate College Ket!J. BJ.ant.. - The Iowa St&te College 

metal plant- ia locat..ecl on the ~owa S.tate College campus in Ame•, Iowa.,. 

The plant is._ hou.aed in a trill\e building, whio~ 'wa.s a:yailabl• at the time 

work was begun ·· an~ to wbieh sevel"al addi .tions have been made as opera.. 

tions progresse<:t and work increased. · 'ftie inlttallation was originally 

intended f 01 uae in research and development on the metaJ.. manufacturing 

step. and work of thia tJP• was alreadT in progr:es!t under OSRD when 

the Manhattan District took oT·er operations under Contract W-7405 eng-7 
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Iowa titate Goll.oa,c.t Wf>.li a pioneer- in the development Qt th.& .mott;.l pr~oe8AS 

and th.4Jy did 'ehe original work on uho themito pl"Oco.es,. u»inG, c;aloitirA 

a.a tbo reduo.ing u.g$nt. SUbsoq~t d~vttlopmeu~ ,pro~d that m.&(11.aaium,, 

which ·~as much l:ea;:s ~Xi>~>n.aiw t.hwl qal.oiua, uould be -.t1at'aotorl1f 

u~H)d ft:lld t hi• pl'ao•~s wu a~tfld. :tor \U$0 i a &ll ot thQ m\llt~l making 

pla.nta . .~Qauae u~ th• demtndl< t'or n~tol "r1oi- to the OGf<WlGtlon. of 

the •et.1 ple.tt •~ i ll1uokr-udt. ~ f'otAt 41 sad ~l$C'tromiUt,. opeJ""f.\'ti oma ·· 

at Io.• St&to l'..loll«tp., :which Wt»"• •t.fU"tctd in tru. pilot pl;mt i~ ~· 

ja.11 of" 19d. wero •P*ld.Gd. - a. l•vt•-•aale prod.uotien baoia a.n 
~rob 194$ and. produ9tion •• eqnt.!nWJ4 at • rat. 11.w.1-.r to t.?ULt 

elliploi(#d in th# thr"• otlwr mo.•1 pla·nt• until lfoV0'14bei' 196.41 atte.l" 

#hioh. ~r.:b:ltm.ta:t r~utearch :t.nd 4,ovelopt!Uftit ~,Perrt;ti.ona an tl1e #&en 

•ol t redUCJtton p}"(>Q;Gt• wen cOUctinWiJ<l until. l .April lil4& (App. .JJ!iil). 

Vurin 't'U p.trio• ot o'-•r.rd$1ona at tbia :plan.ti, 66~ tune ot xiwtal ·n;rtt 

produood a.t an t.wraa• pro.,~uu1i.t11 ooat ot app~U.t.17 01.su pw 

pauwl. for thia atop • .inoluatw ot the uo.1t Q,f r.oJtca.r-oh and dwtreloJ;lt•m.t 

e&rried on prior to ia.t:i.d &ti.m.ul:taneoua:ly w1 't;h. pr<>duc.ti.oa .. 

In ~epi$.om.b•l' lS41, Iawa Stat• Oollego •a r~q\.toltod 'o 

devol6p a ~oc~a• tbr- outing 11Wtal turning•.. tho •ut1 ot thtrty ... .fi• 

thoWi&nd dollar• wu allooat.,_ in ti. f~ l ot 194~ ~r the· d<f•ip and 

aonatruotio.n ot a ~u.tldirl& Ctn4 th• noceeaar¥ ~ui~t tor 'bb.ia operf4-

tion. Th• prooetut whioh w&a developed in.oluded th~ ~fiPint; and 

clean.int; of th• ti\U"Xdu~~ aePflr~tiO".n ot tine partioloe ot .onde w~.d. 

H>-.6 .• ' 
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metal, dryin{~• pratHJ.i.ng 1.ri:to bviq14ota and l'ilblti:ng ~rui o~atiug in W1. 

induction•hoatod Vll;..ouum tumAce to i~orm hillc.ita (App. Et;l .. t oa) . 

Cuting ol." tul"nlll&G waa begun early in l.944 on a pilot plant 109.J.e 

and. on 26 April l944 th1t 1n·oo•u• nt put into .f"ull- eoale ope:vation* 

and oc:uit1nued until 3l. .Deoembor l~&. ei.t ·which title th• oontraot was 

allowed to expire. Up tci> 1 JanWU"y 1946. 319 tona ot finished metal 

had been l"f)()attt .from turn.tu~. -.t a a.oat o·t approximately to.80 per 

poU?.ld., inolud1ng o&at o.t ro1Htv.Gh aa4 clevel.opti@nit work. !t lfill he 
' l3 

noto.d. tram th• graph (App. D-) tha:t; ~ oost ot ~uting raot..l turn• 

inga ino.rlltUed aU.ptly- in the e&J"qr ga.rt tit l.94&. '.fb.ia is b.Q'b an, 

incl;'(M\ .. ia •1<1~ optJ"ating <Jo•'.._ but r~au;Ltt fr01tJ ·tlho 1non11•• 4 

pro90'rlton ot overilH4 no•-U• ~hat't.;e4 to tht• opentJ.on ..ttol" lar~ 

aoal.• v1Tg1Ji •W produotton ,_, awap"4ded. 

l 0-a. ~tat ily;dr:ld• ~ . .Pl•,ni; .. th• lt•tal llydt"ld•• ut.l 

plant 1• locaU.d •' newrl:f. Uat.aaohwt@tt.I. Production ot 111.etal nt 

beguai .tu 19 1 ~ • oo.at.-raot. w1 tlt th• ·1at1on.al ~--~ ot c~ 

and an OS·RJ) aub-contzM' lfiUb Ool\11.l)la. ·unt.·wuraitf~ lfb1• Q.• .t1>llollli4 

b;y anat'b,o• OSRD cuntr~ (OD at-ala} to~ tU. ptQd\MJ\ion ~•al oil 

a 001t-plus•f.IM4-tefi bdll, which waa 5Upf1Ui~ed bJ ~ l4Anba$

Uittriet, oo•t.-plut•t~t.uci-.to• ton.U.ot n ... v4.0a e&- 8 tu Uov•b•r Ud 

(AJ?J• . FS). Th• pll'C)Ooaa W.•d. *' *W ttyctrid0.• iuvol'IN tlUIJ ro®attoa 

ot brQWn. oxide with (Utlotutl l~4J1.q. 1'll1• l'"oac~i·on produc.d a 1t0tal 

powc:le.tt whioh. WM •~a.que11t1y J"•o••• iA 1n.du.otion-hcta'tu4 vao"~ 

~•• tO t'ora b1llota. Th• iaata1 powdei- ftA found to haVQ & lU~l'ong 

t.ndendy 1;o bl apontanAioWJly Wlamal;ile and thit tm:u:lwnoy u~~1 tu.tad. 

10 .. 7 -·:: 
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r~duot.ion. 1Wi.'HJ$SS,, us .~ ~n.e•iwn. and tb.41 <il\u~l..tt.~ ot.' .:nettt.1 pro.duct.lid 

w~ol :also bulmt th~ sttmda.rd ot tha:b pr~tluo~d b~v the th~MW. pi~oeesa. 

boctaU'5e oi,. the di£'£iculty 01"' preparin~ EJAlP1um hyltride of the r6tl'Ui&itv 

purity·. Aa®r41ngly, eJ.'tw axten.~i.w k"eGceat"oh wu unable to Mlc.'e this 

pl-"ooasrJ t\G V*"0.m:i s:!ng ·as tht; thti;mi te pr<>c:t!li;,. ·bhfl m(J1*l u.iaking upeJ."&.• 

ti one wertJ d1 :uiontin\il.od on 31 Aut;uat 19'3 (1\,PP. • E~. ~&u). Du.rin.t; tlu) 

cou.rs~ of vir~1n Mtal akin.$ operat.iun•• "'fl l'.Ultal n1dTidoe,, 41 Writ 

o;f ~t..l ·wore produoiod. ~t an a~ragq 1ir,00(1*1i1a~ ®'t :or· 't\h~a Ol?"-'i"ation · 

ot $8.,20 p.e~ ,p-ound,. 1" 

!a th• uatitimt._, a. neooa:1d:t;- had a:-~fet.n l'or :r~ca..ting '10rt9 

materiAl d~.r:l.wd i~ol!!I tho tabri•1d.on ol the bill.0t• into t~l tunt 

t o%" ·t'iba x-10 pro®a.a, 1~d.Q1 t.i:onal o-"ting oapaeitf •• av&ilab1oi a.t. 

~etlll :ayl.~$.du• '-'•1' ~e::oauting ot tbt• scli\p. e;.long wttb $MU aetltil 

l;u~ta produced. at ·~l$4it1:n&ho\ ••• -· ~-~ in t!w lpri~ ot w.a 

{App. !61. ~l>1). neouting ot l1'-eattti'114lua• roo.ter1Al wu di•o(l1't1numi 

i:n tli4J fn.ll or 1943. at..,. th• W•sthiglun.ll• eontr.~t l'~-.4 \!•- &ll•P~&itct. 

rieo&litiug of :1orap •t ! •ta.l. fl¥dri4•• WQ oon;ttnuod,. tu~ iv ~roaon'tly 

ocmtilluJ.na,_ at a nltl or a8 ~ t;f Oet"*P OOJ).J~ l);itV llOlith• 1¥090 

t<>na ot .t!niah-ed u:tal. had be:e l!S&lluc&ct\.il".ed b)I' reoaat.1.n, a• ot ·' > 

l JM:uuy 1941, at an atre.i"l\&• -coa.t in thi• 0.pore.tion o.t ap.,pron.te:ly 

to.II 1atr po·und,, ·tbe cu.1:rwtt1l ·uw,1; pri.Q• tot' reoaat!n~ at MQ1*1 

· '5ydirt4-a 111 $O.S9 to · Q.,41 per pol.Qld., do:pendlng u:;x>tt tb.e twu ot a.o·~p 
\3 

·(APP• np). ·All Metal fty·dl+idoa ap&ratiot111 to~ the ~a.tttm Di~triut 

lll4vt boon carried tJUt ~mdOr Oontnot W-1408 ®g-8, whioh was changed. 

tr«J;. tl~o orig1-l oost-p,l•-tixmt ... i'&o baa1e to th& uui.t prioe baa1o fot 

r~e-B.a tin& of a.orap. 



10-tf. \~aat.inf;houno i!@tal fl.an~ - !ho i~e:cst.in~L:Ousf) ~ta..l plEi.nt ... --~---.-.....-· ____ ___.. 

the ~nhattWl Diat:riot. 1.he OSJU) oontrnot wnlit i.lup.eraeded. by the 

ianhattan fH.striot unit pr:\.ao Contl'"U.Gt :ii-'l®'l ~>ng .. 2 e.s ot l Augu~t 

1~2 (SeQ h.pp. l~B),; whioh called i~ an tnat"i:;&l'.llil ln prodtrCU<m trom 

l.36 ~)OU\ltbt per day to 380 poui1d• ~r day bq trul @ld. or 1942 (App. r106. -.. 

~SO). ~e ~~·u•tintr.houU.e p,.t'Octiiu• :biv'Dltr~d, ·thit ao1ut1~m. ot g~ tsa.lt 

(ud later a M.xtw-• of Vi.if.II.~ 1aJ:b. and b~Q'W.n od.de) !n tu,lten calot.usa 

chlo1•idu. f1:>llowod by \lle'Ot~lyau to tJl"OdWle .tim1y divS;dod l!lO>b&l,. 

wh.ioh WJU& pr•tid•d into briqu•t• an4 "°"*t in'CQ smal l .1.Qg'1ts i.u. in• 

dU4ti.ou ... iw~wd: VMu.uia .f.\u'»a.e••· ·,. •pi w ~rOftllWnta -.de 1il -th;i.1 

p.vaetnut. the qual1.ty ot :.P'!'Oduci1i:m ami Yi•lda wer• rttlu.t!wly' p<>or. 

lo11:tet ot Bter ial w~r•· hi~- ad. 0oat# wttr• h1~r tbau tbOl!J• ut 

o®'}?~tint; pro4uc·or•• Aocord:tng).y_. tho tteottng)loitae cu1ntl"M\t •• 

·tond.nat.4Jd ao of '16 October 11141. (APV• ~). During tit.e p.fH'iod ot 

~orations.- ~'e•tingbowu~ produced approximat•lY' ea tooa gf metal , at 

a total procesuiug ooet at ~l.Ga~,WQ i nolwUng ·the <.JQat of t--•~4J"($h. 

and dov•lopmont wot"k, nntl ad Utional. pl,.1mt te.oilit.Uto. 

10-a. !~r'\it-h. l'..to.bore.torl•• tto·ta.l Plant - ifu.ile tz:aey we" neV"u:r a, 
... . . ! ........ ~-· - . . . 

,prodoo.tnm unit, tiut . taQilit1~a of 1'ruah IAbarlltoriet, Cle.·wl•t~1 Oll.11-1, 

a aubvidiary ~t ErutJh Eeryll!UU& C"OMp~y. wi:.•re WleHt in rotte.aroh ~w.d 

10.9 
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SECTION 11 - THORIUM 

11-1. 'lboriua Procurement. - In order to provide quantities ot 

thorium salts to the research project at Iowa State College, the Madison 

Square Area entered into Contract No. 2-17-028 eng--3.3 on 21 January 194"6 

with th• Lin-deay Light and Chemies.l Company, West Chicago, lllinoie, for 

· the purchase of 9 ,120 pounds ot thorium. nit?!'ate tetrab.ydrat• .(mantle grade) 

at a coat ot $1.80 per pound. Th~ Lindsay Light and Chemical Comp&tl.J" 

waa chosen tor thie work becauee of its long experience with thoriwa and 

rare earth chemist.17 in the preparation of gae mantles and because it wu 

the. only eource of thorium mieh waw cleared b7 Arm.7 Seeurit,- at the time, · · .. 

Deli veriea w:ere COJapleted under thi·s coratract on 25 January 1946 and th• 

contract ·~ closed. 

·On 2 Ju.17 1946, the. Madison Square .Area. was requested b7 
' 

the Re4Search t ivision at Oak Ridge to procure more thoriwa nitrate tor 

the research at Iowa St.at.e College. Contract No. W-l7;..02S ehg-35 •&a 

drawn up with Lindsay Light and Chemical Comp.any tor the supply of ),610 

pound9 of thoriu. nitrat• tetrah)'drate at $1.80 per pound. DeliYeriea 

we.re completed under this basie contract b7 15 August. 1946. B;y the end 

of December 1946, tive supplemental. agreeaenta had been added to the 

basic contract whereb7 Lindea7 would provide additional quantitiea of 

thorium. nitrate (untle grade) at $1.~ per pound, small quant.itie-s ot 

thorium nitrate (atOllic weight grade} at $4 .• 00 per pound, s.mal.l quantities 

ot thorium carbonate at $7.00 per pound and small quantities of thoriwa 

oxide at $9.00 per pound. 

The function ot the M.S. A. through all this period was merely 

that or a procurement office which had nothing to do with the research 

being done in thorium anywhere in the project. 

. ·.:. 
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S!f.CTl ON 12 - f~UALITY COUT.UOL 
PART A - UIWUUM 

12-l. Operations. - At the time the t~~d materials program was 

initiated. it was reo65ni:ed. that the o<>naideration ot quality was 

equ11.lly a• important aa that: of '~uanti ty in setting up a. progru. 'l'he 

goal toward which all eft"Qrt1 were directed waa the produotio11 ot the 

h1ghea1l q1lali ty metal att ainable, 1.e .. , metal haTing What wae lalown a• 

a "total danger 8\ltll;U.tio.n" ot 0.1,; or leaa. The "total d-.nger summation" 

i• & meaeuraent ot the ••lghte4 efteot Qt all impuritie' en the etfi• 

c1ency ot u.t1lization of uhn11Dl metal in the X•lO proo•as. l t waa rec• 

ognized that to r•a.ch the ••ta'b.lhh•d goal wo\lld require a muoh more 

oompr~hen1ive program ot te1ting. bo~~ ohe'!llioal and phyai~al, than i• 

·ordinarily 01u•rted out in ooutJl'olling the qu,al1ty ot aater!al unute.o• 

tured to the ueu•l oQllllllero1•l etandard.e.. Aooordingl7. stept wel'e taken 

to Qorrelate the teetlnc t.cri1ti1:1•• qt th• tao11ltie• ·t aken o•tU' troa 

OSRD and Stlon• A lf•b•t•I' and to apalld thon ao·ti Y1 ti•• a• d4!J'tOmie4 b7 

the •nlarg•4 eoope e>t '11• progr•• 

fh• aifenei-nt ,:t:nalytlt.oal prograa whioh ,,.. .. orgui 1•fl 

(App. Eat) prorld•• tor• rou'biue pro~•H oun·nl teat1ng in the labon.• 

tQri•• at eaoh ot th• 1n41'ddual 1roduot1oa t•o1U.tie•s a e711tea ot 

oentral co:ntt"ol laboratories fol" the anal19i1 ot ooapo•ite 1-.pl•• ot 

p.roduot troa eaoh_ produa•f' and tor re•e1.rob on m.tho4a ot analydas and 

an o·Hr-all phyalou teat on b:roown oxide and a tinal Pb.Teioal t••t on 

t1ni•h•d m•tal tor the. X-10 proc•••• to be oonduo:tsed at the tralver11t7 

ot Chicago .. 

The magnitude ot the ane.l.ytioal prograa, inTolving "the 

determination ot eoae 60 element• ·tlo a lower liait or deteotion of et 



few parts or f raot1ona of' a :part par 1dlHon was suoh aa to preclude the 
t~st-s 

possibility of carrying z~ out~at each ot the producers' laboratories. 

Therefore. it was deoided to limit testing at the producer's laboratories 

to routine control analyses and to have more aomprehensive analyses carried 

on a.t t'our central oont:rol laboratories loeated a1 tollowss the ohemtoal 

section of the Metallurgical Laboratory. University ot Chicago: Prinoeton 

University. Princeton. N.J.t Maaaaohuaetts Institute ~r Teohnology, 

Cambridge, Ma.sis. 1 and the National Bu:reau of Standard•• Washington. D.o. 

The. f\motiona or thi• oentral . control laboratory gJ"O\lp may be 

autr.marized. aa :f'oll<>wa1 (a) to oarrt out analyses a.a imtioated. in the 

Madison SqtUU"e, Area quality oontrol program., ('b) W tmprove •xiatizag 

m.ethode and deve.lop new method• ot anal7•i•1 (o) to aoil a.a a "tire 

'brigad•tt, that is~ to supply the special ae"ioe1 needed in time• ot 

emergenoyi auppliineh it ne•d ~ • .._power and .tacilitie• to aupplem.ent 

th• ma.nu.tacturera• personnel and tao1liti••1 (d) to analyze 1peoial u.te:r• 

1•1• not ooTered in th• qualitJ oon1»J"Ol prograaJ (•) to g1T• adTio• and 

guidano• on the ana.11'1aal prograa in geJteral (ApP• gee. Ela). 

ExJ>e•d1t\:aree ttnder th• quality oontrol prograa have totaled 

a'bout $826.930 tO l Jauu.u'y 1.947. 

12-2. Uuivera:t.y ot Ohioyo. • !h•r• wa• no direot ooni:re.ot between 

the M'adi•o• Square .Area o.ftice and the Vni•eraity ot Ohioe.go group tor ' 

adminietrati...-. reason•, .a,d, on l June 194Z the l11tter aend. t~ 0. re• 

11,eved troa r«>utine dutie1 in oonneot1on with the progt'aa beoauae ot the 

preut.ire or other work (App. F;66). The group agre&d, ho·wever. to oontinue 

to perform the routine physical testing. Arrangement• were made fol' the 

group to oee.se routine ehemioal analy-aes u aoon a.a the l ~boratory at 

Iowtt. State College was in a position to take oare ot their routine control 



testing. This was accomplished about the miedle of Juiy 1943, and, sub

sequent to this date, the activities ot the Chicago group in the qualit7 

control program were limited to the ph1sical testing mentioned above. 

The ph19ical test on brown oxide wu tranaf erred to the 

lational Bureau ot Standards on 9 October 1946 lea'Ying th• physical 

test on metal the onl7 activit7 ot the Chicago group in this program at 

thi• time E• io2). 

12-3. Princef&n Universitr. - Analytical work on uranium and its 

coapounda had been carried out b7 Princeton Universit)- under an OSRD 

contrac~ as earl7 aa l Ji'ebru&rT 1942. On 13 April 1943, the aerrlcee ot 

this small group were acquire.d by the Manhattan District under a lwnp 

sum Contract W-7405 eng-81 (See App. F8). Ste1>9 were immediatel7 taken 

to expand taciliti88 and peraonnel to cope with the deaanda which con

tinued to be made on thil group. In addition to car17ing a hea..,- load 

ot routin• ana~i• on week:l7 composite aaaaplu, thia group baa carried 

out tundaaental research both on analytical aethode and on the phJaic&l 

chellistrt ot· uraniua and ita compounds. ot particular interest. are the 

developaent ot an electrolJtic-polarographic •thod ot an&lJSia and the 

preparation ot a aeries or papers o~ the separation ot uranium. trom ·i.JD

puritiea b7 ether· extraction. Cofltract W-7405 eng-81 was completed on 
15 April 1946 (I 10.3). 'Th• otlicial ore aeeay at this 'time ns taken . 

over b7 th• Luciu.e Pitkin Com:p&DT uder contract number W-.35-058 ena-9, 

and the lational Bureau of Standards asauaed the remaindel' ot th• 

anal7tical .prograa duties. 

12-4.. Maasacbuaetta Inatitute ot Tecbnolou. - In the fall of 1942, ' 
\ 

the group at K.I.T. was making epectrographic anal79ea under a sub

contract with Ket&l Hydrides. The roup was organized as a eentr&l 
· . -~ ~ ' ,,,.. 
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labora.tol'1 operating under Contract W-7405 eng-4<>, dated l April 1943. 

'ftle work ot tbis group waa larg•lT a epectrographic nature, and the 

unuauallTeomplete apectrographic equipment at K.I.T. wu put to exten• 

sive use, not only in the routine control analysis ot weekly composite 

samples from tbe producers, but also in the development of new proced-

urea. Contract W-7405 eng•40 na complete4 on 30 /.pril 1945, but K.I.T. 

·continued with the spectrographic analysis ot recast metal on a pv.rcbaae 

order buie until 1 Jfo~ember 1946. This work waa transterre.d to the 

Ranford Engineer Works on that date. 

12-5• Jaticnal Bttreau of Standard§., - Since· earl.J' 1942, both 

Princeton Un.ivereitT and lational .Bureau ot Standar$1 had been engaged~ 

through OSRD, on analTt-ical p:robleme concerning uranium. llan;r or th• 

ea,rlT aethod.e ot an&l.TBis, both cheaical and spectrograp·~ic,, had ~.n 

illprove6 or developed in the Bureau' a laborato17, and it was entirely 

fitting, therefore, that l'ational BUreau of Standard• should be inolude4 

in the central control. group. 
.. 

Tbe work at the lational Bureau ot Standards hae been ot both 

a chemical and epeetrographic n&tur•,. and... in addition to ~rtol"lling 

routine control anal7aee, the bvdeJ? of which ha• been carr!ed a~ -thia 

location, the Jational . hreaa ot S~andarda haa been aoti ve in the pr.epara- · 

tion ot s\litable pri.J.u.rf standard• tor the use of t'he project. . ae ,a whole. 

'!'be hrea1,1 hae .also been the principal U30g aaeq laborato?'71 .and im.-, 

proved anal,.ti.cal methods tor these determinations h&Te been dev'1.oped 

at the Bureau and are widel7 use.d throughout the project (App. 164, 11>5). 

In addition to work ot an analytical nature, including radium ~aa,., 

this group has been actiff in .research on methods ot processing oree 

and concenti-atee, especially tor the Colorado operations. 

~ • sEBREf 
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PART II - 1mRitDI 

, . 

12-6. National Bureau of Standards. - 'th:e only work done by 

lladis_on Square Area in ngard to thorium qualit7 control has been some 

deveiopment work on raw material assa7 by the Kational Bureau ot 

Standards. They have also prepared a standard series ot monazite 

samples. 

12-7 •· Iowa State College. - ·· The major portion ot the anal,.tical 

development work done up to 1 January 1947 has been done at Iowa State 

College in connection with their research program. 

12.5 
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:.)E(}'l' ION 13 - AG GOtaJTAlHl.ITY 

13 .1 . Pro · rrua. ~ Thti 1i..eed t'or conserving and accounting f.or ·the 

ex:t remely large tonnage of urtu1ium- bearing rnateriab• owned by the Ouv-

ornment was r6eosnhed oo.rly in tbe developmont ot ·the feed mttterials 

prot)ram, both :for maintaining olose oontrol on opera.tiona and !'or pur-

poa~a of security. Th• detvelopmsnt o.t' a sound accounti ng progr .am waa 

there!'ore tied in directly wi tb. tho oontrol of opore.tiona. 

on uran1wa-bea.ri.ng material• wa1 1nperaed.ed 1n JU.U.-.1"1' lMI by tlut 

iiweekly Production R•port." (App. E72) · submitt•cl OJ •aoh MjCW oon• 

tr&otor who prooe•eed mia. torio.la. i'hi.s report 00111.-t.intd d•t..UG 

data as to inventori•s, r•c>,ipt•, uon•umptiou, produ.etion. and ship• 

and coordinating over-all ope:ration~ at th• oont:ractora• planta. 

In order to su:pplem.r;n~ the ·w • .icly P:roduotion R•port, a 

t'l!o:nthly Uat,erial &i.lanoe". 1u1ti.tuted- in Mr. y 1948, waa submitted 

•a.oh lll<mth by all major oontraotor• (J:pp. 268 ) • the Monthly M'ft er1•1 

a.lance gave additional de.ta roqulred tor aooountability purposes, in

&111\UOh e.1 1t ~ook into •~count, in addition to the not "t.# 11" weight• 

sh.own on th• w'~ek:ly ~od. .tction Rep,)rta.' th• uro..W.wa ecmt.mt o£ tho 
---~----·-· ... 

ma.terials &n.d over-all opore.tional data concerning t;;ood material pro-

duoed, s¢rap produo.ed, and prooe11 loesea, which la.tter are lnh&rent 

in -t>he oomple.x ohe.mioal processing work: being undertaken. 

The oontraotora wer$ advised, in July 1943, ot standard pro-

oedurea for the ha.ndlintt of by- product ma~oride which would eventually 
u .1 
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be con6U."l'.16d in r ooovery '1perationa. Prior to th.at time, in Nov~ber 

di scn.rded -wi t hou.t the ppr oval ot Uad1 fJOll !,1~r.1are fi.r•ea. (App. E67) • 

Periodio inepootiona ot the oon:traotore' plant• were J1Ad• 

ma.ttn•1al 1thi\)ped h1 on• oontraotot' and t~~oi ve.d oy another)• met'boc1f 

ol aeaaying ur•niwa oon1Umt, and eheoktn.g ot contraotQz-11• aeaay• &t 

tlt• o tr•l oontrol laborato.rte.e. :In. Addition, co~trt.otora wet"• r•• 

que~t" to tale.• ele.bora.te preeaution.a il'J imlldling; p,rocee•!ng. and 

Jr'Oieo·ting utaniurit-be&l'h'lg m1ltflti&lt in all f ()J'llt1 anf.l they MY• 

bffn impre•••d ~imtinuall7 with t~ nffcl tor maintaining accurate r.-

cord• to &chiO'Wl'b tor materi•l 4 1.n. "bh•tr poaa•••lo1i. 

In S'epteallE!ir 11.941; a •'budari •hipping aaoru.ctua prooedur• 

n• inatitut•• (App. 'Et.1.): wbiob pl"ovtd•cl tor tn. tonardlng to a4i.aoa 

SqU.&H Ar• ot cop1•• ot v th ahl,pping an4 rec~i Ting cieaorud& on. all 

tran1,t•r• 9t gov.ermant-own•4 uraniu.;..boaring nta1lit>r'ialt into ancl """"' ot 

pl.uu unclcr' tlut J1i1rhd1otion ·of diaon Square Ar · and i ta l\lb-Ue••· 

th.a oontn.otor1 • material ·u•lanc•• hav~ beon oarei\llly oroo•eb.eoked. 

a~ed.nat tbe shipping uuu~nn.d& to ••• that •11 the •te:tiala •hipped bY" 

pleinta,, to •orutinile oa.retully procedures and acour•oy ot reoorda, and 

F 



.P , •' • ' • ™ r~ ~rr •-"" ~ fLC.\9 Jt t 
si. l1ove, it wa.e pcrnaiblo to main ta.in a aatisf'aotoey control o"i'er the 

In February 1946. proi;r&ll ot a.o r~ oante.bility was e~taolishoa 

the prime e:upp,li•r o:t t.ihorium chemioala; in antbipn'tion ot u.ltimate 

liatmnns under the Atoidc t:ilnergy Aot ot 1946 .. 

'. ·'' 



Billets 

Carnot.ite 

C • . I. P. 

F. A. 5. 

·Green Salt · 

Green Sludge 

!fetal 

Radium-n•utron 

Bed Cake 

Boda 

Sanda 

llAHHATTAli DISTRICT HISTORY 

BOOI VII - FUD 11ATERIALS 

GLOOSARJ 

UraniWll metal cast into cylinders 4.2S 
inchee in diamet~r and l3 to 21 inches long. 

! Tanad1ua-uraniWA llineral of C&1Ul17 7ellOW 
color occurring in the Colorado region. 

Co$t, Insurance and Freight,. 

Free alongside ship;, 

.. Qreen uranium tetrafluoride, · lW 4• 

A concentrate, obtained troa carnotit. ores, 
containing 5-1~ bl~ek oxide, and 10-2C$ 
Tanadiwa pentoxide. 

Uranium metal .. 

A mixture ot radium and be1'7llium to pro&lce 
a neutron ' aource. · 

Vanadiua precipitate, recov91'.'ed troa ore 
relining operations, which ia converted to 
a salable fora ot !used vanadiua pentoxide 'f~5. 

Uraniua rods, obtained. by extrusion or rolling 
ot billets, 1.5 .inchea in di&llleter and St~ 1.3 
feet in length. · · · 

Tailings containing relatinl7 low percentage• 
ot uraniua oxide, D30g, obtained a.a b7•prdducta 
troa Yanadiua relining operations. 

A concentrate obtained froa carnotite ores 
containing l0-15S 'black oxide and 3 T&D&dium 
pentoxide. 

WSEBfifT 
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JWIHATTAI DISTRICT HISTORY 

BOOK Vll . - FEED llADRIW 

APPEIDIX "B" 

O.BGAIIZATIOI CHARTS 

12,. Description 

1 Materials section organization, 1 Janua!'7 ·1943 

2 Madie.on Square Area organization, l Janu&J7 1944 

3 Madison Square Area organization, 1 J•nu&J7 1945 

4 lelationehip between k97 contractors and 11a.dison 
Square Area, l Janu8i"J 1945 .. 

. ~ 

5 Kadison Square Area organisation, l Janu&rJ' 1946 

6 - Kadi.son Sijllar• Area organisation, 12 Janu&r7 1947 

7 Relationship between kq contractor• and Jladiaon 
Square Area, l Janu&rT 1947 
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DISTRICT ENGINE~'R 
ol. J. c. Marshall 

I~ 
I 

Lt.Co l . x. Niohol.'.l, Deputy 
Maj. R. Bl~ir, Exeo. Off • . --- -- --r· 

- ------- .. ... ~IHISTRATIVE SECTI ONS MATERIALS SECTION 
Major T.T. Crenshaw 1 

a or J_~!._J!~~~f, A~ a_~ 

' I 

---- ··---~ 
PROCURfliiENT 

Capt. P. L. Merritt . 
-----. ----

----'--··-- -----
PRODUCTION 

Capt. c. Hildlook 

L SP~cu'L MAT~:~lALSJ 
I Lt. L. c. Burm.an 
~ ------ ----- _.,. ... _ 

ti 

· ~ ~ -

(£?; . .. ,..-

I -~~:. ~. Harmon I Maj. c. V•nden Dulek, Ao.et, 

O~GANIZATION CHART 
(Showing Names of ."eotioo J{a a d 1) 

k{A TERIALS SECTION 

l January 1943 

I 
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BIYllL T J.!!li 
Lt. :D; :Duffey 

COLORADO .lBli 
Lt. P. C • . Leahy 

,J MtJRliyH~ ILL-J.llY, ! 
i K&J. P. "1Ar1n 

ST . LOUI S AR:lA. 
K&J. H. Silvi~ 

TO.'iA'i.lNDA il:J. 
Ca pt. E . V&ll Horn 

11 Capt. R. llurie I . 

µ lfI LM INGTON AR!.>. !' I [ , IW . 'I . Snppe..'.:.___J 

u-. IOWA ARli 
MaJ. R. Sav 16?J.7 

II. J't<JlUctICll 
Lt.D. G. lt11J'C•• 
Capt. R. :D . Moree 

l.lV l'.l:"J:IULI 
Ma,J . P. L. M•rritt 
Cap t . L. :Drevealr:raf• 

Sn;.. t AL 1'A TER LU.S 
C..;> t , L. C. llurm&A 
C..~ t . J. 1. Anthea 

I Cl.A SS l rI lll !ILES 
I S/%t. c. P1 l11pp1 . 

r= 
ATTACH ED UNITS 

[ r 

LEGAL & CON'r.''1.CT 
Lt. Col . R, Cornell 
Maj . H. Greenstein 

S?ECl .l.L ACCOUN: S 
"a'!) t . S. Powe r s 
c~ot . r. Stµmoe ra 

ME.O l ': AL UllI T 
-c.~pt . J. L. Perry 

OC0 nrT 
~ VLOllLJ& 

Illm.LJODC! ~ 
SICUl!Il'T ~ • 

Lt. B. 'I. Menl;e 

GU.lRDS 
1
1 

Sgt-. J. Peldmari 

' 
COST 

o. D1Lor.iuo 

Q
. -·---.· 

s UR.l.ll cl . 
__ • ?esp• 

' \ 
; 
( 

I I I •Ulr .t.COOOJUBU.~ft 
L. Qiinal• 

I I I CITll.UJI PDIO!lJJI, 
LL Mal•n 

PIOCUHlXln 
I. Sollcoe 

TllilSPoi7.A.TlOlf 
a. 1 . trac:r 

MA.IL ilD R.EC'.l..'IDS 
B. Jllrenpreh 

017ICI Sll'TICI 
T. Di!ieH 

P10Pll1'T ilD VHD. I' H SYI'l'araoll!l> 
II. Becker I c. I. Gre&ll 

flU.VEL I· LJ TILITTPI 
"f.• M. Jaquith I Sgt, Th•ban 

.t.UDIT 
S. P. Sullhan . 

l 
l ORGAIIIZATIOIJ CHART 
I 

(Shjo wing !lames of Section Reade) 

I MADISO!I S~R.! .lRF.A 

~ Jan1&17 1944 

I 

~ 
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I I 
COh'T ROL I TECHl:ICAL OFFICER . 

Ca?t • ~.L.P.ecker 
lllaj. J.E. '.'ance 

Capt . D. G. Sturl1" 
(Aeet . ) 

I I 

.i'ROD 'Ii COh'TROL l ~~CIAL JU.TE.RIALS 
apt . W.~. Hearon r . .i.. chreet1a 

ACCCUNTAllILITY I li-PRCDUCTI ON & 

T/Sgt H. Sen t1 ft' 
RESEARCH 

r .:.i. 9el:no"e 

M.71 l.IATERIALS I 
!laj. LL.l!~rri';t 

I SUB-AREAS I 
TONJ.WAllDA AREA . r 
Capt . £, Van Horn 

H WILMINGTON AREA 
Maj. D. Stowera 

ST. LCUIS .lJ!EA. H COLORADO AREA 
~ 

Lt. E. Velten Capt. p, c. Leahy 

IOWA AREA ~ 
Lt. E. u. Velten 

Kr p~~~ij;T-;-- 4 . 

~' ENGINEER 

Major W. E. Kelley 
Mllj. c. Hadlock, (Exec. 

i Off.) 

I 

1'~ 

i 

I I 

P. PROJ. & PROC. rc~·T .IJ'lZ!; . '.H . 
F. Ze1tlln apt. Ji.llcKenzi• 

I I 
I . 

SPECIAL PROJECTS LEGAL & CONTiU.CTS 

S. Sturges - J... J... !.eTin 

I 

~ i'RCCURE:lE!iT ADl!IN. tO!ITRACT 

I. Zollcos CO!r.ROL 
V. Rowbottom 

1: 

COllTRACTS 

A. c. l!odnett 

! 
I' 

PROPE3TY 
>--

Capt. C~ Bunker 

' I 

w WAREHCYJSE 

·a. B&Ull 
< 

t 
AUDIT 

~ 

s. F.-~ullinn 

I I 
INSURANCE COST 

c. H. Te111pa o. DU.oreruo 

' 

·~._~~ 

I 

.C.DL'l!. :s:u.: l Cl: 
I c. c.1 t. r.. c.;..h!•.:· 

L.J. Cotton,Jr. 

I 
I 

~S 'T .A.DKIJi. OFF. 
t. w. E. t&lton l TT ACHED UllITS 

I 

LABOR REWIO!iS TRAVEL IllTELL. l SECU R IT! 
l S>.FETY '--- '--- w. Vincent r- DIV. (?i. Y. Bli!ICB) 

Ii. !!. Marsden I Capt. D. Teeple 
I 

I I 
t !VIL. FERSO!i?>EL 

I 

- H!IT: a: SECURITY I PRlliCETON GUI.RD 
?. . r. Kirby Lt, J, L•Tiea ..J FORCE 

I Spc 1. J.t;ent-1n ch aq;e 

I 
MAIL & RECORDS llSA GUA.hll FORCE SPECI.t.L ACCOOJTS '---D. r. ~= J, Feldman ....__ Capt. R; C. !!ill 

CU..SSIFUD FILES OFFICE SERVICJ llEDICAL 
'---~ v. ' D1Biaae ~ 

T/3 w. Cue Lt, J, Ha.land 

TELErYFE ·~ H Sl!ITCHBOJ.RD M!SCEI.Ll.'IEOOS 

T/3 c. Jackaon c,- E. Green 

I 

SPEC· I AL ENG! NEER 
~~ TfilSPORUTION I 

DETJ.CHllEJIT 
Lt. R. Hyde (t'or 

Enl. men) 
Lt. I. D•lf• (for 

Enl. women) 

H. B. Tracy 

' I 
ORGAllIZATIOR CHART 

(Showing Wame1 of Section Heade) 

MADISON SQUJ.RE AREA 

1 January 19•5 

I 

I 
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Relation~hie Between J:ey Cont ctors and 

' dison Square . rca and ·sub-. reae 
I 

As of 1 January 1945 

DISTiUCT ENGI1'.'EER 

.\ 

SOB-~ 

• ..Tar!~'l..:.?Im ;.REA . 

Linde 
Electro Met 
Hooker 
Harshaw 

?.tallinckrod t 

., Iowa State College 

I • 

' 
U. s. Vanadiur.i Corp. · 
Vana~wn Corp. ' ot ~rica 

• • • • • • • :.: •• : -~ & :· 

.. · .. -. 

> 

African l!etnls 
Eldorado Mining and Refining 

. I'ri :ioet on University · 
Yale University 
B. I. T. ..., 
National Bureau ot Standards 
Uetal Hydrides 

' v1 tro ?.lanu1'a cturing Co. 

../ 

. •I 
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iGt A I t.l\Ei J £££ J ____ _ -

AI*UJSTUTITZ DffiSIOI 
Jajw W. G.Abl•7 

""""' ..:..; --· ~"'"-·· -~~~:_.~: ··~P;·-···"'--'" 

~-N;.X,(- ·1 
--------=·-"""' 

TECHII= DIVIS IOM 
)laj or O.H. Grea.,•r 

R.A.1£ .U.TERIALS 
~jcr P.L.werrlt 

.L'<Al. lTI= 
Capt . R.J. Rut..n 

ll· PROD'OCTIOI 
F .w:. ht.or. 

Lt.~ol. w.&. 1Alle7 
J..r"' !:nf;l~•r 

Lt. Col . J .!. Tano• 
!:.uout1 n Ottlo•r 

COllTROL DIVISIOll 
C&~t.1!:.L • .9•chr 

ACCOU!l!il!LIT r 
1/3 R.N.D-.a corr. 

I 

SUE•.UW.S 

,, 

IClll 
Capt .~ . t':. V•lten 

COLORADO 
W&jO'I" P.C. Leehy 

ST. LOUIS 
Capt.t.M. Vttlt.ec 

TO!UJU..'m#. 
'a.j oi- &. L. T&a!lorn 

"11.lfIIGTOI 
apt.O.P.S.rc~l1a 

, . . I ------- ---r= Iim:t.LIGIJICS 
DITISIOI 

•· Y. n.t.ICll 
rtt.t.J .J.O'Conn•ll 

ll!DIC.U. 
Capt.!1...1 ... •r• 

IO~l ~f.LTIOI Cl.Lat 

llUB.Ltt.LI lltanICt 
I 

IW>IICll 8Q\lAD. &111.L 

t 

l 



I.%. Cornell 

RI.II YJ.T!P.ULS DITISICll 
P.L. ~rtU 

ST. tcOIS 
D. 'l>u!fe7 

YI LHI ?'GTOU 
G. L . ~"" 

R!:OEDS A MISC. 
soU!.ci: ).1.lT 1!.S . .BR. 
! . ". l'h:t:r"' . 

BP.Cc::ll.lVU 
!, L. Van l!<>ni 

>:><r:i.t l1T.! B!'.J..°'ICE 
S.B. l!o~ott 

Y.ra.1 .+.~c0u:;u... 
B1J,l'f! -& ll':COEDS 

!R.C:Cl! 
L . .l . De!loh,Jr. 

SU!-OJ'J'l:!s 

llOSTOJ · 

CLlVBIJ..'"D 

COl/JPJ.i>O 
o.w. !hulhr 

P.Ocr.!STl:R 
!. s. 1ear1on 

T'O?TJ.WA?l'D.l 
1. J. Zpp 

o 1e1'1 r z & 'r o 1:. a I{ ~. 11 

l.!OlaC llDlf CCIDCilllJCS 
IWIIIOll ... ,,_ 
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No. B 1. 

REIATIONSHIP BETli'EEN Kl!.."'Y COUTRAC'fORS AND 

MADISON ~UARE ARF..A, SUH-AREJ'.S, AND SUB-OFFICES 

AS OF JANUARY l , 194 7 

A T<l.H C ENERGY CCMMISSION 

I 
ACTING :MANAGER 

I 
I I 

SUB-AREAS SUB-OFFICES 

ST. LOUIS ... CLEVEIAND 

~a llinckrodt LHarshaw 

WIIMINGTON - TONAWANDA 

' 

ku Pont -Electro Met 

- -Linde 

-A frican Metals 

-El dorado Mining &: 
efining Co. R 

-Ma 
0 

ssachusetts ·Institute 
f Technology 

-Na tional Bureau of 
Standards 

-Me tal Hydrides, In~. 

-Vi tro Mfg. Co. 
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lWIHA'lTAB DISTRICT HISTORY 

BOOK vn - FEED KATERIALS 

FLOW DIAGRAMS 

Description 

Uranium production (1 January 1945) 

Uranium production (1 January .1947)_ 

Black axi<Je operation 

Brown oxide operation 

RecoYel7 operation 

Green·ealt operation 

He:x:atluoride operation 

Ketal operation 

/ 

·,, 



... " VANADM.JM 

REFINING 

I 
UST 

UUTil 

'~ llOllTI CILLO 
lLUIJ1IU 

___.. ·1-

u 

t 

,,---- -------- . I -- ------

; 
' 

.... , 
ETHER \ 

-----"' ' SCRAP [_ 
RECOVERY I ~t: POii! I :;yp 

c.LX:l 

E.X TRACTION 1 

+ 
- . I I CAI . 

PI TCl!3I.:11DE • 
I ~ICU'fj.A~ 
~'l'30gj . ) '· 

~ .... 
• PRELIMINARY 
CONCENTRATION ·! 

\ / oun \ .. 

UST 
'UILtJO SAIDS 
• 25~ Ufl 

UST ·I ' 
DOllilOO 11 I UST H ,-

11 {JU Til • • ORUD I nu.o0 
~- ~~r .~~~ . 

,.A I I I I I ., TJ.IL!lrr 

~~ 86°PET 

I .,, ., 1 - ·-

. "'.~-· 

ORE 
RE F ININ G 

Jt 

l 
POR1 
aon 

.., 

jPl llOllD1 1 -t:4·3!:_. 

C
·~ ~~~ i I u3os 

~~ • . . ,P 
I 

LI!lll 

I'! 

Tl?llO 

; T41LIJIOS I 

SOOIUM 
Sil? 
'le.tJ;fl7 

~ · 

" 

\ 

' ...... , __ 

... 

LJ oliJCi ' ,, I OIIDI . 

" ·003 

PROD UCT ION FLOW 

I DROGECN 
UC - 1CN FLUORIN Al!2_ 

i 

CD 

~-- --------- --- -------~ ------· 

LEGEND 

MA IN FLOW 

SOLID SCR AP 

TURN IN GS 

OXIDE c TAI LING'i] 

- , i 

: '=--1 .co- ·. , ·~ 'l~J~ ,~- 3ROVI-- r, Ll;;,~J_,. ; 

1 
·1 I OII DI rl ll C • ;Jc" . uo 'I • • w. . OBIS 

"-.. - 'o ~ __j ~ !!JJISJU.W • SALT .. , .. ' ' -""' I <J ' ~ • 

I 
I 'flTll.I. 

A-------'' C!ILOB.IDI 

' uc14 j 

~ 



j 

OJU.Jai 
OX!DI 

·UOJ 

P RODUC T ION FLOW 

F L UOR l ,N AilO~ 

...,. 

MAGNESIUM 
rt EDUC flON 
(THERM I TE) 

i 
VA CUUM 

CASTING 

t 

I ~ 

~ 
EXTRUSION MACHINING 

t t 
r- -

I 
-- ------- - ---- - -- - -~ - ---- - - -= - - - - - -;;;;: -- --- - --- - - ---- .... , 

\ . ' ' 
I 

L EGEN D 

1 
MA IN FLow· 

- ·-·- · SOL ID SCRAP 

TURN IN GS 
... 

------- OXIDE 

E TA I LING~ 

'"- ~ \\=-~ 
-~ J --( 1- - -- i LIIDI 

·j 
l . 

~ ..... DU l'Oft I I 31!01'1 rl~ M.c.w. 
- • Y. II OXI DI ,j !!ilSRa 

.I 002 _J , l 

0 ti -:-..:-

~ · 1. 
-I 

I 
I !IT114 

A------~· C!!LOllDI 

I uc111 I 

" 

l i:w- ·· 
d::;.i:-r P r-r. 

cl' 

IUC!l!O 
>aT 

M.c.w. 

". 
\-. l!.USl!AW 

l ,,,--·-·- --+--- --· --- ·~ · -t · ---- - ---· --. 

l ri ~ -1 1 - : \ :) \ 
'r 11 11 : ~ i I . 

: :' !TD~S j : • : I 
,.- ~ l) .- ' '> - - -~-~~ .. t,: 1 ~~) i €}.i 

I I J I f ' l ~ JO!"f'I 
I - Q _j_ _ _ f : ! I I 
I . I OV.t. I I ~ I I 1' 

I : sun I : I , 

I •. - \-.:;,: l i I 
~: --- ~ ! I . : . j. , ,..._ 

f I I 1 : . f .. 
-----

; I K!:':AL I 
......._. BISCllI? i 

Ii I!.!CTBO 
. MrT 

M. C. Y. 

I 'f=-11 · f---i ! r=' 
,' ll ft•-ftft ) I RODS ~ l!ill'ORD 111-----+------t 

0 

__J V75 
I 

_I ~ 11 
,}- -~ - "" 

~ \ __ l I 

'~ OUDI - __ ,/ 

L . -

I i 31LU1 J Tt!Ul'IGS 

112 7 
;, - t . I Tf 

~) 

A'or1 



-.,. 

) 
SCR.LI' L 

R!COVERTI, 

C>JI. 
PITCHBLENDE 
OOICDTiAMl~ 
2 S-30 ,(1J309 

CARJOTin 
ORI 

~ 

CD 

""3EJW 
lJ I A I I lJ K P ··I 0 0 lJ C T I 0 I t L 0 W 0 I A 0 R A K ( l JAlflJART 194~ 

,---------------<f ----..: , ' 
a'""'OGD / BTllKR \ u•- THKl!llITI 

l IXTJW:TIOI I UDIJCTIOI YLIJORillATIOI Tl ) 

IU.GRSIIJV 
REI>IJCT!Oll VACUIJV 

CASTING EXTRIJSIOll 

DU POIT ~'OTP CAD Ti T t .,,,,,, ... ,,.,,,,,,,Ci'. ··· · 
\, __ 1_ - - ---- - - - ---- + -- -- - - - ---+-- - - ----~-- ..... -e{ _ -----... --~,- ------------........ 

~ i 

Oil 
HFIIIIB 

"'" 
PORT 
HOPI 

I lpEJIOIIDK ~ 
'«uo4.2B20 

s 
SOOIIJV 

VITRO H SALT 
l•zlla-07 

L. 
OIWIGI 

Oil PO~ OIIOK 
IJ03 

lilCW 

"" l ~-- ---- · -1·----+--- -----,:-'\ 
I I 1 • 1 ~il I I 

LIGD!l I BTDRIOES I ' I 
MUI tl..Olf .I. I A + ', 

I I ' 
--- - - - --SOLID SCRAP I ,- : I ' 

~ 
OU POllT 

ll:W 

BROii! 
1..-.-.1 OlIDI 

OOz 

""'"' I ' : ' lf' G' : OIIDI : I I : ) I 

,• S.:J, . - - - - r DROSS , SCRAP I 
'I I ' I :L I I I 
I I '1 I 

ll:W 
l-...ll !!ARSBAll L.... 

GRD1I 
SALT 

Uf 4 
I 

_j 

E -- l 

: : I 
I A. 1' I 
I I A 
I I • I 
: I I I 
I I · I : £]: I : 1; I l I 
I ~AL 11 

1---1 llCW : BISCU I TS i llC1I ~ ,.I MANFORD lk--1 ROOS 

BILLETS 

I 
I 
I 
I 
I 
I 

\ I 

OXIDE , 

AFRICA! L/ 
PITCHBLlrliDK 

66% uaoa ===_JJ L? _ J 

:EJ 
~----

~ OLu1lC..i -

_.. 



~ 
:J -· . 

' l 

~ - -

"' ~ e OH ... ~ "' .. 
0 
c: 

~~ 
~ 

I 
I 

8~~ 
I 

Ni 8 I 

I 
I 
I 

1 I 
I 

~~ 
I 
I 

5 
I 

t I 
I 
I 
I 

,,, .... ------ / , 
I 
I 

.... 
I 
I 
I 
I 

i ~ii ... " I ()a 
I • 
I 
I 
I 
I 
I 

"' I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.t-

~~ et ... 
0 • 

/ 

i 
I 
I 
I 

~-e ~ - - -- -- -- ---QJ--::, ! 
~m ~~:i! 

o >-- (/) I 
s~ ~ ~ 
~ " I 
I I ' ... __ __ - ~ -- - __ .. ) 

"' !i I 
.. --- ~ ~ I : LLJ"'~ 

~,=i------=~==~-:=::::=~=-==-=~=-==-==-=+-: --~~ . : >- --- "] I I 

~ ~l~----- I ~ I l; - "" '- ----->-----~l 
~ I: 
~ 'I 
0 f 1 

I ~:~r-~---m-;- ----1 i I !
1 

-- -- - -- - - - --- ->- - - ---- ·=-·-=-=:....~-=----·-=-'( 

<-r< !';;~ 

~~ " -

I 

~s i ch , T _"------~~ 1 
' I ..._._,.._, ._.,~·>--""r:::i~:;-~----~-=::.:::i-::;:;:;:.~-~-~-+-=.:_/~·___,,) 

\ 

• 
Cl 

• 

I~ 
.... 
• 
... .. 
~ 
~ ... 
~ ... 

I 

I 



( 

t 
ORE COHCENTRATi 

STEAM 

CAUSTIC SODA, 
THE)l Al!JM)Nll!K 
SULFATB 

PRECIPITATION 
TANKS 

GAS 
( BUR!fER 

w 
t" 

ORE CONCKJlTRATE RE~:INIHG PROC~ 

SUL.ffiURI C AC ID, 
THEN CARBONATE 
OP SOill 

DIGF:>T 
T.llJKS 

FILTER CAKE '/ r-~-·- ---- - --., " T 

I ' / .. I CAKE ' ' ,'' TO DUMP -1 4 , r. 

\ / 

LIQUOR 

'• , 

FILTERS 

/ 
/ 

/

- ' ..J 

t ... ~- · · _,,,__, ... y '' 
' .. ,' . / ' ·-. 

I FILTJ-:R 
' I 

AMJIQNI UV. I 
SULFATE ~1 FILTP.R 

?INI3HED 
HUCK 
OXIDE, U309 

A CAKE, 
AMMONIA 
SALT 

~ 
LIQUOR 

TO 
SEWER 



I~• 
\ J. 

) 

e 

·rTRIC 
1~c·ru _ _ 

I 
[" BRO'llH OXIDE " PROCESS J 

y---

DI S!JOL7IllG 
AHO 

BOIL !Jrn'llr 
Tf,J'KS 

BLACK URAllIUJ.1 
OXIDE 

on 
" SO:>A SALT" 

STJ.:J',!.{ ..,_ - -.-3 
c 0 1 Ls ~ Oil••··--· 

TO 
ETnER 

----R£COVEHY 

:JE!IITM
TIOU PO 

c;,. "-
/J ' ' · 1 V ·-_ .. v· 

FU~L 

GA!J 

·U?Jd1IU!I. :r!t.BA"'=-... E=~-
"Hi~'' ~OLUTIOli 

llIT!UC AC ID 
flfl.-!ES TO 
RECO'GRY 

/ \ ::JYSTEI.! 

PU!Uf,!ED _ 

I JJ,1 • 6 4 

v • " . . 
J • 

. ,., . ' 
• -" 

SYSTEM 

Z'I'llER EXT.RACTIOI! 
COLU' ... ms 

ETHER 

"HEX II . SO LU? I Oll 

. 
dM" trur.ri'Efr -- ·. J . 

PURE 

l!YDROOETl 
GAS 

PO'lfD ERE:) 
"OR.AUG!:.: OXI!JE'' 

URAilIUU 
TRIOXIDE) 

isoo°F. 
v:z<fuZ-;i. 6u -· 

-G'~Slf"urlier 
" UROWll OXIDE" 

( URAHIUl.1-
DIOXIDE) 
PCVIDF.R 

. F'.11JL ,, 
GAS 

DHO\nl OXIDE 
REDUCTI011 FU~WACES 



( 

( 

e 

( j 

( ~ 

:iCRAP 

LIQUoa 

c.u 

ROTARY 
CALCINJm 

!JUVK 
MOTOR 

[ RECOV"'..RY PROCESS ] -' 

PRP£IPITATIO 
TUX 

PRODUCT 
(PEROXIDB, 
uo•. m2o) 

I 

I 

SULFURlc.; ACI 
'nm~t LIMB 

HYDROGEN 
PIROX!DB 



' 

:i 
i . 
I . ' 
.I 
I 

1 
;1 

! 

EXCE:lS . 
ACID 

TO ~ 
RECO"'TERY 
SYSTEll 

'. 

...... 

"DRCWlll O.lCIDR" (URA11IUM DIOXIDE) 
Oll T}U\Y !!) 

CO?PTERTED DY. ACID TO . 
GREEll UIWlIUU TET.RA.--WORIDE 

I 
· I TE!~TUREs · · ~ 1~76°F . 

t 

if??7 21 

GAS BUlWER 

t"UEL 
GAS . 

·. 

: 



·~ 

•• 
_) 

I 

,. 

FUEL 

.. 

[HEXAFLUORIDE PROCESS ] ' 

GREEN .SALT 

v/ __ 
FUIDlACE 

GAS BURNER 

TO COIWEllSER r ---
FROM DISTILLER ., 

I ·,;::..-__ -. . - __ - _- :_- ~-------' ( .. 

Ir . IT ~ 
_il__ 

' / / I . 
/ /_/ I , 

COHD!:!lSER AND DISTILLER 
(COLD WATER FOR CONDE?JSER) 
(HOT WATER FOR DISTILLING) 

' STORAGE 
CYLilIDER 

No. 6 

PRODUCT 
HEXAFLUORIDE 

t: 

I 
I 

I 
[ 
I 

I 

I 
! 

I• 

I: 

.. 
" 

I 
. i 



I 
i 

I-

\J 

~ 
~, 

: 
! 

~ 

'-

_) 

) ·e 
• _) 

. ' 
""'" 

[ llETAL PROCESS ] 

UAG?JESIUU 
AND 

. "GREEN SALT 
MIXTURE 

'/ ~ REACTION 
~ - ~ BOMB 

. , , 

BOUB 
AFTER 
REACTION 

~ 

ELECTRI~ ~ , 

BILLET, 
4l" DIA. 

DY 
20" LONG 
195 LBS. 

POWER l -

VACUUM 
PUMPS 

2 F ' --

BOMB IN HEATrnc FURNACE 

MOLD \. __. __ 

~ l.~ . ;) 
... :<. 
~,, 

- :.., . --

~ 

No.7 ~ 
6 
!<"; 

% 
': 
:~ ., 
;~ 
~~ 

l360°F. 
: 

:·, 

WJIBOLE 



1 

2 

s 

5 

7 

8 

10 

11 

12 

13 

!WmATTAI DISTRICT B1S1'0RY 

BOO! Vll .. FEED KAURIALS 

APPEBDJX "D" 

Deaoription 

Uran1U11l produoti~n 

Uranium·produotion Te~sue requirement• 

Receipt ot t:JsOs in ore oonoentrate1 

Ore oonoentration operation• • production a~d oost data 

B.eooTery operation • produotion and ooat clata 
/ 

Brown Qxide operation• • produotion and ooat data 

Lind• 

Jlallinokrodt and du Pont 

Mallinokrodt Refinery 

Green Salt operation• • produotion and ooat data 

du Pont an4 Linde 

lfalline>krodt ancl .1farshaw 
. 

ltexatluor14• oper~:td-on - production and .coat data 

Metal operation• ~ produotion and ooet data 

Reoaat •tal ~perationa • produotion and ooet data 



I .. . .--_~ __. 

85 00 . 
URANIUM FRODUCTIOU 

80 00 UMULJ.TIVB PRODUCTION 

IN TONS OF URANIUM 
75 00 

70 00 

65 00 

60 00 

55 00 

500 0 

4500 I 

¥ & 
0 ~ 400 

350 .. o /,;f 
300 0 II 

:./ v 
0 250 

l<i II 
II 0 

200 

150 

l 0 r I 
/ 

, 
500 v ~ / ..,,,,,,,. 

0 
Hl42 1943 1944 1945 

No. D 1 

I 

I 
I 

I 

I 
I 

I 
I . , 

I 
J 

I I 

/ 

I 
, 

/ 
/ 

I 
, 

/ 
/ , 

/ 
/ 

~ 

/ , 
~ 

~ 

~ 

/ 
---Mi --- -- s-

scl 
50 
12 -- ---- :Y-

1946 1947 



Ci -
TONS 

8500 

URANIUM PRODUC'.[' ION 

8000 VEl:tSUS REQUIREMENTS 

TONS OF URANIUM 
7500 

7000 

6500 

6000 

5500 

5000 -

4500 

4000 

3500 

3000 

2500 

2000 

1500 

1000 

500 

0 

Ci 

fj t.I 
R 

f / 
' 

It 
I fl 

/ 
'fl, 
~ 

1 llt 
I 

I I 
// 

, 

b,' 
/' 

/ 
v 

1942 1943 1944 194 5 

& 

J 
/' 

f' 
;/ 
I 

1946 

No. D 2 

I 
I . 
i/ ,, 

I I 

// ,;1 
11 

1'1 
'I 

1947 

. ! 

I 
I 

I 

I 

I . I 

I 



TOliS 

~ • .., .....,,. •I\ . :1.... ' -r•"'" ~ ..., 'I • "' !- " ., .. ·'" ·' ' 
: .· L I il I , · 

NO . LJ v 

I 
I 

( I 
I 11000 

I 
\ 

CUMULAT IVE RECEIPl'S I 
I . I OF URANIUM OX IDE IN 10000 

ORE AND COMCENTRATES I 9000 

I I 
I 

I 
8000 

I 
, 

I 
/ 

I 
7000 

, I c 
6000 

/ I I I 

5000 

I ?>• I 
, 

, 
• ~.o'r" 4000 

I ~ ... 7 

J ~ "\'.: 
. 

3000 

!1 y , 

2000 

II concentre.t s -----
~ ...... -

.H>. --1000 

~ ~ 
~ 

I 
01 5 

\e.'£\E:l ---- - -
~ ~ 

0 
1942 1943 1944 1945 1946 194 7 



-

:}I~ , ,\ 

..-... - - I 
'~ _.. ............... 0 - . . ~ .. ""n L; I 

2000 t t-
cum. 
Prod. 
K.Lbe -
U30a 

GIWfD JUlfCTICll 

10001-~~~~~~~-

' Unit 
Co•t• 

-

o, < J ( • 

1943 1944 1945 

usio URA~U 

-------·-I. 2000 a. ' " :... --- ·-·-
Cum. 
Prod. 

JL.Lbe. .:. 

U309 · 

\ ' 

1000 1· I ·· --UD"ft- , 
Cost 

15..00 
Unit 
Colt1 
per 
lb. 
U30a 

z.oo 

1.00 

0 

ts.oo 
Unit 
Co1t1· 
per 
lb• 
tJ~08 

2.00 

"\ 

US&O DURAJIGO 
'-

2000 111----__.~-------· 
Cum • . 
Prod. 
K.Lba 
~Os 

Co• 
per . 
lb. 

·uzoa 

2.00 

1.00 

o I" I I ~u:d. I o 
1943 1944 19'5 

t1SV URAVU 

11\nAL__,----+ - '•1.00 

1000 I -" • v»• ~---1 

\11'\t 
~ c.it< 

Onit 
Coat1 
per 
lb. 
uaoa 

2.00 

l.ov - 1.001 ~ 

O• ~ I I I 0 
1943 19'M 1945 

0 g I 1
1 

J 
194S 1944 1~6 

ORi, . CONCENTRATION OPERATICliS. SEQ R l!LT . 
- ~ 

0 
0 

~· 



'" .. 
'" "' 
ci 
z 

:· > ~ . 
. .:: c 

z = ..; 
::: . 

0 0 = 
" - " : ~ : 
rA K c 

: ~ 2 .. 
.J ... 
~ 
~ 
::i ... 
~ 

... 

I I 1 
I I I 

I I 

I I I 
I I I 
I I 

I 
I 
I 

I I 
I I 
l I 
I I 

I·' I 
I I 
I 
I 

---------- - ----------
iJtlli-''.lr':!j~i~ .. '"i•r;ii~· ioii~-ii-J• 

p.-a"t'."1 ,, t ... }~ dL .; • 

.,. 
I 

-------------------------· 

I 

.. 

ttt!jj=tt±ti-t-t++++-t-++t=t=~+++::l=t=ttjj~' r~~~ttjj::tttt±ti-t-t+;~~H-1-l-+++=+:+=J=i=+:!:tjttttjj 
I~ 

j 
I 

) 

• 

" c 
'- I 

. I G ,,, 
,:; IC ;i "l 

_ , 

··'-·-



_____ .__~-~ -·· 

( 

" : ., 
e z 



( 

c 

" 

.. 

9 · 

I ' I I I I I I I I I 
I ' I I I I I I I 

I I I I I I 
I I I I I 

I I I I 
I ! I I I I 

I I I :j t I 
I I I I I I I I 
I ' I I I I 

' ' . \ I ~ "' " I I 

' I ' I I C I I I I 
11..ll!U• I 

' . I " J I I I 
I . ~ '' I I 

I I I I "f' d'r" l .c I I 
' ' I .L I I I 

I I I I \J U" I 
I I , I I I , ~ I I 

' I I I I I I I I 
I I : I : I I j 

-~· J 
I I I I I I ' I 

I I ' I I I ' I 
I I I I ' I I 
I I I I I I I I I I 

I I I ' I I 
I I I I I I I 

I I I I I 

' ; I I I I I I I . 1 : I 
I I I I I I I I I I 
I I I I I I I 
I I I I I I I I I 
I I I 1·1 i I : 
I I I I I I I 

I I I 1 I I 
I I I I I 
I I : 

I I I I I I 
I i I 

I I I I I I 
I I I i I I I I -I I I I I I I -

I I I I _., ~· 
I I I I 

! I 
I I I , I 
I 
I 
I I 

I I I I I I 
I 
1-
I 

I 

I 
I I 

~l!"\11 11 

1_ 
11.<µ.µ 

IT 

I ,. 
'~~ 'l 

U1VD 

.•, ]Ill( 

... 
11" II ~ 

I 

u -
j., n. 

I 

i 
I 
I 
I 

I 
I 
I 

" 

..... 

-
I I 

~1. I ... 
"• '"• ll J -;1 ( " 11.1..1 IND 

I I I-

I I 
I I -

I I 
I mH 

·- --
I I 

I I rr IT1~ I I I I I I J I I I I I I I I I I I I ~. ... .. ·~ ... 
I j I 
I I I [ , l !l't 
I I I I I _,_ 
I I I !.I' 1 er • I ' ' 

I I I :; H r 
I I I " ... 

I I I I I 
I I I I I I 1 ... I I 
I I~ ++ I I I 1' : 11 1-1-

I _, 
I 

I 

... .. I 
I \ 

v 
II" I 

... 
~ -- ... I 

1 1~ - - -
I -· -

---· - ·-· v .. .. I j I 
1 v 

"' I 

I'· 
r , I 

1~1 ~ .... " 

IJ • rur ,.., 
': ,..., . II . I t 

" 
~ 11 lh 

I J ll• . 
lo 

11 • ..,, 

~ 

T ... ,_ II rt h -..... ; · r 
,_ ..... ·---~= -..... . - . .. ,.., -....... 'r ir .. -... 

l 

~· <+ !1:1 II: I.I. 

~ ·i 1 

8 _ .. ~ . - 1,. ·' • - · ••• -· •. 



--
"' :; ... 
c 
z 

> ~ 
i ~ ~ 

·::; 

.. 

• ( 

e . 

1l=+=J:+-H-++-H-f-rt--J-t-Hlt:t1jj=I I U-..W.-Hf-J-++-~f-J-n-Tt--t--J-f-!--1 W-+-W++-++H+ii-t-HL=t:c::I- ,-- - - I I I I 

I 

I 

--· ~Pr· , J ~!£._, ; , 

I 



( 

e 

.. 
~ 
"' 
e 
z 

.. 

e 
( 

.... _·\ _____ !~ 



I I I I 
I I I I 
I I I I 
: I ' 
I 
I I I 

~ I 

I I 
I I 

I : I 1-· Ill 

I I I I 
'·· 

I I I 
I I I - I ( 

I ... 
I :r 

' 
1, I 1111 

,__ ... 

I 

"' 
I l ~ ,., !I 

1 ... 

" .,. 
... IJ , __ , 

I 

I 

e · 
I 

17. 11 " "' 

L. lllm 
,_ . 

"n ~ 

I l 11' 
rz 

"· 

lJ L 1 
,_ 
,... 

IJ!Dl 

J , 

( 

~ 

... 

.J , 
... 

)~ gt; f? E H?F' 5 

"!'-rU-li· .\I, r'._\i . r'1h_ .. r! 

'" If .... ... ., " 

l A II M ~ l \' 

._ .... .. 
~ 

1..; 

"" .: LJln 
1 .. f-

[.j ~ .. . 
II ., , 

1·n 1 n 

,,~ 

"" 

~ 

I ,,. 
, ... 

,... ... 
,_ ... 

,_ ... , _ 
,_ .. , .. ,u.,. - ,_' - ' ~ 

,, ~ ~ ,, " 

.... " r: = .. trl " i l i '"'f •: . J~ .. .u run ~.,; . 

!.."' LI 

t-t- t-

I-, _ 
r1 • 1:"'i ,,,_ 

I . 
~ 1.- F' J I ~ • --

I~ "' 1..; 1-1-

, .. f-e-1--1-i-I-

"" 
1-f-

1 .. 

"' '· 
---

I.I • -

I-

I-

-1-1-

I---
• uu 

-- -- -- - --- 1--

t--t-

1-1-1-1-

ll 
I 

---

--

11 t:.' .... 

,,oe ; 
, 

"' .. .. 

, '\ 

1-t-

... 
-

"' . 

----
IJ 

•In 1.;. 

·~ ·- 1-1-

I- -<--·-I-f- - --



( 

e 

' 

,. ... ... 
,;; 

\ r@r OEBR[J 
I I I I I I I I 

, I I I I I 

I I 
I I I 

I 
I 

I 
I 

I I I 

'--1.....--:---~;-;--r-' ~1 -t-t1 -;-1 i
1
-t-1 t1 -t-t--rt-t-t-lrt-t-t-l'-t~-t-t'-t-t-t-t-+-t-t-+-+-l--t-+-t-+-ll-+-1-+-l--l--!-+-l--l--!-·~l+-J---t-l-+-l---t-l-+-l---t-l--l-l ' 1 I ; I I I I I 

I 1 I I I I 
' , I I I I I I I I 

I I I ' I I I I I I 
I I I I I I I I I I I I 

' I ' I I I I 
! I I I I I I 

I I I I I I 
I I I I I 

i~----'_._' ~'~-+-~' _.__._,11~1 I 
I I I I I I I I 

I I • I I I Ir t'I o r. 
I I I I I I I b cD c r-:i 
I I I I I I I I I 
I I I I I 1. 

' I I I 1 I 
1 I 1 I I I I ----·t-t-t-+-l-t-+-t-+-t-+-t-t-+-1-t-+-t-+-+-+-t-++-t-++-+-+-+-+-1-++-t-+-+-+-l-l--l-t-+-l-+-l-l--I-~~ 

-4+~ ~ . I r+-++++--,'1-1-++++++++-H-++++++++-l 
I ,---, -1-: ' \: I - ''-+-+-+-t-t-++-H--t-+-!-+-t--HH--t-+-H-t--Hi--1-j 

I I I I 

I I I I 
I 

I I I 

I I ' 

I I I , __ ' 
I I I I 

1-+-+~1-+1 -+-~1 ,'-+--+-l-li~~-+-t-+-++-1-t-t-+-H--t-+-11-t--t-+-11-t--+--t-1'-' i 
~-1-41 -1--+->---+-+-I _..._.__.r......__,_>---+-+-+->---+-+-+-i>-+-+-+-<>-+-+-+-<-+-+-+-1-•~f'l·~l-t--+-+-ll-t--+-+-t-+-+-t-t-+-t-t-t-+-t-t-+-+-+-t-+-+-+-t-t-+-t-t-1 

I ~ IG ' 
I I H 

I I r• 

I I l. 
I ~ 

I I I I • 

I ::: 
I I I 

I i I :::: 
I I 

U') - ' ' 
..it ' 

Ll u~ · o · • l. ,.t')· 

' 
I ' 

.. -

c 

' 1 

' ., 

' 

l-l--l--l-l-l--l-1-+-1--1-1-l--l-l-+-+-i-+-l -r-l-..+--l::../'-+:~+.'.=~~+--l-J-+-l-+-f-+--l-J-+-f-+-l-+--l-++-lf-+-t--l-t-t-+-f-++-1-t-t-+-f-++-1-t-t-+-f-++-t-i 



e 
z 

.. 

t . 

. I 



t. 

"' .. 
"' "' 
0 
;;: 

.. 

.J 

"' ::: 
" "' "' 

f 

I 1 

I 
I. 

I 
I 

I 
I 
I 

I I 

l U 
I 

,_ 

l l'I 

tttt-t-H-++-hr=ttlrt 
1

1 ... 

I I 
I I I 
I I I I I 

1 1 "I 

1 4ri 

-

I 
I l I 

I 
fi if' 

I 

r. 

I 

, __ t...• 

,_ .. 

il [) l 

l 

I 

I I I I I I I I I I l l l I 

~.- -.. x_~_, . ~ 
-------·-· 

" 

, ., 

l 

1 

I l I ' 
I - I i 1 I I I I 

. 

r1 

I 

11 I ... . . 

_,_ 

I 
I 
i 

! 
' 



W 8E@8ET 
JURBATT.AI DISTRICT HISTORY 

BOOK VII ... FEED JL\TIRIALS 

APPERDI I "E" 

(All documents are located in the ISA tiles ot the Atomic Energy 
Comission, otfice of Kew York Directed -Operations.) 

12,. Deser.iption 

l MeJ10randwa to the Files b7 Capt. P. L. Merritt, dated 
21 r-ecember 1942, Subject: Present and Prospective 
Supplies ot Uranium-bearing Jla~rial. 

2 Memorandum to Brigadier General i.. ft• Orovea b7 Lt. Col,.. 
J. B •. Ruholl, dated 23 lovember 1943, Subj~ti Position. 
ot Belgian Congo with regards to Uranium and other Metal 
Production. 

Letter trom Ur. .Julian Leroy, African lletale Corporation., 
to Lt. Col. J. a. Ruhott, dated 270ctober 1943, stating 
that the Sbinkolob:we Hine .could not be· re-opened. 

4 Jlemorandwa, dated 17 September 1942, concendng a aeeting 
in New Io·rk . between Capt • . J. R.· Ruhott 1 Pr. R. L. hdd•• · 
o:f Stone It Webater, 11:r. E. . Sengier ot Atrican Jletale and · 
Kr·. Pi;,\el of Canadian Radium and Uranium Corporation. 

. . 

5 Jlemorandwnto Va.jar General L. lt .. Grove• by Col. I. D. 
Hicbola, dated 18 April 1944, Subject: Ore Prices. · 

6 Jleaorandua to Brigadier General L. It. Groves bJ'' Lt. Col. 
J. R. Rubott, dated 15 F~bNJ"7 1944, Subject: S~ 
ot Ore Contracta. 

7 Jlemoranda to Col • . K. D. Nichols by Lt. Col. '· a. Ruhott I 
dated 26 loTembeP 1943,· Subject: Plana tor the handling 
of African Ore. 

8 Letter from Kr •. Carl French, Eldo?"ado, to Jlajor P. L. 
Jlerritt,, dated 11 October 1944, enclosing the ():rder ot. 
the Governor. General in CoWloil of Canada which appropri
ated all th• issued capital stock or ndorado Mining and 
Refining Limited. 

611 a .. t ti·". . .• c 
& @7 u · -

'. 
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Letter .from Kr. Lesslie R. Thomson,. S~oial Liaison 
Officer, to Col. K. D. Jichola• dated 16 ~pril 1945, 
enolos.ing a Memorandum showing the oost of produo• 
ing black oxide at Eldorado. 

Uemore.ndum to the files by Oapt. P. L. Merritt, dated 
29 ~nuary l943;i Subjeot• Oontereuoes legarding the 
lleoovery of Y10a J'rm Carnotite Tailings. 

liemore.ndum. to the file• by Capt. P. L.- Merritt, dated 
18 January 1943, SubjeOt 1 treatment ot Oal'nOti te 
Tailinga fl"om Vanadium fla.nts in Colorado and. Utah. 

J,.etter frOlll J.t. Col. J. L &uhott to *'• B. D. 
Brana~, v.a.J.., dated ZO .ilnua.ry 1944, oonoerning 
the re·-opening ot the W.ta.la Reserve MontiooUo plant 
by V. a. A· 

Kemon.ndum to the Files by •jor J. R. Buha.ff, date4 
31 '11.nuary 1943,- Subjeota. Coat of Vanadium ·Sanda. 

-~ l'roduction Board Order K•IS5, dated 26 January 
1941 • 

.Am.ended •r Production Boa.rd Ort:t.r. 11-2851 datecl 15 
August 1944. 

L&tter from J,t. Ool.- J. a. I.uh.oft to :UX-11 L J. Lunct• 
w-.P trB• _. de. ted '11 liovemb~ l94S,. oonoerniug the pro""' 
ou:rement of aw.ila.ble o_omraeroia.1 uranium stooka by 
Vitro Jle.nu:te.oturing OaJ!llany. 

Kemore.ndum to th• Diati-iot Bzigin~ by Lt. Col. 
J. a. luhof.t. elated 4 November 1943. Subjeot• PoloniU!Jl. 

Kemorandum by Dr. J• H. Lunt and Dr. ••. c. lerneliue, 
<late4 28 l>eoE'llllb&l' l94~, conosrning a ueting at 
Eldorado to diecuH bad J'edduea and polonium. reocv• 
•ey· 
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Itll'lliNOBS (Oont4.) 

Kemol"anclum. to Lt. Ool. J. a. Ruhott by Brigw.di4tl'" 
Oenen.1 L. 1l. Qrov.a,. date4 17 October 1941, 
Subjeott Tran.mittal ot Lett.-s. 

Jlamo.randum to the '11•• by Jajor P. L. U.tritt, 
datM 6 Deoember lMS,. Subjeot• Pul"ohase ot 
!ailinga. 

Memc>n.n4ta to th• J.na lnginMr, Jadison Squa.~• 
Ar•, At'tenttant Ma.jor G. •• Bussell by C:ol •. 
Jt. D.• ltohola • t.iW 6 Ootobe~ 1944.1 Subjeot t 
A.uth~iaat10)1 tor · Puroha•• ot lJi'aniuat .Oompouncl&-. 

MeOl"andm to the 111H by Capt. J. A· Be,.ganta, 
dated. 1'1 .llnuar;y 19", lubj•o1a Operati on ot 
·U• I• T. tTraw..n aoicl lea.oh plant. 

~ troa Mr· J ... 'tan n.n. u.a.v. to Col. 
x., D. liohol•• llated 9 llt.y ~ .. re~ding tu• 
oontinuing o~ra.tiona at the v.1 .. v. D\'a.ftll plant. 

Lette b-01a Kr. B1a1J' ~11• v.lit.'• • to 1't. 
001. 1, a. auhot.t, datt4 l •r 1944• ginng . 
••t1mate1 ot oo.,ta o£ l•oh1ng open.tiona a.t 'On.•n 
and tetinlng operationa at Grand Juncttion~ 

Mlmor'an4- to tlm '11•• by •j•r J, 1. li.noe, dated 
18 April 19"; Subj•ot• Estima.t.d. Coat •t Opttation 
ot th• lf•l•T• tJ'l'*a.ftD Mi).). tOJ-- "7q .IQOount. 

~ter trcm )Ir• alail" Burwll., v.s,v •• to Lt• aol• 
J,, a. lubott. datH 1$ June 1944, diaouaset tht · 
oanoellation ot aontn.ot 11'•7•06 eng•IOl and th• 
rosum.ption ot a.aid 1-oh at our Un.van Pla.nt by 
the Army Oontn.ot J.ooount• 

Kemorandum to tlu!I Piles by Ma.jor '• •· V'e.noe. dated 
17 June 1~. Subjeott Operation .ot th9. u. f• V. 
u"' "ft11 Plant. under Supplemental J,gl"e~ent 10. l to 
Oonttaot W.7406 eng-12. ' · 

~-. 
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28 I.,etter frQ11 *• J. A. Holle.day• Unim Carbide and 
Carbon Corporation,. to Lt. Col·t J. R. Rubot.f, 
date4 13 August 1943, giving an esttmted reprd• 

· i:i.ig_ the e.v'"'ge monthly output of Step I o.f th• 
Lincle Cera:nrl.ea Plant. 

29 LettE:.tr from .tr. J. A .. Holladay. Uni on Carbt&, tUid 
Ot\r'bon Oorpara:ti.on,. to Lt. Col. :r. '• Cr~w. 
dated 5 June 19431 ~iving status ot ooQttuot1en 
o:nd/or OPtn"fltions of Stop.a N'os. i. 2. a an4 .. ot 
the proj;J~. 

$6 

~ from !&'. s. w. Colen:au• r~11inokr~ 
Ohemia..1. Works• to 74\jor c •. Vand•n ·Bula, at•d 
la N(1Vf:mber lM2• giving the oost or thtt mam.,_ 
tac.ture ot Relined Tube Alloy D.10Xi~ tw · 
aoo,ooo ll>IJ• e.t ti. 56 per lb. 

. . 
Letter trC/111 Col• I• D, Rtohols t" Mrt ldaH 
M1~llinokro.4t,~. , Mall1nok.rodt chcioa.~ worb, 
da.Wd. 8 Mt.y 1'944, a.cbtcmledging -t~ voll.i1l'tlu7 and 
unsoUoi te4 .-.turn •t th• •villb• reall11ecl a.a a 

· rGault ot ~pea:ting 'be~qu••• 

~ -to ti.· Area Engineei-., tona-.nd& .Area by 
1&1.joi- Ct &.dlook., dated I hbrua.ry 19"t Subj~• 
Re·laat ot Lim• Step ! EquiPment tor otb.ar Work. 

· lstter fr<lll rl.l". Lout. Spiegler• du POnt • to 
Lt• Coli. lw Il• Rub.Off, datod 16 Ma.rah 19"., t'e• 
~ng .ooncmio a_urre:r on the manuft4c'tuF• ot · 
c-..i11 by 'VfU"ioua mo'th<>dlh . 

t.t.tet- trca Major c. &dlook to 141'• J., "• Rolla.day., 
T.1nion Oubiu & Electro uetallurgioe.l Reaea.roh 
tab.. da tQd aa July 194$. giving atandarcl prootMlUJ'8 

. for handling bji'•9duot s teria.ls scheduled tor · 
prooe•aing in .the du Pont slag rooovery plant• 

latter from Ur. Ju; o. Jtlein, Stone & Webatw 
Engineering Corp., to the &.rahl.w Chem.ioa.l Co.• 
da.ted 26 September '1942• regird.ing tetra.fluoride 
produotion. 



$6 fjU!'1lI!l9.ry of prooass entitled "Produotion of 
Tetl"'af'luoride" wrii.;ten by V..r. K. ·:s. J.,ong, of 
the Harshaw Chemical (Jo., dated S April 194$. 

31 Letter fra.n1 Mr. M· L Richards., d.u Fbnt to 
Dr. H. w, Blley1 Director Chemical Div •• dated 
20 A.pr1.1 1943 I regr..rding requirements Of 2000 
lbs/day of Produot e.-616 tor u. s. Engineers . 
uommenoing l Ua.y 1944 .. 

SS J,ietter frt;llll .lb". x. i:. Long,. lkreha.w, te let. Col. 
J. a. Ruhott. d!lted 24 August l.94:$• 41$CUttl&S 
thG methods o£ preparation ot Jroduct C-616. 

· 19 Lett$i" .from Kr. M+ ;. Rioharda" du Pont• tC) 
Dr. H. •• Elley.., dated 11 September 1943, i-e• 
t1ll-l"ding looa.tion e..nd oylinder study of' P.todUQ'b 
C-616. 

40 Letter from. · 'Ir• w .. J. lfarf.lhaw, t~ Lt• C)ol. · 
J. a. luhoft' • dated· 5 lfovember l94S, d1sousses 
erection of building tor manute.otul"Et o.f P.t*od.uot · 
C.•616. 

41 Lottt>r :from ..-. s. •• )toO:une _. du Pont to Lt. Col. 
J. i:. lluhof'f I dat.4 19, Jfov411Jtber 194:3. re ga.rcling 
faoili tie• tor llle.m.tf'aottll'e: of I.too lbs/clay ot 
Product C-616~ · 

41 Letter .fr'om. a-. I. w,. llQOune. du Pont.,. to Lt. Gel .• 
J. a. i.uhott • d,a.tecl 4 D.eoernber 1943 regarding 
manute.oturing oost ot Produot 0•.616. 

4$ · Letter fr~ )It., w;. J. &.rahe.w,. Ha.rsha.w1 to Lt.Q,ol. 
J • . &. lluhott. dated 81 Decemb•r 1943, giving r-.-

- vised ooat oe.loulations oc;JVering.th.e produotton of 
.Produot C..016. 

44 Letter fl-om Jla.jor B. A. Brinlm1u1 to llr'. O. a. Parke, 
IJe.rehaw• dated 22 August 1944, authorizing oon• 
struotion of a. plant tor production of JToduot 

. 0•616. 
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Letter from ur. R. L. Doan, Metallurgioal tab., 
to Dr. C. B. Sawyer, dated 15 September 1942, 
regar.ding the produotion of metal by the 
magnesium reduction prooeas. 

Letter from Mr . R. L. Doan, .Metallurgical Lab. to 
Dr. o. B .• Sawyer, Brush Labs., dated 6 O·otober 
1942, re~arding the undertaking on a small 
soale of produotion ot iD.8tal by tb,e magnesium 
reduotiOJ:l; prooess. 

Letter from D:r. o. B. Sawyer, Brush Labs., to 
)(ajor !. T. Oreneha:w, dated 12 November 1942, 
oon,firming production ot' metal. 

Latter fr an Mr. J. A .• Holladay, Union Carbide 
and carbon Qorporat1on, dated 1'7 Septemb•r 1943 
to l,t. Col. I. 11. Ruhoft, discuning oapJ.oity 
ot pl ant to produce tiniehed billet• and •sga. 

Letter fr011l Maj or lf. t.. Sapper to )Ir. McCune, 
du Pont, dated 7 August 1944, authot"i&ing · 
continuation for Product o ... 1os and discontinu
ing operation ot planta for Prociuots 0-104 
and c-105. . . . 

Letter from Major o. Had.look to Dr. Frank a. 
Spedding, Iowa State: Oolloge:, da.tod 20 · 
September 1943, disouseee the future 1tatu• 
.of supplies of Slo-Set. ' 

Memorandum to the Files by Capt. R. D. Morse, · 
dated l February 1944, , Subjeoti Amee Experi• 
mental Program for Turnings Reoast1ng. 

Letter to the Area Engineer,, Madison Square Area, 
Attention, Capt. R. D. llorse from. Frank Huke, 
dated 31 May 1944, Subject: R~port on Re~asting 
of .Turnings. 

Kemorandwa tq the Files by E. E. Chipman,, dated 
30 October 1944, Subjeotr - Development Program 
at Iowa State College. 

~· 
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Letter trOt11 Lt. J)iok Dutt'ey to Dr. P. P, •lexander, 
Jleta.l Hydridfi1.,, datM 16 Jwie 1MS1 authorising 
o~ntinuation ot the produotion a.nd reeaating ot 
metal under Qontn.ot tr•7405 eng.& through 11 
A.uguet 1943. · · 

5& Letter to Lt. Qol. "· a. Jtuhott trosa Lt. butte, I 
dat-4 1$ July l9U, SubjeotJ Qott ot Cas~ Metal 
at w.ta.1 Bydriu1, tno. 

56 ~ from. Lt• Ool.. ! • T • CHnabaw to Dr. p, P. · 
.&1eandei" • JMtal Hyd.ridt•,, de. te4 & ll&.roh }.961, 
t•qu••ting the relllaating ot 500-1000 lba/day 
ot triallc»y. 

51 Lattw to tM ua lnginev 1 a...erl.7 Ar•• trom 

58 

Lt. Col. J. a. luhott. da.t.4 11 .tprll 1*1 
$ubje4t1 leoa.•ting ot "lle•la* tr• 11r,, r. A..Sh:f.nn. 

X..~ f.rmrt 4• a. n.1n_ Stem.• a W.bn.r lngt._.,., 
in.g Oorpol'a.tion, to lffttinghoua• Bl•otrf.4 It~-
ta.otunng co •• •te4 8 04tobe..- 19'1• Jo9ga.rdf.ng . 
U.ten1ion 't t&oiliti•• 

59 Latte.- tta Jajot '• 2. °"1111-.lf to lft• .4• Frankel, 
1fe1tingbou1•, da'be4 $0 8"..:bff ·19421 ooni'ir'Jd.ng 
f1'0Cluot1on ot f~ lbs/wMJc ot 1• oube• until 
.,,000 lb•• h!IL"" .~ea Pt"ocluoe4, 

40 1'.At'•r h• Jfajot •• •• ~ to Mr. A• 1ranQl, 
lf'ea'tinghou.••• date4 U JoTem.ber l.Ms. oano•1ling 
oont~ot Jfo. lf-740? eng-2 aa ot 15 October 194~. 

Gl llGmon.ndum trorn. ¥itjor J. a. lluhoff dated 18 
Pebrua.ty 194$ • Subjeot & · fl!>opoe.t QUflli ty Control 
P.rogte.m ancl 0r{7ln1Utiou ot Oentral lab•ra.torie#, 

61 Jlemorandunt to th• Jlateria.l• Pil.e by Lt. D. o
Sturgea, dated 15 4PJ"il 1943, Subjeot1 Conterenoe 
in Chicago on February 26, 1943, tor Dis.ouaaion or 
Central Control Qroup, 

...-·· 
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63 Letter from 1.lajor C. Hadlock to llr. JI. llcL. Sage, MIT, 
dated lS March 1944, regarding sending two members ot 
the KIT statt on «£ire brigade" dut7 at the District 
O.t'!ice. 

64 Letter from Ma.jo:r J. R. Ruhoff to Dr. Clement J. Rodden, 
JIBS, dated 11 March 1943, regarding samples being eent 
tor analJ8•• with a schedule attached. 

65 Memorandum to the Files by Lt. D. G. Sturges" dated 17 
November 194:3, Subject: Ore Aasay Schedule. 

66 Jlemorandull to the Files, b7 Lt. D. O. Sturges, dated 
l June 1943i S1.ibject: Analytical Conterence at Chicago 
on Ma7 28, 1943. · 

67 Letter from Jlajor T. T. Crenshaw to Kr. A. Frankel, Weating .... 
boulle, dated 18 love:mbe.r 1942, reque•ting that waatage and 
bY'"'produets ot certain t ubal loy com.pounds not be thrown 
Qfla7. 

68 Letter from. Uajor C. Hadlock to Yr-. J. l. Bollada7, OCC, 
dated 11 September 1943, regarding the accounting tor·, and 
s~eguarding or, speeial metal or its compounds. 

69 Letter (and tabulation) from C.apt. II. L. Recker, to District 
Engineer, · Attention: Capt. B. G. Seitz, dated Tl March 1946, 
Subject: Quarterly Budget Review. 

70 lleaorandua to Files b7 Capt. D .. G. Sturges, dated 3 loTember 
1944, Subject: Survey of tuture operations ot lletal and 
Iletal-interaediate plants (with attachments dated 1 June 
1944 and 26 Sept•ber 1944). 

71 Letter troa 1lajor C. Hadlock to Dr. Spedding, Iowa State 
College, dated 20 S•pt. 1943, establishing a standard 
shipping memorandua procedure. 

72 Letter trom Lt. Col. Crerushaw to Mr. K. E. Long, Harsha 
Chelllical Co., dated 15 Janual"J' 1943, establislUng "Weekl7 
Production Report" procedure. 

73 Memorandum from :Ir. W. E. lelle7, Manager Jin York Directed · 
Operations, dated 22 October 1947, Subject.: Manhattan District 
Hiator,., Book VII, Feed K&terials and Special Procurement., 
with Exhibits los. 1, 2 and 3 attached. 
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OOIDAOf Dil4 

.!!:. Deaor1!'lt!a 

1 Ur~oa t-• u.iledal p~onffa•n.• ~ 

2 Oatiadian raw m&wrial proour ... n• •aaarJ' 

S Doae•tlo r• aat.rial proour••n.• aanmary 

4 Market proouremen11 emmnary 

8 Jla.dloaotS:n lea4. proouHMn' nDlllal7 

6 Jtadiu:a and radium-neutron souro• pr0e1lreaen' 
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8 Ret1D1ng and treataent. oontraot data 
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JJ'RICAll RAW IU.TBRIAL PROCUREMEllT SUWART 

Contrao• Prio• 
Contraot or Tone ot Ore ~ TJaOa Toa• ot 

" UJOa per pound. ot 
Pllrohaee Order Date ot Delinry Contraoted in On 11109 1A Content 111°a TOTAL 
luabv Contraot Period For (Al!J!!:OX•2 01'• Paid tor ~fl!l'OXo) ~ 

Atrioan M•tall Corporation 
1'1-7'°11 eng-4 October 111. 19il "October l!Ul 100 611 71 ao $1.00 • 116.ZOO• 
Y..7..01 ~-24 October 16• . l~ October lllU -

Au~t 19U 1.0110 611 1.1» 81 l..ao > 
W-7.al eng-H Ootober 11. l~ J'ebl'l.l&ry - I ) 1.1oa.ooo . 

Juq l&g l.ooo zo 1611 SI 'l.ao ) 
W-7'°1 eng-10 WoTe•ber 111.l~ WOT-ber l9U 2li0 611 UT 81 1.01 lsa.ooo• 
11'-7401 eng-~ II~ 27• 19U Ooto'ber l~ -

.11.IM 1K4 ~ 61 112 91 ~-11 ) 
w-7.al cg-!M. Ka;y 21. 19" .lu11u.e\ 194.1 - ·~ ) a·. na. liOO · 

Junel~ l.0715 20-Zf 1119 90 .11 ) 
W-74015 n1-H Vay n. l!IU O<>tober 19'3 - )) 

Jul;y 19'4. lo.zao 10 967 90 1.11 ) 
W-7'06 eng-~ llr.;r 27. l~ .l111S119t - ) 

S•pteaber 19" 2.000 8 114 90 1.11) 
W•7406 eng-2&9 Ootober 15. 1943 Ooto'ber l~ JO 10 2.1 100 ~-11 u.100 . 

W-7.a& ang-2711 Deoeaber 5• l~ laroh 19'4. -
P'ebl'l.lary 1946 u.ooo I llU 100 1.11 l.na.ooo•• 

'IJ-74015 an;;-280 Deoe!llber 5. 19'3 Septesber 19'4. -
11•1 19'8 181 60-60 lU 100 1.40 ) 

tr-7'011 en:;-ZSO Oeouber 6, l~ 'SoTesber l~ • ) Ull.700· 
June 194& 2711 20 liO 100 l.H) 

P.o. an IOTOlllber 25,1942 l10Te11ber l9U l 61 o.• 100 1.11 1,800 .. 
. P. O. ll~ April 12, l~ February l~ 0.5 20 0.1 100 l.lll liOO• 

P.O. Sil& October 12. 19'$ Au;>Uet l!M.ll · O.ll 10 o.oa 100 l.lll zoo .. 
P,O, 2~5 Oeoeaber •• 1941 Deo-ber 1941 1 65 o.a 100 1.17 4,500•• 
P.O. 21170T I>eo-bel' 1. l114t4t Deoe11bv 1114t4t 0.15 liO o.a 100 1.17 l,llOOe. 

TOT AL z11.~ ll,6311 u.u i11. u:s.soo 
(ATerag•) 

»uhi~ton Otfi<>e Proourement 

TAS-1 66 l,SG6 l.45 U,411.400 
TAB-2 66 ~ lo W 4,656,~ 

T :> TA L ll,l~ ~10,267,800 

• Coet ot ore atter credit• han been deducted tor the radiua r.nd other preoioue re•iduee returned to the contractor. ( 

•• Inoludea the ooat ot radiwa oontain-.d in the ore r.nd purchased b)' t he GoTenwent. I 
I t. ? I I l, o " ' &F :i I. ? Q ., ' 

-~ l I = Llt ''RF- ,. 
I 

I'> 
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CARADIAN RAW MATERIAL P.ROOUREt.l&NT SlOOlART 

Contract or Tona 01' Ore Tona ot 
i\J.rchaH Order Date of DeliTory Contracted Black Oxide 

RWll'ber Contract Period For to be ~livered 

{u UsO~) 

stone and lieb1ter 

P. o. ~6 .July 16. 19U Allg-Dec. 1~ 4.90 

Borb Pregel 

W-'1405 eng-14.5 May 22. 19" Jan.-JIUUI 194,S 868 

'> 

Gilberl A· LaBlne. Alt• 

w-'1405 eng-262 Sept. 11. 194.S .Jun• 194.S to c!ate 1621 
W-26-021 eng-8 Dec. 1. 194.4. Jla7 194.6 to date 11'70 

TOTAL 4.U9 

eccmt.raot ooata incl\lde the sale and ret1ning or ore to blaok oxide. 
The ooata in thi• oollMm an ~loulat.d. · 

.. Thb ocmt.raot wu teraiJaated and tb9 requir ... nta or blaok oxide. "" 
tranat.rred. to W-74.06 ~··HZ • . ~ ooat ahown 1a tor tb9 ore obtained 
before tend.nation or the oontnot. 

jjjjiB !9 ES fiJ CT 

u.o 

-

687 
110 

~ 
11~1 

u~ 

'77 
l..!J !,,. 

E1tiaated 
Coat of O" 

Contracted For• 

• 4.S0.800. 

&sc..100-

l,H2,400 . 
Z.'165.200 ~ 

tfl.082,IOO 

,_ .__.;.a., ...____.._ - -~· ____ __]_ 

Jfo. r 2 r 

Total Coat ot 
Blaolc Oxide 

Contracted For 

• 668.200 

1,161,Tto 
1.au.'°° 

$6:.6:55.:560 

·i 
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DOMRSTIC RAW MATERIAL PROCURF.3£ENT SOWA.RY 

Contract or Total Tona ot ~~A l'u.rcba.se Order Date ot Sand• or Tailinga Con nt 
Number Contract Obtained (Average) 

I 

u. s. Vanadi'Ulll Corp. 

lr-7405 eng-201 · · Juno l. 1948 69' 12 
l'r-7405 eug-250 . July 10. 19'3 US.669 o.z 
1f-26-02l .ng-1 · Oct. 1. 194-l 26.629 0.2 

Vanadil& Corp. of Amarioa 

w-7406 eng-Uv BOT. la• 1942 T.l H 
W-7405 ezig-H• / .July 29. 19~ 229 " W·T405 eng.-266J .&.ug. '· lHa 6.8 4-8 
lf-7406 ~-HT· Oct. fi. lKS ll.9 48 
1J-T406 ellg-88T J Dec. l. 194S •a.666 0.1, 
lf-28-<>21 eng-12 / Feb. U. 19,S as 62 

Vitro llamlt'aoturing co. 

w-26-<>21 eng-H . 1"6 - -
Metal Jleael"f9 Corp. 

1f-T406 •nc-160 l!W/ "· 194.S ,6 50 ; 
Y-1406 eng-282 July le lKS '6.lH 0.2 
11-7'06 9n1-UT Feb. '• 1944 a.au o.a 

"' Miaa.llaneou l'l&rohue Ordera 810 --
! 0 ! A L 111.sn 

•lat.iaate 
.. Inoludd a total utiuted oost ot teoo.ooo. tor tM nnadi\111 

content of th8 •&Ilda and t:aillqa purohued 'b7 th9 OonrmMD.t. 

\ 

nrrorr=:r-
~.._,a;;;;;~r <E 2 Z 

I 

wo. F a ,, 

Tona ot Contract Cost 
usoe per Pound ot TOTAL 

Content Recovered U1108 COST 

86 t1.1o v • lH.aoo 
758 o.go 6~.600 
48 o.ao 94.000 

2.7 0.76 e.ooo 
111 1.10 aae.aoo 

2.8 1.10 a.f.00 
1.9 1.10 a.aoo 

88 o.u 111.aoo 
ff l.&J 165.650 

26 l.&O n.sao 

2t 1.10 ae.soo 
103 o.ao 1'6.600 

10 0.10 1.aoo 
87 1110.000• 

-
1.2149 ti.on.no•• 



lli BEBHEl 
MA.Rm FROCUREMEJIT S'WWIRY Ro. F -& 

Contract or 'lon• or Ton. ot Coat per 
P\lrohaae Order Date of Delivery Type of Kat•rial 11309 po11nd of TOTAL 
)!umber Contract Period Material Purohaaed Content uaoeeonteut COST -
Ai'rioan Ketala Corp. 

~t~ 
lf-7406 eng-18 11ov. 11. 19'2 Kov. 19f.Z Sod& Salt 106 1>( 86 Jl.89 • szs.ooo 
w-Tf.06 eng-47 Mar. 29• lKS Jim• l~ · Orang9 Orld.e " ?--( \ ,,- H 1.89 US.600 
lf-7405 e~7 Mar. 29. 190 June 194.:!S Black Oxide 39 'h 68 2.oa 159.TOO 
ll-?f.05 eng-f.V Mar. 29. 194$ .June lKS O'ran:yl carbonate 11 ~ .~ 6 1.60 16.000 

Vitro Manufacturing Co. 

w-1406 eng-9 Oot. H. 1942 Jrov. 1942 Sod.& •a.lt u. 't C. 12 1.87 43.600 
w-7405 eng-9 Oct. u. 1942 Wov. 19'2 Uranyl oar bona te 9 jc'•y 5 1.41 14.100 
W-7fo05 eng-52 Mar. 21. 1~ Jlay 19'8 Varioua refined 84. !,f 3$ 1.94 (uerage) 128.600 

to date urani\llll alt•• •·&• 
black Oldd.e. •ode. 
nlt. carbonate. 
nitrate, eto. 

P. O. 2189 Apr. 6. lMa A.pr. 1943 Variou• refiDad 2 'l(J 0.4 1.69 1.400 
ura.niwa ... ~ • 

P. O. IMS .J\D1e 22, 194! .June 1943 Brown oxide o.°' '' " 0.04 2.61 200 

P. Oo f.S6'T2 ~ 10, 19'8 Uay u. 19" Sod& ... lt 0.0$ '''" o.o:s 2.00 uo 

Jiar•haw Cbsdoa.l co. 

w-7.05 eng-46 Mar. ZT. 19'1 Karch 19'1 Black oxide o.a i~ 0.1 2.11. 1.100 
11-7'405 eng-f.5 liar. 21. 19'1 Jwl• 19'1 Soda .. 1t ••• ">of s.s t.90: u.aoo 
p. o. mo Mar. is. 1943 ~11 lffa Uranyl Di ti-ate o.5 /,,o o.a ... u · 2.100 

I 

Boris Pnpl 

11-7406 eng-44 Jf&r. 2T • lKS May lHS Black oxide 2.9 f ? i.a 2.oi 11.200 
W-T406 e~-44 Mar. 11. lMa 11&7 1943 Soda ... lt a.a 'i'V 2.T l.89 io.200 
•-1406 ~-"' Mar. 27. lKS *1 1943 Uranyl llitrat. 2.0 SS' 1.1 1.11 a.200 

General Ch-1.oal Co. 

P. o. ueu Sept. T. lH& Oot. lK& Uranyl n1 trate 0.1 J".,, 0.1 '6.06 900 

~ 

W-7601 .n,-16 Oot. 11. lSM.2 Dec. 19'2- Black oxide " f:.J" •l 2.11 ue.'600 
JulJ lHa 

I..,/ W-1T-OZ8 en&-H Ma7 "• lKI .lug. ~lK& er. ocmoentrate• 21 ••• l.ot 1.eoo - -
--- TOTAL 181 ITO tl,066,110 - -

ltASHDG!<ll cnxcz noot1Rllmn - MI8CELLU'BOtm Soda Salt l ·~,~~, ) (lot an.ilable) 

se: SECP\1!•• 
L .. 



1 Jro. r 6 t 

l JiiJ SiiCRre-f• 

RADIOlCTIVE WD PROC11REUENT Suut!A.R! 

Co•t per 
eontraot Date or rcm.1 ot 1' IAad Pound of 'tOUL 
·Jl\llllb9r Contraot Lead Oxid.9 Content Elellttlltal Lead ~ 

Boris Pr•&el 

W-1.06 eng-31 .Jtme l. 19'! a.6 80 11.00 t r.ooo, 
w-1'°5 eng-266• MA)' 10. 19" 9.6 61 l.00 is.ooo. 

Dept. ot J.!Unitione 
an4 Supplie• 

W-"-US •&•l Apr. &. 19'5 n BO O.M 28.100. 

Gilbert .l. LaBine. Agt. 

•-2&-021 ~-H 11&7 l• lM& H 82 o.M M.IOO• 

- -
t 0 '1' AL 81 tes.4.00 

... 1noludd in Atr10Ul Jletah contnot •-HO& eaig-H 

.gff SfCRfb 



A . L .~, 

JWlltlf AlfD RADIUK-llEUTROll SOURCE PROCUREMEB'l' StOOIARY 

COITRAC! !>AT.I OP TYPE OF MILLIGRAMS COS1' TO 
li1Di!BER COITRAC! COllTRAO? OF RADIOll 12/_U/_V. 

Bvb Pre,el 

lf-7406 ni-D 28 Ju. l9U Rental s.021 • 26,621 
lf-7406 ens-Z97 9 i:q 19" Rntal i.ooo •,Mt 
lf-7406 .,-sia l Sept. 19" Rctal 6,695 n.118 
11'•7406 n&-H H :"ell. lNI Pw'obue •,Ml 81,HT 
w-1406 c1•9l l Jlme 19'1 Pl&roha•e 2,011 H,HT 
W-7'01 en1•HI 21 Jul7 lMI Pll.roha•e 1,001 17,0lt 
lf-1401 eD&•2Jt 1 UC1Y. lau Pllrobue 2,00I H,OH 
W-7401 e,-aM H Jell. 19" Pl&rohaH 2,618 '4,ssz 
11'•7406 en1-ltl so liar. 19" Pllroht.H 2,•11 u,011 
P. o. A-211008 5 J'e'b. 19'2 Re11t&l 1,000 7,800 
P. o. A-28211 so*"· 19'2 Rental llO 100 
16 ¥.ieoeli.n.oua .l'\u'obase Order• l9U·l9U-19_. 111 10,800 

Sldorado MiDinc A RetilliJai Co. 

W•2S-o21 enc-a<> ' 29 Jra7 19'41 Rental 2,S&i 2,077 

.l'Otleph .a.. ][elly, Agnt 

W-TUI eng-111 2T JiOT. 19" Pllrohae• l,OOI so,011 
w-7•12 eni-117 28 ..,.. 19" Plll'ohaH &1 l,•H 
w-1u2 •c-u• 13 Apr. 19" Puroha•• 1,00. 15,llOI 
w-1•11 enc-ieo 10..,. 19" I!llroht.H 10,078 151,Ht 
W-18-0K- a&-lS 2: Oat. 1964 Pl.trob&M l,12t 14,Hl 
W-Si-OM eq-11 20 J'e'b. lHI Puroha .. 6,KI 8',720 
W-SS-OK eng•l9 20 lif!t.7 19'6 R1111tal a,ooo 1,111 
W-Sl-OH 8115-ll 20 JlllW lMI Rental 6,000 e,11SO 
W-SS-OH ns•21 2t o111u 1K6 Rental a,ooo e,sn 
w-s~ enc-H 1 Alli• lHI Rental 200 2 • .00 
P. O. A•256K 12 tell. lMI Rental 202 .co 
P. o. f - 8813 15 Deo. 19"' Pllrohaee .I@ 1,219 
p. o. 891' l:S D.eo·. 19'1 Puroha•• 10 UT 
P. o. UISH 10 Mq l"' PurobaH l II 
p. o. 12490 l~ 19'6 Puroh .. e 51 l,H8 
P. o. 12712 16 Jl&y 19 .. Pllroba•• • 174 
P. o. 27211 17 Jwa 19'4 Pllroha•e 2 147 
P. O. 2"'1 110 J\1De 194' P\arohaH 6 uo 
P, o. 271191 19 Jv.17 lH• .Puroha•e 20 •H 
p. o. 11807 la Fell. l"' Rental 100 100 
p. o. 2Mll I Sept. 19" Pllrohall• 101 2,081 
P. o. 2Mll IS S•pt. l"' ~robaae e 1111 
P. o. 26'20 8 Sept. lll•• .Puroha1e 17 H6 
P. O. 211099 llO Oot. 19" Retal~ 260 50 
P. O. 29818 llO llOY • 19'4 Re11t&l 60 

mm- 4 



No . F-6 

llJJHU 

CONTRACT D.AT! 01' rm °' l.i ILLIGQAM!l r;osf TO 
!ruiil:llllt 00!1'.l'Ri.df COWtRAQ! OF RADIUM 12/J~U 

JoaephA· lell7. Agent ( OOlltitl'~ed) 

P. o. INlf 11 lfov. 19'4 l'ur'JbaH 20 s '81 
p. o. 29100 IO Oct. 1944 :PllrohaH ll 2n 
p. o. 281'11 21 Aug. lfl.tt R.nt&l 100 
P. o. al!01t U Jan. 1945 Pllroha•• 12 211 
p. o. 299'9 11 Jan. lMI Pllroha•• 11 172 
p. o. aezaz ·~ 19.0 !'llrohaae 1 aa 
P. o. SMll l Jwl• 1946 Purch••• '° 9ZI 
J>. o. H'111 21 !far. 19.S Rental 100 
P. o. lJSlllO u Jllne 1948 Purobaae 100 l.tM 
p. o. 4t211U u ~· 19411 Rental 100 

Ra41ua Ch•loal ::o. 
W-38-oM .ng-21 at .re.a. l9t8 Rdtal ZQO 1815 
1'•118-0M eng-18 115 Alli• 19'1 Rdtal 2.000 soo 
W<-lSl-oH eD&-lK> l Oo\. 194.8 Rental e.211 1.090 
P. o. 1881 11 l.1.1&• 194.I P.eate.l 100 100 

!OT.lL IWl'l'ALS ae.sia n'.092 

ror.AL l'OR01Wl5S ~ 58Z,I0'1 

O!!AllD !OUL n.9N ta1t,1ff 



i 



Contre()t HUsber 

LIIDE Con:RAC't i 
lf•T'°l 9Jl6•14 

African Or. 
fleeteru Ore 
Reprooees1zi& Residues 

Date ot 
contract 

U/16/4.2 
u/16/42 

! '\ticEGRia:T 
-----"""""~....._. - _,. 

StlOIART 

REP'DIIBG OF ORES JJiD COOC!lfTRA'l'ES 
7 

,C lJaOs 
S.n Ore 

(Approx.) 

1'0 l JAIUART 19" 
(continued) 

Tot&l Tona 
uso8 S.n ore 
(Approx.) 

i.~ 

s.an 

1'osu \Ja08 
R"°"9red 
To Date 

i.saa ) 
964. ' 
126 ) 

li89l 
51~15' 

eDeUTerlu or ren.ned proc!uct not o•plete 
••Includes coat of OOYermunt•tl.lrnhhed. •terb.la 

(A)Weatern ON wu concentrated under thia contract and deliTilred to Linde tor retinin1 

1lt SEC fi4 ET 

llzOR Retining 
Coat 
To Date 

ts.on.2so-• 

tl4.Ta•.Ho 

other 
Re tining 
Coat 

. -
$51S.140 

' wo. p. f 

TOTAL 

tts.07.4.260 .. 

t1s.u1.no 



' ; 
-,- fiiRliiH4l - -'-VI~ 

REJl'IllDfG .UlD TREATMEllT COKTRACT DATA 

TO JAtfUARY 1, 19•1 

Contract 

Badger, E. B. I: Son1 
lf_.4-16:5 en&-T 

Bru1h Laboratorie1 
W-'1•05 eng-:5 

E.I. du Pont de Xemour1 
11'·7'12 eng-a 

w-1n2 eng-6 
w-1n2 ~-1n 

W-1'12 •n&-22 

.' 

Operation 

Con1truotion ~ 
Kallinolcrodt Refine17 

R91etrch - Ketal 

& Co.Brown Oxide 
Green Salt 
Metal 
Standb)r & Eqpt. 1torag• 
Green salt 
llexatluoride Rea .. roh and 

Production .. 
Re1earch - 0-105 1erie1 
RHearch - Scrap RecoTery 
SCZ'\p Reconr7 

Eldorado Mining • Retining Co. 
W-Tt06 ent-6 Refining 
w-1.a& e!1£-l7 Retimn; 
W-Tf.06 eng-20 Refining 
... 26-021 eng-6 Ret1n111, 
W-26-021 •11£-26 Rennin, 

Electro Ketallur,ical co. 
W-7t06 en&-1' 

w-'14.06 •n&-221 
W-7t06 eng-256 

Inna, Roble7 D 
W•Tf.09 en,-ZO 
11'·22-0TIS eng-U 

General Ch-1.oal Co. 
W-Tf,()6 en,-au 

Metal 
Research and 0.Telopment 
Standby 
Pl.ult eneuion 
Plant deaign and 
engiuering in1talla tion 

Anal;ytioal HrTiOH 

Ra &11&7 

~ ~drotlum1.o 
A.old 

Ettec-the Date 

May 28, 19'6 

October l•, 1942 

lonmber 20, 19'2 

.11.lly 29, 19'2 
September 5, 19" 

Deoeaber SO, 1942 

Ooteber 21,1942 
IOYember 17, 1942 
Jfov-ber 2•, 19'2 
Dec-ber l, 19'-& 
JB!J.U&TY 15, 1P46 

lovem.ber -'• 19'2 

llaroh l, 19':5 
March 1, 19':5 

Deoeaber 27, l KS 
Ila)' 16, lP46 

September l, 19" 

•IAclud .. Rea ... roh and Denlopment and qu&ll qr Ccmtrol Colt• 

I 

) 

Con1truotion 
Coit 

~,698,S60 

l,060,000 

10,l!O 

8'2,280 

zs.,aoo 

10,f,()() 
Z,600 

••IAclud .. 001t1 incurred under W-HU eng-10 and OE J(SI' f,()9 'llhioh w.re 1ncorporate4 into W-TUZ enc-161 

o co r.rT 
~ c.J:. \ ~J!\ 1 ... -

' 

., lfo. J'-8 

Operating 
Coit• . -

86,000 

l,IS9l,060 
"69,170 
800,160 

19,e&O 
120,000 
H,T60 

19,"° 
U9,UO 

2,29",UO 

Ba,900 
l,•18,800 

n,&oo 
f,(),000_ 
n,-&60 

2, lH,900 
H,100 
H,UO 

1,800 
uo 

U,too 



contract 

Grove, Shepherd. Wllaon & 
Kl"uge 

· 1'•14-lOB eng-17 

Harahaw Chnioe.l Co. 
11'•7405 eng-2 

Tl'-7406 eng-4:5 
lf-7406 •ng-17 
w-7406 eng-276 

w-26-021 eng_. 

Hoour Electrocheaieal co. 
w-nos eng-28 

Iowa State College 
w-7405 eng•7 

linetio Ch9lllioala 
lf•7'06 eng-21 

ta!ine. O.A. Agent 
w-7.06 eng-252 
w-7405 eng-264. 
w~7405 eug-281 
lf-7'05 eng-!18 
l'l-26-021 eng-21 

Linde Air Produota Co. 
1'•7401 eng•lf. 

LeDoux ~d Coarp.ny 
W·U-108 e:ac-18 

Ma111nokrod1: Cheidoal Worlal 
1f•7406 •ng-lS 
W-7'05 •nc-H 

w-1405 •nt;-1 
w-7'05 •111-S 

~ 0 1<:'1.. L CL , 

REJ!'INDro AND 'l'REATMEHT CO'ffTllACT D.A'l'A 

Operation 

Chemical Storag-e tank tar 
Mall1nokrodt Retlnery 

Green Salt 
Oxy!'luoride 
Hehfluoride 
Tetra._Phloride 
Green S&lt 
Heu. fluoride 
Tetrachloride 

61.a.g Recovery 

Hetal ) 
Recast Metal ) 

Hydrotluo.ric Acid. 

Hefinint; 
Ret1n1nr; 
Re tining 
Refining 
Retin111G 

Retininr; 
Brown Oxide 
Oreen Salt 
Standby 

Sample eludge 

Plant tar green and -tal 
Gl'ffn Salt 
Metal 
Brom and orant;e oxide 
Brown and orange oxide 
Jlenaroh 

Effective Date 

Jlarch 5, 1946 

September 1. 1942 

>!arch 18. 1943 
Febr\l&ry 25. l9U 
January ii. 19" 

Ootober 18. 1944 

January '• 194:5 

Kovember 9, 1042 

Novvmber 16, 1943 

September 11. 1943 
October 25. 194:5 
January 15, 1944 
September 1. 1944 
Ju~ IO, 19'6 

1lov.iaber 16, 19'2 

April l, 1946 

•o~ber I!, 1942 
Ionmber 23. 194.2 

•OT911ber 14, 19'2 
May 11, lPU 

•Inoludea R••earoh and DeTelopmant and Quality Control Coet. 

Cone true ti on 
Coat 

• 46.000 

802,000 

42,000 

15,000 

1, 759,9'0 
762, 160 
518,lSO 

6:52,•00 

Opt.ire.ting 
Co•t• 

t 

SM.630 
2,270 

11,aoo 
!T,100 

'196. 710 
2.105,410 

68,800 

28,'® 

2.m.a.o 

6 5,000 

829.HO 
62&,260 
27S,OTO 
256,MO 

M.880 

5.07,,260 
'56,"0 

l,194,610 
168,110 

1,TIO 

2,691,UO 
2, 171, TllO 
,,na,uo 

8H,160 
168,000 

F-8 



--:l:i-~(' c- {'I j""LC.I_ 
~ O E Ol«t .. 6 10. J'-8 

REFil!IiG AlfD COHTRACT TREAnmtT DATA 

Conatruotion Operating 
Contract ~era ti on Ett'eotiq Date Coat Coat• 

Kaaaacbu1etta Inatitute 
or TeohDology 
lf-7405 eng-'O An.t.lytical aerTice1 A}>ril 1. 19U -- • 110.000 
w-7405 •n&·5! R•H•rch 1iOToaber 1. U42 -- •o,900 
1f·T406 eng-85 Rea ... rch Auisuat 12, 19ff -- aso.ooo 

Metal Hydrid .. 
w-7'05 eng-8 Metal Jlovomber 1. 194.2 315,000 610.800 

Reoaat Metal ns.sso 

Xn F:ngla.nd Li.me Co• 
W-7•16 eng-U Ug. Stookp1lo n.c-ber 1. 194.$ - 9,200 

Pitkin, Luciu.1 
w-7"21 •na-16 Sample Ore Kay 11, 19'" -- 1,900 
W-35-058 ~-9 S11:1ple Ore Auguat 15, 194-5 - T,820 
W-$5-0&8 eng-10 Allay Ore February l, 19.f.& -- l,SISO 

Pr•gel, Bori1 Prooeaa radium-bearing 
W-7'06 eng-U dudge June l, l9•:S -- 10.,IOO 

Princeton Univer1it7 
w-7405 eng-81 Analytical Reaearch April 16. 19'3 -- 201.000 

Penn Salt Ktg. Co. 
1J-T4015 en4-80 ~drofluorio Acid March 27 ~'-19~ - '71,900 

u. s .Vanadlua Corp. 
lf-7405 eng-&2 Yellow Sludge January 25, 1943 1,1591,580 4,811,140 

Vz015 U8,190 
Standby 191,260 

Yitro Manufacturing eo. 
W-7405 en,-21 Refining lovember H. 194.2 -- 8:5,500 
W-7405 cr;-M Ret1nin£ April 20 • 194:5 - 4,GOO 
lr-7406 eng-261 Retiniui& Sept•ber l, l~ - 4118,900 

1 W-28-021 eng-T Re tining Janu&r)' 1, 1Hl5 -- &18,900 
W-26-021 •ng-16 Jlefinin& May u. 1945 -- 1951, IOO ,.-· 
W-26-021 eng-H Re tining Febru&r)' l, 1946 -- 198.110 

We1t1nibouH 
W-1401 eng...Z Metal .A.ilgu•t l, 11142 - 1.699.200 
W-T40SI ~-U fhor1a Met&l Auguat T, 19" -- 16,000 
1r-T40T eng-112 Equiplllent Deo•ber 18, 1114.3 - a,aoo 

Tale Unh'erli ty 
W-1416 •n&-22. Rea ear oh Oeonber l, 19'1 -- u.uo 

T 0 TA L tll,682,286 ti6,0i8,Uo 
TRAJHTnR OP GOVElUlMDT FUIUS 
lfatlonai Blireau ot S&lidarda Analytical SerT1ce1 614,000 
lational Bureau o~ Standard• Re ... roh 168,000 

TOTAL 780,ooo 
GlWlD TOTAL '48,828,lSO 

•I11olud411 llHearoh and De"9lopa4mt and quality Control co~ r r. ':"~-
.;, 

~ ·~ · 
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- fir Ser liUi/ . a t 

MISCELLANEOUS CONTRACT DATA 

Borvioe>1 and Suppl1H Inoident&l to Refining and Treatment 

Contract 

Alward, Henry l'l 
W-28-094 on~-6 

J.gruH, Moyer S 
lf-44-15:1 cing-8 

Baker A: Co. 
W-T'°l eng-l 
w-7407 ong-4 

Deten1e Plant Corp. 
W-12-016 eng-1 

Dunellen Eleotric eo. 
lf-17-028 •n&-Sl 

Xrio City Iron Worke 
W-7'°1 •ag-176 

Operation 

Oro 1torage raoilities 

Protact.iniua 

Plat1nW11-Lined pot.1 
Platinua-Lined pote 

Steel d.rwa1 • Colorado 

Electrical lDlltallaiion 
Witldloeox Warehou1e 

Boiler• tor Colorado 
Sludge Planta 

Gene.ral American Tranaport.ation Co. 
W-1'°1 ons;-89 Rental of t.&nk oar1 
11'·'1f..Ol ong-64 Rental of tank care 

Inland Steel Container co. 

Bffoot1n Date 

liq 16, 1945 

June 5, 1946 

October 1, 1942 
)loveabor 1, 1942 

October 1, 1944 

J11ly l, 1946 

Dece11ber 2, l~ 

January 3, 1944 
September 17, 1943 

l'"t-'1'0'1 eng-64. Steel drwu - Colorado January 12, 19" 

Meohanio1 OTerall Co. 
W-M-153 eng-4 Suppl1e1 - 1Jfiddl11ex Whee. April 16, lM6 

h.n Alaerioan Bnginffring Co. 
W-26-0Zl eng-U Conaul tant 

hrl'1' WarehOUH 
W-'lf..07 eng-Ua 
W-U-009 .ug-1 

Rhe- ltanutaoturin& co. 
w-1'°9 eri.g-16 

Road•y ExpreH 
W-7'lZ Hg•IO 

Warehou1e ore - M1ddleeex 
flarehou1• ore - M1ddloeox 

Steel dl'llla9 - Colorado 

TnMIJd.n& 1emoe 

§tT~r·~-. ~ _ I tb l 

June l, UH 

April 10, 19" 
July l, l M5 

.Jla ly 10, l H' 

.Jun• l, lM4 

1fo. 1-9 

Construction Operating 
Co et Coat 

• 116,600 • -
a,5oo 

T,000 
U,000 

12,aOO 

ll,400 

10.200 

100 
Z.600 

6,800 

2,040 

a.ooo 

116,400 
218,HO 

ai.aoo ... . 

12.000 

_ _,,._ .-... .... ~-~~---~ 



Sf E '"' !iif' lii .-- ii Jro. F-9 
J __ vt : ... r 

JAISCELUINEOUS COlITRACT llAtJ. 

Construction Operating 
Contract Operation Rtfeoti TI! !Jn.to Coat Coat 

Stearnt1-Roger1 
W-74.07 Oni;-6! Boiler• - Colorado .January 2 7, l 94-i $ 16.600 • w-S5-068 en&-6 Deaioi and Engineering October 1. 19" ls.200 

3enicea 

Southampton Hauling Co. 
Vl-28-094. eng-ll Hauling by-product.a April 27 • l M6 -- U,100 

transportation Equ.1p1attnt Co. 
lf- '142l5 ent;-20 frailer& tor hexatluoride May lfi.19« -- 4,200 

Treegoob - Federal TrueE 
W-14.U ent;·Zl Trailer• tor hexafluoride June l, 19" -- 11.TOO 

Union Ba.g • h.per co. 
W-'1423 en&·lT Supplie1 - Middleaex April 15, 1~4 - 9,'°° 
w-nza .ng-zs Suppliea - Widdleaex .Tune 28, 19" -- U,&00 

Vanadiua Corp. ot Aaerioa 
11'-7405 eng-268 Haul ta111nga April 22, 19« - e,aoo 
11'-26-o2l oni;-9 Truokin& aerTioea January 2, 19-15 -- '°•'°° 

Woode Mercantile, Hu.gh M Aaphalt tolt-covered 
W-742S eng-6 aheet iron J"overaber l, l94l5 6,800 

~iacellaneolla SerTioe 
Contraota 
(Telephone, Gaa, Eleotrlo. 
eto.) M9,Te0 

-
TOTAL • lT6, 7,00 • 893,HO 
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THORitnl PROCURmmi"T - CONTRACT DATA 

A• of January 1, 1947 

Date o£ 
Contract Material Contract 

Lind•ay Light & Chemical Co. 
W-17-028 eng-i~ 
W-17-028 ent;-36 

Thori\lll lii trat. 
Thor1ua 111trate, llantle 

grade 
Thoriwa fiitrat., 

ohMioally pure 

- 4l _~ 

~ COlf\.;I 

January U, 1948 

July 10, 19'6 

T 0 T A L 

Wo. F-10 

Lb•· Contract Co•t TOTAL 
J>eliTered per lb. COST 

9,UO $1.80 tl6,UO 

H,l&O 1.80 ~,HO 

190 ~.oo T60 

H.~ t&0,1520 
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APPEIDll G 

SPECIAL CHEllICAIS FOR X-25 

INTRODUCTIOll 

Considerable quantities of ~luorinated chemicals were require~ 

tor the operation ot the K-25 plant. In the manufacture of these 

chemicals, HF and F2 had to be obta.ine~ in considerable quantities. 

In obtaining elementary fluorine in the amounts required, it was 

necessary to dev~lop procedures for its generation. 

The process gas (C-616) is uraniua hexafluoride which is, as the 

name implies, the working material used in the IC-25 process. Since the 

llanhattan District became responsible tor the project, no other material 

has shown such possibilities that it could be eeriously considered as 

a substitute for c.:.616 in the process. ('Thie process is covered in 

detail in Section 9 of this Yolume)~ 

Detaile and supplementary inf oraation relating to the d~elopment 

and procurement of special chemic~a r~r K-25 may be round in the 

•Completion Report on the K-25 Gas Diffusion Plant", by the leliex Corpora

tion, 1 January·.1946 (Reference: Book .I.I, Volume 3), pages 843-869. 

That report covers most of the activities described in this Appendix, and, 
' 

in addition, explains more tun1 the complex reasons tor. the changes and 
. . ~ ' ' . . •. ' 

rmaio~ wb.ic~ atfec\~d th•.· As ,etate.cl ln the lellex 'lieport (on· page 
I ~ ' • I '."' '< ' • .. ~ ' • ' 

844): •spec'-81 ;e~emicale requirements fluctuated with the .evol~tion' ot ~ 
I ~-", / .. J • ; ' • I ' '\1~i!-;J 

the design ot ·t~e . Mci~ .cascade and .of the proc~se equipmen.t. 1hia .. c~ 

plicated an .al~d7 ~omplex dnelopaent problem. Fortuna~ely, ho•nr., - . ,( ~ . .· •· . 

lo! • }, •. ' ' ~ , \ • ' , , - .r ' . 

·the particul~ cb~caia cont~l._ted tor· one uee 1rere: -t~equent.i,- ·. . . 
f '•. • -

·~~ble tor a' nllllbV; or 'other aiemcea, and eo, iii general,, ch~ ~er., 

\ 
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reflected in the quantities required, and occasionally in the epecifica-

tions. Thus the work which had gone into their deveiopment was not wasted." 

The fluorocarbons had to :i.nclude materials which would be suitable 

tor a "sea1ant" 1 a "dummy gas", a beat transfer medium or coolant, a lubri-

cant or vacuum pump oil and a fluorine resistant grease. The most out-

standing attribute that these compounds have to possess is inertness to at

tack by uranium hexafluoride and element arY" fluorine gas • . It w~s apparent 

that only completely fluorinated hydrocarbon derivatives would possess this 

inertness and eu~h compounds were accordingly developed for the above uses. 

Two methods of attack were u~ed; the fluorination of hydrocarbons with 

silver and cobalt fluol"ides both in the liquid and vapor phase, and the 

polymerization of fluorinated olefin.s. In the latter case, a final treat-

ment with cobalt trifluoride was necessary to obtain a product of suf-

ticient chemical inertness • 

..JI! 8E6ftET 
' \ 0.1.1 



c-21s 

C-2144 

c-21441 

C~114 

O•?l50L 

c~11s 

C-616 

C-8160L 

JlL·· 

FLS 

· Freon 113 

K.P 

MFL 

· MFI 

OG 

p ... 45 

P-45CL 

P-450Ls 

P•539 

-

.. 

Fluorine 

Fluorinated lube oil 

Chlorofluorolube oil (from terphenyls) 

)(1.&ture of tetradeoatluoromethyloyolohexane 
and tetradecafluoro•thylcyclopentan• 

Ohloro-pentadeoatluoro-heptane 

n•pertluorohepta~ 

Pertluorodime::thyloyolohe~e 

Monoohloro-penta.deoa dime-thyloyoloheane 

Fluorolube 

fluorinated lubricant solvent or f'luot>in&ted 
keroaen.• 

Trichloro-trtfluoro .. ethan• 

Itydrofluo~id aoid 

Polym&r1aed and further fluorinated trifluoroohloro
ethylene (liquid) 

PolymeriH4 and further fluor1'nated trU'luoroohloro ... 
ethll•ne (grease) · 

f~uorin.e 

Hexafluoroxylene 
. " 

Mo:nochlor P-45 

Dichlor P-45 

1'rifluorochlor~ethylene 



C-716 was proposed for The first was as a 

"sealant" in the diffusion pl Thia chemical was a liquid which 

was intended for use in pack ands and similar parts under 

pressure in order to exclude tmosphere which might otherwise 

This idea of 

using a fluorocarbon as a n was abandoned later in favor ot 

nitrogen which was much cheaptnd had only the disadvantage of a 
! 

lower molecular weight. The tnd . use tor C-716 was tor a 11 dumm7 gas.tt 

to fill unite which had been t ired and were to be placed .again in 

production and fol" testing th/er{Jdrunce ot diffusion unite. Furt.~er-
. I . 

more, eince C-816 production j not expected to be read;r tor uae •• a 

_coolant on the test .floor, 8 coolant grade C-716 ••• mautactured 

tor tb1a requirement. Ben •••, .al.moat t.h• entire prograa 

ror the .manutacture of G-716 ( baaed on the premi~e that it would be 

used as a "sealant.". - · 

· The eaaential properti~tor sealant were t,be saae a.a those given 

tor the coolant under the se on devoted ;to C-816, ~ept that the 

volatility ot the .material 
. 

to· be more caretull;r controlled in the 

case ot the sealant. Aa a r t of this carefully controll~d v~por 

preaaure apecitieation no or.l.ic liquid but normal perfluoroheptane 

was seriously considered as Jing capable of tilling this sealant re-
. . . I 

quirement. The reason tor t~ J&IOre stringent specification tor the 

..Jl'¥E8REf 
G.2 
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sealant was that this grade material was expected to be bled slowl.7 

into the process gas stream through packing glands while the coolant 

material would not get into the process gae except through leakage. 

The aanutacture o! c.716 co11Biated ot fluorination of normal heptane 

in a vapor phase by passing it over heated cobalt tritftuoride. The 

process tor the .manutacture ot thie material. had to be developed on 

the basis ot research results at Johna Hopkine and du Pont and the 

material was mamdactured in a plant eapeciall7 constructed tor this 

purpose. The OSRD had alrea<f7 developed a llorkable proceae tor the 

production o~ C-716 at the time the Jlanhattan District tock o•er this. 

project, and an OSRD order tor 20,000 pounds with the du Pont Co.mp1U17 

waa taken over 'b7 the Jlanhattan District in November 1942 (Re.t. 1). The 

C-716 wu procured troa the du Pont Coap&D1' in Wilaington, Delaware, 

. wider the coet-plus-tixed-tee contract lo. 1·7412 eng-2 which wu ettectiTe 

on lovember 17, 1942 and covered conatruction and operation of a plant 

tor manufacturing tbia materiu. Thi• contract wu a~arded to the d\1 

Pont CQ11Pan,- aince thq were at that tinie the on17 company in th• count17 

which had previous experience in the prpduction ot coJ1Pl•tel7 fluori-

nated h7droCarbona ot this sort and in addition thq had done consider

able wo.rk on the irlitial developaent ot tbie process. 

In December 1942, speeitications were given to du Pont covering 

the etabilit7 ot C-716 process gas {Ref. 2 and 3) .. It na planned 

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

\ 
\ 
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3,400 pounds of sealant grade and 16,600 pounds coolant grt~de 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 c.bcu-

ments refers to this initial order of 20,000 pounds. 

In early 1943, it waa belieTed by those working on the program, 

that· the use of synthetic heptane was necessar~ to obtain a grade ot 

C•716 suitable for use in the plant (Ref. 4), and further work along 

those lines bore out these opinions. The initial lots of C-716 were 

showing proeuction costs in exc~ss of t40 per pound arid, as a result, 

it _waa necessary to increase the amount of money prorlded tor the 

manufacture ot this product. 

In June 1943, it had been definitely determined that the preYioua-

17 considere4 C-816 waa not satisfactory as a sealant material !or the 

large plant and it was, therefore, necessary that the entire sealant 

requirements would ha.ve to be made ot C.-716 • . Supplement~ to the 

Contract lo. W-7412 eng-2 were issued 'tor additional amou:nts of the 

C-716 and at the sam• time additional speci!tcations which were in

corporated in the contract were set or;i the material. Throughout the 

literature and the .docwaents, this addltional order is referred to 

aa C-716-2 and the specifications ae C-716-2 specifications. A new 

Stedlnan Column had to be inatalled in O:r:'der to take care of the c .. 714 

(mixture ot tetradecalluorometh;rlc7clobexane and tetrad.ecatluoroeth7l

eyclopentane) specification limit in the C-716-2 and the cost ot im

proving the proceee tor this reason amounted to $58,000. 

Cost at the conclusion of the production of the initial 20 1000 

pounds ot C-716 wae 1700,000 exclusive or the fee. However, du Pont 

.m SERRET 
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emphasized the tact that the price ref ected an enormous amount of 

further development work not onl7 in the process it.self but in the gen

eration and handling of fluorine, the preparation of the cobalt trifluoride 
' 

catal71tt and general fluorocarbon process development. Those latter 

costs would normally have been covered under a research contract. In 

February 1944 information we.a received stating that enough C-816 would be 

available to permit its uae ae replacement tor the C-716 aa coolant tor 

the test floor, this resulting in a saving of 1250,000. At this time, 

it was decided to redistill the C-716-1 of coolant grade which was still 

held by the du Pont Comp&n1' through the Stedman Column in order to pro

vide tor the recovery of a considerable amount . ot C-716-2, the seal.ant 

grade ·apecitication material., This. processing ot the coolant grade 

C-716-1 to C~716-2 proc·eeded so satisfactorily that. production of 716 

· exceeded scheduled requirements and there wu no further di.f'licult.7 con

nected with the procurement of C-716. 

Because of the fluctuating requirements caued bi change• in con

ditions, the prodletion echedulee ot C-716 were changed at T&rioue ti.mo 

throughout the contract • .However, under th•Contract 20,280 pound• ot 

C-716-1 and 76, 755 pounds ot c-n6-~ were produced. 9,936 poWida ot the · . 
C-716-2 were produced trom the coo1~t grade C-716-1 which bee ... 

available when it wu not needed for use on the teat tloor. Produc• 

tion of C-:716 ceased on June 25, 1945. Coat of construction under 

Vl-7412 eng-2, which covered production of both C-716 and c..:2144 {tlu~rolub~) 

amounted to $737,290. Under this contract, 20,280 pounds of C-716~1 

were produced at a coat ot $656,290. 76,752 pound.a of C-716-2 were 

\ 
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produced, 66,816 pounds at a cost ot il.492,680, and 91 936 pounda 

(from C-716•1) at a cost of t7,800. 

It should be mentioned that the 716CL (ohloro-pentadeoafluoro

heptane} process developed at Purdue under W-1406 eng-74 by .Pro:tessor 

I. T. McBee oould be operated to produce a sufficient amount of o-716 

of satiatactory quality to meet the sealant requirement a.a a by

product ot the 716.0l. coolant. 1'hi.s was an attn.ctive f'eature ot the 

7150.L proo•••- Undoubtedly this proce.ss would he.ve been used had, it 

been possible to develop it· in time since the oost ot the material u 

a by-produot would have been relatively lcnr in any ou• and ti. proc••• 

was partiQularly atti-aoti'Ve on a.coQWlt ol it• very low re:quii"eMn:t• f(Jf" 

el,mellt&Ty *71wHor~ne. 

l1&1'tluorod.i.lsltl~lol!loh•~ ( 0·816) arul l•xatliu>rs;l•n• (P-4~) ·· 

4-816 waa developed tor \d• •• a coolant mterial in th• dit.tusion 

plant. Th• physical propo.-~168 v.nd an 1nertne.,. 'bo pr'ooe•• gu re,.uired 

tor this coolant r•atri~ted the choice •t P,r.otic;~,·-:1f~un.da to tlu.o .. 

dna.te4 hydrocarbcm ~r1~tiv•• haYing 7~ 8 or 9 carbon atou (ltet. 6). 

Ot those 0•816 p~ved to be th• m.o1t'.aa~J.staotory an4 ti. lea.tit ex• 

pensive to J;QanU.faoture. 

When the coolant requ.ireldnta tor the large plant were presented. 

in Dec•mher 1942 (Rat. 7); it WU obvioua that the ve .. ter proportion 

of the coolant for the large plant shou.14 be manutaoturad u a oheaper 

material with lower requirement• tor fluorine, since the oost ot 

using 0~716 (n-pertluoroheptane) would be almoa't prohibi:tive in the 

amounts that would be necessary. G-816 waa ohosen ainoe considerable 

, -. ._ : , .. B 



work had been done on the manuf actura of this material at Johns 

Hopkins and Purdue Universities and at the Hooker Electrochemical 

c·o~any and the du Pont Company on a semi-plant scale. The process 

involved the treatment ot P-45 (hexanuoro;q1ene) with cobalt 

trifluoride in the Tapor phase. C-816 had been the subject of a 

long report from the Kellogg Co1,11pany stating that its properties 

made it saiisfaoto17 for use as coolant in the large plant. Accord

ingl7, Contract Jlo. W-7412 eng-6 etfeetive as of December .31, 1942 

was· executed with the du Pont Company tor its aanutactuN. du Pont 

~ the logical choice tor this contract tor several reasons. They 

· had had iaore experience in .the field ot organic fiuorine chemi.st17 

than an7 other company.in th• country. ' Th.e7 were •ngaged in ex"". 

elv.sive work on .tluorination for the OSRnbetore the Jla.nhattan District. 

took o-r•r this work. Tllq were engaged on the 110rk tor the manufac

ture of C-71•• and in connection with C-716 they had developed con-

siderabl• fluorine genera.ting capacity .and experience in fiuerin• 

manufacture • . Furthermore, thq ha.d done much work · orlfhe C-816 proces.a 

itself. .Obvto_uS:l.7, the choice ot the du font Company fe>r this manu-
. 

tactu,ring program wae indica.tedo The raw :Qtaterial hexatluorOJq"lene 

(P-45) wae E1-mi•he.d by the Booker JJ..ectrochem.ical Company under 

W-7405 eng ... 28. ·since the ·('ju Pont plan~ would not start to produce 

until la.ti. 194;3, there was still a requirement for coolant for the Kelle~ 

pilot plant wb~ch it was . ~ected would .be manufactured u C-761 

since the pilot plant was expected to start operating in the .S~er 

of 194:3. 

a.1 
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In February 1943, it was decided to use C-716 as a sealant in the 

large plant beO&U.SO the volatility of C .. 816 W(lS too lOY and, although 

it had been hoped that ·t;he cheaper 0-816 could be used, with this 

decision, no further oonsideration ot C-816 as a. sealant material na 

made (Ret. 8). Later in February 1944, it was tound that C-816 could 

be substituted for c- 7,16 aa aoolant for the test tloor, and this re-

sulted in savings of approximately t250,000 (Ref'. 11). During 

praotielllly all of the period 0£ production of this material require

ments varied oonsiderably, (~t. 6, 9, 10 and 13). These variations 

in requiremen~s YI.ere not conduoiw to smooth econcmdcal operationa 

since it waa neeeasary at times to shut down certain portions of the 

plant and the.a. start up these same portion• again when it waa under

stood. that requirement• would be in().reaaed. again. 
4 

l{a.rly in lune ,1944, th• question ot th• c-116 oont~nt or 0-816 

waa rai••d 'by the J(ellO:J; Qorporatton aa it had bean 1'ith th• a ... na, 

e.n4 Iellex desired to know the coat ot reducing th• C•114 eontent 

in. the C-816 to "not more thanO. 5,C. tt du Pont auppli ed. the intol"Dlation 

that the oo•t ot producing 0·816 ot s;uch quality would inorea•• the . 
eost by t251,000 (Ret. 18). The Kellogg Qompany th•n formally re-

queate4 th1• ohange in 1pecitioation to be made -.nd stat~d that C-816 

ot the old apecU'ication grade al.ready "mAdt could be ueed (!tot. 14). 

In July 1944, the new speciticat!on na i•sued and. the du Pont Oompe.ny 

was informed that the change should be made. 

In Auguat 1944, the C-2144 (tluorolube) situation was so far 

behind schedule that two reactors -.ntre taken oft the C-816 production 

and used tor C-2144 production. Accordingly~ the delivery schedule• 

G.8 
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for c-816 were set back considerably. 4s stated previously, req~ire- . 

~ent schedules were changed almost daily and especially in the l atter 

part of 194h and early 1945 these ~hti.np;eB varied as work proceeded 

with the construction of various plants which required this material. 

Early in March 1945, instructions 'lfere given for redueing t.he plant 

capa.city of C-816 ln which 01bout 75%oo_r the facilities were to be shut 

down and p.1aced in standby condiM.on. Shortly afterwards, however, in 

the latter part of the same month, additional requirements were receiv~d 

and it w.ns necessary to ask du Pont to increase nroduetion rates. In 

early April 194.5, it was requested .that C-816 be made at the rate 

ot 150,000 pounds per month and at th' same time it was thought that 

additional C-214J~ would be nece-esary. How~ver, requirements changed 

so that the C-2144 process was shut down entirely a little more than 

a month later. In general, increased production ot C-Sl6 seemed to 

be necessary ae the· picture appeared in April. HoweYer, by the middle 

of the year production requiremente were again lowe?"ed somewhat.· : 

In September, a letter of intent was sent to du Pont with the infor

mation that production ot C-816. would be t11topped as ot the 25th day 

of Dece.mber 1945 and certain .f'acili~ies would be placed in standby 

with the excess declared surplus. It was planned to pilace enough 

equipment in standby condition to pro.duce 140,000 pounds per month 

of C-816 and 1,000 pounds per month or C-2144. 

Production was completed, as planned, on Dee~ber 25, 1945. Coat 

of construction under W-7412 eng-6, which covered prod~ction of C-2144 

as well as C-Sl6, amounted to 19,101,260. 3,888,219 pounds ot C-816 

were produced under this contract; 371,290 pounds at an average cost 
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ot $4.94 per pound, and the remainder of 3,51,,929 poun&t at ll.80 per 

pound. In addition there was also produced at an average price of t1.s2 
per pound 286,461 pounds of C-816CL (monocbloro-pentadec& 

diaethylcyelohexane). Operating costs for the C-816 process totaled 

$8,673,830. At this time the portion of t~e taeilitiea as stated above 

were placed in standby and procedure$ were instituted to dispose ot the · 

excess and after· 25 Karch 1946 disposal ot the entire plant was begun. 

du Pont made an otter tor the entire plant and this otter lfU 

ultimately raaied to 1186,ooo in early loYember 1946. Thia otter took 

into accOU?lt e.timated di~tlement coata ot tsoo,ooo which du Pont 

would absorb it the fdfer were accepted. Rowe•er, du Pont withdrew 
. . 

theU" otter ent.irel7 aa of 31 December 1946 becauae of changing 

busineaa. and economic conditions and the plant i8 now being disposed 

ot through normal: channels. 

Hexatluoroqlen. (P-45), the raw material .froa which C-816 is 

made, wae produced bT the Hooker Jllectrocheai.cal CompUT under C~ntract. 

lo. W-7405 eng-28 ettectiY• 4 Janu&l'J' 1943. A plant ••• conatruet-1 · 

tor ita manutaeture which consisted ot the .chlorination ot XTlene to 

hexachlor0X7lene tollowed bf the r9,laceaent ot th• chlorine b7 nuor1ne 

on treatam~ with hJdrogen fluoride under pressure. ~tact that. the 

compound c·ould be unutactured witt,iout the uae ot elementa17 fluorine 

was an important .factor resulting in the selection ot C-816 aa a coolant. 

Considerable work had been done on P-45 at Hooker under OSRD Contract 

lo. OEller-:-811 and tbie work waa continued under the Kanhatt¥ 

District with Contract lo. W-7405 eng-76, effective l April 1943, 

for research on fluorocarbons. 

G.10 
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When ·the C-816 p1~oceas waa adopted for the coolant for the large 

plant in December 1942, it was agreed tha.t the intermediate P-45 should 

be obtained from Rooker. This vras logical since al .l development work 

on this process haci bsen done by Hooker and they had moreover" a great 

de&l of' experience with the manu.fa.cture of this type of' product, 

partioul.a.rly the intermediate .ohloro oCD.pOunda. Considerable wt>rk 

waa done in the spring of 1943 in the develop111ent of the P-45 prooe•• 

and tentative specitioationa for the material ore de"9loped at a 

meeting at du Pont 1n March l94& (Ret. 16). 'l'he delivery schedule 

inol"'eased very conaider•l>ly during the early ll'lOnth•,. 400,000 pound# 

on the qrigina~ order being later increased to l,620,000- pounds to 

b• delivei>ed by Nover®-r 19~ (.Ret. 16, 17,. 18). 

ta J,ugust 1943• d.u Pont ~hanged the apeoU'icationt tor the P-4G 

(Re.f. 19). At this tilne, oon.fetenoe• w•r• Ml4 in 'Which the· dif.tioulty 

with the P-45 quality we.i-• disoW1aed and. the question n.s raised ot 

the att•.ot ot the qua.11 ty ot the xylene r•• material upon the dU'• 

t'ioulties llc:toke~ a• having in :m.eting the r-45 ~peott1cations. Aa a 

result ot resea.roh it •• decided to:_try better xylene and a. new grade 

waa ordered. trom the Donner, Hanner Ooke 0-0lllPNlY, who reported that 

this xylene oould. be turniahed 1n the neoe111a.ry quantity with appro• 

priate pioiQritiea assistance. At thia time, the initial f-45 require .. 

menta were aet ba.ck tro• JIQvember to l>eoember 194$ (Ret. 20). Uso 

the detail• ot the xylene ooste under the new speoitication~ were 

aubmi tted ainoe this n91' grade ot xylene satist'aotoril:y took care of 

the troubles lf.l th the P-46 apeoification (Ret. 21). 
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In August 1944. Hooker wa1 asked to reduce the rate at produotion 

of P·•5 (Ret. 22). '.l'h.i• waa don• 11no• the P-46 produotton prograa 

v1aa far a.head of sohedule and. tar ahead of the requirements ot the 

du. Pont Company. This a.otion_ enabled the Hooker Company to devot. 

their energies t& the production ot the experimental order ot MFL. 

iluring the manufacturing proo•••, th•r• were oonaiderable amounts ot 

reaiduea which were ••t u:tde ancl atored. All teats inclioated tb&.t 

Rooker rec~ver ~iia.L (»>moh101- P-•6) and P•450J.a (Diohlw MS) ha 

theae r&atduea. P-.60L._. reoo~re4 from th• ~·•tduMa .tro• th9 '""'' 

production and •hipped. during the lite ot the contrMt• The .re114ue• 

f?"b1n ·th• P.:.U.et rec0"19ry ••re again atored.. Regular pro4uct1on ot p ... 41 

end.ad in o~tobe-.- 1.94ti b4 at ~ ell4 ot this procluoti0n all P-466.l. amt 

P~60La wu reoO"V'el"ed .trm the r--.h.Ling "'iclue1 and 1'8.1 ashipped. in 

lovembet'. The entir• pl~t WiLa then place4 in ltand,.bf ter atx DIOtttht. 

:marl.1e.:r. in JlarOh 1941 •. th• ,lant had ~- plaoet lia •tanc\by ~ l••• 

than a 114onth later llOiPe proaot-lon 1'U tomut to b• nece••*'17 and it wu 

it~•4 up •gain. iA .April, an4 produotioXl then oontinuetl until tb4 

tinal shutdon ;in Ooto~r 1945, &• noted above. 

> 

under 11-7406 eng·28 uiountecl to fl ,5SS,OOO. '1'hia plant wae al•cit u.ed 

for tho production 0£ MFt and Wl eel tor the unrelated tu.notion ot 

dag r-ecovery tram metal op~r~tione ot the Jfadi1on Squar~ Area (which 

necet!iai tated an additional $.frZ,000 ot oon1truet:lon co•t•)• During the 

life ot this eontra.ot, 2,129.846 pound8 of P-45 were produoed at an 
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operating cost of $3,324,860, or 11.22 peib>ound. In addition, 168,350 

po\inde of P-45CL ••r•. procesa-4 at a cost ot t30,490, or I0.18 P•r pound, 

and 69,790 pounde of P-45Clr2 at an operating cost. ot '9,480,. or lo.14 

per pound.. Total operating coat. for tll• P-45 proceae amounted tO 

13,364,830. 

A certain amount of th• eq\tipaent under Cont.ract lo. W-7405 eng-28 

ha.db•• aet aside for further JIP'I. production an.d under a suppl•ent to 

thia eontJ""act, st.andb7 and tu.rtbv conatructi~ h.ae been arranged. How"'.' 

eYer, Booker ha.8 submitted a bid t.o th• lorth Atlantic OiYieio~ tor th• 
' . I 

r.&inderot th• plant. under thia contract.~ n•goti&tio~ are now in 

proeeae tor the acceptance ot looker's bid tor tbe plant. . 
,,~' 

nuorolub• - C-2144J FL, n.s. irL, . 1IFI yd-C-2l.Aftf 

r r • 

,, .. 
·, 

characteristic• auch &• to aake it aatutacto1'7. a.a a vacuua PUllP oil. -It: . . 
':- ·, ....... 

waa neeeaaai7 to ~aft a 81rtli.atactol"J' st.ablllt7 to proeeas gaa aa indi~\- · · - · 
• • :: ' o I • • : :·.... 1 ' ' ~ • •1 • • , . •' 

0

• 1 , .... ' ,·· ;·:; • 

eel bT tailu• to fora a .residue with tbi• ut.erial, hoP should t.hia 1'1bri ... · , ... .''. 
> •' • ' I I - • .:. ~ J. .,..·: I 

cant b• too rapidl.7 dee011po8itci' by tlU.Orin• in conc911trati0n• up to ~. , /:·,',:;'~>-; 
. . ' ·, .. " ''·">-'1 

Such ·properties a. th••· are poeae~aed on17 b7 tiuo~arbona con\ain1aa ·~ " .~{\f:.f I 
. . . . . . ' . .~--~ .. -. .- -~-· 't:. .; l 

about 20' carbon ato• per' molecule.. The code nan' C-2144 applied to ~. ',,.:,:1,;?i 
. . . , K· . . . . . , , . . ;~ r'.° ·;:~J 

the tluorolube ·waa ~eJ.T~d . troa the tact that it wae aaeuaed a ea~tactor~(,.-~{:;j 

product wou.14 conaiet ot aol.eculee haTing an &Terage coapoaition of 21 \· :~ ·~;::~:Y.-

carboft ate. and :" tluorin• atou; · 'l'blil uteri&i as well ae other "'"·~~] 
materials tor this purpoee were trequentlt ret~rred to a.e •FL• tor . ·.·.: ,~\J 

tluorolube. It wae late:r tound that a certain aaount ot chlorln• can 
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be tolerated in the molecule and that within certain limits such a 

chlorine content does not adversely- a.ff ect the requirements tor eta-

bilit7 towards process gas and fluorine. 

Ho fluorinated material with these characteristics had ever been 

prepared even in the laboratory when the Manhattan District started 

wor.k on this problem. Research on the preparation ot such a material 

had been carried out under OSRD contracts at Colwabia and Johna Hopkins 

UniYeraitiea and at the du Pont Company's Jackson Laboratory before 

the Jlanbattan District took odr the work. llowever, hone ot the 

processes investigated bad really worked satisfactorily at that time. 

The requirements tor tluorolube were slow in being worked out since 

,it was known .from the research work that the material would be extremel7 

bard to make and very expeQive. Since requireaents had to be kept 

at a ainillua, the KellexC01ipan7 did considerable work on obtaining 

pumps which would have a minimwll requirement !or the oil and thq were 

attempting to design the plant in such a wa7 as to use a mini.mwl. number 

of aucb p1111pa. For these reasons, the requir.-nts listed up to Decem.

ber 1942 gave no quantitatiTe estimates, but stated onl7 that there . . 
would be aucb requirements at a future date. 

On the baeia ot these statements, it was prorlded in Contract 

No. W-7412 eng-61 effective 31 December 1942, with the m Pont 

Company that the7 would build a plant using a process developed by 

them. Thi.a process involved the ipteraction of elementary fluorine 
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-~ ,, (; .... . 

and lubricating oil in the vapor phase in the presence 0£ a silver 

plated copper gauze catalyst. du Pont was chosen :for this work since 

they had done W. l the basic research work on this prooasu whioh was the 

most promising to date. Obviously, there could b$ no other ohoice tor 

·this contraot. Howevet-, it may be stated here that this prooess wa• 

never satistaotorily worked out ainoe explosions and bu.ru outs in the 

plant wet"e a oonstant •ouroe ot difficulty. 

The tirst requirements lhtre r•ceived 1n June 1941 to~ th• iellex 

fest F1oo.- and for tho pwap mauutao-turer•a teating program (ll.et. 2S). 

At the tilzle t hese requirement• lf'8r• received the production ot the 

l~brioe.nt cm a large 1oal e had not yet been workecl out. In June 194..3, 

a meeting wa• held at. du Pqnt di•owaaing th.r pro'blem1 !Avol"f'G.cl. !h• 

only operating units tor It p.repar•tioil were the•• at the Jaokaon 

t.bora.toF,- 'l:lfing the: npor phaae process. Thi• a-11 .Pl&Zlt hacl a 

.oapaeity of -l.$ &•Uona per month ot 1£, aad 4.3 gallons per •mth ot 

th• •o-oe.11•4 tluoi-inated. l1.lbl"io'1lt tolve.nt (FLS), the Ft& b•ing iL 

tlu.orinAW4 hydroCUQOD. ill ~ kel"'OS .. Jlt rtm'8 neoea•ary for dJ.saol viJig . 
FL in. the manut~~ing proc•e•"· '?h•~• wu also a small, pil~t plant 

at t1ohae Hopkin• whioh had been ••t up under Con.tract No. •'1401 eng•43 

with a o•pacity ot 8 gallon• per lllOnth .ol 1L and$ gallou per mc:mth o.t 

·ry. Thia plant waa not in orration. to mee'b the Xellex :requirement•• 

it wa.1 decided. at the ·meetillg to do the t'ollowhgJ. (a) 1)1aoQDtinue 

the vapor phase prooesa 110rk under Contract Bo. lf-1412 e:rig•6 an.cl 

oon.atruot inetead a plant with a oapaoi~y ot 110 pounda per day uaing 

a liquid phaae prooeta which had been developed at du Pont involving 
• 

,. ·· ·~ :· •' . . . 

G.16 :i •1 ,, '· .. ( . . ... ~\: ! . t · :.._ .. tf 



the reaction of the oil with silver difluoride in a stirred reactor,. 

(b) double tho capacity at Johns Hopkins University. this material 

was to be sent to Jackaon Laboratory in a crude state •here it was to 

be traotiona.tad t.UJ.dar Contract !lo. W-7412 eng•7 (latsr ino&rporate4 

into W•7412 en.g-151),. (o) put in a pr0Qe1s under Contract NQ. W-7413 

eng•2 at du Pont tor the ltlAnuf'acture of 35 gal.lone per month ft. by a 

liquid phaae procesa similar to the o:n.e 11W1utaot~ed above, the plant 

to be t&ady by October 194~. ud (d) continue the Jackson Z..borator-y 

operation• at the PJ'Glout oapaoity. 

d~ Pont sta.tod. they £el t that the ar'range1~nt• abl)Ve would onabl• 

th&m to me•t requirem.e.ttte satiai'aotorily:, S:P,ortly after thQ lltddl• 

Qf June,. r~llex tilrn:i;.shed the speoifioationa Whloh had been d.ctci4"4 

upon for th• tlu-orin&ta4 lubricant (llet. 2'). 

P~oduction of th• ft. rail.eel t9 ••t $X~O't-&tiou. the .UqU14 

phas• program gave a gree.t deal 0£ 4.ittioW.ty sine• the tI. obtain,:cl 

by the prooos• a1 it he.d been worked. o\l.t at tn.t time d1d not meet 

t .he att..bility speoJ..ti.oatiQl!UI. Abo there .,,.. a great deal 9t un ... 

expeote<l troubl.• due to the tact that'_i1um.eret.U1 reaoto~a U$e4 in the 

l 1qui d phaae pi,<ocea• burned out in an unpredictable mauner.. thereb7 

causing very gt"eat delay• it\ produotio:n. Only the pilot planta a.t 

Johna Hopkin• and the Ja.Qleaon Le.bol"a.tory oould be countecl on for ay 

produotiOD. In a.d.dition to th11* in late September. new requirement• 

were received trom Iellex. They were 67 gallona (1120 pounds) by 

February 1944 for the Test Floor e.ud otb,c;ir test purpo.sea and 640 

gallons (10,100 poundli) by February 15. 1946. tor the lnrge plant. 



u compared to these requ.iremant• during the month ot Ooi;ober, 56.2 

,pounds ot 'L and 192.6 pounds of Fl.s were produced, making a total 

produotion up to November l, 1943 ot only 93.1 pounds of FL and 357.4: 

pound• ot rus. :t't i• tbvioua that at thia date the sitl.Ul.tion with 

reapeot tG tluor•lube wa. meat orit1cal since no large scale procesa 

had. been p\it into operation whioh ooul. d be expecte4 to rumdl.e the 6-tQ 

gallon• r•CJ.\d..,...at. ~'ftr., resevoh wu oonthluing oonatantly on 

the•• prO,o••••• in the hop•• of d•·wloping sa~.iataote>ry prooadurea · and 

s.t thi.• ti.. du )?011• •• doing oonaiclerab1e work on the us·e ol e. nft' 

raw mat.rial• ~l10hl.frote~herq.J. • . which lt'U. hoped wot.Ud. be a. more 

1ati•tao-ey iraw material thal!l t he hydrooarbQn lubricant oil then ~ 

U.•· In late })eotll!lbol" 19.43~ Dr~ Rosftn 8°tatC)d that ~ !eat PloGt" 

r&qdr8Mntl aight b• re4u.o•d tligbtly i.t ab1olutely neoeasa17 bll't 

tbt.t b requl:rem.o.w .t•r tn. large plant could not bft reduc•d• Attar 

.. ••ri•• ot meeting•,, n• contractual comnd. tlllents w•r• mad.~ 1d "th ciu font 

to pr•rl4* tot (a) a pl•-t with a ca.paoity ot •s p•lUlda P9r dai using 

th• w.por pha1• proee.-•, (b) a pla.nt with 22. pou.nds per day oapacttr 
. 

u.aiag a liq;m.cl pba•• proo••• wbiitr• tho -catalyat •• r&g11nere.ted in a 
t 

separat• wea•l in the hop•• that barn outa FO\lld. be Jiini.miie.4 or 

elilllinatacl• (o) a pl•'.b airdlar tQ (b) w~th a oapaoity ot 44 pouncUI 

pe .. day. 

th• lohn• Bopkiii.a Laboratory pTogram. waa to co~tinue at ita 

preattnt 1ate and a• at thia date. they had prod\lettd 280 po"Unds of 

fluorolube.i ixp4ntd.iturea unde,r Oo:ntTact W-7406 eng-41 with Johna 

Bopkina Un1 versi ty tor thia work and certain other atwliea in fluorine 

aggregate4. t628,000. 

e.11 

< ~- - ~f" 
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About tho middlo of January 1944. a revised requirement schedule 

wae reoeived redu.oing tho requirement ao•what. but it wats; agreed that 

even With these requirements it was still a matter 0£ neoeaaity to 

attempt to uae the du Pont vapor phaae process again. Meetings were 

held al.moat oonstantly in attempting to lay dowa requirement• and 

d.e~lfp Dl68nl ol inoreasing procluoticm.. In early Februuy, n, require

ments tor the larp plant were iuore&aed (let. 26). .Acoordingq. 

a.rrangementj were llll.Cle to ua• two ot the 0·816 vapor phase. .~tqr• 

wit.ta !"or th• produaticm. ot IL by the 'ftPOI' phu• prooe••· '.the method 

u.aed. t0;• thia prod.uotion na ••••ntially that uaing oo'bal.• tri.tluorl.M 

•hiob. he.4 beea aat1at1.ot()ril7 ued on the pilot. plaa1i aoale at Jol'JM 

l opkiu. 

1J1 Ma.rah 19"• • ti.ra~ d.e1or-1pti• ~t • n• tl.tu.»nl ull4t prooe•.•· 

which h!Ml 'ben tt.t•lope4 'by Pv~ Miller ol Colu.bia wu _.. (R,et-. 26) .. 

It _. tb.1• P""••• &n4 material 1'h1oh wu ult1-t•l.1 wa•cl by th• 

Booktr llleetrocheaioal 4~ aa.4 ii ,o,..red. he;eaftet'• 
15 

Oa"*1-oh 'J.ll 1944- th• d&l Po~ip ftpOr pi..• prooeaa: under W,..1if,ll . . 

eng--6 waa finally dropped on ao~ount ot ext"- operating d.i.t'tio~ ti ea. 

Jn et.rl;r A,p:rU- thor• _. an ·.-Pl• 1upply qt Pts on h&nct and. Jo.lua 

Jlo.pldn• •• tn1vuot•cl to •d1tf the pU~t plan-t proo••• to pro~• •• 

muoh PL aa poaaible which would. then be di.atilled at the Jaokloa 

J,&bqratoey (Ret. 17). In augua~ 1944• (let. 28 an4 ~). ln"• Roau 

stated that C-2144& wu aatietaotor;r tor use u a a®atitute ~or 

0-2~·4 but that it shO\ll4 li.Ot bt ai.Xed with 0•21" to &n e.x-e.nt Of 

more than 2,C. C-2144S wa1 the material prepared troa pol10hloroterphenyl. 

a •. 1s 



·:rz·*™ ··-· 
.Meanwhile work was proceeding satisfactorily on the production 

of M'PL at Rooker.,· and initial. figure• i ndicated Mlo~L to be chea.pei-

than the othar fluorolubea on the baeis of l{ooker estimates and 

du Pont production uosta(R1'f• 29). By early October,. H.ookor had 

produced some 1500 pound.a af MPL without undue ditficsulty. Thia 

raised the total YL pro4uotion. almost to requirements., this rt 

production being both 0-2144 and MPL coabined figures. It waa now 

. · . ... 

possible te discontinu.e the uneoonomioal operations at Johna Ilopkina 

which ha<l been neceasary during the period ot criticu 9Jll.ergenoy in 

the IL productiou progl'&lll. Such pro4u.otion was finally diacontinUC14 

e.s ot Noveaber 22, 1944. Altio it was decided tc). return the two 

C-816 va,pQr pha.1• reactors to the 0·816 production pl"(>gra:m ail du Pout. 

l>uring the latt•l:- part ot 19~ a.ml early l9t6, requiremen:ta on 

0-2144 oh&ngecl oon•id.ere.bly in that oormaitlaenta wen llOt ti~ and. the 

requ.irementa lft>ulij, tluotuate almost from. <18¥ to day. llowewr, pi-~d.uo

tiou ot th# liquid phaae 0-2144 wu co~tin"'ouely oarried. out., Duo in 

part to ohe.nge• in requireDlftnta and to th• sathta.otor,y progre•• being 
. 

i:a.de with WL it waa deoi.ded in the iai.4dl• 0.t ~ that no C-2144 

wou~d be m.ad.e a.tter!July f.( 1945. However, total 11.. produotion was 

in excesa ot requirements and a.a a re•ult ot .further conterenoes, a 2, . 
letter na written C)n May j'f./ l.9~6 stopping the crude teed to the 

A 

a-2144 prooesa with the inetructiona that only the crude then 1n 

prooea• would be made into finished material. Also., instructions were 

given to place the tacilit1e• in standby condition. The overall 
. ,.. 

production ot a-2144 by du Pont under &ll its contra.eta was 30,.513 

pound.a. 

G.19 
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Jfl 9~tlttT 
Under Contract W-7412 eng-2 with i. I. du Pont de Bemours & Co. 

8,216 pounds ot C-2144 were prodllced at a cost or 1783,810, or an 

average coat of 195.40 per pound. Under Contract W-7412 eng-6, 

15,447 pounds .were produced at a cost of $893,530, or 157.S.3 per 

pound. Under Contract W-7412 eng-151 with the du Pont Compan7, 

6,850 pounds of C-2144 and 728 pounds of DIZ (silver ditluoride) 

were produced at a. cost of $211,070. 

In March 1944, the first description ot a new fluorolube 

process which bad been deYeloped by Dr. tiller at. Columbia wae . 
referred to {Ref. 26). Tb• proceaa consisted ot pol1119rization of 

. P-539 (tritluorochloroetb,ylene) (see Paragraph on P-5.39); page G.28 

using a peroxide eatalpt. fhe pol)'lller was tract.ionated and the lubri

cating oil traction stabilized by turtber treatment in the liquid phase. 

The special tractions were carried out at DiS:tilla.tion. P.roduote, Inc., 

Bocbester, In York. BJ' the end ot Jul7 1944, Dr. Bosen had de-

tendned and so stated that tbe oil d.eveloped b7 JZ. Killer's reaearcb 

would be satistacto17 tor uee aa a substitute or alternate tor C-2144 

(Ret. 31). Also at tbia time, it wa.8.recoJ11111.ended that tbe production 

of this material, llFL, be carried out at the Hooker Electrocbem1cal 

Compan:y~ du Pont was not interested in taking on an.7 more work since 

th.e;r were completel7 occupied with the C-2144 progra.a. ,Hooker waa 

chosen for this prograa beeauae the7 had the equipaent available, the 

supervision and the manpower to do the work, were alreadJ' under c~ntract 

G.20 
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.'lu.gu.at 194'4. eupplell.Wltt to Hookur Cout n.ot W-1405 o;n.a•7ti 'WWI ini. tiatod 

cal l1x1G for t he p·roduotion of polywlri1ed fluotolube (MP-L) at a <Soa'b 

At th.is t.m, tbe production ot 0•2144 at du Pont na or.>t:ttJidoftbly be1h.1nd 

aoh.edu.l o.. ShOJ"tly Attor the initiation o.t tbia supplement with Boo.ker. 

off'1oi al a.p;proval. ot Wl't as a. aubstitute :for c-21 .. 1.-.a rectd.vecl. 

D:l Ootobor 1944• Hooker 1ntorMd thia ottioe that ~ wen willin.I 
~· 

to unde;rtake the pi-od.uctloa ol m additl~ tptAti"7 ot MPL undv 

oontrao1t tf'o. W•'l408 Jn..g-h (Ret. 82), Slnci• firs Nqu1romeata to.-

th& 18i-p plu.\t hed not been reo•ived. tl28 qu•tJ.v oont~t.4. tor wu 

lAr'gtt in or~ to hA• • tutor ot •atety. D:l tlw la t'tel' p. n o~ 

Ootob•r 1944, • •UM"GY wa.a •de ot the nr1ou tluorolube pl"OMa ... 

wi~ the obJeot ot a'ttaptin& to deo1dtl what wt>\114 be th. mo.t .OOQOlalo.1 

=e to us• to:r th• rttcJU4NlllDt•• A't'; tb.1• ti•• ~ eoa• •••1-tea tot' 1:M 

-..r1o11i1 proo••• .. -""not outtJ.o1•'11 tin& to.--. tina1 dfio~i<1A• 

\nlt: the oo-a~ shown lor »PL _. low oa.oup 111. o.....,-uou with. b o1'btr• 

tlA&t it HBM4 obvt.oua that ~- ,l')re)Oeff *""1.cl 'be lliOh Jeq. ~·--W•, 

'i'ih• ooa' aotually ·~-.. veey auob'bflow ·t1Mf c-816' ooati Out J.•-.. 
"U.•wd tbat the•• 1'0\al.4 be ... ~Gt tQ ten•1- u pro4'1G'ti.oo ~ct. 

UoreoYOr·, on ~ buJ.a ot intonati<a aftilple ail ibia tU.. tbf qvallV 

11t Wt •• 1hotc to be . at. l...._ e<a,-1 to th&• ot <raJ.44 and probably •uporior 

to it. ' 

1.rl7 1A 1945, the produoticn ot MPt.,.. edeQ-de<i (a.t. 1a). aD4 

produotla 4ontinuod Wi tbovt; trouble. All 4ur-1ng tlW ti.- WI. DI beina 
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produoed conaiderab1e research was in progress on recovery of UFL 

from the residues by<racking, and on the preparation of MFI, a heavy 

vaseline-like grease obtained from the residues (let. 34). A con-

siderable amount ot acceptable materials was thus obtained. 

In a series of conferences, it was sharn that overall produotion 

of all types of fluorolubes was exoeeding schedules and the fact was 

brought out that it appeared very probabl~ that oonsumption would not 

be as high a.s primary figures indicated because ~t improved operation 

and reeovery by the users. Accordingly, · MP!. produotion wae stopped 
~ . 

as ot,:JIJAY 111 1945 (let. 35 and 36)., and only the iu.terial in proeea.a 

was finished. fhe Ji11£ .from. a considerable amount ot residues was 

-
operation. Th• pl•t waa then placed 1n stan;_i>y. 

!h• 81,. plant was Ja1ntail1ed in sta.ncJ.bY with the P...45 pol"'tion 

- . 30 
ot the plGt and this attnd}>Y period expired on".t.pril '/r// l!l48. A.~ 

thia ti .. enough equipment tor tu.ture MPL produotion thought neceeaary 
. -

waa aegega~ed. and pla.oe4 in atan1by while the remaining equiPILOllt tor 

all produot• manutaoturecl under Gont~-t. lo. Wi-7406 eng•28 was cl&cl& red 

alll'plua (lot. ST). It was planned to tenlilui.t•· w ... 7-405 eng-28 u ot 

.&.p:ril so. 19'6 and ta exeoute a new oontract to take oartt ot the Mi£ 

standby start-up and prodUotioa attor that dat•. fhi• new cantraot 
btc.ctv~t o~ 

waa preparecl but la.ter '- ••"the ohangeowr f'rom the Col"pa ot Engineer• 

to the 4tom10 ••rgy ComW.saion it was decided that it would be mor• 

suitable to aupplement W-7406 eng-28 rather than issue A new contract. 

and a new supplement was isaued e.eoordingly .. Originally. atart-up ot 

0.2.a fib 



these MPL standby facilities was planned for July 1947, but later 

-. consumption of MF.L indicated that the plan t should remain ill standby 
(I. 

until July 1948 a.."ld then s·tart production. i'he suppler.lent was i s sued 

to Mver these revised requirement dates .• 

The entire ramainder of the pia.nt operatod under vt-7405 eng-28 

is in the prooess of disposal. Hooker, having entered a b:i.d on the 

te.oilities, is now negotiating with the proper authorities. 

Cost of research on l4PL under Contract Jo. i.f-7405 eng-75 with the 

Rooker Electrochemical Company totaled tl21,0l0. Operating costs .from 

t he m and MPI pro.cesa under W-7406 eng•2S tote.led 1670,680. 21, 710 

pound• of' MFL and 559 pounds of Wl were produced under this contract. 

converting MPI to NFL (559 ~ounda 11ult1pl1ed by a oonversion fa.otoi"' ot 

!.5) gives 1,398 pounu ·e.a Wt, and thi• amount added to the 21,710 
23, \08 

pounde e.boire y1el4• • totf.1 :production. as WL· ot H,JSO pounds. 'f,hu.a 
. $2':).02 

t h• unit price per pound. of IPL produced wa1 flEhn.· 

Pluorine iC:-216.- OG) and !Ydrofiuo~io :\Oicl (HI':) 

fh• bulk ot thl,s g•s wa• used by Jfadiaon Stuare A.rea oont~actora 

engaged in the ru.nuta.otur• ot speoie.l · l'llateria.ls ~d a:f! .. ..!h!...Ji1~ ion 
• f ~ ... 1'o,. 

~!~!_~~t~ i"~~~n~~i.fi!!n.l .. P.~~.~ . .!!1) th&a• requirements •r•· filled 

by eleotrol;ytio generation -.t the point ot oonenmptiqn. IOW9ver, a. 

certain amount 0.t peloka.ged fluorine was· supplied by the Madi•on S<!~ 

Area to ott-aite users in nickel cylinders under 400 pounds pressure. 

fhie gas was used for research and development purpose• 4zid tor con• 
~l!Oo!-· ···'·4 · ·~ ~ ........ , 

di t~~~i_,9R..~~~~-;~s) at loo a tiona where certain equipment · na being 

fabricated. 
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~1be:n de'li'$l.opment wrk o.ti ·bhe proj$~t. we.a begun by th~ OllD; 

elee.ntary fluorine na a aeie:ntif-io. ouriasi"bT whiolt had bean prepan4 

only on a. la.born.tory soale, A good decl ot wo-rk u dcu1e in de11eloping 

$1l'bist-ae •'ft¥ eleutl'o1ytio oells tot' tho gfllne!'at10A ot · i~lu.orine b~f 

alaot~lydJA ot pote.s•i utt t luoride. b¥dl'O~lUOJ"io ~oid elac twolyt.. 

fhi• ~opaent work waa c-.rr,ecl out 009pGr&tiiV•l:f at ·~ du. Pont 

e~ • . •1405 eng•l&l,, at th• !loo-.. llee)troo.bemioal c~~ ~ · ·140& 

• 1· 7-5, t J<Wut lfopld.nt J1'i·~•nity, fl• 14Dl e»g•U• -4 at the Jlaraha'W 

Chemic.,_ Oum~, 'f;t1408 eng-0,. .rz.-q.uen1' cont..--u• were hel w o.
oi"ti.n.ate ta. re•ultl ot f'e••U'Gh a.t all hu1tall&tiont-. ltJ' ~ ti9 

t h• U'. S·· :F1A~ ll&PliJ''t.11u1t t<Jok 01r0r \hi • WOi"'Jc, ~ 4u Poat f~ 

h4ld .al .i-tta4r fl"OP'9••ed well in t he dov.J.opiwAt ot a oell oa.pal>1• of 

ptod.W)ing tlt.&Orln• •a kl"p ••1•• 11-. :er,. thi• O•ll.. M4 twtt ~ 

s:~iuliJll dt.MA.,.tag.-. 9bt.oh ••• (1) \ht!, fi•l4 ot t.luorin• _. 1••• 

·than '°" et th• tluaore.~io.al bdttd cm tM •l••trical cu.rJ*'l" 40Bluat4,. 

u.4 (a) t.Mw 'WU • vaq gne.\ coa11.19\loa ot nloh1 ..a.1-. etoa 
••re tu ~ 0.lnC ut•4 i,n u ao•' aon-.•ponclblg to 1/Gth ot· • 

polalci or .nlobl per po'WUI o.I tl.u.ori.M P* prcMtu•~ lhl• work -.. . 
oN":l'J.M out at cl\l Ji'Qllt tmd:tlt •1,12 •p111• 

t!AD• the .Hooke_. .lleotroohulhal O~ had •velopri u. ou.tataiuU.ng 

ohlor:tiM aenent.l• pt'O~eo• and ft• Jm.0. to have la .i.ta tJmPl*J' • 

•Wt With oute.tucling knowl.edp ot ~1eotrolyt14 proc•a•a1 lt 1'U 

telt detirabl• to got tho b'"1e.t1t ~ thei,- •xpctri•• la tu work tor 

the projeot. C®tr&ot 10. W• '14Q6 ong• 7f1 ettec·tiT•lA:pril l\\ lKJ. 

ua tign.ed wt th the .Kooker C°"puy oall.1ng tor reaearoh and d.ewlopwm:t 
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i7ork on i;he production of t~lu.orina on a large aoale. This work was 

a. continuation ot work done under OSRD. Work on this projeot at 

ltooker vma vary suceeastul in that they developed a pre>ductien c•ll 

which gave a yiel4 ot fluorine baaed on electrical eurrent eonsumptic:m 

ot better than 9~ ud these cells ·11eed nrbon an~•• thereby $lhtinat• 

ing th• loss or nickel in the anode• which was obtained in the du Pont 

cell. 

Be.rsho' s development work on cell• tollo•d greatly along the 

line ot Kooker•a experience. Barshaw found t hat the a4dition ot A 

small amount ot U.:thi• fluoride to the electrol~ el wna:ted a 

great deal of the tl"otiblfl 1'li th peiariza.tion and laok or •tting ot the 

Large sQale genet•tion ot tluorine waa ca:rried, out at the aboft 

oompenie• Uttder the various oontracta 1.nvol.v:tng its u.ae. '1l• pr•t•ned 

cell used ... tne e~bo.n ano4• ffll ... and the 111.cb). a.node oelh 

originallt inata.lled at dQ. Pon't wen grdua.117 changed owr to the 

proferre:el. tne. 
. 

In •ddi tion to the work do~ at theee induatrial concern•• 

~abore;toey-_•oal• work wu doue at John• llopkin• ·tmtverai.ty under' 

W..1401 8l1g-{$ and at llassachusetta ln•tltute <>t !eohnology under 

w;..7401 eng-atJ8. 

It i• interosting to note tha.t under thi• ,program, in a compara

tively short t1me, the generation ot fluorine de'V'l!lloped fro~ that 0£ fl 

our~•ity to. large scale industrial production. .Uao the .first cells 

eonstrl.leted ga'" only a oompara:tively few hours ot cell lite while, 

at the present. it ia estimated the lite ot eella lhth specially-

hardened carbon anodes will run ·to al:m.cust 5,ooo.ooo hours., __ ~t~•i-1· j· _., .. 11. ;Ii· iii': ~:;-,.~~ 
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Work on pa.ckaging elementary t'luorine in cylinders was oarriscl 

out at du. Pont and Ho(l)ker. It we.a found a.t du Po:a.t that the most 

satiafaotory method ot packaging t'luorine at 400 pounds per square 

inch pressure was by liquefaoticm ot the fluorine gas with liquid 

nitrogen and eva.pora.tion into the nickel cylinder at desired pressure. 

1or lower p~6s1una. a a•tiataotory di&phraga pump WAS dewloped at 

Booker·. Procl.lrement ot th• paolcaged f'luorine at 400 pounds preSSUl"'e 

na covered by the du font Contract W•74l2 eag-151 under wh1oh l, 79'1 

pound1 Of 0'•216 WU obte.inetl. 

U ia one ot thB most Ti.tu chemi.o-.la to the Manhattan District 

operations o they a.re set up.. It ii• ne•es aa.ey tor ·the prod:uotion ot 

metal, et the prooasa ga• C•6l6 and 'Uhe va..ri oue fluorinated. organio. 

oheaioal-1, al.1 tt which are neoesaary tor the OpQr&tion ot the 1-26 

proc-es• · the quantity ot 1li' "9quired b1 the :Piltriot he.a been 'lf•J"Y 

larg• and in 1944- ~bout 6800 tona Q-r &lmo•t on.e-third)ot the countey•• 
----· ' -....,, .._..'l..,._..,,.....,",-,_,.,rt'>.!..•~--·u•,.,~.,•-""'...,_.~ • ..,-.~, • .J'""'_~_,_, .,.,,.,.__,..,. ............... ,-

.utire output ot U n _s OOD.Ja\UUd by the U.i•tl"ict. though the con

suapt1on of thi• uteria1 i• not ao large at prea•n'b,, ita importa.nc. 

haa not decrea1e4. 

If•• aupplied to the oontraotors Qll th• following three bu••• 
(1) the Go vernm.ent oontr•oted with Ir pr~ducera tor _shipments ot the 

materia.l which wer• supplied. to the oon•uming oontJ<&ctor without expense 

tQ him:J ( 2} the Contractor ao'luire4 IP 0n hia own. purohas.e. <>riertvJ 

(a) the Contractor manutaotured all t:>t the Hr ruseded tor hi• operations. 

In the fluorine oell generation problem it waa believed that a 

purer grade of HP wae required than the oommeroially available 
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alkylation g"'de. Accordingly, Contract W-7405 eng-27, e££eotive 

December 31, 1942, was raade with the Kinetic Chemioala, Ina. to 

supply the Government with rediatilled HJ'. l'his material was manu-

tactured by redistillation of alkylation grade HP, the greater 

ma.jority ot which wae obtained tro111 Penn Salt ilfg. Company. A 

certain flDl.ount ot thia rediatilled produot W&8 being supplied to the 

1fan£ard Bn.gineer Works and Loa Alamos to satisfy their needs. When it 

waa d.oaired to stop the produotion ot thia material at lUnetio. these 

users teated a rediatilled grade ot H1 which the Penn Salt lltg. Company 

had begun to manufaoture. When thi• wa• found •&tia.f'aotory • work 

under -7406 eng-27 waa atopped on June 25, 19•6. 
I 

All KP is now bei.ng pu.rchaaed frOJa regular c011lUleroial suppliers 

by thoae who have need ot it. H:&Tsbaw .. being a. oQlt&nleroi&l supplier. 

still manutacturee all their own nee4• for work on ol.U" coutraota. 

Costa on these oontraota are itemizecl in the t..bulation Whiob ia 

fiisoellanepua Jlateriala 

There was a oonsidorable number ot misoellaneoua z;iaterials which 

were aueutial to the work of the project. A. brief lllention <:>f these 

follows1 

Polytetratluorethylene (D-29, 1(419, TF.1) - Thia material 

wa.3 intend.od to meet the needs for a plastic material for 

gaskets, valve seats and tho like which would be inert to 

fluorine and process gaa. Experience had shown that by tar 

tho most likely material would be a completely fluorinatod 

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

• 
' :"' , .. 
' I .! G.27 
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scale in the year• i?llmediately before the war by polymeri&a• 

tion of tetr&fluorethylene, which was derived from a. Freon. 

Since this was partioularly a du Pont product, arrangements 

were made to 111eet requirements by purchase of the material 

from du Pont. 

Preliminary 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 amount$. However. further reaearoh 

indicated that this material was not as satiafaotory a.a 

originally expected and the quantity needed would therefore 

be very m}i.oh smaller. .All lllB.terial was subsequently obtained 

on normal purc.ha.se orders. Alao arrangel!/.ents W$re uiade witb 

du P-on.t to provide tor the priority of the 1',anhatta.n District 

9rd.ers end for suitablo a&our1ty ar:r1.11gementlil with re~peot to 

the WI.~ of this material by the District. 

Tritluorochlt>ro_ethY;lene (p.;539) - This ia the material 

whioh Hooker \lS~d tor the manutaot~re of MFL, ~-539 is 

manufaotured from Freon 113 ( triohloro-trifl uoro•fiithane). 

Sinoe Freon 113 is a du Pont product Emd since tho production 

of P-539 from it we.a in the experimental stage ti.nd was a 

du Pont development,, the contract for this material waa a.we.rd.e4 

to du Pont. P-539 ns purchased on a unit price be.sis under 

aontract Vf-7412 eng-161~ etfeotive May 20,, 1944. 

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

This figure was later found to be oxcesaive an.d they reduced 
. ~).--
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t he price to $4.50 per pound,, at whioh price the firat 

21 500 pounds were puroha1ed. Three .subsequent reduotiona 

in price were mad.es 8,400 pounda being purohued at ~2.90, 

2,000 pounds at $2.60, and the balano•, 66.950 pounds, at 

f 2.25. Total coat for the 79.850 pounds puroha1ed under 

1f•7412 eng•l6l ll1UI tl91. 250,, or an a"fttrag• oo•il ot $2. 936 

per pouna. 

Researoh Oontraot• 

A number ot reaearoh oon:traot. wer• written with a nUlllber ot 

industrial ceoern.s by thla office. Very OOBlplete inlorLlB.tiun relatiw 

to the lft)rk done by the varioua contractors wor:king on reaearoh oontraot• 

1• to b• touncl in :regtllarly su.baitted r$pqrta under all Qi: these eon• 

traota •xo•pt W•7412 eng-l5l. •1th dl.l P$nt. With tho exception .o.f tb1• 

contr~t. eaoh oontraot<Jr submitted .ft. monthly teohni.c·al repo!'t cl"'acrib• 

11lg th• work during the month in detail. Al.so each oontra.otor sub

mitted IL ntQnthly progrea1 .report with a summary ot the work accorapliahed 

dul"ing thAt 1JlQllth and the •onth.ly finanC.ill staur.aeii;t,, du Pont ~der 

W-1412 eng-151 submitted a great nwaber ot epeoi.e.1 proJeot raport• 

covering the large nUDlber ot researob projeota oarried. out undtr thi• 

contract. All of these eontracta with the exceptiQn ~t w;..7405 o.n.g•288 

with Jla•sachuaotta Inatit"t. of Technology grew out of OSIW contraow. 
. ~ 

.American Cyanamid - Contract W-7401 eng-53, e£feotiveAJl.lf!e ~I 1948 

waa & ooabinecl r••••roh and service contraot which provided. ma.inly ror 

analytical eervio•• of 1peoial types. The ma.in development under this 
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oontract wa• the Infra-Red Gas Analyzer. !his apparatus waa developed 

by Dr. V. z. Williama as a simpler and cheaper method 
1

th.an the m.ass 

spectrograph for analyzing flu.orooarbona. Pour were construoted &t 

Americ-=i Cyan.amid under this contract and furnished to various agencie• 

under the U. s. Engineer Department. ln addition, a great deal ot . 

analytical 'wt>rk was done by Dr. Williama using the V..rioue specialized 

physical methods whioh he had developed. Since Dr. Willia:zna ia an 

outstanding authority in the field ot optical analyaia, it wa8 not 
. 

belie'T9d that this work oould have been done aa well elsewhere. 

du l'ont Contract lf-7412 eng-151· - 'lhis contract, ettecti w 
·5 . 
"September f>I 1944 .• not only ortginated in a large number ot 00.RD 

oontraota bu.t C~nt.racta eng-9, 10, 47 and 156 with the du Pont Company 

were all combined in it. Thi• n.a done at da Pont•1 re1queatJ. The 

contract theretor• incorporated all research and development wrk 

oonneoted with the very eztenaive prograa oeu-ried out tor the Jladiao». 

Square Area at du Pont a• well a• a a-11 amount Gt produoti~n. whioh 

waa oarriecl out u part or t)le devel~paent work. Since du Pont ia the 

largeet oheaioal company in the u. s. ~ and its experieno• With fluorine 

compound• wa• almost unp&r~lleled, it na inevitable that e. very 

oorusiderable part ot the work tor the v. s. •gineer Pepartaen'ti should 

.fall to thie oOJQpany. All th• research work: tor the t'luorooarbana, 

fluorine generat~on and packaging ~ the metal and metal recovery 

.Booker - \1'•7405 eng-16 - a'M,1 contract oovered the reaearoh on 

the development of method• of aanu.taoture of organic fluorine deri.,... 

ativea and particularly ot hex.a.tluoroxylene, P-46. Also the research 
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work done by Hoopr on the manufacture of ohlorof'lue>roheptane (J>•46) 

which is the intamodiate in the Purdue 7150L alternate coolant 

proces•, the research work on llFL and MFI plus the initial 100 gallon 

produotion lot was made under this oontraot. 

· Booker - W-7406 eng-76 - 'l"his contract was for the research and 

development on the generation and compression for packaging of fluorine. 

Booker was chosen to oarry on this work because (l) it is one of the 

oldest and best known manutaoturera o:t chlorine gaa in this country. 

(2) the cells developed tor the electrolytic generation ot chlorine at 

Booker have been extremely auooesatul. and (3) it wa.1 believed. that 

the same talent whioh had brought thia cell to such a high state ot 

perfection would. be equally succ•a•ful tor the generation ot fluorine 

, g~•· ?J:u,tt this haa proved to be th& oase is oT1dent troa the faot 
-~·~~}~ 

that th• Hooker oarben anodo cell exc·eed.ed. ·in ett'ieienoy the niolcel 

. anoc:le cell already in uae at d.u Pont by 50,C and that steps were tak11n 

bec9Ua•· of thia eftioiency ~ thiJ long cell lite to su.batitute the 

Booker oell tor all du Pont nickel anode Qella. "·~he fluorine general!' . 
' ' 

tion experienoe acoUDtulated by Booker·..,.a ot great importance to the 

District einoe they were under oontraot to install fluor.1ne generating 

equipment a~ t~ site tor the oonditiC>Jl:ing ot the UDits there. Develop

ment ot me~hanical equipunt for low pressure paokaging ot fluorine waa 

also d.tveloped and financed under thi• contract. 

Johna Hopkins University W-7401 eng-48 wa• for reseaToh and de-

• 
wlopment work on fluorocarbons. Kost of' the work wider thia contract 

was denoted to the clevel oPJ*int ot a hi &h temperature fluorine genera-

tion cell and the usa ot metal salts aa tluorinating agents for organic 

chcHnioal1 in the vapor phase. However. 
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variety of small research programs at the request of Madison Square 

Area. under this contract. In a seven-month period in 1944 lfhen the 

fluorinated lubricant program. had fallen greatly behind schedule. 

production ot fluorinated lubricant was carried out in order to relie-.. 

the critical state ot affairs. 

Purdue University - W-7406 eng:74. rhis contract covered work 

on research and development relative to fluorocarbons. considerable 

general research experience in this field had previou•ly been 

developed at Purdue and it was folt that Madit1on Square Area should. 

ava.il itself ot this exoeption•l background of exper-ienoe. ~he main 

work baa dealt with the problem 0£ developing an alternate coolant 

to taJce the plaoe of 0-816 which na part of a more general program 

ot devel()ping methods of manut'"a.Q11µre of tluorooarbons without the 
' 

u.ae of elementary fluorine, because fluorine ii.I the mo1t expensiw 

itea uaed a• weli a• the aost difficult to handle. Dr. E. T• McBee 

who carried. O\lt thie progra at Purdue achieved considerable euooea• 

F 

and brought the prooeea for developing 7150L (ohloro~pentadeoa.tluoro

heptane) to a high degree ot perfeoti:~n during this work. UAtortWlately 

~ the time the prooee• had been perfected the. oper-.ting oontTaotor1 

ha.d invested so much in the C-816 procea• that it na not feasible 

to put the C-1150L prooes.a in operation. In addition# considerable 

work was done on a variety of assooiated projects as ~•quested by 

Madison s 'quare Al'ea. The Purdue University Group ua partioularly 

•ctive in developing analytical methods whioA were applicable to 

fluorocarbqna, .md alao .tunotioned as a service organisation by 



o.,,-fiAI ou' lMA7 analy... tor the u. s. a&cill•r De,........t. Ia. 

•o'Nllb•• lff.6• the re1ow••• aftilaQl• at Purdue uader thi• ooa.tr ... t 

..,.. t\ll'Jle4 onr te Lt. Ooloul A.ahott at OU lid&•_, Mel 1.&l"~tal._ 

lfu ... hue-CU 1-.,u tute ot 1'!!!uutl•ll - •-_740I -.=!It .. lh18 

oodrut waa wri twa '• p""1•• tor oenaiA ,. ...... a. 1Nl!l"k • lluortne, 

whieh it wu deo~ •• a pneral eonl••noe 1!uN1AI ~ iuti".-t a• a 
. S \~Ct ~() WQS Q fy~ of W'Of\( . . . 
uz1i"N71it7,~ ateac •I• -.,,.~tor DJ.oil the laiw.,.tU• .. ,.. paU't1-1arl¥ 

adapted. The oontiout ._. arr•~•4 witla Mii •1DH fnte•nr SoAt• 

of th&• aohffl ~ _. ._y JMI'• ol uperi .... wt.-aa t1._.ine UMI 

tlQOJ'16iC 1ll g41Dtr'U u4 wu NL out1tan41a1 adllari 117 • ~· 1W.JHt. 

BJ tht l•tter ,.,.... ot 1~4' wwk oa tlUOI'~ ha4 procn•"4 unclut aU 

ta. ••truta tnviac *1a t",. ot "'°* • 8ud a i*ia' tba• 1~ _, 

t•l' t.laat ~•f'• •• ne t.--~ a9" tw ,. • ..,... • Wa IWtJMt. 

4ooor41ncl7• reaearoa wrk a• JIIf.., diM•tia-4 in lcrnuea-- 19'6. 

r 
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SUl!MARY OF PitOCUIU:J:ImT FOR 1-25 

Oont raot Oper ation 

Ka s1aohu1ett1 In1t1tute ot 
Technology 
W-7406 eng-286 Reaearch c-216 

Penn Se.lt Manu£actur1ni; Co. 
W-7.05 eng-80 lfydrotluorio Acid 

Purdue Uninrlity Rea..roh - C-715 CL, 
W-1406 eng-14 P-46 , other 

.-

•lnolude1 re•earoh and deTelop-.ent ooeta 

COHTRACX DATA 

Etteotive Dat e 

February 16, 19'4. 

January 1, 19" 

Kay 1, lKS 

a a QCf\[rj T 
?Z";_ \JCOE , J 

Construction Op•rating 
Coat Co•t• 

• -- • 14,600 

- '88,TOO 

- 209,000 

tll,126,760 $20,711,800 



· Contract 

A11erican Cyanamid Co. 
W-7401 eng-53 

Canadian Industries, Ltd. 
w-44 .. l6S •nt~9 

E.I. du Pont de Nomoura 6 Co. 
W-7412 eng-2 

W-7412 ent:-6 

W-1412 eng-7 
W-7412 eni;-8 
w-1n2 eni;-151 

w-7412 eni-161 

General Chemical Co. 
w-7406 eng-U6 

H&.rahaw Chemioal Co. 
W-7405 eng-43 

Kooker Eleotroclumdcal Co. 
w-7406 eng-28 
W-'1405 eng-75 

W-'1406 en~-76 

Johna Hopkina lJnherdty 
lr-7401 eng-Q 

Iinetio Chlllllioal, Ino. 
W-7406 ent;-27 

Ii • r··, r-, r ., . 
--~ "-SC \) ~ t C 1.-

Operation 

Sow.IARY OF PROCURE!i!bNT TOR X-25 

CO?lTRA CT DATA 

Etrective Date 

Ruearch, Analy t i oal 
SorTicoa 

L1q11id Chlorine 

c-ne 
c-21'4 
c-e1cs 
c-21« 
OS-12-lltS 

D-29 

(col:&lt tri
fluoride) 

Constr'llution or BF Plant 
Re1earoh C-716 ~ • 

Reaearch C-816 

April 15, 1943 

July 20, 19'6 

~ovember 17, 1942 

December al, 1942 

April 22, 19'1 
D•o-ber Sl, 19'2 
S•pteaber G, 19'4. 

Reaearob and Production C-21«••• 
Reaearoh and Production c;..216 (l) 
Produot 6!9 .Ju.l;y l, 19'4. 

Anb.ydroua hydrot'luorio acid .September l, 1944. 

ReHarch C-216 

P-'6 Production 
KYL A IQl'I 

March l'B, 19" 

.January 4., 1943 

RHMroh - UFL April l, 194& 
Reaearoh - alternate ooolanta 
R .. earoh 0-216 April l, 1941 

Research 
0-21« and c-218 April l, 19'1 

Bydrotulorio .lcicl IoTemti.r 16, 1941 

) 
) 

) 
) 

Construction 
Coat 

• 

737,290 

9,101,260 

100,000 

184,200 

l,SSS,000 

20.000 

I0.000 

Operating· 
Coat• 

t 32,000 

6,600 

2,156, 'TTO 
78S,800 

8,673,830 
893,6SO 
&a,no 

92, 100 

-
T6,l80 

HT,870 
557,860 

. 4'9,TOO 
191,260 

4.2,900 

8,100 

s,ss..sao 
670,880 
121.010 
llS,880 
232,8'0 

678,000 

H0,000 

(l) IncludH ooata incurred UD.der w-7'12 ~7 and Olllc- 809 and 882 whioh were lnoorporatecl 111.to W•7'l2 . en&-151 
••• lnoluclea ooata lnourr.4 under W-TUJ eng-9 and OF.lier U6 and 884 whioh ,..,.. lnoorporated into W-TU2 ~-161 
•• Inoludea 001ta incurred under OliXer 611 which were lnoorporatod luto w-TtU ong-111 

• Inoludea Research and Denlopaent Ooata 

iZJ n ~f'lr> ~T 0 Oil t z 
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APPBIOIX H 

llISCELLANmtJS MATERIALS FOR P-9 
(Hea'YJ' Water Process) 

Baker & Co., Inc., Contract W~7407 eng-6, pro9fided for sup

plying platin\im-i.mpregnated carbon catalyst for the P-9 Project. The 

process tor manufacturing this cat~l,..t had been worked out b7 the Baker 

Company in collaboration with Professor Taylor of Princeton Univerait7 

under OORD contract O!Msr-412. When the USEJ? took· over this project, 

contract W-7407 eng-6 wae written with the Baker Company to pro't'ide tor 

·continu!ng to suppl7 this product. Thia was a unit price contract pro

viding for supplying ot platinum, charcoal, and lliaking the cata.l.19t., by 

properly col!lbining the two. A total ot 31,000 lba. ot Product 43 

(platinua-iapregnated carbon cat.al;yst) wa.s supplied under thia. contract 

at a cost of t197,,l+OO o:r 16.37 per lb. 

Harsha' Chemical Co .• , contract' W-7405 eng•l6, was devel_oped . 

tor the purpose ot providing a nickel-chrome actalyst tor us• at the P-9 

project.. This catal)'8t was an alternate to th• platinum charcoal cat.al)'ISt 

which was t .o be furnished b7 Bak•r. 
vJ'f('i. 

~'t.ic.'v\ 
ru.tficultiea aroee iii the maJ'llltac- . . . . . ~ ' . 

tore er this · catal78t largely due to inability to• get. proper equipment 
A . : . 

and th• contra.ct was terminat.ed as of May 6, 194.3. Costs under this 

contra.ct totan9d f80,000; J22,ooo ot which cover.ed purchase and instal

lation or equipm.en·t.. The remainder of $58,000 covered research and . 

development and the production · of Product 80 (nickel-chrome catai7st) 

.. &i."'ld intermediates. 4,509 lbs. ot Product 80 were . supplied under this 

contract at a unit price of· $2.42 per lb.; 4,366 lbs. ot intermediate Mo. 

1 at $1.1899 per lb.; and 19,313 lbs. of intermediate Ko. 2 at $1.1989 ,., . 

per lb. 
t i 

,1 



Contract No. W-26-021 eng-10 with the Harshaw Che.mi.cal Co. waa 

negotiated in order that material manufactured under W-7405 ong-16 

over and above quantities set up aa termination in~entory in the 

termination settlement ot that contract and not previously paid for 

under W-7405 eng-16 might be acquired b;r the Government without re

. opening the termination agreement on Contract W-7405 eng-16. 

Because ot s~curity considera.tiom1, it was essential that all 

quantities of Catalyst SO ci.nd intermediates be obtained from the 

contractor and placed where it would not come into t.he hands ot the 

public. 

12,200 lbs. ot Produqt 80 and int•~mediatea were procured under 

thi• contract a~ a unit prio• of tl.00 p•r lb. 

/ . 

8 SEBHEl 
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APPEN.OI X I 

MISCELLANEOUS MATERIALS FOR X-10 

Helium 

The Madison Square Area received various requests to supply 

Heliut1. The TNX Division o£ the Explosives Department at duPont desired 

heliWll for the Hanford Engineer Works. For this req~est arrangements were 

made with the Bureau of Mines of the Dept. ot Interior to supply the 

helium to Hanford. The business ~etween this office and the B'ureau of 

Mines wae handled by trana!ers of tunds from the War Cepartment to the 

Department of Interior at a coat of approximately IJ0,000. Aa the work at 

Hantord progressed, the requirement• tapered ott greatly and later the 

schedule waa withdrawn by the Area Engineer at Hanford Engineer Works 

and shipments were then made on the b&ais o! individual requeata from 

Hanford Engineer Works. When the requirements looaed large, 7 helium tank 

cars were purchased,,, from the General American Transportation Comp8117 under 

Contract lo. · W-7401 eng-41 at a cost ot 12.58, 700. For eecurit7 reasons 

these care were numbered with NaVJ' tank care numbers and were operated on 

. a joint baaia with the Navy in ord•i'. to use the total number of tank car' 

available in the moat efficient manner! 

Off-Ga.a 

The term -"oft-gaa0 refers to process gas which has been run 

through the K-25 separation process and has been depleted in valuable m.ateri-

al to such an ex.tent that it is no longer useful in sue~ processee. However, 
did not 

the depletion of the valuable material was not sufficient so that itAhave 

;a ,-.·· 11:.sf 
~ ~J ,'"' tn~ 

I.l 



. 
value ta th• X...10 prooe•s and to<r thi• reaton it wa1 dedrabl• to tran ... 

:torm thl• ott-ga1 into metal ' for ~10 uae. AllO tu .torage of otf-t:a• 
Pt.C.O\IS'i. Ot 

1• inoonvunient 4•e te" the streme ftlw, and tranato:rmat1on to aome 

material more easily stored vu sotighl. 

DUPont waa requ.eatecl to a111WD8 th• rell]')onaiblllt7 to~ 1tudTin« 

\he chemical tHatment ot 'he otf-gaa under Y-'1412 -...10 which cJontf.'aot 

vaa later !ttcoJOpOrated into 'LV4l2 -.151. !he P"&r'ftll waa to inelud.e 

metho4a tot the converaion ot pi-Gee•• ga1 to lletal of' so• lnt•mediat• 

produ.ot 8D4. thtt deli&'). a.114 contt:n.oUoa ot a plant to utlli•• 8'ioh a 

preoeaa.. 1'h• !~rt.muse ot pro'rldt.ng tor- the reco•ur of llb1' <;.. Vl.6 ,. 

·C..Sl.6 ln the ott-011 vu ''"''e« and it va• ~ie4 tha' :lt pttobabll' 
MOl(t. 

would be t1'e 1111\ d••ir4ble to con.,..\ t~ ttott-ca•• to t~ tetratluon4e. 

N'Ollt d.n9lope4 a 1atltfaoto17 .. tliocl foP th• reet0ftl'7 ot off·ga• 

1nvolvtnc r-4utlon ot the ca• with ao41wa hfdro.itl\-. hon1lo-n vu made 

for thti HOGTe17 ot u. tluorooo'bo.111 an4 pl*Oce•• had. beea 4ev1tl01>ed thhu&h 

th• pU.~lan\ •'--• l• ba4 b•en a1RJDe4 \-.t tu duPoat Oo. ~ Goa-
" 

1miot -4 o,,.ra'- 'he Qtt-gae plan•. Kovne, dllPont va• no• n1ltnc to 

con•\rao\ eaOh a plan• nor vaa tb11 oft!• abl• to obangt ttutt~ d.eof.•loa. 

~. r.ato111 31.,. tor thi• reluctance ven that l\ dl4 not .ft\ ln ..imtn.1 ... 

tratl vel)' wS. th the duPont proo-aa an4 4uPon\ wa1 relutan• to a1nme a4dt Hono. 

al war work beoau1e Qf the loge nuriber ot project• on which they ha4 al

readT at!JU11e4 respon•ibillty. 

Deoaua• ot th.ta rsluotance, 1.t wat decl<IM to attempt to 1nte:te1t 

th• Jtooko lilleotro Chemical 0olllpaft1' 1n th11 proJect. ltook• va• oho.- be

cauH of their faJG1la1ty 'With other Manhattan l)t.atrict Work. l•gotlatlone 



••• 
'lier-a oatiste.etorily completed with Hooker and these negotiations oYentusl.11 

remtlted in Contt-act W..'1405 enm-319. However, Hooker etated that thq w&re 

not ,,,d.lU.ng to do a.rt¥ research on ·1;his program, bu.t w11r0 on17 ·dlling to 

b.v t .ha Y~ son 'Sqti.N'e Al'ea. 

£.bout th1• time word va• rscaiwd that Dr. Spea.d.lnei; at lo"'a Stat• 

Oollege h:.:i.d. d.avalopwd. a large-ttcmle px·ooass; f or pl'od.uoi11g tetrefluoride 

directJ.1· l!':roA:: proc'-H .ial by a liW.lthod Ut.volvins pyroq~i• wt th dry h,.yd.ltoob

'" Aloric Ll.Oid. ~is proceu w,:,.s •u.caescfu.U, hided. 01 dtiPont. 'Deoauae of 

the af.:vr..ntti.tg~ll of thb proccs1 ! t v&s 1llt'lled.iatel.T deoid<td to sUb$t1 ta.1• 

thio :f."or ·Ghe ·d'l11'ont sodiutl hj•,irosulfite p X'OQlf•t. 

Witn . 
.:«u ~ tl:.e oeenat1on ')f htarU11t!es , plans wer ch~id tt.rid the 

amount fn~oeru.le4 ant! ths .flu..l. draft ot Contract W..7405 ttn1-31'9 coTet'e4 

thl• rc:J.Ltb1Jl"tc111~nt which totaled. $2.zoo ro1A also thtJ l)1"ov1oion tha\ 

Rooke~ would b• ¥-ill1na to ~eeu.me thia aork r~in ~t fJ'Jl3 time up to the 

..:A'!! CG&t of te'1earch in t.hlJ i:o:ft-gaG 11 pror;r"'4tt at d.ufont t1ne.a 

l'!-'l4J.;'.! ~~151 totaled. $59, v7o. 

I.3 



Comuctql 

J.l.U• ca.ai-n C011PUJ7 
American C)'*AUlid C011pan,r 
1-rioan Phenolic Corp. 

ti • • 

Allerioan fl'UOk It Bod7 Co. 
'-er1CWl lllelt.ing • le

tin111c c~ 
• • • 
• • • 

Anaold~Co. 

Babcock a: Wlleox Co. 
• • • 

Baker and~ .. .. . ., 
• • • 

Baldwin toco.U·..e eon. 
Belaoat g..iUQc • Be

fJ.ninc \tork• 
• • 
• 
• 

.. 
• 

Bla.....r.x COllll*11 
ao...., Iao. 

" • 
• 

ar.w.t.er A..-oan\4.o Corp. 
Bna9h Bet7111ua eo. 

• • • 
• .. • 

ladix A.tat.ion l.olipe• 

a ~IFAAFT --- ~ .. v,, .. , 

C0!'11V&T po, 

l-26-0.21 q-).'i. 
•-7401 «l&-91 
•-38-094 q-17 
"-'8-094 ea&-20 
W-7423 q-19 

t!-7401 enc-?5 
1"-7401 q-180 
W-14-108 eoa-10 
fi-7407 uc-j? 

1-7421 eac-19 
W-'1-109 .,.., 
W-?407 en,-lS 

7~·~ 7 ~e-Z! 
'1-7407 .en&-22 
W-'1-109 Clg-2 

W-7401 eng-76 
1-14-108 q-.5 
•-14-108 enc-6 
1-14-108 q-S-1 
W-14-108 enc-7 
...28--094 .,..1 
l-7409 eag-28 
W-7401 eac-71 
w-:l2-0'7' -.-10 
•-7401. 9a1-60 

Afrt!r.tl' 

Di\ft C6 
COllT!UC! 

4 O.t.. 1944 
8 Peb. 1944 
10 Ju. 194.5 
18Mq194S 
10 Apr. 1944 

)0 Aq. 194, 
14 !ept.. 1944 
12 lane 194S 
1 Feb. 1944 

20 ri.c. 1944 
6 laroh 194S . 
12 lune 194' 
ti~•,_,';.<! '\. 1:: •T; 
22 Jul)' 1943 
lO D.o. 1944 

'1 1111. 1944 
JO lui. 194.5 
17 llaroh 194S 
2l J.i9o. 1944 
JO Jl&Nb 194S 
12 r.o. 1944 
7hlF1944 
lS Sep\, 191.J 
9 Mr 1945 
18 ... 194J 

P1oMel' tt.teioll w-,.5-0'8 _,..12 14 , •• 1946 

n '"· 1944 
10liq1944 

ldtalo hlmdrJ • llaobin. Co. W-740? q-'6 

Calllw t\IQga\e Co. W-7409 eaa-29 

• • • 
Caft9197 ~. Iao. 

!. • • 
• 
• 

• 
• 

• 
• 

»"-14-108 -.-i 

•-7401 .,..al. 
w-'7401 .,...,, 
W-22-o?S q-2 
1i-22-0?S ena-J 

21 Sept. 1941. 

10 Oo\. 1943 
9 '-- 1944 '° Oo\, 1944 :n lcrr. 1944 

•& S'CffEI 

J'l'D 
COIS'UOOTIOH 

~~_t. 

Bet.at.roll. • 
5QI. lbe. c..,.t.allJ.ne boron lO** W>,000 
1,100,000 n. oouial ... bl•. 
1,900,000 • • • 
2 euat.oa nut t.ranen. 

SO tona (eh) lead 
ll,000 lbe. lead biant.b allo7. 
lS,000 lbe. biem:u:Ul Un &l.lOf • 
11.ee\rio nrrent (Dicb\ l.o&.d} 
l Feb. to '1 lla.reb 1944. 
l ~ic ACOl11111lator. 
2 • • •/•-pan part•. 
1 ciJ'oular gold d1ec (780 os.) 
1 cirwlar platinu ~e (836 ea.) 
200 os. 1.ridha 
, teatJ..ag -.ch1DM. 

19,800 lbe. b1uath Mt.al 
S tom eerrotra. 
?S,000 lbe. oeJTOt.na. -
Sale ot 8l.66i llN. b1amtb Mt.al ban.-

1 '°""· l BowMr \lld.t.. 
1 t.urr.\ lat.be w/aooe .. ori ... 
Powdered berrlli• oxide. 
ICTlliwll Mtal, lump 6 pebble fora. )3,000 
hrJ'lll• M\al • n.r1• flu. 

1' ~. 
J at.eaa JMket.ed k9'U .. 111\b - . 
Ul.Uag~e. 
ua.oos q.. Pw-et.e.t. tebrioat.ed 
1nt.o ftriou torm. 
Pns>anUon o1 100 Un. n. 4• • 
100 lJa. n. 6• Ptaret.eet.. 
aoco lbe. tap\ea oan1c1e ,..._. 
15 • " • • • 
1500 u... • • • 
...-.rob • pl'Odllo\lon ot l t.,.t.e 
earblde apbere. 

OP!BAmG 
BI! 

• S0,300* 
324,400 
61,600* 
92,900* 
6,300* 

8,200* 
8,600* 

lS,ioo-
7,600* 

144,400-
14,)000 
'8,200* 

,,,000* 
~ 

2s,ioo

'·'°°" '2,SOO* 
6,900* 
6,300" 

1T,600tt 
S,200* 

4S,600 
'66,000 
U?,flOOlt 

s,oooe 
6,?00it 

'·'°°* 
1.~ 

1S,00()4t 
9,500't 
e,2004t 
J,tooe 



CO!T!AON! 
CU'bol07 Comp&D,y, Inc. 

• 
• 
• 

.. 
• 
• 

• 
• 
• 

CamegS.-e IDlnoia Steel Co. 
F. H. Crutord 

hataan Kodak ~ . 
• • • 
• • .. 

Jut Coaat s.ntoe Co. 
J1ur •d Mead Ce. 
llectrooi• hohatd.6a, IDc. 
n9Ct.l'o u.tallvgioal Sal .. 

Corporat.lon 
Fust.el Met.alluqioal l:o. 

• • • 
• • • 

hderal Mephone • l&M.o 
Corporat.ion 

Oanood lndoatrl••· Inc. 

~ Uot.on Corp.' N:. 
Sputc Pl111 ~'Wiaion 

Clobe Inm•Vi .. 
hDd.r • lal'llOft 

• • 
• • 
• • 
• • 
• • 
• • 

Ranhaw llMmtoal CellllpaD7 
Dl.1Do1a IMU\ute ot 

TM!laoloa 
Ia\era&Uoul ll\l!Mea 
... Id.Dec.. 

tm..na&'1oaal liekel Co. 

OO!mct 19. 

'15-22-0'TS _,..,. 

W-.22-0?S -a-8 
w-22-0'TS ~ 

~' *'C-14 W-31-109 eoc-6 
W-141.S enc-SS 

W-740S q-)X> 
l!-26-021. ec-2 
W-26-021 q-l.8 
W-)l-109 eq-12 
l'i-44-154 -c-2 
YJ-29-094 enc-12 

'l-26-021 q-19 
"J-742S ~-27 
W-742S _,..29 
11-17....()28 q-)0 

W-'8-094 eng-21. 
w-31-109 enc-7 

s-?JPJ eQ&-24 
fi-?4C9 ea-JO 
w-1.i.os enc-147 
W-7405 enc-269 
W-7405 eog-299 
W-'1405 -a-J09 
W-7405 eac-'11 
W-26-021 enc-8 
~ eec-lS 
W-'740S ~ 

'l-U-108 ~14 
~1') ..-s 
W-?4'17 -.-2) 

Mt _{,RAFI -.- .,,C:lJllL I 0 

l)il! OP COMS~IOI 
-- COST CO!Tf!AC'[ 

'I r.c. 1945 

12 Apr. 194S 
6 June 1945 
l loT. 1946 
lS Jlarcb 194S 
8hM1944 

22 June 1944 
22 Sept. 1944 
n liq l94S 
11June1946 
2 Apr. l94S · 
n act. 1946 

22 11&1' 1945 
1 Feb. 1941. 
24Jlq1944 
21 .hme 1945 

18liq194S 
28 larch l94S 

28 hne 1944 
22 luJ:r 1944 
a> IGJ.7 1943 
10 lune 1944 
12 lune 1944 
a6 ~ 1944 
12 Sept. 1941. 
29 In. 1944 
14 Ila.rob 1945 
' .,.. 1944 

19 tee. 1945 
l loT. 194S 

22 M.7 1,,., 

• BEHRET· 

ll!! 
121000 lba. t.unptm carbide powder I -
\~, 9', 6~ oobaU). .-. ''°° lbe. tun,aten ea.rt>1de. -

4000 lba. tune•'- carbide, 6l oobalt.
as,ooo lbe. t.unp\.c earbide powder. -
Lease of trei8ht O&r • 
1 roll1QI ldll, 1 f belt 110t.or dr1w, -

1 20 h.p. ilotot' 6 1 ugnet.1.e at.art.r. 
9~•· 
ii • 
10'° rolls " - panclu'ollatie tum.. 
90 •hipping cu .. (tor •x• Uaite). 
2809 .... pll.1\111 ut.al. 
220 ~ nae•. u,150 

aooo lbe. rediat.ill~ calciwa. 
no be17llla l>riclca. 
'" ., tian• ii• to l.Oi• leng. 
,, tt. \antalu rod. 

100,000 tt. couial oabl•. 
Jt.t.ac!IMat.a tor C&t.erpUlar t-? 

traot.or" JAtOQl'ftMQ ~ enne. 

Ber,1.lim on• brioke. 
1 nbrat.ion \ut ll&Ob1ne 
500 t.ro7 oa. eoJ.d. 
J ehMW &Old. 
u •beet.a &Old. 
120 tt. pl.4 wire. 
10 ... u &Old. 
to eMet.a aold. 
38 &old Wet.I, 2S tt.. &old win, 
,~,4f0 1\9. boron trUl*>ride, 

5 .tr. reoordve. 
Senio.1 It~ ~ pertora 

ealnlat.ioM.; ''° "· lridi• powd9r 

OPIRA!mi 
cos re 

S9,SOO* 

40,600tt 
21,'100* 

129,200* 
5QO!t 

1,100* 

6,200't 
6,700* 

19,300" 
6,950* 

l6,82S• 
22,!90 

8-400* 
44,2Q04t 
2),600* 
4,500-

5,100* 
?,ec>ott 

'·~ S,500lt 
1? ,eoo
'1,))0't 
. ,,4004'. 
6,)X>* 

10,600* 
12,6CJOtt 
U,"IOOll 
?2,'70't 

26,'2ott 
23,)2:)tt 

n,IOO* 



cafTRACTOft 

Jobnaon U&t.thq ac Co. 
• • • 

LAB Corpol"ation 
L&boratorr A .. ocut .. 
Le Toarouu 
Maaucbuet.t.e IMtitut.e ot 

Teclmoloa 
lfcaaroh ¥aoh1M Tool Co. 
Uoaaanto Chemical Co. . . " 

• • " 
li&Uoaal Carbon COlll):>&llT 

• • • 
• 
• 

• 
• 

• 
• 

lort.bM Wan-en Corpol"ation 
•onon~ 

• • 
Piek• 1-ftq 

Pough, Pnd B. 

RaoiM, w.. 1. 
~ 1111. Co. 

• 

• 
• 
• 

• 

• • 
• 

" 

• 
• 
• 

81ckl .. COllp&DJ 
8t.aQfte:r Cbelaic&l. Co. 
Sperl'J ~. Inc. 
Spnape Jl.eo\1"10 Co. 
Un1on &11it.ob • S1pal Co. . . . " 
Unlftl"a1t.J' .t ~la 

Cotml!ICT !IQ, 

VJ-71P7 ena-24 
W-?l:Pf q-3S 
W-28--094 eng-2 
lf-'1-109 ~ 
W-17-o26 eng-26 

ll-26-021 eg-22 
li-7423 eng-22 
'1-7407 eng-1'4 
W-7407 eag-l4(> 
ll-3S-0.SS eng-l 
W-7401 ena-71 
'G-7401 ena-119 
w-22"'°75 ~ 
'lr-44-108 ~-4 
li-28-094 eng-6 
W-740S q-292 
W-28-094 mt:-? 

W-7412 eng-162 

w-22..o?5 enc-1 

~'1-109 ene-10 
tr-14-108 eag-) 

W-U.-108 q-9 

W-14-108 ena-12 
W-14-108 ena-13 
1-14-108 cc-19 
1'--42-069 eag-8 
W-7/HI q-)9 
1'-28-094 eq-8 
...'1-109 -c-4 
~~ 

S-u-o69"""" ~lj) eac-3 

1if6E8REl 
Dl<T! Of 
CO!!IUCT 

22 hl.7 194, 
? Sept. 194) 
26 Dec. 1944 
? JUM 1945 
8 Jan. l94S 

20 Aq. 194S 
16 lune 1944 
16 Aq. 1944 
ll Sept. 1944 
2S Oct. 1944 
10 S~t. 1943 
1' Sept. 1944 
18 Dees. 1944 
? Jan. 1946 
2~194S 
lS .JW., 1944 
l Feb. 1946 

21 Aug. 1944 

JO Sept. 1944 

lS April 1946 
!la Oct. 1944 

lS 1111' 194S 

8 Aq. 194S 
9 Jan. 1946 
ll Oot.. 1946 
l ' lal.7 194S 
s loT. 194) 

' 21 '"· 1946 ID 11arob 194S 
16 Apr. 1944 
11...,. 1945 
'l Marob 194S 

Jff &E:OftS ---

m! 
CORSTRrorl OH 

COST 

200 O&. 1rid1Ulll 
100 os . oeaiua 
l SOC lb. ehake table. 
4~·· 
4 Cl'&nffe 

Beeearch. deruopaen\ of •1• Unit. 
4 lath .. w/aoce .. ol"iea. 

• 

200 plutic t.ubee, 400 plaat.10 dlace. -
6000 eq. tt. pl..UC ah .. t.. , -
5000 • • • .. 
40 tons cnPbit.e l\Otn' or M>OT 
72 piec .. graphite rod. 
69 • • • 
Sale of 40,000 lbe. aorap graphit.e • 
Uact.l"ical equ!punt. 
Cl"J'*tal.llM kron. 
'9l apeaia cNOibl .. , .t;rpe s-1, 22,000 
l.226 • • • l-2. 
l 1-lq al\ • /mobile ebaaaia • 

tube at.and. 
Conaul\ent ffnic .. ~ 

tou?'Ml.1De " pl"OC1U'...at ot ..... 
1 port.able~ t.iMI", 
•J." Ocdtaa 45 11-l, 280 l&-2, 125 "-' 

2S ot.ber (~), 12 11-2-60. 
Spllca for oou1 al oableJ JOO ee\e 

ctoaxi&l. e&bleJ l!llp\J' Oaa• Ir OO'ffl'S 
tor ena-J. eo.onent.e tor •xe Unit 11-2. • 

5 •,XII Unite, K-, . 
lSSO ap&l"k ,..,_ .... 
230 delq UDH. 
l,Ul,S2S lbs. boZ"On triobloride 
1 pol'tabl• radiop'apb Ulla'. 
Condeaeva. 
Uectrioal ~t.. 
neotrleal ~t. 
4~\Uee. 

OPEBATIIQ 
£!!l! 
• '1,000* 

S,000* 
6,000* 
8,()()()41 
7,1IOC)lt 

20,500* 
18,900* 
10,QO()ll 
46,900* 
29~ 
28,800lt 
7,80Qlt 
9,900* 

300. 
e,a:o

S3,000* 
68,600* 

6,900* 

. 3,900* 

,., ,()()()II 

2,422,500 

l,,,XX>* 

,,.,20()4J 
80,000-
90,000 
s.~ 

63,00()lt 
47,000 
19,900* 
8,200* 

'1,000lt 
2,000-
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QO!lTRACTOB COl!TRACl' NO. 

Yuool079Ramet Corporation f'-14-108 q-S-' 

• • " '11-7409 eoc-27 
• • • ti-7409 enc-33 
• • • ~17-o28 enc-27 
• • .. J;-17-028 eq-28 

w .. tern l!lectl'io Ccmpa117 W-7405 q-298 
h•t.iaghou• nectric • 

llama.tact.wring Co. YI-?IHf eng-1'1 
• • • -..7405 enc-312 

• • • w-'s-ose enc-3 
1i•\Y&GO Chlorine Prod. l'-28-<>94 eQg-4 

• • • w-28-<>94 ena-lS 
Tale • Tome llt1. Co. 111-42-<>94 91l,1-' 

9 HFARET 

CATI 01' COE TRDCTIOH 
CONTRACT Iml CCl>f 

l8 Oct. l94S ! al• or 187S lbe. twsget.en oU'bide ' -
powder (6j oob&lt). 

s Jul.J' 1941. Tanl•ten carbide brick•. -
2 Sept. 1944 ,ciao lba. t1ilfta•ten carbide powder. -l Pel>. 194S lSOO lbe. tanaat.en carbide powder. -
9 April 194S 2500 lbe. \QQa•t.ea oui>ide • -
8 '•. 1944 75 dela7 11ne1. -
24 Feb. 1944 2000 1Dcbea \w:lptc l»ar. -lS nee. 1944 Resu.rch It deYelopaent niardi.D« -

;{;:.rq t.ubea. 
27 Jtoy. 1944 ~.8 lee•· tunc•t. powde!'. -
26 Marob 1945 100 T. bar.ta nit.rat... -
2S loY. 1946 60,000 l'be. bar.baa nit.Rt... -
4 •an. 194S Chain bob\Sr)« equipwit. -

Sllb-t.ot&l. $23611'0 

• Hnanoial.17 ~let..d. 
" Cont.ra.ct lat..r ettpJ>l...m:.ed •Mia& the follOtdnca 

1. eso lba. oalo1ua fi'llOride-boron tntlaoric!• 
oOllplu in which the re.Uo ot S-.10 botope 
to 8-11 botope 1Aa pat.er Ulan raorml. 

2. 242 lbe. c&l.dua tltaoride-boron tritlwwide 
OOlll>l• in which t.be ratio or 8-11 botope 
to B-10 ilotope le areater t.bu noraal.. 

... Cont.ract. oric'MJJ1 called tor delb-917 or '°'° 
apark ppeJ bolltt•r onl1 lSSO delbered and n
ll&iDda oancellad. Contract not. .. pt IMftt..d 
peadlnc the OoYtn.lment'• acoept.we ot Contractor'• 
elaiaJ ao ~ ban Men aade. 'lh• .,,..-atJ..aa 
ooet. aot..d ooaaUt.ut.ee tu uousat. ot tbe ola1a 
nblllt.t..d b7 Ccatrutor. 

OPERATIBQ 
C06T* 

• 12,soo • 
'6,000* 
2>,600* 
l0,3()0tt 
17,i.oo-
3,3004' 

10,()()0lt 
Sl,4004" 

S,'100* 
35,400* 
6,9()0tt 

10,100* 

t s,e26,TtS 
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TM following cont.rut.a covering radium rental and procureiunt, &ho llet..cl 11nder F-6, "N tor 51t.e Yt 

t i.Tl 01 'ltPI or 
COITJUOTOR OOITRACf IO, C:Q!IMQ'[ CQ!Tli ... (Cf 

Boria ~ ts-740S enc-'13 l Sept., 1944 R 
• • 1-740S q-91 l .JGM 1943 p 
• • W-740S eac-291 '° K&rcb l 944 p 

.Joeepb A. Kell.7 W-7412 -.r-1S7 28 Mal'oh 1944 p 
• • • Woo~ eq-19 20 Ma7 19'.S B 
• • • 11-'8-()94 og-22 20 JUD• 194S ft 
• • • • -38-094 enc-23 29 June l94S a 
• • • ll-38..()94 enc-24 7 1'lfut l94S R 

Sub-total 8&d1um :Procurement. 

Tot.al Conlrae\Ul Procuniamt. 

ProcunMnt. tor Sit• Y on .Purchu• Ordere, tot.al•di 

1944 

194S 

1946 

!iO, of ftursba .. Ordert 

'83 

)19 

.A 
Total Purobue Ordc-9 ?76 

~ 

&l!l 
f278,8lS 

2S0,64S 

.n.100 

t se1,160 

~ 
OF RAEm 

S,S9S 
2,021. 
2,471 

S7 
s.ooo 
s,ooo 
s,ooo 

200 

25,344 

TOTAL COST 
ro !iLllL!ti 
• )1,718 ,,.,,S? 

42,0lS 
1,496 
?,125 
6,750 
l~,,7S 
2,400 

~1'2.236 

. t6,l9S,16l 
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.APPJSHDlX K 

BF.RYLL! UU Pl:WCUltE~n ;NT 

Introduction 

Almost from the inception of the ~~anhattan Engineer 

District, the element beryllium was of considerable interest to 

scientist$ and engineers because ot its many desirable nuclear 

properties. aeaause ot its low atomic weight (9.02), beryllium 

could possibly be a highly successf ul moderating material for 

thermal energy neutron8,. and the fact that measurements indicated 

that beryllium had a comparatively small cross 88Ct1on to thermal 

neutron• (0.03,. based on uraniua as 1) led many 1nveatigators to 

believe ·that beryllium could be employed in nuclear reactor• with 

great success. In addition to ite excellent moderating and neutron 

absorption ohai•aeteriatica,. be-rylliua appeared to haYe several 

advantages over other moderating material• beo&uae or the higher 

temperature levels to which beryllium and beryllium oxide could be 

subjected. ()ther properties or beryl_ilua allO added to it• interest. 

Because ot 1 ts low atomic weight and iow thermal neutron absorption 

character!stioe. "beryllium wa• of' potential importance aa '- reflector 

of neutrons. ln addition, the nuciear ~oac~ion Be(n.2n) led many 

investigator• to believe that tbo ueeful!1eH of beryl Hum in atomic 

re)actors could be greatly enhanced by this reaction. 

Although interest in beryllium waa high in the early days 

of the Manhattan Project, the availability of beryllium was extremely 

limited. Only small quantities could bo obtainod from oornmercial sources 

K.l 



... 
and at pr1oea which au.d• th• lar;;.• scale use of becyllium prohibitive~ 

FurtbGl"lllON, the Jllaterial wae or & quality OOJQI>lt>tely inferior tlo 

that required even tor moa~ Project pw-po•••· 

.Pi"ior to the *'1battan Projeat•• intereat. 1n beryllium, 

v•F)' little UM bad been t<iund tor the metal •• auoh, most ot 1• 

being ua•4 in th• pnp•rat1on ot alloy. Witb. a.lunln•, niok•l and 

copper. Beoa\1ff ao\bod• ha4 bee t'ound DJ wt.doh laaD7 ot th••• a.11071 

could be••• cltreotl1 trm Ml'Jllita o:dQ, it wae no1l neda .. 17 to 

pl"O'cluoe large quantl'tlea or berJlUu. a•te.l in order to produoe large 

quant1t1•• ot b•eylliua ~llo1•• A• • reault ot the 1nona•e4_ deD.lUd . 

tor the metal, howwr, wt.thin the Mm.lbattaa Pro.j•e\ ltaelt. the 

-

tfad1eoa sciuare Ana ot the v.nuttu Rng1n..,. Dl•t1'1ot uncleritook, 1a 

194,, th• re1pondbili\7 of proourma ~lw ftl'lou• Nqlle•t• tor be17lll• 
. . 

metal ancl 1-P)'lllua comprnao4• •ht.Oh orlgtria.t .. a-t _., ot the V&Uattaa 

Pl'oj•ot 1u•tallAt1oaa.. Sino• the•• Nq•-'• tor 'beqlll\111 ••n 
oOMp1.r.tiv•l1 •all an4 were noelY•d 1n a h1gb17 epora4lo 1111nner,· 

the proov ... t ot berpll• aa4 1-17111• OGllfO•cl• waa bandle4 bf. 

the SpeotaJ. Projeot.a Group ot tu U..d-1.ao Square A.roa. Thi• arnag•• . 
ment ndurd troa 194' tlu'oup \lMt StilD•r ot 191~5. Jfoftwr. 1n .11111. 

1945. •• • nault ot d11cn1ed011.1 b9tweea Colou.l Jt. J). llobola an4 

Jfajol" •• a. lell•1· it ..... 4•o1de4 th&~ tM •r.itin teobnloal 11114 

procurement politlon ot '.bel'J'll1ua •bould be ooapl•Wr 1Dventgate4 

and reoomend&t1on• made oonoerning a cont~!!ll produot1on progl'• 

tor be17111ta ua it• oolipound•· 'tht• cleo11loo na an o~tgrowth ot 

an lnor•••inc 4--4 tor beryll1• metal ancl be17111ua oxld•• not onl1 

1n the raw metal and powdered toraa but aa speolal ~brloated ahapee 

K.I 
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suitaple for use in the developn1ent of new atomio reaotora 

and for th• development of speo1al military weapons. 

On July 31~ 1945. Major Kelley requeated lst Lt. s. B. 

Robof'f to carry out sn investi£;&tion of the statue of beryllium 

production and fabrication throughout the United State• and to 

recol!m.end action to be undertaken '?Y th• Madison Square Area Office 

to initiate a large scale program for ·th• production and fabrica.-

t1on of ber.1llium and 1 ta compounds. 

During the month of August. 1945. a comprehensive study 

ot the existing beryllium oompa.nie•. a.a well aa M&nb&ttan Di61;r1ot 

etallurgieal laboratoriea involved in the development and fabrication 

of beryllium was •de. Baaed on the findings ot Lii. Robott1 1 sur•ey. 

a report entitled The Prodaat ioa. and Fabrication ot B•rzlliua •• 

iaeued to . 'ajor Kelley on Sept•'b•r e. 1946. 'lhia report outlined 

. the current aourcea of berylliua. mothode of metal prod.\ACtloa, 1Hthod1 

of beryllium tabrioa• ion known a• that time. a deeorlptloa ot th9 

research and deTelopment work being pe~tormed on be17lli\lll at the time 

and a aw.nary or the experimental re,eulte o'btained u ot that date. 

atatem.enta ot aethocla of iaoreaaing th• produotion ot t~ OT~d• metal. 

statement• concerning the provision ot facilitlea for the fabrication 

of the metal. a.nd discussion• of the v1&rioua health factors known at 

tb&t time whioh were involved in the production and use ot beryllium. 

In addition. the report litted reconrnendationa to be tollo'W9d by the 

Uadieon Square Area in initiating a production program for berylli\lll 

and its compounds necessary to meet the increasing quantitiea and varietiee 

required by the Manhattan District. 



Soon a.t'ter Lt. Roboi'f't1 report on bf:trylliwn was issued$ 

a Beryllium Seotion waa formed to oparate w~thin tho scope of the 

M- Product1on Group of the :i!adilon Squaro Area. Lt. Roboff w1H placed 

i n charge of the Berylliwa ~eotion and wag assigned the responsibility 

of or ganidng a berylli'WI production program capable of meeting the 

quantity ~ad qua.lity requirements of the various Manha t tan Dist~ict 

installQticna. In addition, bec~use of t he nebulous state ot 

knowledg• con~erning the state of fabrication and production at high 

quality berylUum, l.t. RoboU ns also charg~-d with organizing tho 

necessary development projects to enable beryllium to be produced 

and fabricated in accordanoe with Manhattan District requirem.enta. 

Lt. Ro'boft wae to report directly to Mr. F. M. Belmore, then Chief 

ot the> 1·- firoductio11 Group, who aQpervieed and coorclluted the work ot 

the BerY"lliWI Section in accordanc• with the overall policies of the 

~-Production Group. 

Sina. prt.or to the formation ot a aeparate berylliua production 

1ect1on within the U:adiaaa Square Area, the procureme_nt ot berylliwa 

production wae handled by the Speo~l Projects Grot.&p, the proouremmt 

of beryllium prior to Septeiaber, 1946 1• de1cribed in the section ot 

the History dealing with the aotivitie• of thi1 group. However, in 

many 1natanc•• in the description• tM.t follow herewith, reference 

will be made to contractual aotiona and production data occurring 

prior t ·o September, 1946 in order that a more complete cont-1nuity or 

text may be provided. In the main, howeTer, t.be dtscusaion• of 

berylliua procurement and development presented will cover the period 

K.4 
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t'rom thra .formation 01· the Bortlliwn Sect.ion in September, 1~45 

·through December, 1946, which latter month wa1 the le.at month ot 

aeti ve operation of the Manhattan ~~ineer District. 

K.5 
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ORGl\ IHZA U ON OF' i:Ub'RYLI..1 1.JM S~C'l'IOJi 

The Beryllium Section -waa organiled in September, 1946 ae 

&Q. operating unit within the M- PrQduction Grou.p ot -th• Madison sqwu·e 

Area of Manhattan Engineer District. At the time of orga.nizat.-ion, 

Mr. P'. t{. Belmor• wae Chiet of M- Froduetion and Lt. S. B. Robot£ ft8 

&Higned at he&d ot th• Beryllium Section, reporting directly to 

Mr. Belmore. Corpor&l R. E. Mori• acted •• a.'ubtan.t to &t. Ro'bo1'.f. 

B¥ tb.e Spring ot -19'8, th• technical. and adtdr1iltrattve •orJi!: ot the 

Section had tncrea1ed to svch an exten~ that a poattiou waa ••tabliahe4 

to enable a •ri to t at up and. h tU1cil• the h.undred1 ot ••ll requeat• 

for berylli• •t•riala received,. ·and to aet up a procl\lotioa proour•

m.ent control ayetem for not only th• llll&ll requ.eet1 b\R t ·o oover .tu 

large aoal• produotion th•n b•ing carried out by th• 8-ryll1ua Seetion. 

f hi• P,Olitio-n •• filled in Vay. 19'& by llr. Jemard En&•l, who Nported 

directly to Lt. Robott. 

During the S~r and early Fall ot 1948 the produot1q aa4 

de..-elopmen• progr.., within th• Beeylliua Seot1oa had expaudtd to tuob . 
. 

a point tha\ it becau neceae•q to obtain th• ae:rvio•• ot aas additional 

engineer. Jtenoe, a new pceition •• eatabU.1hed in Ootobe.r, 19d tor an 

engineer to epeoitically •upor•b• the _teohni Gal adalt1i1tration ot the 

dev•lopment work th•n being carried oW; by th• 8eryllita iranoh. fo 

till thh polition. Lt. B. P. Walter, Corpsrot $ngtneera, wu aaa1gMd. 

BY the end ot 19'1 the organisation ot the 1'ery~li• $$otioa 

•• •• ahown on the organisation chart in Addendua lo. 1. 



A• found in nature, beryllium ocoura obiefly in tW. lli.neral1 

tar the more common and large depoai ta ot this mineral are tounci 1 n 

Brazil, Argentina, India and in tne Black Billa ot So'Uth Dakota • 

.Les••r depoaite of berylliws-oontaining lllinttrala exist in all parta 

ot the world am 111 thi• oouatey oan be fo\lnd. exteuively in mew 

Haapahire, Mauachu•ett.e, Oonnectiout, In Tork, *in•, and Pennaylva.nia. 

In 1.945 the total quantit,y ot b@r,yllit.aa in the ee.nb•a or-qat -.. 

deeaed. to b• eq•l to th• total coabinecl quantity ot copper. lead, 

and lino. 

Beoau1• it i• bf tar the moat prenlent ore tor 'beeyl11wa, 

beryl b.aa been used almoat ••ol~lvel,y a.a the raw •t•rial tor tu . 

-.nutaotu~ ot beryllia uta>., 'beeylitva oxid• and ber,ylliwa al lop. 

?be chiet o~rolal eouroea. of ber1l M•V• been Brt.111 a.u4 Argen.tiila 

with lrt.sili.aa orea l>•iil' uae\\ almost •Jtcluai"Y•lf troia tb• yeart 1944 

t hru 19'6. Ooct.ticmal ahipuD.ta ot 'beryl troa India wre reoel·ve4 1a 
. 

the 'tJn1~•d State• and ••all qounta wr• mined 1.n South J)atot& for 

coaero1al ••· Beo&ll8• ot nrti• reetrictioms •~•ting in 1948, 

howe,..r, control oE all berylllq-coataiaing ainerala, tol"eigs:a &u 

do11eatie, 1'hich wre to b• used in tbe United Statee •• =ci•r the 

control ot the Metal• aeaerq Corpora.tion, and it •• neoeuaey that all 

purcha••• ot beryllium-containing orH be •d• through and with the 

ooneent of thi1 oorporation. 
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During tho period l94G-1948. t he price of ber1l ore 

deliTin·ed in thi& country r anted f't'om ~9 • .CO to t l2.00 pll)t' t on unit.* 

?hia price wa.G consi.derably moro ·than thllt oh.Rrged at the onset of 

World ;jar !I , but s inoe the coat of oerylliu.m llletal does not vary 

ootteiderably with :f'lactuations in prio$ ,.,f the ore• the i .. t> lia.ti vely 

high pr i ce of beryl ore at the uncl of 1948 did not :materially rahe 

the eost ot betylliia m~te.l at; that tb1$ . 

Altho'11!)l ·tho Manhattan District waa intere•tsd int~• euppl7 

of beryllium or• to the producer• ... he tfanM.ttan Diat.riot di d not · 

· enter dirsctl~ into a procuretne.nt prograa for h•r1l or-e. Thie wat tor 

two r asonth Fira\ of a; ll, the produoere ct beryll1wa •tal we.re 

Dbtri ct d'11'1.ng thia period, a.ncl iumoe 1~ was t•l1~ the.t no •ot1..-. 

participt.tio11. in a b•r;ylliwn OH proove.uut. progrNa •• r•qui:red. by 

th• manbattan Di • tr1ct. SeoGndly. during thia period. ber,ylliwa ore 

,procur•1'mt •• being undert&ka by the Mst•l• Re1erv• Corpore.tion, 

whioh orgalli1ation •• 'bui ldlng a aiseabl• atookpile ot beeylli.1.111 ore • . 
1'h1t ato4kp11• ~· a.va.1la'bl• to t h• t!anhat~ Engineer Diatrict aho\tl4 

th'1 uocl tor the ore beooiu ntoenary. 

Although th• a&anhatttUl Di•tl'1ct dicl not aoti.'Hl.t eng•g• in 

th• procurement ot borylliwa ont, a 1tuq •• wid•rtaken by th• Raw 

• A tM unit 1• defined aa that quantity ot bel",rlll\111 ore containing 
2w poWldl ot beryllium: oxide content. 
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future at1.Atu1 ot the 'beryllitil mineral supply u.nd. to la;,r 6'1.ll 

necessary ground work for a °MAUlhat..te.n D1striot ;>t'ogram. which could 

'be put into et'feot $hould tho sou.roes for beryllium ore no lonier 

produotion. (Rot. 111) There were indication•, evon in 1945, that 

·the avail&b1lit.:y of b~r;yl ore ray be aubjeot to a $harp reduotion,. 

and. plana wero m&d• by tbe R&w ~atorlala Grol.lp to initiate a apltcial 

ore pr~c:luct1on prograa tor th• l.irmhattan Diatrlot in th• event a. 

tight aituatioa became prewlent in the procure~nt ot beryl oro. 

Up throup th• end or 194&, howe"ter, b$ryl ors wt.a available in aut-. . 
tiotont quantity to eupply th• produa.ra ot ber7Uiwa •o that no 

oonorete action bf tu Manb&ttu District wae ne•ss•r:t in ta• or• 

proC"-lNlaent fi•ld. 
I 
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.Beoauee the requlreaenta tor 'berylliun meh.1 1 l.u~ryll1Ul!ll 

oxide, and fabricated lhap•• ot bo\h me\al and oxid• vere reottl'Ted 

in the ot!1c• of the Madison square Area in lara• numbera. in 

i' la rirtt1t1.ll1' 1JDpO&elble to describe the det t.lect production ot 

these r equlreaten·h a• par• of this diacuedoa. 'lhe,,.etore, tor the 

eonvenience of th• read•• ,._ <:ompl ete eompilatlon of all pro4u.ctto 

and. procureneat req,td.retten\e recei ve4 'bf the lleJ'yl.11,. $eotton from 

Us tncept1on ttu:-ough :O.cembtt 1946 have O.eu gou.p6d, toa•lhei• v1th 

ro-1'1-t ed lnformaUon, b. M d&ndu No. 3. M.dendum Uo. l list• all. 

requtrementa, 'both la~ce scale production and emall proourem•at tJ:p•1 

\ 

U}JOU which action w&a tak•b durinc thi• period b7 th• Derylli'Ulll Seo,lta.. 

'11he rtquir ement. tire grouped. tU:Mis~ the ~· ot the inal•llation tor 

...,ht.ch the m.a•ed.,.l vaa 'o b• procure4, and included. in tld. • ooapllaUo• 

le the t;ype of material reflu.1red. the ttp• of •'er1al. produced, th• 

quanti Q' produced, th• aouro• of production o.r deUve17, th• coatracs\ 

nueber or purcha•• .ord.•r nuaber UAd•r which th• pl"OCUJ'Men• vaa effeoted.e 

and the da'• u.pon vbiob final ehipmont ot the roqui:remen\ waa Made. A 

stud¥ of Addend'.Ull No. 3 vlll ~ive th• reader a thorough _ln•ight at to 

tho wide range of 111ater-1al.a and tT!>e• ot prodllotl on and fabrlcatioa 

'.:ihich were required. 

l'..10 
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In diaouesing tho production did fabrioaUon ot beryllium 

and its com1Jounde, in view of the detailed. listine;a gtven in ~\ddendlll 

No. 3. it 1& well to 'brflak down \be tJpea of production and tabr1ca• 

t1on into five main groups, namely, i')roducUoa ot be:rylllum metal, 

fabt'ioat1on of be17lltum aetal, produ.oUon of ber,rlliUll orld•, 

fe:.b1·!oation of. be17lllua oxide, and. \he production of be27ll1ua 

nitride. It wa$ the .Um of the !e17llitlfl\ S•ct1on to o•tabl11h a• 

tar in adva.nco as posdble the requlremen.'s tor 1roduct!on roid fabrl• · 

aatioa of beryllium in orcteJ' tlw.t a tlt9ady rate of pl'c duoUon arid. 

I 

lhtings in Addend.urt No. ), '1:1e produot1oa requir•enta tor °h4tJ7lllua 

and its compounds wore rooe1Yed tn an BxtremeJ.7 aporAdic aa:n.ner aa4 

fj()rtllall~ c1.1.lled :t:oJ." a. h!Plr ermUc rate or prcduotlon tn order to 

a continual. cheok wu.1 znade 'by the D~r1llium Sect1e>n of ~l .Mtulhattan 

ProJec\ inate..11.ations to obtain inaornr- e.e posu1ble the f\\tu.re 7eqtd.r.-

raenta of thel8 1n•tal1at1on1. Daaed on the future rertntrement•1 1 t 

was poaBi blo to ""' up tbe product ton of be~ylUwn and th oottpounu . . 
on an nverei,! EA!& Daa1s. SU.oh production, to&ether with a berylliu. 

stockpile eatablished at Middlesex, Vow Jera97, enabled delt?&tles ot 

1.llost :requirement• w1 thin a reiuonable period of titte, P..nd still allowed 

t~ · ef':fic1ut and ateaq rate ot beryll itlltt produ.cUo!l. Renee \rhea r .. 

q,uireaenta were low. i' we.a possible .for the .Ber7ll1um Seotion to 

~clwulate in the .Ml c.<.\leMx atookpile condderable quanU Uee of 

'b~ryll1um me tal nnd beryllltun o::dde, which atoekptlod materhlfl 11.fere 
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13hipped to users at such tines f.l>s delivery requiromcntt O!er-

halunoed tho production rate. Hence. b,y udn& the H1ddlesex stock-

pile as a butfor to mee• requirementa, n overall eff&ct of comp~wa-

ti valy etea.<17 :production waa rea.U zed a t the producers' pl ants. 

l'or- tho s.e reader'-' who are lnte:r~sted in the setunl 

processes. used b,y ~ach of the th:reR "b6ryll1um p:rodt'lceru in the 

As waa ment!ont:Jd p revf.ouel:r l n the intraduot!on, t!iere 

va• an e~·l;r in.tereat th.rou~ut the Mti.nhat.tan l~oj eat in th~ prootu-e• 

m;tnt ot ber7ll1um aetal., and a..1 earl;r as the Summer ot l'.)4), a require-

me1:1.t for 21 000 :po\llld.• of b~i7111um , eia l wae rec•ivtld. in th.ti Ma.diso.a. 

Squ...re Al'eA Offices !or sld.l)men~ to Nev Meneo. In 1:\ddition, there 
. . 

wae 4ousiderable interest in tho tt.ac:t of -ber.7lllua oxide (Rel .. 71 9). 

AB a resul\ of' the m~w Me.rloo r~quir~ment f<>r 2,000 pcrnnds of be:rylliUll 

met~l, authoduxtion was receiv~d iroa Lt. Ool. Cornoll., . dated August 9. 

for t.he ~1 soA Square Aroa to en tel". in to a urd t prio• c.ontx-aet for the 
f 

aupply ot 2,000 pound'a of ber7ll1Wi1 matal (Hef'. g). 

la 1943, the onl.1 do1'4estic commercial produe~ of beryllium 

w&s the .n1•u.sh liol')"lllum Comp~ ot Clevel and f'..nd Le rft.i.n1 Ohlo.. The 

chief' l>u.sinosa Qf the 2I'l1sb Beeyllium Compeny u:p until thie time. ho.d 

bee:a in tho prod\Wtion of beryllium .copper .nllo,y • but the Drueh 

t;oapaJJ¥ .had available n ema.ll l!lize plant vhioh .Brush clab1ed at the 
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time, \Jne capable vf l'lroducing 354 to 500 pounds of boqlH urn metal 

per :1onth (Ref. 9). Hence, Contract No. r.1-74o1 eng-60 dated 

~\U(;ust. lS, 1943, was entered into ·with the nrush J.leryllium Company 

for the mt.inu.f,· oture of 2,000 -;1oun,~s ;:,f bel'yllium metal aad l{)O to 
di 

200 fJOWl<!e fJf beryllium fluo1·ide , wbieh, inc:i d.ently, }».).it also been 
A 

tmder this contract to enplor O\"lite:rnmt0.ut-ovned equipment which bad 

developme.nt proJ oct tor man'ttiaetm+e of w·~um mace.l. 

~1.t. c.bout thi~ time, a s the re$uli of ~ttaa l'roJec\ 

interest i n thf' Brush Oom:pn~. E:ruah wae g1yuu authority by the 1d~ 

l,roduot1an r;oa.rd. to lncrca&o 1ta p:i:oductJ.on capaoU;y of 'ffr7lllm 

met~.l to 600 f)O\J.nds ( Rel. 10). Tll$ '.Brush a. tilllf1tea f,\• to thel~ 

ex1et1ng production c:ap.nci t1 lu:ad been g.roatl7 over-eBtlm&teA, ~d 

by jleb1"1.Jar)" 1944 ~pproximatel.y o1'lly 400 polll1.da total ot b"r7lU.ua 

aetal. ha.4 been produced und.er th.1!8 oontract (Hat. 11) . i>litl't ot~ th• 

dif.Uoulty wltb the lb-unh Darylli't.W. Oompany was ocnadoned b1 the 

l uck of abllitJ' tCJ meet the e1)ucitiootions o()VOriJl6 Ja.a•t of the 

material to be produced. ln a<lflttion., !t WAS :f'o'Uftd by Er\1eh tha.' 

the equipment which had beem on hand and which hnd been · thoue;b.t 

month could only prod.uoe somewhat \moor 100 J.10Mdn par month ot 

·oeryl Uum metal as required by th9 Manhattim .'?.rojent. As the result 

of technica l a.adsta.nce g1 ven by the New York Office rJnf. a)'; d stance 
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hu.d been d&sired. 

Th• tYP• of berylU.Ulll mP.ta l produced c.t t~.hat tiltE;• !llld 
al · 

whiob wae, lneider.tt}T • the best available• was produced id th nn 

aosaiy r~nge from s5jb to 961'. tho ro.m.a.in1r1g percentage ooneht.ing 

chiefly of ber7J.l1llll fluoride • mt\gne eil.1111& f luoride slog. l"t1rther-

t he lmlterla1 1 the beryl l;t.um also was hi- 1n <\lu.ntilUUh, iron, boron 

and silica content. aad. :much of ! ru.tdl 1 s pr od.u.otl on coul d oot be luted 

because of th• prevalence ot these impu.ri ti&th It was posd bl• to 

Br ush• lAnd in some caeea 1\ w&a neceuary ta ob~in :.rem.,lt metal la 

order to 110&\ the p)qsloal and ch•ictt.1 npedtications on the me~. 

~7he price of the ber.r111ua pro~ed dur.il'lG t.hh period wa.s ~45.00 

a pouad f or i-aw lump 11etal and ~55·00 a pound tor recast. or h1£h 

n H&ir me•al. ( ltef. 7. 17)• 

During the letter par• of 1944 and dUring eavl;y 1945. the 

a nd. 1 t ~1aa neces~Jat'f 1'.or s ev•u·a.l eV~llu.at>iona to 'ba made l l.Y the Spectal 

:Proj eot8 :Branch t<) a dvi sn the VaJ"1ous ~fon.ha.t ·taa Proj ect in~tnllaticns 

of the poss1b1l1Ues ot receiving beeyllium matal 1n t he q.ua,nt1 tl e a 

dadred. (:H.4't. lJ. 15, lS). :B7 · l~reh 19!,+5, the pr-oJeated raqu1ramente 
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far shor t of maoting tho oves-a.11 re(tUirmnente {Ref. 16, 18). On 

the basis Clf th0· new requirflments, negotiation& wer.e entered into 

vi th the Brush .Beryllium Compan,y for an eXpanaion of t)le metal 

.:production plant at this or8anizatton. Inasmuch a• the »rush 

seryllium Col'llpe.ny•s Lorain Plant wu.a then oapabl~ ot producing 

15,000 pound& o' bar7lliU11.1 orld• per month (eql'd.vRleat of a.pproxt

rni tely 5,000 pounda of b&l'J"ll1\lll metal), it wae noi n•C•Ha.17 to 

increase the f'ac111 ties tor the production of o.d.de. Th• bottleneck 

therefo~e existed onl7 in. the conversion of beryllium OY..id• to 

bc:rylltum metal, and 1 t wnia nneee ar7 that ad 1 tionsl equipment be 

~)rocu.red Md installed at th• !,,ora.!n .Pl;.i.nt to tncreaae the outp~• 

ot the .Urush metal plaa\ to a ~rlJ11\11D ot 1, ;oo po uncle per month 

(.Ref. 19). Aa a J'Ga\tlt ot the negotiations with llrush Be1'7lllum 

Compa.l)J, a nev cont~ o,, No .. w-212-075 eng-10• wae en\ered into \111$h. 

thia Cottpnn,- on JU].y 9, 1945. which i>rovid.od tor the ad.di tional. plant 

ca.pae1 ty at :Drusb l3erylllia Oompaft1' (cost to Govs.nmori\ aPJ)roxtmately 

6 
. • 

~2 ,ooo), and for the manutru:ture e>f 4,390 pound• of beJ";Ylllu ;netal. 

r.lhe total value of the conin.ot wae $19),000. 

Shortly thereafter, tho Bor,ylllum Section ot the Madison 

Cqua.re ;.rea wa• created and the reeponoibl U \7 for tht!t production 

. r.nd <lov<~lopcu1nt of 'b6ryll1um and its eompoun.da w8.1 undertnken by 

this new Sectlon. 4\.8 a. resul' ot inc1·eased requi:romon~a, Supplement 

1::0 . l to tho ~ng-10 contract ~ae 1$ $l.J.ed on October 17, 1945 which 

r.i.,!aed the total b~~ryl.liurn to be manuf'a.ctw•ed unri.er this contract to 
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5,570 pounds and resulted in tm increuae in the eontractu;;~l considera

tion ot $45.uoo. ny the end of 1945 «1n0. by Yirtue of the 1nc:reased 

l·a.te of ap.pro:xitontely i.ooo pounds par month and shipments were being 

m&de t o 1'111 the oxisting requi r ements .. 

Ii?. large proportion oi' the metal prod.uoed ~-·as to be used tor m&tallurg1• 

eel. gtudtae at. Vt)l"lou.s Ms.nha.tt!i'!ll ~"roJe<:t lnstall~tioa"* the atu'la.Y of 

the metal c.ould 'be improvect by remel Ung opa!'"a Uans ei th~P i .. t Brush or 

<=:.t tho u ser's d te, a11.ct a comp .raUvely l hrge q,'.WUltit7 ot other tm• 

p rties of the barylliu were no\ a domiruint ta~toi'. 

'jjy tht Sprtng ot 1946 as a r esult ot process 1mprovuen•e 

~um SJM.11 e1ut pmeut a.ddttion111 to tho 1Jl"nsh plant, the oapeolty of 

tlrl s plunt for the :prod.uation ot rftv ber;rlltum metat rose \o, llpproxl• 

me.tely i.;oo pountll p~r 111Dnth, altttough cl ... J.ms were made by the ! rueh 

Beryllium Compnn.;r plent at thte ttme ot a tot-..l produotton Otdput ot 

2,000 pounds per lUO.nth ( Ref. 4). l~;Y l~te Spring 194t'>, praotiaall.7 

all metal requJ..red lw.d been doltvored untlttr tbe ort,inal oontrac~ and 

Suv.plel!len' l\!o. i. bu\ addit tono.l requ.i:renrnnt ~ ~d been. rece1 ved in 

the B·aryllitllil Section fo .r ~1.pprorlmately 700 !lQUlttle of remelted 

ber;rll 1u.rg metal. Th! e vatJ pro vid.ed for under SUpplomeat l~o. 4 to the 

;i:ng-10 contract dated A1}r1l 17, i9t~. 'P'or the rema1nd.er of 1946 mos\ 
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of tha bnrylliU1?1 ·motel output of the l3rush plani was need directly 

of be ·ylli um .mf.lt 1;1.l h~..-d been accumul~ited at tho Mi ddlesex \1arehouae 

l . , 9"7 cc..r ,'! in ~. ,... • The bor.Ylli p1e\a l stockpile w·as t>lanned for \tse, 

inaraased output 01· beryll1\ll!l metal to Meet new large acal• 'beJ'7111um 

r0•1uirements. ( j·,et . l through 6) • 

.As tl. ref>ul t of the 1.nor eaue ot the potenU l requir et• 

i:n the 1 t'l&t i91i7 it appe;.u-ed thtt.t the p.rodu.ction ¥Ohedula ot nru.9h , 

wo•..tld not. ba sui'flaient to meei tb• re-quirna11nt1 ot the l'roJec• tn 

1947 which were to be Upwurde of 2,500 to 3,000 p<>uada per month • 
. 

( Itef. 101• lOJ, lo4). lience, lat · 1n 1946 dlacuaatons were entered 

into "'1i th •lut JJer,yllium Gorporatiion of Reading, Penns;rlve.nia9 and 

p relimin<:i.ry otmt:re;ctual arramgement~ were mad• for the 1>roductton of 

oppr oxb.'lu.to"ly l,OOO pound• per month of high pu:rtty ber1ll:lUP1 metal. 

lio11-evfl r, no .P ttl'IIUlllent ageement had tt·CD reached wt th thh Com:rtml' 

by the eri.d. of 194b and. hence no contract hhd. b8on tssuf!d by thta 

tima. (hot. 91, 92. 9J, 94). 
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100 z)oundl' o:f beryll ium aetal in fln.ke form. ( t!ct. 150, 151. 159, 160). 

Jiuwevcr, this mti t eri£J. l ..:as used only fo r small scale a.xp(~rlmental 

metallurgical pu:rpostts and 1 t wae not requi:ro.d thereafter for aq 

Pr oJect purpoeee. 

Al tho~ e. considerable • ortion of the beryllium m~~t(~l 

_produced, Up through 1946 \tial in t he form ot raw lump 'beryll1'Wll metal 

for uee in metallu.rgiea.l otu.tU.es by var·ious ProJ eot inatal l a.Uoae. 

i n 1946 f airly lurge scale re(1u.1remonts were received for apeclal 

i'a.brica.t d shapea wer• chletly for beryllium metal bl the torm of 

'berylliUll 'blocko measu.rinc up to 2" x 2" "' 8 11 .and tor be;r7111um 

l·od• meo.aurln& up to .3" in diameie,. . In ad<1 U i on 1i<> the m.t.l t.1 tude 

ot small ind1•1dual requeate, ~h•re Jero three large scalo produc

t1on•tn>• fabrication 1"&qu1rementa :reoe-1 ved during 1946. '!\to of 

these 2·eque1ts were r&oei ved from ·Loe Alamos, one request being 

approxlm8tely 2,000 pound1 of beryllium rode ranging :f'rom 5/16 11 1n 

diliOteter to 3-r' 1n di.r•e ter. the 0th.er belng ~ aertee ot beryllit1112 

blocks re.Jlgtng from 1 11 cube up to approrlmetoly 4• cube. a nd. 

Neigbint; ~:i. total of approximately l, 750 pounds. The third la.re• 

l~&qluremant rocei ved in 19i~6 was from Chicago and involved the 

!Abricat ion of approY.imtttel7 3,c-00 pounds of b~r~ll1um metal blocke 
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2" x 2 11 x gn for use by- Dr. Zi1 n in the study of neutron d1ffUs1on 

fJ.nd life me.c"surements i.n b(~ryll1Utn, which met:.stirements ~.1ere neces

i oq_ 
S8S.TY boto:re the design of nuclear r eactors amr loy~ 'berylU .. urn 

could be completed. 

1;.·ere two processeB b7 which the three orders could be comp1'ated1 

tl1e fir~t being the stend.~dized extrusion process a.s doYeloped a t 

inernachuaetta InsU tute ot 'l'uohnology; t he second bei11g a newl,7 

nrush Beryllium 11U1lp&fll'· I nasmuch as the r equir nts had not 

shotll<l "be made. sample shapes made by both the lSru.t!Jh a1nterinc 

method o.nd the ff:Rruston methocl were sent to Loe Alamos and Ohtcaao 

as soon .nw the cor:tpe.risone were completed. Mc..dison Square Area b9 

noUfled ns to 1»1hioh fa.brication process Ahould be iieed in 11.mJd.ng 

the • arioue flnal pieces. 

W1 thUl two or three mont~IJ "ttor th., 'l'.c.1.rloue shapes had. 

'been .fon.r&rded to I.o s Alamos and Ch1<utgo, 1ns tru.ctiona veJ"e reeei•ed 

to fabricate all of the .. Qhi~ block•, a s well aa all the blocks 1"8• 

because of th• high corroelon r8shtance of the extruded material. 

it wars requested. that the rods req_ulrod fo't' I.oe Alamo• be manu-

J:.lt 



sufficient raw mGtal produced to enablo tho ca1ting of req_ui.rad e.x-

t1·ueion int;."Ote antl the GUbseq,uent extrueton or these ingots to rod• 

ot the desired diameter 11.\ the HeYere Ccrpper end Drnas Compa117 

~11'1'-lhnoloQ' Nl.4 inad• 1t a .. eguJ.~..r practtoe lo carry on enru1ion• 

one or two dqa per raontb \ th• lhtnl'• pr•••• 1 • wa.a felt thl!ll• 

thq oould i nclude each •011th a suff1clont number of erli•'uatona fol"-

Loa Alamo• :tn U1e re~d 1nonthl7 uoh#ctul.• a\ R••ere to (lnable '11• · 

fabrication of the rod. ont•» 1or Loa Alamo a over a period ol 1•..-eral 

montha. lio att · pt was JM.de by the Had.hon Sq\UU'4f t.r• ·Olt1o• to 

oontaat liH'eff Co1'>Pe1' and. Bioaaa Co • oat Mreoti,. ina1~ch ~ ·tba 

number ot exttue1oaa ta be p•J'f'orme4 tn tul.filltna the Lo• Al.atftO• 

ro4 requirenent waa eo111parath·•t1 l!llJftll an4 l t wa1 tol t that <JOQ

sl~ei-ai:.16 •.xi>••• ooulcl be &Ved b7 b•tnc Ua.aeaoh'18•t\• tn1tl tut• 

ot 'i'eahnoloo perform th• work at Rner• on th• tta11• dqe tba- thq 

norlilally ren' tb• pi-•ee tor ue• oft.. th$il" ova extl"l•ion. \.IOt'k (net .. 79)• 

ln ord*r to pro't1d• for the products.on ot th• Lo• Alalllt• 

'b:1ck1 ae well u the brlok• to.- Ohto8'0t Oontr•cl Nt>. W•22..0f' •n&-12 

w&• issued to the Brueh lleeylll\Jlll Comp..,- attecti•• Mq 2, 1946. to 

provld• tor the produoU.oo. a• prices v&r,v-1111.: !r011 $100 'o $14o per 

pound, ot all th•s• ahnptt• (.Ret. Gl, 64, 67, 120, 128). Ful"thermor•, 

this con\rac\ va• eo written that a'A1 addU1onal requlrenetl\s for 

sintered beryllium ahapea could. be ma.de 'by atmpl7 &Upplementlnc th• 
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contract {lief. 62, 63). The fir a\ shipmen• of block• to Ghic8'0 

under ibis contract wa.e rnAde on .Allf:Ud 21 i9t~. an4 bt iM end ot 

ileaember 1946 th1 s requir@mit wa~ more than 5010 completed. Sina• 

priority thu.n lh• blocks for toa .Alnmos, full etfor' was plao•d iil 

i9t~6 en the fabricnUon at the Ohietif'P block•, and hence no ahtp-

lt 8·!.iould be 1>01n~d ottt that in add! '1oa to thee• 'hrM 

l'::.r~ scru.~ 1•e11uiria11e11t1 :recei •t?4 in 1946 a gs-eat ltaft1' other tabr1• 

eauoa r eq 1 ... ent1 w-ere .recl!i ved and met dta.r1J't6 th!. 11 p-1.U'. 'l!he.1• 

roqW..r®ie:nt.a 1nvol V·f!ld strtall but itrip0rtut dMlpetB la th• fol'll ot 

:f'Gll&a· l'!i&OW, £late, pJ.atee, GpheJi'ea. haisph91"9tl Md VariOU Oc1411' 

uhapi&d p1fff14h Sino• thn Metallurgical :tabo~to1'7 at Jtae,~huettt• 

.tndltute ot 1:eohnolog was e.xceedlrtil1' vell erj;uipped. 1t waa 
( 

po~mible for t.hh ·l a'borator1 to produe• \h~a• •all 1oale .. Mel la 

~ eaae•• dtttlculil ar4ert v1th~n their la.ltor-at0'7• Heaoe m.Q•\ 

Qf the ~mallei- <>l4dOl"a• whioh 1.n ~ ca.set in101Yed a research 

pro.t;ram to de•slbp speot-111 teobulqu.es11 'fAl'&r• f ~b:ricated at 

M1Ut6aO.b\U1•U• Institute of 1'eclulology. A CoMprelleadT& ltetlq 
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e 11.rly a s the Suru.nei• of 194;. at which tble the Madiaon Squ.a.r• Area 

wtuJ requested to arrange tor the product.ten of 4.ooo pouads of (M) 

beryllium tnd.de a~ the l!rush ~er,vlllum Oo111pan;r ( Ret~ 21). At tha\ 

timu, the Drush :Beryllium Ooatpany was capable of 1tt.nnute.ctlV'ing 

approxtma\el7 t1i10 to three hl.uadl"•d -pound.a of GO gl"ade bev,rl.Uum 0:d.ct. 

pw week ( aot. 22). :Deaause of the s.trlotn~•• of ProJ eot ~lecu:d ty, 

1 t we.a ilriposs1bl• to determint the ~-.ot · tl:oal w.s• tor the order 

for Loa .li-lamoa. A' th.et time, Los '\lwno• an.4 Ct>optrntlnc 1aborator1et 

~t Ohic~o i1ud !uttelle Memotial Inctltut• wore not aoaplet•l.r ddl• 

n1 te a.a io the epecifto toi'm 1n which the beqlllu Qndt ••• to b• 

del i vet-ed, tha• la. we&h•J' or no\ ~ t aboUld be blah•f'lre4 or- l.ow

£1red o:d.4•, OJ' whet.be!" tM ••eh at t• ahoulci b• predoatn#nti,- la. th• 

higbtlJ9 r~ or the lower .rona• ( lief. 2J).. Ho~ftr • by tile -ead ot 
Nov•b•r auttioient wrk hs.4 beea peJ'tol'llled bf the ua•-r• of the oxltMt 

to ind.lcat• '1uit th• 4.ooo ,pomule. ahou14 be ot th• bigb•fS.ioed t:vp•., . . 
and hence .Bru,sb W0.9 1netructed that the ond• shoul.4 b• hlp•flted, 

-' 

re-ground• alld acid wanh•4 to remoYe lll:pvlH&a ( .Ret. 24. 25). l\ 

waa found bf llru.sh• ho\r!ner, \ ha\ in hiah•tii-tng the o:dde con.tdderabl• 

unanticipated loasee occurted11 and in order that ~ruah would not l<>fl• 

~toney. revtstd eogts yere allowed to cover the increaaed manutncturinc 

it wa & possible to oo~~lete deliveries on th .. lf..ooo pound.Ill ot 

ber ;ytlium oxide. ond :f'1."om Mtty 19lil.~ throl.tgh Ju.17 194', n serl~• ot 



supplements were iseu.ed to Coatraot ~Jna-78 io proTide for the 

production and del1•er7 ot b~yll1llll oxid•, 1u man.t caces sintered 

into ~peolal s.bApee, to Tarloua ~ttan ProJect tnetallatlona • • 

required. ( l1ef. 28 tbroup J4). 

In Octobea' 1945. requeda had been received tn the 

rfudtaon Square Area Ofttce tor beryllium oxide vhtoh actually had 

been f used and 'hen reduoed in ti ze to -60 mem. ll*a.ctUt1•• &\ 

pl e t el y tu.ae beryl Uua oxide and heaoe the 

' ( 
~•• • 'b1• to arr-- f or Uie t ueion of approxl~a:lelt 2,000 ·pQ\Uldt ot 

r av beryl liwn oxide ( Ref. 35). lt "'• • telt -~t thl11 2,000 po~• 

e.ti er grind.b ig w uld st•• e ppro:d.11.0-t•lT 1,500 pouad• ol -00 ••• 

be:rylli um o:d .de. ~· quaatl\7 rt14ulr•4 bf th• MallhattitUS ProJ•ot. 

Jienoe on Novombe,- I, 191+5, S\lppleaent no. 8, vht@ vae le.ter moMtiff 

by supplement llo. 10 to Contl"act \f•74ol. •nt-78, wa• 1smae4 \o :Brush 

to pro1'id• fol' the 11t&ilUfaotve of ; a;pprodltat•17 1,500 pound• ot 

~rton tuaed: b.•l"J'lllum oz14• for de11'ffJ'1 to th• ~tt.n PnJed 

(R•t. J6) .. The ~aotun ot tht • ma\erial wa1 co111pletea. la earl.J' · 

l!1Dbruar7 1946 (Bat• 37) • 

la earl.1' 1946, the deatan of the Daniel• nu.clod reac-sr 

waa well .,wider WA1 and coneidera'ble d1acuse1one were held betveen 

m81lbers of the Der7'lllu S•ctio• and the reactor deaip group a• 

Chi~o per\ain1118 to t!J& po&e1bllity ot the aianutacture ot th• 

Jt.2J 
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8nt1re moderating structure ot this pile irom 'ber,-flitun onde 

( .hat. 99, 100). ;.\a ant1o1p:,:-.ted by the res.ctor <les!.gn groUp• the 

beryllium oxide wuld be 1'ebricat.ed in the form of hollow he~ona.l 

. hrioks but no eon.crate informt•Uon was available us to the dens1t7 

and special pbys1c&l ch.aracterhUcs of such bricks. ~Uti. in order 

by the U$G of varying kinds of beryllium iodde and wu-iou.a m.ethodts of 

5,000 pounda ~ ot Brush · SP .grade beryllhan orlde and 5.000 pound• 

at :Brush GC gn™' boeyll1um o.rlde ._o be fabrlca.ted !nt.o the heXftgf)nal 

bricks tor us• 1n dtt'Welopmen' work on th.e lJaaiale l'ii.e. 'lh• 5.000 

p.oun<ls at av grad• biH·,rllium oJ'<!d• waa to be gen' to the A O SJl&rk 

PlU& l>1vte1oa of the OeJ).er l Mowra Corpor.dlon. 1n lllnt, Michtpn, 

wher" 1 t .iould be ta.bl"1oa.tod tn·•o bricks b;y th• uae ot a cold pre•• 

followed. by a. einterlq operattoa method.. On \he. oth• hlm«. the 

5~000 pcunde of .:Brush QC ~· oxide 'Was to be £<hipped to the Norton 

Com.~ tor fab.ricci.tion -into the ~exaconal brick• bl' the ho\ pr•H 

process which had. been EJpecially d.eveloped. at \he Norton ColDp&DJ'• 

ln order to provide t he orld• toi- these $l'fJ80ial fa:brlcation ord.••• 

Supplements Jlos. 11 and 12 to ContJ".tiiCt W•74ol eng-711 wer• bs».ed ia 

late 19lJ.6 to 4~ruoh to proTlcl.e tor tho production of the ,,000 pound.I 

e~cb ot the 00 e;ra.de ber,yll1um oxide mid the SP go.de berylllua orld9. 

{1iot. 39. 4o, 41. li2, 105). 

In ~dd1 tion. to tl~e beeyllium oxide ordered from :.flrush. 1t 

Wtl& decided b,y the reuctor de'Y'elopmflnt g.teUp to attmitpt thtt tab:ricaUon 

K.24 
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of i'luoroacent grade bcr7'llium oxide ne rnanutac\ur~d by Clifton 

l1roduote, Ina. Hence Contract Mo. W•Jl-109 eng-19 effective 

:fovember 4, 1(346 was awarded to Clifton Products, Ino. to provide 

oxide tor the ~""IDhattrui ProJeot. 'Ahl" material, whioh wa& ot 

pi-imury interest to the I orton Co~ tor uae 1n their hot press:;• 

ing method, wa1 \o be deUve.red to that Comp~ for t••'· ( R&f. 50. 

51. 52) • 

.r,brio~uo.n ,of .Jweri.111'PI O!ld• 

Uotil the interest of tbe Da.nlel1. G'Jl'Oup in f al>r1cate4 to•• 
I 

H~ttan .FroJeot waa dal1verod to the ultlJn.a.t• UHi' as the wi

.fab.doated. powd•I"• ·'fh.ei-e wero oocaatone f.rom Hme to tbe u trw 

Ga.ck e e 194), whtn Jt•~'.'lt•ta ~O't' tabrlca..ted tertal v•r• i-•c•1-vett • . 
i'hb.a, 1n o.rder 'to au.ppl7 the l"equlreaent toti 6oo brick• 311 x ,. " 6• 

(ma.de from J ruth GO beqllitw o:xld•)• Contt>a.ct No. V-7425 •118•27 

dated. Deomber 2.J, 194) was 1aaue~ .. t be Mndhon s~1U&J"• Area to tW. 

$•Qn1,oel ~lotallur~cal Corpora tion ot l1or'11 Chica.co, lllinols ( Ref. 

116). ~'hiaJ contraot provided tor th• ~acture ot the 6oo brick• 

which wor& dellvGred to Lo• Alamo•· Other than thta tabrSca,1on 
• 

cont.ract. little tabrtcatton ot berylllwu oxide vaa don• ~n a com• 

1'1erc1al ocale until tho t abricntion discuseione weru started• ta 

1946, with the lhtllels 1~110 Group.. Durin~ thh ~tU"l,y period, oon• 

siderable beqlli\llll. onde wa• mMuf.aoturod into cruc1blea. but Ulla 
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I nn titltte ol '.'i'ecbnoloa-. Ohietigo, Ea ttelle 1' em-0.rtal lna.Utute, and 

ordera for oddly shaped o:ruc1bl•1 or cnacible l.'l topper :rod• with 

such o~~pan1ea . ~• ·the Norton Compan.y or the M0Dani0l Sefractory 

Oompl\JlT • but Ao large seal• comerotal prcga:m wa.a in1Uatftct. 

,m.dert;';).ken b7 th& Uadt eon S~• A.roa wi •h both the lforton Ooapanr 

and thf!J A a Spe.rk l~ug Di vi d on ot General Mo\ort ac>acemitl& th• 

fabrioatten of ; .ooo p<.n.1.nds of liru.11\ l er;rllium oc:rJ.d.• to 'b• tie.nt to 

flLtCh of the two com1,a#ita. Special t~•t• were be1nc: 1.uul• lat• 1n 

1940 b7 each c-OmJ<1ab;r to d•velop the 11u:;•\ ei.Uciftll~ an4 pracUoal 

means £0-r the &!l.iplo,tM.eat of thoii- own p~o«.i•s• in •h• talrtca~1on ot 

berylU.'Qm o :dd.e.. However, tbs tabrio ti on technt que1 bA4 not d.., 

veloped \ o s'UCh Ni ext.en\ l'K>l" had negoUa:biona :p.rooeed.e4 t~tr •tiougb 

to enable def.ini t.ive tabrication contraoh to be tasuecl \o each ot 

these or ga.n1 l'!ationa l>7 the end ot; 1946. 

J>roduot1Qn 21 .nerrl\1¥ ~ttrtd• 

ln the .SUr.:lDetr ot 1946, conaidere.ltle 1~tereat v&• expreeeed 

both a\ Oh1ea&Q and Oak Rt~ in the ;poeu1l'bllU7 ot manutaotur1ng 

beryllium n1tr1d• for use 1n nu.clear rea.oiors tor 'be manufacture ot 

Oarbon 14. Since apecttto requeet• tor oYe~ 200 peun~• ot b•r7lllum 

nitride had. been recaived in th.e Madtaon ~Jquare Area Of'fioe,. s tapa 

were unclart&ken to provide production methods tor tha umnute.ctu:re 

of tM. e mat-.ri&l.. Si nce .no known J)roduoUon method fo'Z' the 
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manufacture ot beryllium nitride wa.u n.vn.11.able. requests were 

issued t o 'both .Druah :Beryllium Company and 011fton l':rod.uctn, 

Inc.• asking that ~u1 table metb.ode be investigated for- ihe 

production of beryllium nitride ( ;~e:f'. 119). 1'o e.uist both 
... 

J: ~ueh and Clifton, I>roteesor 'ti . o. S.chwnb of Maasachu.set ts 

! neti tuta of Teohnolog, opera.ting throue,h Contrci.et v1-7tw5 

a1i.g-175, &eted as a. .::onstlltaat t o both l3ruah and Clifton in 

provi<U.~ actual operating data on t.he conversion ot 'ber7ll1ua 

metal to beryl lium n1 trlde by the r'i1antion of hot. a?Mlonia or 

nitro'-'en ,ga s directly on the metal f .Ret. 83). By June 1946,. 

it w•ul defln1taly aatabU.ehed ,i~ a r c·15ult of a Gt\td,,y ot saittpl•• 

' subid tt~d by :ar.utim ~~d. Olifton respeett ve1~;: t.Mt the a1tr1dif 

.i 

IJ.UD.li ty \o tha.\ mnnuta.ctured by :BruBh, Md hence in JuJ.7 prodtto• 

tion oontract No. w ... 31-.109 anc-18 dated July 10• 19~. wae tuutd 

to Olifton tor the manufacture ot 100 poundB of bor.yl11lm n1tat1de 

(not. 41•, 46). fbis oontraot was a.gain sUJ}ple~.ented on Ootober 9, 

1946 to prov1.de to't' further prodiict1ott of on addt Uonal 120 pO'Wlde 

of be17lU.wa nt.•rta.. All bo.ryllium nitride wf~I mad.• b7 01.!ttoa 

.Producta throU&h the uae ot berylHum metal flok•, owned ant 

furnished b7 the QoT(trtlJllent ( it t. 45). By t.b• end of 1946, a 

total of 135 pounda ot ber,llium n1 tridt had be•H1 clel1Yere4 and 1' 

vae an\lo1p&ted that dur1~ Ja»UAry 1947 the pro<luot1o~ ot the ent.tre 

reqtd.red amount would. be comple·ted. 

1.27 
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As of C.eptemb•r~ 1945 t he rsaeareh and development work 

on berylliwn had been perfonned chiefly at .four project installations• 

t' '2 . 
e-.-g-.. University ot Chicago, Mas~aohuaetts Institute of t echnology. 

Io• State College and BattEtll• ilemorial Inatitute. 01.' the four, 

Iowa State had been intereatad mainly in mEJthod• of procuring crude 

metal while Chicago, ¥A .I .'l. and Bt.ttelle concerned theuelvee 

primarily with method• of' fabricating the metal. Sinoe the work on 

development of muthode for producing crude beryllium met•l had not 

been performed on a priority baaia at I owa, t he work CO\lld be done 
. -

only when time waa available front higher priority projects. fhe 

work on the production of beryllium metal at Ame• during 1945 and 

194f never was placed ,on a high priorit7 project baeia and by the 

end of 1946 the Amee method tor producing beryllium metal troa the 

fluoride. although aucoeeatul,, apparently •• not capable ot ~1-ing 

with the method• then in uee or contemplated for uae at the Bru•h 

Beryllium Comp&IJI' or The Beeylliua Corporation. 'lhe work t hat A11ea 

pertoraed re•ult•d 1A a good ••thod tor produoing ber,ylliwa aetal 

tr• the fluoride which wa1 baaed on reaoting powder magneaiua with 

powdered fluoride and allowed th• reaction to tau plaoe in an open . -

bomb resulting b1 the produotion or beryllium aet&l whioh wae 

interepereed w1 th a ooneiderable amoUAt ot elag. Amo• had also done 

considerable work on production ot beryllium fluoride by pasaing 

hydrogen fluoride gaa ovvr beeylliwa oxide and/or beryllium hydroxide 
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at e levated ·temperatures. f!owo·11er,, by the end of 1948, neith&r 

the Ames method for producing metal nor the Alft$9 method for produoing 

berylltvm fluoride had yet been. developed. ·t o a. poi.nt where the 

proce.H a.a a whole a s oommeroia.117 teaeible. Plans were under way 

by the end ot 1946, however, for tho oontinuatioa ct this work; and 

baaed on the seal• of developIH~ &Higned to thia project it wae 

expeobed. that at llil&at another 1ear to a yar &nd a half might b• 

1pent on d$velo9T1~ before Gonolu.i•• &ad etf1o1ent proo••••• coul.4 

Th• ta.~ricatioa d•v•lopment work wbiob wae being pertol'Md 

•t Chicago, M; I _.T. and Batt•ll• •t eontinu•d., a.t. the requ.at ot 

M&diaon Square A.re&, and in ~1' c&tG• inonaeed ia 1oop• and expendi· 

eaoh of th••• inet&ll~ttoaa .... not w:ader th• dlr•~ Jurlediotion of 

the Ma<liaoa Square Area einoe th• work beimg perto1'84 at fJhloago •• 

under the jvi•d.1ct1on ot th• Chicago Area. while the Ba.ttolle and. 

.M. I.'!. la'boratori•• w•re aup•Mi••d directly f'ra oak liidg• (R.eterenoe 

l oa. 76, 18, 11, 78). Th• Madiaoa Square Ar• Ot't1o• though, tlu-o-.p 
. 

t he coopor&tion ot both Ch~oago and. Oak lt.1dg•, -a.a well aa tti. 1n41v1dual 
I 

three ine'bitutiou, e&oh progr•• &iM~ at d.•·veloping ••veral uau ot 

·produoiltg tabr1oated ahap•• of th• tn•• 'tlbiob, it •• antioipe.ted, 

wo\:ll4 be reql.dred b7 other Manhattan District inetaU111·~ioae. 

Ae the work at M. l . 1'. progressed, greater and .grH.ter emphaaia . ' 

•• pllloed ()J1 the i'abrioation ot beeyllha, until ·porh&p1 three-tow-the 

l.2t 

b :rn&:_- ___ ~ __ .; "' .. ' . .. ~ . 
- ~ JL(,r1E. I 



ot all effort being • :xpended at the :tt . :t . f. X.boratory in 1946 

waa on 1nTeatigat1on ot berylli\&ID aetal1ur,1oal and fabr1oatioa 

, · pro bl.... A1 a reeult, early in 19•1 the Beryllium. Sectioa acqU.ired 

technical reaponaibility for aupel'Tision over the work being pertoraed 

at th• » .I.T. laboratory wader contract w-1•01 ~ng-176, while 

t.dsiniatrative auperl"ilion. of thl.1 contract r..a1n•cl th• r•epouibility 

ot Oak tUdge. t'hi• arn.ngeme.ut, hownr, 1oon proTri to be Mghl7 

1.Mfficient, l•aauoh •• u. •• Y1nua111 1apo1d.bl• 1a aaay c&ee• to 

deteraine when th• line bet119U '\eehnioal and adldn:latrati T• super-

vi•icm •• to 'M drawn. Bdoe, duriftg tn.. Sumer ot 1MI, adalaiatratl • . 
. . 

control ot t h• M.I .'r. pro3eot •• gr•d.u&lly tun.cl over to t h• Madieoa 

Square .Area and by th• end ot Pall ot lMt &11 adainietratioa, bot!a 

t•cbldcal an4 adaintstra'Ctw •• t h• re1ponailtil1t7 of tM laflil·Oil 

s,uare Area. (let. 11 t}utu 89, 1•7) 

J. •Uld&l7 ot •jor dnelopaente on ~eeylU• tabrlo&-tiGD 

technlqu•• pertonaed. at the llaab&ttaa .Dietrict • • Mt&llvgio&l 

laborator1" during th• )'11&1"• 19'5 and 1948 ie •• tollowa a 

(a) D•••lo.-.11' of a euoe~••t\al ••thoct ot hot rolliDC 

berylli• bJ the ·ue of' iroa j&obt•; 

(l>) D•••lopullt ot ..thod• ot vawta eaatinc b•17lli.a utal 

i~to ftriCN• 1hape1 &n4 illgob• aultablt tor •xtruion. 

( o) DeYelopaeat; ot air oaating ·~eohnique• tor berjlliua mett.l.. 

(d) Develop•nt of a tecbnlque tor th• extrualon of ber,y1• 

liuna metal by ute ot &a iron jaoket ola4dlng a b•1"Tlllua .ingot. 

(•) T•chaiqu.a tor machining both oatt and extruded ber,ylli• 

••t&l. 
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(f) Meth.ode of welding ber,yllium metal. 

(g) Daveloplftf!lnt ot pr•liminary method• ot f orged beryl• 

lium metal. 

As baa been r.aeationed prenoualy, the qu•Uty :o£ beryllium. 

meta.l supplied by the Bruah ht"'flliwa Compan7 under contraot• 

li-1401 ~ng-60 and' 1'•22-016 Eng-10 wa• of a quality which could not 

be ued tor large soal• nuolear applioa.tion inaam\loh •• the 1mpurit1e• 

oontainod therein wer• ot such. magn1tud• ae to increaae · the ett•etive 

n.utron eap-ur• cro•• section of berylliua beyo .. allowable limitt • 

.During 19166 a •t.u4y ot tutur• long range l·e~li\iremuta indioated that 
-

th• uee of beryll1ua llet&l in a~-Gual nu.char reaotore waa a po.••i• 

'bility withia the aex.t two or t hree fe&I'• (l\et'. M) am, n.ao•, plane 

were started with th• Bruh Beqlliu. Oompu.,y tor a •pec1a1 prograa 

ot re•earca and 4•velopraent -to prortde a new production prooet• tor 

, the mar.uatactv• ot •str•• high purit1 b•eyll1• a\tbal. lieno•, bl 

l o••b•r, 1946,. oon-.ra.°' w-21-016 ~ng•ll •• entered into with the' 

Bruah Beeyll1• Company to e•bl• tM:' compn1 to t•rto-ra denlopment 

ot berylllua o.dd4t- to beryllium ••tal., 111hioh prooe•• would b• dedped 

to prod\loe berylli• metal ot 1uoh pm ty taat '1-h• efteoti v• total 

dAAger twnu.'biOD ot 1apvit1•• would n.ot be greater than SO •illibaru. 

(Ret. &a, 65, 66, 57) Brief}¥, the dev•lopmnt wrk ••to b• carried 

along th• U.n•• oi oonvert1ng ~rylliua ox1d• to amoniwa beryllita 

t'luoride in the nandard way, the d•oompodt1ou ot th• •BUtaoni• beeylli• 

lJil>9 ·-re ··r ~ -•L .. ,, .1[ :; 



sublimation and conden.aa.tion ot tJ.ie reat,\ lt1ng berylliwa fluor1d• to 

produce a b•rylli\Ull fluoride ot extre•ly high purit7. Inwatigation 

•• aleo to be undert&ba aa to tM poaeib1lit1•• of etteeting a 

reaction betw•n berylliua tlu.oride and •cn••iua ill the vapor atate. 

whioh it pro'fe4 to be auooeHtul would produce a slapl• one oi: two 

atep prooeH tor tu -.nulao1Han ot high pw1t7 berylli• metal froa 

beeyll1w. oxide. IR adcl1t1on, Bruah •• to undertak• th• atud.y ot 

other me&JUI ot the beut1o1ation of berylliwa-oontaiain& or•• dir•otl¥ 

to the fluoride wt.tho~ p&••iAC th~oup th• old.cl• step. fhue it •• 
. ' E 

hoped that a reduction of th• ooat ot bery'lU.-. .tal ooulcl be ittecte4 

bJ' tu de"Nlopaer.i.t ot An o••r•ll proo••• tor '«Ju dil"eot oonv•r•t.ora ot 

beryll1• in or• to beryllia fluoride. th• a'Abaequent puritt-.ttoa ot 

the tluorld• bt •u'bU•tlon, and th• reduction ot '"ch tluoricle to -

'ber:ylU.Ulll metal. with •ga••lua. 

If tb e114 ot lMI, coneidera'bl• •uco••• h&cl 'bH.a obta1n•4 

oa .. l&bol"atory ~oal• t.o indioate that th• proo••• being o-..lop•d 

under th• ln•h progru •• auoo•••hl, aad plau .bacl been •t•neel tor 

tu ooutr-~ioa of" a pilo-t plant whi~ would incorporat• th• d•ftlOP

••nt• on a ••Jd ... plaat •oale an4 w:nal4 gi•• 1uttlcleat data on th• 

operation ot th• new pro~•• to d••ign t\tll scale plant re•1•1ou• to 

incorporate the ll• pno•••. 
A• a reault ot experimental work being l"Jl'fct~c:l on Cli.ttOA 

tlan ••tal at )f.t.r., it ap,.ared that th• tlaa utal, when \l8e4 111 
. ' 

oeriain fabricatiOD prooeeee•.• 1\lch aa extl"l.laion and rolling, imp&rtH 

a _greater str~ngth &• wll ae other deeirable propertiea to tb• ret\ll tut. 
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•te.n,, <·: .:~ ~.·1 '. : · c r 
fabriea.to<1 pieoe. (Ref. 95) l''urthermore,. it appeared that an s.ddi-

tional .method of producing experimental high p1.1rity metal could be 

evolTed by i'urther development wPrk on the electrolytic prooeas 

tor .fabrication ot flake metal. 'therefore,. with the a ppravo.l ot the 

Reaea.roh Division a-t Oak Ridge. Contract Vi-Sl-109 ?lng-19 was iaaued . 

to Clifton Products,. Ina. on November 19, 19'8 in the &mount ot 

$61,.000 to enable this oqpaa;y to eetabl1ah a developmeu~ prograa £01: 

the dev•lopaent ot a. revisecl procaslil tor producing oxp0rimeatal 

berylliwa metal flake by th• eleotrolyeia ot beryll1ua ohlorid•. 

(Ref. 50,, Sl, 52, 16?, 169) !hie prograa. •• aet up to redeeiga 

exi.eting proeeaeee for the ohlori~tion ot pure bery1li\la o%ide auoh 

that the chlortmtioa of' th• oxide reaulted in the reduotion ot th• 

b\purtty con'ten.t ot th• re•ul.t1ng ber1111ua cblorid•. i'urt!wnnor-e. 

the prograza aiMd at tn. eata.bU.•hunt ot revi 1ed t•chniqu.e1 tor tu 

co!l'f'eraiOll ot ti-. extremely pure b•1'71liU111 chlorid• to pur• berylllua 

•t•l tlake without the cont&ld.DAt ion ot th• f'lan u1ually tow:u:l iD 

th• electrolytio prooeH. Sino• this oontraet waa 1aaued late in 19•&. 

the result• obtained by th4' •ad ot l.._8 wre n°' 1uttioiently com.pre-
~ 

heative to enable UJ' oonelue1one to be drawn. 



Even bef'or. beryllium. began to be manu.tao·cu..-d in 

v&riolH to~• on a large seal• tor the blanhattu.n Oi•tr1ot. it 11&8 

kn.own that niany oompounda of beeylliua ... r. haaard.ou•. and for th1e 

reaaon epeeia.l precaution.a had to be taken to protect work9l'la Who 

were olotelr aaeooia.ted 11!.th the }'ro.iu.otion encl handling or the•• 

•terlale. lt waa known. tor •~ple. that the coapowada hS04., 

· B•Clz and a.ira wre couiderablJ }Wgroacopio. fonaia& ault\U"lo, 

bydroohlorto ancl 1'17drotluorio ac1d• upcm •••a ooma.ot• W1 th ••ll 
quacti tt•• of ao:lltur• euoh a• a.r• found 011 th• akta. Th111, pairatul 

am lnjurioua 'burna could be oauaed by prolonged oontaot wltll tu•• 

1njvteu ••lta. It we.a tu.rth•r known that th• ichalatioa ot beryl• 

liwa compounda had, la •DJ' ouea,, • ••"" bu\ ai.ao.t malmown •l't•e' 

on tlte lung• ot worara. U.ttl• -. known, hoW.ftr, of the n&'Cw• 

ot the db••• cauaecl 'b7 the 1Db&l•:U.oa ot berylll• tuae1 aor wu 

Wol"Mti.Oll aft.ilabl• •• to the tolerazio•:. l•Dl• below whioh ezpoau.re 

to du.at and twaea filt nqlliwa co..,.~d• oould be tolerated. 

Sttort •• •d• at th• ·varioua beryllS.m o•pa1d.•• to pro~•ot 

worker• by ti. lnttallatioa throughov.t the plant ot what •• thea 

Jrodu.otion plant 11h1ob appeared to gin h1g1'l conoent;ra.tiooa rd beryllia 

tum•• and data. Howe'ftr. even with the precautlou whtoh were tun 

followed m&ft1' caaea ot "ob .. loal pneUllOnia" appeared to ooour ia 

worker•, eap.cially atter expoeure to a high oonoentration ot ber7ll1ua 



• . L . 

f'umea. JJoet ca.see Yt-er• not reported to be aevere. and general 

reat over a period of two to three montha •••med to ~ suttieient 
'(. 

to •tteot a complete C'1Te. Occasionally. howver • deatha reeulted 

from auch e.xposure1. 

During 1946, beoauae 0£ tho increased interest ot th• 

~ttan. District in beryllium. the Medical DiYieion of the Uadisoa 

Sq,uare Area, wader the aup$rv1tioll of Captain !l. s. wolf, began a 

thorough investigation of tha beeyllilm health tactora. Ctl,Ptain Wolf' a 

group. working in coopera~ion •ith other 1nt6re•t•d group• a\&o.b aa 

the id&as•ohueetta Gerutral Boa,pital, the Ohio State Board ot Realth 

and the Cleveland Climo, bega.n to uncOYer evidence lfhich ahand that, 

in addition to the obTI.o'll.• auperticial type• ot beeylliua to.xloit7 

auqb aa the &bi ltty ·to oaue bum• and ra•be• upon. th• skin am to 

eauee a eh .. !oal pnewaQnia f'roa expoaure to large do•••~ot .f.'ua••~ 

t h•r• exi•t•d a aore iuld~ou• to.I'll ot the db••••· which tor.a dld no' 

taaniteat itaelt until thr•• ~o aix ye•r• after •~poau~• to be17lliua. 

Fw-theraor•. atwii•• aho"d that the alapd fora of the dil•••• •• 

ta~ aor• aeriou• than the oYerexpo•ut:• tyPf Ntd reaulted. &l1101t 

innrlabq 1a the death oL the patiet. Even wor••• it a.ppeared that 
l . . 

the tolerance le,...l• at •io.b saricopt-.bll1t1 ol the di•r1••• •• en dent 

wer• ot & very low order a.ad it ee-a· that in man,y oa••• prolonged 

expoeur• to very ainute qua.ntiti•• ot beryll1ua r....-a could reault. 

eeveral )"••T• l1itt•r• in the oontractlon ot th• delayed fora ot beryllil• 

diaeaae. Sy the end ot 1946 th-.r• waa auftioient info~tion 011 band to . 

en&ble t. diatinotion bo be mad• between the two typea ot beeyllb• 
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d.iteaaee ~nd tientenive n mea were applied to each form.. "Acut• 

beryllium pneum.onitie" •• the nam• applied to the disease re•ult1ng 

from a •hort 6Xpo•ure to a large concentration of berylli\8 fU'See 

which disease re•ultedunaally, within a period of two te three daya# 

in th• eontraotion ot besp!bitory dhcrder1 or varying int~sity. 

To the long ran~• type of 1ile~~Cl. obtslned from a prolonged expO•W'• 

to low ooncentrf&t-ione ot b.,,eyllium fumee, 'Whit?.h result•d •ev$ral ;year• 

· 1ater in th• con·tt·•ct1on of' eerious and allllOet inevitabl)' f &ttal lung 

die etrders, t he ~ "chronio bery'lliu.ta pneU111.onith" waa gi wn. 

·ey ·the &nd of 1946 an it£Yeet1ttat 1on into t1'uif O'!-UH and 

nature of the di1Jeaae was being undertaken by the Medical Group and 
. 

•tQdie-a were being at.de at to m~n• ot det~nd.nin& the exact· expeaure · 

tolerance• of bei";Tl.lltn tor the gnvent1on ot euoh d1 i!l&t••· (Rel. 108) 

In addition, work Md bee •tarted on th• mean• ot treat ment ot tu.oh 

dieeaaee t..nd a. •tudy had been started on 1l'llproved M•il• of ventilattoa 

and pr•Tonti•e meaaur•• whioh could be installed at the bet7lliwa 

produoere•Jl plants an4 which wo~ld preTent the eQntaot ot the workers 

w.1.th berylliua fllle• and dust. 

--_&£ 
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Prior to the dropping of the i'irttt &tcnic be111b on 

August 6. 194& all aotivitiaa of the r.tanh,att&n Engine•r l.listri~ 

wre, of eouree, olaeaified, and hone• all int•rostsot the Manhattan 

1>11tri at in boeylliur.a Wtlrtt af't'ordoci Seom oltueifieabion•. a ll 

aontract• 'ln'it ton fol' the proeureaen'C ot boryUia and 'berylliua 

oo~pot.wd•. togetha.t with th• 1p~cit:t.aatio'1• ncl q, i.aatiti•• of tu 
ateriab wer• olae-aii'1ed $eoret and the f aet that ta• . ll6iulhatta.u 

Die~rict •• p~cb&.•ing beiylllwa oorapowid• •• olaa•U.'ied Seor.t. 

SU:b•eq\1418 to th• dro1plng of the fir•b atmrd.o boa OD 

Aup•t 6, l~I an4. th• iromedir..t• nle••• ot th• Sll)'th Report,, 1-h• 

t act, tu' ~ i.fa.nh&ttan Di•tri.ot •• inter••te.4 in. berJ<ll1ua M a 

:ll04•ratoi" b•oaU tmown &.n4 ti-.ce thi• portioa ot ••ourlty ·-.. 11..tt..-. 

f tll"thormore, io •Pit• 1of th• til.ot that a goocl ponlon ot tb• tae111t1H 

&\ th• Bniah B•rylll• Ch•P•1 -.nd Cl1ttoa Prodtiaota ne uaecl to • .nv.• 

· taotw. b9rylllwa tor th• wauattan Oietriot. thl gerutre.1 plant 

proc••••• uaecl tor ·the aanutaotur• ot th1• beryllium and })erylliu.. -

produote ,,.,.. not oona14•r•4 ola••itled, inaaauo!l u th• proce•••• 

ue4 b1 oaoh ot th••• oompani•• bad, with Id.nor •:xCHtptlou., been wldeq 

publiebed in t•ohnlo•l Joumala. 

la th.e latter part ot lKI and in 19'1, t.b.•retore, no att•mt* 

•• •de to oono•l th• taot that the Uaniu .. ttaii Diatri ot •• procluainc 

berylU.• and ber,ylllua compound•, but e:a:aot apeolticatlona. both 

phylioal and ohelld.oal, wr• cl.a••iti•d •• wen th• qwuatitlea ot •t•rial 

being :produced. In addition, aa 1pooial prod\lotiou and f'abrioat1ca . 
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, ·Jitt~ · ·: .: . , :';T,'"'T 
improvements and techniques were deve!Qped spec~fioally in order to 

meet new and highly apeciaU&ed requirements of th• lltmhat tan District, 

these techrd.quet were olaeeitied Secret. Thu1, tor example, when 

' 
the B:ru.eh Berylliwa Company denlopecl for the Manhattan District a 

prooesa tor eimplified. e1nter1ng of berylli'Udl 11etal, a prooese whioh 

gf\ve highly desirable phydoa:l properti•• to ber1lliua heretofore 

WlObtaina.ble, thi• proc••• •• claaaif'ied Secret b7 the Manhat tan 

District and epeoial precaution• to eateguard th• prooe•a wre eet up. 

Striot •·ecuri ty •••urea oontinued to apply to all procluo-

tion developmnt p.,ograaa and •et•llw-g1oal U'Nlopment prograu · 

pertaining to th• tapply and f&br1aatlon ot berylliu •1nce the large 

scale uee of b1H71li• la th• ato:nlo pl"ograa depead.ed oonaid•rt.bly on 

th• 1ucoeH of the•• d..,.elopaeat programs. lu.rth•l"llOr•. th• work. 

being pertoraH, -.nd thtt reault• being obt&laecl troa tuae development 

p?ogl' .... wn •\ic>l ••to gin thi• oountr7 an •ppar•nt 1ub1tanti&l 

lead 111 th• wi• ot beryl11• for nuole&r pUft>o••• a.u.4 in :an,y CML••• 

reactor• and o\her dede•• could be built or • high•r ettlci•nq anc1 

e1>4toiall1•d purpoa• by th• u•• ot b•.eyllt•. prOYidod, ot eou.r••• tha~ 

berylliua oould 'be aupp11ed 1n ta'briC.ted .fo.nu. ot 1'1oh pun tT u.d 

Phl'•ioal oharact•rtnio1 •• th• epeoi&Used ua• ol bertlUwa r•ciulred. 

Jle.o.c•, the dev•lopaan.~ progr&'llUi CHl beryllium, 8ft Up ·to .. Telop teohnique1 

by whioh b•eyllia oould b• man\afa.otured a nd tabrieatecl ic th.9 epeoialtsed 

toraa, "" gi"rea tull •ecurit;y tr•ataent by the flanhattan Diatrtot. 

x.aa 



CONTRACTUAL C OYMl'?MEITS 

In the beryllium progna, thr~ugh the encl ot 1946, 

approximatel7 thirtf-eight aeparat• contractual actiona wer• taken to 

provide tor the production ot beryllium metal, ~r,yllium oxide, •tal 

ahapea, oxid• ahapea, and developiaent 110rk on produotioa and fabric•-

tion ot berylliwa and berylltwa oxide. During the ,._, period, te 

aeparat.• prime contract• nre . iHll•d and ulntained ln order that 

thie •rk could be oarried out. A awaaey ot all contraetual aoti ODI 

ooncerning ber7111ua ia gl ••• lii Addendua lo. ' an4 1nolud•• contrect 

nwabert, contractor•• •••• ooatractual datea,, value• all4 'brl•t 

deaor1pt1ona ot ti. Hope• ot work,. 

. n•r•-Y•r po••l'ble, 1t -· th• policy t• haft b•tflllu metal,, 

b•r;yllium oxld• and beeyl;liua shape• produced b;y \h• Kaahattan D1atriot. 

cm UDit price contract•. th1• •• po1.tbl·• beoau••· there •• al.lf

tioieat production 1ntoraat1oa on hand at th• various pro4uo•r• to, 

eaabl• tlra price• to 'b• quoted. to th• kaha.ttaa l'll•tl"iot. . lowe••r, 

b•caue ot th• 'ffty epe.oial1••4 aature ot th• .Ork . iJlTOl-..4 la •h• 
. 

product.ion, tabrioatioa Qd d•.,.lopJie'nt ot bery111a,. t•&etM,. with 

the teourity requ1r ... at1,. it wae eeldoa it eftr poHibl• to :h•u• 

initation tor 'b14•• 1'b.er .. toro,. 'llhene~r unit prlcea tot btrrll~-. 

produota ••r• quoted, ooat break4cnma •r• made for each quot•4 prlo• 

and •re thoroughly rtviewed and euained by XacUaoa Squar• Area, ill 

order that the unit pric•• quoted wre eubetantiated ia ~act. Furthermore, · 
~ 

a.e production under th••• wiit price oontraota •• {Uteoted., oheoka wer• 

•ad• on production oollt• in order that future price quotation• would 

ha.ve up-to-date financial backing. 



In the case of. development and experimental oon:tr&ota, 

whor<1-ver poaai bl• 1 t wu the polioy to h•ue •uoh ooatraote or th• 

lump •um type i:a. cu·ci•r that a\loh adiaim strati v• handling could be 

el1odnatsd. lioweTer, whene·rer such lWllp •• contraott were iaaued 

tor development work, provieion• were ua in th• oontraot to include 

do1111ward reviaiona ol oe•t• upon. oonolWtioa ot the wot& io order that 
f, 

aavinga in oo.t i'.ftected b~ tb.e contractor during th• eolal"•• 0£ the 

work could be r~lized by th• Govenuaent. In th• case ot the 

Ua&eaob:1.11ett.• Inatitute of 'l'•ehnolog d•velopm,ental eontra~ W• 740i 

hg-178, tM WOl"'lr being perfonaed •• of euoa & ftl"i•d .Q&tv• ancl . 

the work load •• ao unprediotable tha~ it_ ·wa• Tirtu•ll;y 1.mpoa•ibl• 

to &scent.in, nth &llf' great &eouraey, lwap •wa ~· tor whio.b 

contra.eta ehoul4 b• wr1 ttea. !her.tore, 1a thh n•• th• wort •• 

perto1-e4 011 a co•'-pl.u• .. oftf'h•&d (no te•} type of oontraot. lfh•r•b 

all ooeta incurred by th• coatr•ct~or were d.:lrectly reillbv••d by th• 

Go•ernmu.'. aow.ver. S.n thia c&•• · expenditure• l!>J th• oouraotor were 

oaretull;y 1orut1n1••4 (alild tubjeot to a pproni) 't>1 th• Contran1ng 

OttS.cer. 
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Deaoription of th• Clifton Prooea1 for Produoing 
B•rzlllum Oxide and Ber;ylliwa Metal 

Aa ot Decaaber. 1948 

Beryllium ore ia crt.11hed ao that it will p&H through a 

Addendum No. 2 

a inoh ••h screen in a jaw oru.aher and la ground dry in a ball mill 

o,.r&ting in a clo1ed oiroui~ with an air ola1aitier. The ground 

produot i• nd..xe4 w1 th aodiua carbonate where it ie ted to an oil tired 

tllr.nao•. melted and then poured. 'lh• rHulting trlt 1• oruahed au.cl · 

growxl and then dig••t•d with 11.tlfvlo aoid. Th• aultatn •ter1al 

1• then dried. ln a rot&1'7 ldla~ The dried produ.ot 1• paeaecl through a 

hammer 11111 to break up aoy oak• w1'1loh •Y h&Y• tol"Md, ancl lt 11 then 

added to water. the re1'1ltir.ag liquor ii centrlhge4 ancl then clarit1e4 
' 

by filtration. tor re:moY&l of th• 1111oa. The tiltrate 1• thea oonoentrated 

by eftporatiOD la ateaa•jacketed gb.a1-liud tank• UMl aaoniua aul.tate it 

added. After f'tarther eftporation., th• liqW>r ia oooled and aaaw• al\a 

1• ory•t&lli&od out and remoftel by aeau of a centrttuge. ~ Uq\tor 1• 

diluted wt.th •t•r and. aodi\a oarbonate i• add.e4 to l>rin& tiw •olut1on to 

pa.. The iron 11 to be r-.oftd 111 tbit ;~•I" 'b7 preoipl tation a1 terrlo 

hydroxide and eub1eq\aent tiltration. 1'1'e tiltrate i• brought up to pJl8 , by 

turther addition ot 1odlua oarboaat• with the retultant preolpltatioa ot 

pure berylliua hydroxide, le(OB)a. TM hfdroxid• ia raoYed troa the 

liquor by mean• ot th• oentrltuge, dried and ignited ill an oil·tli-.d 

turnaoe to ;yield b4J17lllwa od.de. 

Olitton Produ.ota produoea oerylliwa aetal in the tona ot flake. 

Thie it accoapli•h•d by tirat ohloriuting beryllia oxide i1'l the preeenoe 

ot carbon. The berylliua ohloride ia placed in ohrome-niok•l-iron allo7 



pots. where it is fuaed at high tor.aperature with sodium ohlor1de. 

?he alloy pots aot aa a oathode and a carbon electrode •ervea a1 an 

anode. Current 1• p seed through th• electrolyte until aubatantially 

nothing rems.in• but pure sodiua chloride. the berylliua metal i• 

collected on the inside of the pot in the form of tlake1. 

At the present time, Clifton 11 capable ot prQduoing 

approxi•t•ly 5,0~ pounds of beryllium oxide per month, or whioh a.ooo 

to 3,000 powida now goe1 directly for conaercial uae. Th• "*tal plant 

1s not now in operation but could. b• a.t up within three to tour .. •k• 

to produce 100 ~unda o~ aet•l per month in tlake fora. Add1~1onal · 

metal produot1oh oapaoi~y oo~ld bo l!IAde available oy 1noreaair.ig the 

eleetrolytio taciliti••· 

Add . z.?.. 



Description of the Brash Process ~or !Toduoing 
Berylliua Oxide and Derf llium Metal 

As of Deeember, 1946 

.Beryllium ore in the form ot beryl is eruehed to 2 inch 

mesh siie in a jaw crusher. The orueh.ed ore ia then rod to a oarbon 

brick-lined 110 volt AG electrio are furnace. The ore is melted in 

this furnace and ta tapped therefrom as a. glasay substance, which is 

then quenched in •t•r from a temperature ot> about 29000F. The re-

aul.t ing frit i• dried in a kiln from where it is pe.Hed to & ball mill 

operating in a olosed olrouit with an air olasaifier. fhe ball mill 

product is $ulfated in & d:lg•et.er by the addition ot hot au.1.t\trio acid. 

The effluent from the dige~ter paasea to a Bird centrifuge, where th• 

dehydrated silica, SiQi, is r•oved.. The liquor frora th• centrifuge i• 

euenttall7 alw'llinum aultate, Al2{S04)3, and beryllium. aultat•, ,aeso4 , 

pl121 minor iapuriti•e, notably iron and e.lk&lin• earth metal aul.1'-.te. 

The liquor troa the oentrituge ii transferred to an en.pora.ting kettle, 

nd ·thence to a cryetalliaor wtutr. amnoniua sulfate, ( H4 )zS04, 11 added. 

!he product 1n the crystalliser p&Hee to a oentrituge where th• preoipi

ta.tod ammoni\la &lWB, NR&Al(S04)2, i• removed. · Th• liquor troa th• 

centrifuge become• eaeentialq beryllilft sulfate, Be804. The beryllila 

au.lfate 1• evaporated and 1• pa.aeed through a tilter tor th• reaoval ot 

f1nel1 divid•d amaonilD &l"Wa and ·C&loha eulfate. The filtrate ie then 

cry1talli1ed in a tank and a p~r• beryllium eulfate 1• thue obtained. The 

beryllium aulfe.te ie them oaloined 1n a kiln to fora beryllium oxide, BeO • 

• 
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It a pure oxide is deaired, the berylli1.1m sulfate obtained 

in the noraal :uanne~ ia dia#olved in di1tilled water instead of being 

caloined in the kiln. rua solution l• th~;n &&tW'&ted with )\ydrogen 

sulfide, and impuriti•s are precipitated o~ re•o•ed by filtration. 

The tiltrate then pas••• to a gla11-lined oryetallicer and then to a 

centrU\~gs. The 1alt 1• then ignited in a batch t\arnaoe. re•ult1ng in 

the production ot b•rylliua oxide ot low iron eontent. 

To convert berylliua oxide to berylliwa m.et•l by the Bruah 

method. ammfl>nb• bitluoric:t., NlftBP'!• ie added te beeylUwa oxide in water. 

The liquor 10 obtain•d 1• treated with hydrogen •ul.tide, 'both on th• ao1d 

an4 alkalia• tide•. to pl'ltoipltate impuriti••· Th• tilt•r•d liquor ta 

then paased to evaporatore where ••o.niura beryllium tluoride, (NB.&)tDeP 4• 

i• oryetallised out. !he produn tre111 the orystalU.1•r 1• oentrituged 

an4 the aalt• •r• then dri•cl. The &llllODiua beryl11wa fl1'0rid• i• heated 

in a gaa-t1red furnace wh•r•. ••oDiua flu.oride. NB4F. 11 driv•n ott u4 

berylliu• fluoride, B•P2 1 remaina •• a liquid. Thi• liquid 1• then 

allowM to eolidlfy and ii 'broken into lup•. The lump berylliua fluoride 

i• then aeltect ta. a gaa-flred furnace aDd reduced with •peaiua. result1Dg 

in the produotion ot be17lliua metal and a slag con.slating chietl7 ot 

magnedWI fluoride. the Mr,ylliwa metal tloat1 to the top ot tbe tum.ace 

and 11 allowed to oool. The oake h removed trona the turm.o• aud broba 

into lump1 tor further proceaaing • 

.At th• preaent time the Bru•h Ber;yll1\111l Caapan1 ia oapa,ble ot 

producing approximately 15,000 pound• oE regular grade berylliwa o:.tide 

per month, or approximatel1 6,000 pound• of high grade beryllium oxido per 

0 'tSfi' i-'i . .. I -~!:Ttr r. , I • .. £ f 
• "i'_c. ._ ;~··-:. .. :,, it_ ' 



., r .. 
.. ·.--. I 

month. Sy the end ot Je.nuaey. 194? • i t is a..."l.t.ioipatod that the 

production or beryll1wa metal at Bru1h will be about l,500 pound1 

per month. 



8 :·, :··· -·· ... ··-rr 
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De•oript1on of the Beryllium Corporation t rooeaa 
for Produo1ng B•r1lli\Da O.i:id• and Berylliua Metal 

A• ot V.c•ber1 1948 

Th• ore is tirat g!'ouncl in a ball raill to about 70~ -200 mesh. 

l t i• t hen mixed with sodi• terrio tluorid• and made into wet briquette•. 

fheee are hoated for abo\lt one hour at ?60oC. 'l'h• reaculon which oocura 

i • the tollowing 1 

. 3 BeO • 2 1&3FeF8 = S Na2B•Ft • F•20s 
"'c+ed 

the &lual•. 11lioa. and iro,n oxide• are no~ •6,•ond upon. Only enough 

f luoride ia a.dd•d to. reaot with th• beey-lU.um o~id• contet ot ·the ore. 

After the 'baking operation, the material :h in a sint•red, eaaily ground 

condition. Grin.ding 1• perf'orattd in a wet pebble •ill. The aodiua 

berylliu f luoriW. i• the only aolo'bl• portioa ot the •inter and ia let.ohecl 

out with water at roo• t•peratu.re ., a coneen'tr&tiou ot approxi•t•l7 

a. grau p•r liter beryllium ox~d•. About 96~ of the bery-111~ oontal•d ia 

t he ore 1• put 1n the eoluttlon. th• ineolubl•• a re tiltered ott and tlut 

solution 11 tr•ted with oauatio aoda to precipitate b•eyllita bydroxid.e • 
. 

B'nough oauatio · 1oda 11 mixe4 with the sobttion to rediaaolve tM preolpitate 

and fora .. 1odiua ber7llate aolution. f ht• is then. heated to abou\ 8&0c 

and more eodia beeylliua tluorid• it added with good a:gttation. the 

temperature bei ng maintained until all of the berylliua 1• preoipitated aa 

hydroxide. thia i• tbn tilt.red in water, the .tilt.rate being a aodiua 

tluorid• aolution. The hydroxide oalce ia ignited at a teape~atur• ot about · 

80000, which C011Yert1 it to the anhydrO\ll o:dd•• 

i 



. At the prHent time,, metal 1a produced in •mall quantitiea 

a.t the .fJaryllium Corpor ation 111 the following lll&llneri Beryllium oxide 

1a thoroughly mixed with &lDllloniua b11'1tiioride in nickel pans which are then 

placed within a magnedua-lined furnace and heated for 16-24 houra at a 

temperature or· 450°c. The reaultant beryll1Ultl tluoride 11 tben placed 

in a gaa heated furnaoe, heated beyond ite melting point, and then 

reduced to berylliua inetal by the addition of •gneaiwa lwapa. A ohang• 

in the Berylliua Corporation proc.•• for producing m&tal 'l!IAy be put into 

operation within the next tew weeka. ·?hi• change '9110uld i~YolTe a con-

version ot berylUua hydroxide directly to 'beeylliwa 'baeic acetate,, S.7.ld 

the aubeequent fluoi'inat1on of this a~egte to berylliua fluoride. This 

tluor14• ia coa·v.rted to utal in the aameanur •• deaoribecl a'boTe. It 

1• expected, however, that by ua1ag the be'1'lll• .. oetate intenMdiate a 

beryll1ua .metal ot auoh greater purity will b• obtainri than that being 

produced at the present ti.me. It ia ala~ ant1oipated that berylliua baaio 

acetat9 could also be oOftTerted to a highly p11ar• ber,ylliWll oxide. 

t'he Beryllium Corporation i• not capable at the preeent t irlle ot 

produolng berylliua oxide •eting projeo~ apeoitloa~tou. It 1e expected, 

however. that withiD thr•• to tour weeks th• Beeylli• Corporation wUl be 

capable, of producing approxi•t.•~1' 800 pound• per month of high purity 

ber,ylliua metal. Faoilitiee tor producing high purity be17lliu. oxide and 

additional metal could be 1natalle4 within' four to eight 'Week• atter 

notiticatioR haa been givea to The Berylliwa Corporation. 

t fj!t' Fi . '?. .1 .Il 
:::;J_ ,,, .. .... .. . .. _ l .. ~ 1 
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ACID 

S11...1C A 
(Svi. IOS-k-ASTE) 

S OOllJM 

CAR80NAT£ 

!='ER.R I C 

HYDROXIDE 

8 ·. (.Souos-\.1~31c) 
ER. Y~l;J' 

SL. - F-. ~£ ('r1_-rRATf.) s c 0 I UM 
t r==;-CARBOMTE: 
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EF----'"" (ALvM .SU<.FAT£ 
(F!1..TRATE) 
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HYDRO>IDE: 
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D1t;ESTER 
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Sv1...i=AT£. 
F1L.'TRATE 
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(ftLTRAT£) 
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Fv RNAC£. 

(C1 L.) 
\r .RED 
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8t::RYLLIVM 
0>.J Dt: 

CARBON CHLORINE G1ts 

~ MLC R IN ATOR 

BERYLL IUM 

CHLORIDE Soo111MI/ PoTASSILJM 
CHLORIDE ( ELEITROL.YTE) 

+, -. 
Ci<LORINF: GAS 

fa£;TROLY:IC 
• • CELL , : . 

·; - 1 - - - .~ 

---Soo11m tf 
~~-- foTA:SS/V/"/ 

BERYLLIUM 
/'1£TAL (FLAKE) 

CHLORIDE 

{WASTE) 

,19 uGORST.a 

FLOwSHE[T OF CLIFTON PRODUCTS CO. Add.'2.'il 



8E"RYLl.. 1VM 

O~E 
( BERYL~ 

[LCCTlf lC 

f111f t> -'ICC 

'WA1'11 Qur~Cll 
p,-

Dit1£ST£lt 

0Rc: 

EVA~" 
__._HEAT IN" 

Co11.. 

H1A11f! 
COIL~ ) 

F11>i£LY Dl\ l i)f :J 

AMMON/111'1 ALvl'1 
~ "' t C11Lc 11J/'1 Suv:11rE" 
~ ' {S0t10S· lv'Asn") 

A1..uM1N1.JMt8ERYu 1vM 
SvLFA~CS · l1toN ( 
All<ALl1'E £A1'.Ti1 CAYSTALL.IZED 
f'1ET"i L S vL FATH BERYLl.IV."'. SvL~AT' 

(F11..T~~TE) 1--~~~~~~--i~ 

~TER 
HYDROGEN 

5VLF IDF. 

, , ~LLIVM SvLFATC 
t (Ft L.TRAH.) 

litoN Svu:ioc 
( Souos-W'ASTc) 

A1..101L1N£ 
EARTH 1'7£TAL 
SiJL>ltT£S 

(FiLTRlrTE·l 
~\./ASTE ) 

cl 

8t:RYLL1UM ' 
Ox1oc(PvRe-Lo .... iRO,'J 

Ai1110HIVl1 t WATE:.R 
8tl'L.110Rt~"") t ~HYMOGEH 

SvLFID£ 

~ 
................. _AMMONIUM BERYLLIUM 

F LVOR/0£ (FILTRATE) 

(A 1. TETHUITT\ 

V'iETHO~/ 8(11\ _LJVM 
IL/CA I KIL/\ Ox I DE 

'."So~ 1os-~rr) . IMPVRE -G;1A J£. 

1. B '-----.-~AMMONIUM !RYLL/UM 

Fv/11'14CE 

!GAS \ 
F1Reo1 

Lvf-iP 
BERYLLIUM 
F1..uoR 10£ 

~NESIUM 
Fwo r< .:E 

SLAG(WAm:) 

FLUORIDE {So1..1os) 

CoNDlNSrll, t 
AM/'IONJIJM 
F1..uoR1oc 
(To ST0R11r;c) 

MAGNESIUM 

BERYLLIUM 

McTAL iQf . 
(PLA re:) )l~t o iiL 

;: 

S1z£ 
REDUCTION 

BERYLLIUM METAL Po-woER 

FLOW5HE£T OF BRUSH B[RYLLIUM CORP Adel . 2 .'3 



( F°uRNlltE 

S1NTERC() 
Soo1u11 BnYLuuH F"Luo111os:, 
AUJf"l lNA,S1L1c11 (. /R Ol'I Oxiot 

J 

8t:AYLLIUM 
FLUOllll)E 

r ----, . ' 

FLOWSH£[T OF BERYLLIUM CORP . 

• 

BERYLLIUM McTAL 

asa:ti. 
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ROCtraSTER 

~o~ylliWD. Powder 
i&rylliua Oxi4-
Berylli:.1a' ~~lphat• 
Berylliua Oxytluoride 
851"1'llium Powear. 

t•ohntoal gra4.e 

ffi.iC £LET 

B~ryllha 

C S!3/'-Rl PLUG 

D&!7lliYel fu.:id•· 
tluor9uctw.t grade 

Bery U i um. 10xi:tiEr ~ 
SP grade 

nery!li t...'!U Oxide 

Ee:t•yllium 02tide.· 
fwtff., 1'1.'lOX-UCeA.°i 
grads,, ~o •sh 

60 ••h 
200 mesh 

Borylli\ifl Oxide. 
apeci.e..l v.ad• 

eeylli ua Oxide, 
apeoi&l.ly prepared 

a JRl ,~cnR[f . - · r.,,n .... 1'1...1 

l7ROCtmEw:.Nf OF lirsRtLI.J:uti .a·E"f.AL AND OZ.I 1lE 

Contract or 
QUNtt.i3:_ Sou.roe PUrchaae Order 

l lb. Brtah 414285. 
20 lba. CU ft on 44286 
20 lbs. Bruah 44291 

6 lbs. Br\i.lh 

l lb. B?.UM 4''1022 

7,,000 gram.a M. I.T. W•'/406 ing-116 

lDO lba. 

100 lbs. 
&o ll>s. 

10 l'ba. 
20 lba. 
20 lb•. 
~ 

200 lba . 

80 lb1. 

Clit'tou 

iruah 
Clifton 

CUf1-on 

Bruah 

.Clifton 

-~- ri n~"':. [1 r·"r-0ji '\>. ·- · (§ ( J ~,!_;. i"--::t "ft!.:~ ) . ~-- ' 

•294-2 

43{)01 
'4099 

44201 

"241 

"~ 

i• 

-

Addendum 3 

Fial .Shi~1-
V-ate 

?t!ove.m.ber a:J 1946 

2\lOVe&<lber 22 ,, ltcf.6 

SCDteiibQr 12,, 1940. 

D4tceab•r 11,, 1946. 

J t-..J.;; 8 ~ l 946 
iL'1gWJ~ 22 ! l 046 

3'1ptaber ia. 1946 

October 1. 1946 

o-ve»er '1 0 le46 
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!~1iA STAT!. COLLroE 

Beryllitaa Oxide 
Berylllum Fluorido 
Boryllia i'luori 
Beryllium Oxide 
!~t-17 lli'Wll Oxid• 
1'•rylliwa Oxi4• 
~illit.1a Pluoria.. 

anhydroua 
Barylli\111. o.xiclo 

r•.traetory grade• 
200 ~~sh 

Be~ylliUJit Bydro:id4a, 
~.9 .. 9% 

Seeyllix.a 0%ide 
hrylU\lll Oxide, 

r~t~~ctory gn>.4oh 
200 &611.h 

!WeyU ium Oxide 
Beryllima Oxide 

O W ~ICO 

Berylliwa Oxide 
Berylliwa Flake. 

(anarplua V ra"l·) 
Procl\aot 68 (-.iniaWll 
•••7~) 

Beryllbm Oxide 
Berylliuz Oxide, 

6laeab · 
Boeylliwa 1'' lU;e 

a:~B:l: 1:a;1~ lwap 

Q\l&Jltity 

100 lba. 
400 lbs. 

-50 l ba. 
900 lbs. 
100 lbs. 
110 lba .. 

260 lbs. 

226 lba. 

100 lba. 
SSO lbs. 

l,000 lb•. 
20 lbs.., 
50 ll>a. 

a,ooo lho. 

100 lba. 

75 lbs. 
4,000 lba. 

60 lbe. 
100 lba. 

%00 lb•. -

Source 

Clifton 
BrWlh 
Br..teh 
.Brueh 
Sruelt 
Clif'toA 

BNah 

Clifton 

Clif'tOD 
Brush 

Clifton 
Clifton 
Clifton 

BrWlh 

lli<lcUeaex 

liidd:leaex 
Bruh 

Uiddleaex 
¥. I .t. 
Middlesex 
S{.I.T. 

~!I i~~~'S".~; ~ 

·-~--- -~ ~, .~ ! fL. s~ 

cmtr&ct or 
Pm'obaae Order 

28192 
291!4 

W-7.01 ifng-60 
'ir-'1401 ~ug-78 
~-1.01 E-nc-1s. s~ 

$119 

90$ 

43906 
43135 

44101 
?805' 
3"'i 

?401 Eng-78, Si 

idcUeaex 

J.U~dleaex 

W-7401 Jf.ng-'18 

Kiddle.sex -
lliddl,sex 
W-7406 · Eng•l ''/5 .. 

l'iG&l .Sbipmen.t 
Dat• 

Ayg\!at as~ 1944 
Novemt.ler 6 1944 
Oot.ob6r 9. 1944 
1944 
11&.rch. 19'45 

til.lj' 1 . 1945 

.Ja.naey 15,. lS.6 

-J uly 12, l 94G 

duly 12. 1946 
September 26,. 194.6 

Deee&11.b$r 4 • . 1946 

-
April 9. l94lj 

Septea'ber 25, 19'6 

lilovember a. 19'5 
1946 

Jemwa.r-y Z9 ~ l 946 
Apr il S, 1946 

i:!J 1~; 111; 
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N! ".fi ~1£2. { colltinued) 

Beryllium Motal 

Q1.111ntitl 

s.ooo lb&. 

9' 3 .. 

Source 

Brush 

"..:> '"'';-·'·'' 

Cetrtrae·t or 
Pureba.se Order 

36812 (MIT) 
~6911 (limttelle ) 
Vi-7401 Eng-60. SS 
~-22-0'7S Eng-10 
'i-22-075 Eng-10. Sl 

'• - ~ \ " ;' ~ ,' . l ~ . l~ - ,.,,.,.--.,,, - .,,-.,·.,,, 
__ : _ ~ >:..> _:__ "' ' •• J 

,lt'inal Shipment 
Date 

ray 15. 19'6 
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lt'OitTOB C~PARY • Ci:.§!l.#'l. 

aerylliwa Oxide,, 
80 •Ch 

tleryllil.ltv. Ox14e a 

200 lllOt:lh~ Clifton 
f'lW>re-sc;ent va• 

8er.yUium Oxide• 
batch ntiucl, BNah 
·s .. P. graci. 

.Beryllium Oxide~ 
c lift on gra.de 

Beryllium Oxide, 
Air~eh~ G .c. 

e.rylliwa Oxide. G.C. 

Sezyllium Oxid•, 
Brush, GoO .. 

Becyllii.m Oxide,, 

s_u_antit.z. 

225 lbs. 

60 lb& .. 

600 l bs. 

200 lbs. 

.. . -
200 lbs. 

200 lbs, 

Daneified, fluorescent 1-3/4 lbs. 
iariJlliu~ OT.i&# Blooka l!i lba. 

Bw-r.rllium. Oxide,. 
fluoretieent grade 

Barylliwa Oxide Samplea 

30 lbs. 

G.C. i200Cc 80 lbs. 

.Iii. --- ,. , . --,;,, ~ I I! ... ~.... .... · \l~~W1tst 1'e.~ 

Source 

Middl~sex 

Clifton 

B.ruah 

Clirton 

Bru.84 

Brush 

Dru.ah 

Clifton 
Worton 

Clifton 

Brueb 

. 

Contract or 
?urchaae Order 

Middlesex 

~ao 

4a512 

4-~726 

43721 

44356 

47012 

Final ~hipment 
Date __ _,_ ____ ... -·· .. 

'ebruar.t ll" 1~46 

~°" u. 1946 

April 18, 1946 

ay 31, ·1946 

June 14. 19•6 

October 18, 1946 

October 18,. 1946 

47101 Novell!Hr 30, 1946 
41~5 (fabrication 
only} December 3, 1946 

4.'1187 December 17 • 1946 

4't3il Deee'bor 17, 1946 



> \'.)..-. 
~ 
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CHICAGO 

Ser;yllium fluoride 
ierylli• O:dde 
Berylliua. Old.de 
Prod\&Ct 68 
B~rylliwr. Oxidu11 

00 U&! 
Bci?Ylliua OXid•, 

f luoreac.mt gnde 
Bsrylllua Ox.icie, S. P .. 
•rylliua ~\ag~ete 

Bery'llllM ~id• .. 
7ae.t&l gtt.d• 

i•rylli• Oxid•. 
!d-tind 

! $.ryllium Olti~, 
60 •~• (8ample) 

PrQa~~ iBA,B,c.n 
B•r,ylli\11!. ~otal , 91 .~ 

(?rcduot 88) 
.i3eeylliv.a Oxide• 

tluor••oen't grad• 
Beryll:l\aa BYclroxid.• 
Berylll\Jll Sulphate 

Beryllima !Jitrats 

- ij -· 9 .3E6~~El 
It• 

eoo lbe. 
~o lba. 

1500 lbe. 
200 lba. 

50 lbs. 

fiO lbs. 
IQ lb•. 
60 lba. 

50 lba. 

2 ,000 lba. 

2 lba. 

{() . l'ba. 

100 lba. 

10 lba. 
2 lba. 
5 lbs. 

10 lba. 

Som-c. 

Bruah 
!Sl'Ullh 
Bruah 
a4id-dlesex 

Bruah 

Clittoa 
Bruu · 
Uiddleaa 

Clift OD. 

BrueA 

iliddle8eX 

lliddlesex 

llic.td.l•••x 

Clifton 

Clifton 
Dru.ab 

-- ffrttP'-· ff~ ;..-~ / .'#.- ~~ ~~ 

~,,..... ~ '*' . c , ; d !l ~ ·~ !b \,_,> f F.,~- . ~ l 

Contract or 
P\l:robaa• O~r 

-1401 l!'lng-60 
fi-?401 Eng-18, Si 
·w .. 'f 401 Eng-78, S? 
ttidoleaez 

42iM 

dQ6i 
41161 

Yiddl•nz 

.4~162 

~8?$ (Supl. 8 to 
Collt ract .llo. 
W-1401 Eng-18) 

Vidclleaex 

IU.dcileffx 

· &id.dl•••x 

D591 

4Mt5 

~'' 

Fi•l Shipmmt 
Dato 

,a.roh 29. lMS 
.fi&rch, 1946 
S•pteabe-r ti. 1945 
Octo her l 1 • 19'$ 

ioTem'ber 19, 1946 

NoTeabflr 19, 1946 
Januaey 8, 19'6 
J&nuaey 11,. li-i6 

Januaey 14,. 19'6 

January as. 1946 

January 21,. 194-6 

April 29,. 19'6 

Ila)' 3. 1946 

.l&y 1, 1946 

a1a.y u~. 1946 
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CHIC.ti. GO (continued) 

Product SS 
.B~eylliu.n Oxide, 

hi-:ti 't'od~ refractory 
B~ryllium Nitrate. 

'\1ixture 3611,. ad.nilllwa 
nitrogen content 42% 

.Berylli'U!!l Oxide, 
m'3-tal ~.JlNdEJ 

Beryllium Oxide~ 
Brush iusod, •pecial 
3rade 300-~25 aeeh 

neryllium t.ret&l 

:Seqll 1.1.un Jt luoride 
Bery 1 li um Oxide 
Ba:ryllium ?titrate., 

ifixtu.ns 360 

Beryllium Blo<:k8 

;..(uantity 

100 lbs. 

200 lbs. 

10 lba. 

30 lbs. 
l lb • . 

200 lb;a . 

. so· ib.s. /mo. 
thru 12/46 

200 lbs. 
200 lbs .. 

9i l bs. 

a.ooo lbs. 
1-o 

· 3,000 lba. 

- fi -

Source 

. ' . . -, p i - [l "1 p"7' -ill± . d u l · I' ...........---. . - ~- -· ~- -.,. ~s ... r.: .• ..-

Centraet or 
~oh&ae Ord.er 

Middlesex Middlesex 

Clifton 43'/28 

Brush 43912 

Clifton 44099 
44100 

' 47013 
Brush (for gr1nd:ing 'only) 

!!iddless.x ~Uddlo~ex 

Brush W 74r~l ';, .......... ~A ."' ... v ~--vv 

36293 

Clifton W-Sl-109 Eng-18 

Brush 'J-22-015 M:Lt-12 

~ ·;·~,.....,,·"'"'e.'1~·· "'-"5--' 

~_jf"""> ·~l.~~ ·~.: .. ~!~~ ~ t ~'.?-" t~ 

Final .:>hipment 
Date 

June 4 , 1946 

du.ne 5,, 1946 

August 13. 1946 

August 22,, 1946 

fiovetll~r 22, lS46 

Deeeabor, 1946 

January l..5, 1947 

July 10~ 1941 
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CLI.l?ON I.ABORA.TORIES 

Eerylli• s1h•re, 
solid "{~acii~ 
about •a" 

~ryllium Oxide 
GC 
SP 
Fluoraecent 

Beryllium rietal. 
pr«llli• grade 
technical grade 

BATTE1L~ ........ 
Beryllium. Product 58P. 

high i.lll:t 

hey ll !.l.\Wl fletal ~ 
(ai!.lo &ii.U.¥ 85j&} 

Bo:cylliua Oxid•~ 
pure. 60 m.eeh 11 

high tired. 

~uauti~z 

1 lb. 

5 lbs. 
6 lba. 
6 lbs. 

100 lbs. 
100 lba. 

7i lbs. 

600 lb•. 

50 lbs. 

., I'' • .," : '· e~, "'-"'''tr~ '; - . - ~) £..,.~;; itt 
... z -

Source 

M. I .! .. 

Brush 
Bruah 
Clifton 

Bruah 

Bruah 

tiddleae.x 

~icldlea«t% 

.Cont.raet or 
hrchaae Order 

· W-7405 Eng-175 

4449' 
44494 
4'4~5 

w-2a-01s Eng-10. si 

42586 

W.cidlese;r; 

Middleaex 

C~' V<l..;;; "' :; .;_ z • 

Fina.l Shipment 
1'Jl~• 

,• 

truly 31. 1946 

ioveaber 18, 1~6 

Deo-"r :u. 1946 

Septeeer 20, 1945 

October 22. 1946 

January 2s. 1946 



Ci?'}.. 
,_-:;- ... 
:'""'\ -.~)~ 
J) 

~;} 

QUAntity 

BAttgL.t.E { co-n.tinued) 

BerylliUll t~etal. VC 
Berylliu.'l\ i'it>Jtal 

100 l bs. 
116 lbs. · 

UASSACHiISE'lTS INS!I TU'?E OF TECHHOLOOY 

Beryllium Oxide 
126 me1eh. Clifton 
20 mesh 

100 lbs . 
50 lbs. 

Surplus Fl&ke .Berylliwa 300 lbs. or 
(V me.terlal) more. 348 

•vaila'ble ) 

Produot 58~ lump 

&ryllium Sulphate~ 
anhydrous 

Vtrgin 4ight ~t&l 
WuggetB {88) 

Serylliu~ Oxide. Prod. 48 
~$ 
60 mesh 
8 m~sh. 

.BrU11h Lwap ietal 

100 lbs. 

l.O l bs . 

s.ooo lbs. 

60 lba. 
50 lb~. 
26 lbs. 

ft~'O ll)a. 

- s -

Sourse 

iddlese:t 

Clifton 
Bruh 

Middlesex 

.¥i1ddlesex 

Clitton 

IAi ddleaex 

Sruah 
curt.on 
Clitt.oa 

l:4i ddleeex 

~ 
.u..~ .. .. _ -~ ·,'':'.'!; ~~ 

.jLl--1 ~ ~<'.=> 

Oontraet Ol" 

htrchase Order 

Mi adleaex 
36812 

45021 
4~22 

Middlesex. 

~ddleaex 

3062 

iii ddl•ee.x 

'3Z6S Brush 
~26' ClU'ten 

Middlesex 

g, 0re :.:-£:T ~ _)] _"' ... , " l _, L 

Final "hipment 
Date 

October 18. 1946 

October s. 1945 

Oetobor lo. 1945 

Eiovember 20; 1946 

December 10. 11146 

Ja.nus.ry 11, 1945 

February 1.., 194$ 

February 4, 1946 



~ 
~;:?" 

~~ 
> 
! • ..: 

'"'· "'<;:.!>-' 

ii 

- 9 -

,~uant.ity Source 

... --,~~-- ~:·1 ·.: _:4 -. ~ -·~.~~· 
... i• 

'"1"."::;:.J> . "·o' "•·. , . ··•·. @ 

Contra.et o-r 
.?i.trcha~o Order 

,rASS,,.COOSBlTS l i\'i:::'lITUTB OF TF£HIOLOGf (oont i nued) 

BerylUu:a 
Lump ~etal. highest 

quality 
Flake ~stal, 98% 
Flake ~etal , g~ , 

B*rylli~ Crueibl~• 

150 lbs . 
$5 lbs. 
a1 lbs. 

Standard i!'t..tah BeO 6 l bs . 
.Horton fu.s~d Bru.sh BeO 5 lbs. 

Ber;ylUum vxida 
Product 48~ •ype a 

3 " d.ia.meter iloc.i, not 
litsa than 4" or 
a.at~?' tllaa s~ 

P!"odu.ct 48* Type 6 
ltigh•!'"!rGd fr0ta . 
S ,. P. grad~, ~25 mesh 

Beryllium Oxide, Smash, 
ret nr.otor.1 grade 

~ry ~ li um Oxide. 00,. 
(Norton Grade) 

Product 46 ~ type 6 

f'roceaa Q Scrap 

50 ·1bs. 
150 lba. 

l lb. 

150 lba. 

SO l bs. 

10 l bs. 

150 lbs. 

2i lba. 

Middles;ex 
Clifton 
CUttoa 

B.r·wsh 

\;,H f ton 
B-M.l6b 

Bru.•h 

iS.ru&h 

Clifton . 

Brush 

Brush 

Chicago 

ld'fid.a~•·:x.. 
4$2.N 
43293 

ii.SS:>$ 

43594 
4M62 

43931 

44102 

44402 

4-1498 

4ii74 

·• .. :: Cfh ~JL , 1£!21i? •~ .. ~'1:-;.:.~~· A .. l ·~-.; _4 

1'"'i.nal ~hipmerrt 
1l11t.e -

i!Jiii.l'"ch 1 I l 940 

April 22,, 1946 

"JAy 4 ,. 1946 
May 9. 1946 

July ~l. 1946 

Sept~er 26. 1946 

liovtwb~r l . 1946 

Novae:tber 21 3 1946 

Septe~ber 2&. 1946 

November 211 1946 



;> 
~,.,.·~ 

-JO -

Qua.ntity Source 

_MASSAGliUSE'I'TS HiST!'L'UXE OF' 'i'OOiilOLCGY (continued) 

Beryllbm Metal 

• r. ., ,, "•! ·. ' -~I -··~ ~. ~, C"~-~ "'· ""' !;,,..· ~ ~ ~- ., 
• . ... . J i . . ; ... " 

Contr•ct or 
Purchase Order 

Final Shipment 
Date 

100 lbs. .haod.. · Midcihaex ldentitioat iou iio. 
lOO lbs. aonthly ~V-20 Oecembltr io 1946 

Proceaa Q Material 
2~ x ... 
lit x 4• x 4" 
3/8" x 4" x 6" 

Bruah ilerylliua Oxia 

20 lbs. (po.Ur) Bruah 
G piece• 
6 piecu 
6 piecea 

- 60 lb•· MiddlffeX 

~L ELECTRIC . SCBEiffiCTADT 

Beryllium Oxide , 
high-fired. 

Ber1lliU1t Oxid•~ 
low deuait7 

Beryl Ore 

100· lb•. 

10 lb• .. 
10 lba. 

Clif't<a 

•tW 1ebrU&ey 26io 1947 

'°' i ddlesex 

"480 Boveaaber U. 1M6 



\ 

Contl"act~r 

bl"ush 13-eeyllium 
C;)m~ 

J> 
~ . I 

~ 

. .cl. 

j 

; 

Adaendum No . 4 

~rzllt\llll_ pontr.-:.ct rate; - ~ttan ,?roJept,, liex-ylliuu Branc4 

pontrac! 

\i-22-075 ·&ng-10 

.. Iii 

" (I 

'* .. 
., Ii . 

tt u 

W-7401 e11&-78 
Ii It 

:;. i~ 

ti ll 

·~ 
n 

ti tt· 

ii If 

l l lf 

It * 
tt ft. 

•I tt 

s.1 

s.2 

s.3 

s.4 

' ... 

S.l 
s.a 

s .. 3 

s.4 
s.5 
s.6 
s.7 

~ s.s 
s .10 

s.11 
$.12 

Ettect:1Te 
Con-tract late Value 

.J'u.1)¥ 9-. 1945 n9J,OOO 

Oc\.17. 1945 ~5.000 additional 

July 9. 19~ ~7 .&93 

Apd1 s.1949 .t"one 

April i7.1946 .;;10.69s.1s 

Sept. 15. 1943 
Dec.27. 1~3 
& ;y 5. 1944 

May i2.1g44 

Sept.1.1944 
Jan.19,1945 
Apr. 23.1945 
JuJ.T ll ,l 945 
lioY. S, lg45 
l'el>. 1, 1946 

'11J~~ 

- -- -

~JO 

$16..200 
3257.30 
$9,4-06 addit.ioiwl 

( Govarnruent. r ... 
( tmburHd. 
(;;,3,415.29 
~6.780.82 
;,;2g..725 
$10,250 
$lg,917.50 
ill,581.50 

~~po 

:Pu.rcbae.e or un'Qf'acture of Sehedule A 
e quipmeut. lk.m.i.facture of 4390 lbs . 
of lie 11.eta.1. 
l'.nises to.ia.l lle to be maauf.actured to 
5570 lb•· 
J\.dd.1.-t.io-nal SChedule A. eq_u.ipment 
(mneMJllei.t\ <>f baaic contract) .. 
l'rovideg f'or reatal p.ii,ym~ts on 
gonrnme-nt_-owned ff'...e111 tie-a. 

P'tu'chase of 701.52 lb~o of r~m-0ltad 
~o mr:\hl from Be metal s'Q.1-!plied by 
Oovernment . 
l1'ol" maintaining Scbedul'3 A ecyulrsicrJ; 
o:n st~by bade • . 

Ma.au:factu.re o! 4ooo lbs. of l!eO. 
:fTov!des fol" offr\ime lab-or. 
l\1rchaae of 1256 addi t.1onal pounct.si 
ar~. 
t.iovel"rune.n.\ ~old to eor.trac·tor 662 lbe-. 
of .Bee. 

Purcbn.eed. 1000 lbs. 1-leO 
?arch&.se.d 2900 1 b.a. I;eO 

" 1000 lbs. :EeO 
~ 1950 lbs. ~eO 

14)0.25 lbs. fUMd :\3tl0. 

Production of 5.000 lbs .. GO BeQ. 
Prodwltioa ot 5 .. 000 lbs. SP ~eo. 



Con.tr6.tltor 

:Br u.sh ;Ber1lli um 
Compa~ 

~> 
·,,,:->' 

,.,. ... 

.. · 

lleglliUtn Contr~,t Data - l~ttan_ ,ProJ ect,, l3eqllium Eran.oh ( Co-nUnued) · 

MfeeU ·ve 
Contract eomrect tat• Value 

w-71'01 •ac-60 ·AU&·· 18. 1943 ~9.000 

fl • s.1 Nq u. 1944 none 
II " s.2 S.-p\. l,1941+ · None 
If ((. s.3 Sept..U,1944 

., tt s.4 Ju .. 17 ,1945 ~'5 .500 
ti • $.5 . Mar •. 30,194; ' $61 .• 708 
ti .. s.6 Apr. 24,19~ i$J .ij()4 

tt ft · ~·'1 JulT .6, 1945 i'tm• 
.. l!if• a.a July Z'[ ,19~ $66.,975 

v-22-075 ea&-11 Ji~•. 6, 1946 $52,000 

= ·· ·=:. ., ,f'···.· l" c ~)[ "i ~ . c•· ..._, . t '..-.- ., ..... ~.,. '4t.-· ~ 

• 

Se!?! 

.u!&cture of 2000 l'ba. of :Be- metal and 
100•200 lbs. of BeF2 • 
·h i)Yides for r ental of Government. 
f Lcilltiea. 
All~ws Contr~t·or to aadgn ri&hta to bank~ -

lmsic Contract amend.ad aa tollova: 
f-u.rch&ce of 1130 lb•· (aax •. ) :Be lump. 

16-20 lbs. ot lle billete 
l(')O.o.150 l b s. ot Be 'billets 
100-200 l'ba. of lle1'2 

1000 lb·l'· iltpure lJe metal 

1500 lbs. of :Se metal 

15 piecea each of Farts i l, t~ & §215 
(:Be-Al fabricated shapes) 

16 pteces o!_lie-Al fabricated. ~~s 

!iostor&t!on of ?rem! s.;e Claus• added 

1500· lbs. ot lie· Metal 

E:e'.aeareh and development work oa the 
prod.'UOt101l of hi-puri i1' b$ryl 11~ Htal 
by reacttn& BeO wlth al!lmoa.iwn bifluoJ'l.de 
&ad reducing t h.e llery1liuzn fluoride thus 
t'omed 'lll1tb magneel:um 'o obtain the 
hi-pu:rit7 aetal. 



• :>"',~. -~- - ·,fl" """'<if~ 
a - -~ J J2L ~ J j - - ., ' ~ ·• ~ 

~ ~~, ......... . 1 7N'-

;nerr~Jium Oo11tre.Qt Dat§ - ~~tan P1·0Jeet, lierz1-Ji1um :Branch (Contin·ud) 

~n;;ra.c;t.2£_ 

ltI'ttsh. lierylliUtt 
Compil..ey' 

Clifton ~rOd\lCte.lllc. 

Contraot 

. fi ... 22-07,5 •.Q&-U! 

w.-31-109 en&-11 

s .. 1 

w-31-109 •.ac-19 · 

\i• Jl•l09 eng-16 . 

~~~bus.a"t.6 w-74o5 ~175.S.1 
Z:asa. tu:t@ of ~ecal,l)g 
{Dsfinit.1••· controot 
n~t. prepared in 
MsdiaoD Square .Area) 

,~-> 

, ..... -
_:,,. 

' ., 

:t 1* s .. 2 

u fi s.3 

ff * s .. 4-

f.; It s.5 

itfec.t.1 Y•· 
Contract l&t<e 

.,. 2. 19't6 

JUly l-O. 1946 
Oct. 9. 1946 

lioY. 4. 1946 

}{oy. 19. 1946 

May l, 1943 

J&n. i, 1944 

July l, 1944 

July 1,, 1945 

March 15, 1946 

!lfaht• -
$~.ooo 

~1.750 
$l0 c:l'ln . ._,..,.,, 

$3.500 

~51.000 

lot to •lliU•cl 
$60 000 • 
lncreas•d to . 
i312.aoo 

horeued \o 
$1,032.500 

ln.creaeed ~ 
. ft 800 000 '.l<l> t • 

9 "",#_ .... pc-.... ~ t ·., i1 ' d& i &y .,, JL .•. ~.1 .. ,, .... a 

S®ae 

Pu.rcluu~e o~ 4.rrCOO lbB .. of beryllium metal 
blaeka f'abr:tcat.ed 07 powder metallurgy. 

100 lbs. l'Jerylliwn lii trtd• 

l.20 lb.a. l'ierylllum Xi trid.• 

500 lbs. Be00 refracter.r grade 

IteM&l"Ch and Dnel.opment of a low cost 
buyll1u of ex.1'7•• ·purl ty. 

Coadao\ studiea and. e~erime.atal inTH•ti&& .. 
tioas la mo\all\U'Q on a coat plus overhea.4 
l>&ll1 a.· 

Ccndw;t. M.Ud.1.:ea and e.xperlm•ntal 1nv&s:t1ga
Uoa.a in m.ett.!.llvo on a coat plu owrhud 
bade. · 
Coadue\ atwilee and e~eriaell\a.l io.Yestip• 
\lfta 1u llHJtallva on. a cost plua overhea.d 
b4L8ie. 
Coaduct $tudies and experimental tnff&tip
ttoas u Qetallurg on a cot;t pl us overhead 
b&ai•· • 
Seope of won tnotea••d to eoTet• th• fvnim-
1ag ef perROU&l to retid•r servicae in 
C-OJtnect1on wi tb. \he °Cn&aroad• ProJeet .. • 



. ....._ ~ . , ....... ,--i .... 
UU#J _'. at * -~ ~-· \) t' ~· €-

liarrlliu Contract l\tlta ,- f~t~ FroJ~t* ~ull1u:n f>ranoh (Continued) 

Contractor Contract 

Fans\eel l>ie~illurgic~ W-7425 ~ 
Com~ 

tlffeot.iY& 
Contract -JA-te 

llec. 23. 191•3) 
$44.200 

n " s.1 ) 

'> 
___,, ·if wt ~· :~· ,_ .. ; -:·-,r ~ 

$2 -· -. , .. -- ~-;----:-.;.:; ~ ~:.: .. ii~. ~ --

Scooe -
Production ot 120 BeO brieka from 
lirusb 00 oxide b7 hot pr-ee.s proceea 
Dr1cks to be 3~ x 3~ x 6" 



Addendum No. 5 

P2!U£aot1 

Deftnltlv• Oon•Fnct ~-22-075 ellG'-10 vith. lll"u$Jb !e17lllua Coap~ 
wae at.ped Sftptebeat ill• 1945 aAd called lo• a \o\al t"f.UIWU tr ot 
2195 unt.t1 (2 lbs. : l uo.lt) of ~dnet .51 afld/or l'rocluo\ 5'• 
Pnc• .s stated. a.e $88.50 p•I' uatt tor '.Procl.uat 58J t$l3.ao tor 
Produo• 59• (Prft4uo$e 511 ad 59 w• Be Me•ial·l 

~0£1'8.lij9@d•1!9•.J.. 

A ~ ot llDlJOnanl. oorresponclan• pert~ha to the .contract 
foUowat 

l!IB&Ptltl 

Sep•'N• •• 1'45t MtllW~4ua to lf't.lea tl'oa I. Piak•toa. 
Se.alor lftCl•ee• eul>J•c• *'h\ve ~lr ot !• M•t&\ "• 
a'at•• ••t •"*!>1' of aeW to M.J.». l• a.pent•• upoa 
one o~ vho• budn•11 fo·t.aaadaHoa appeau-1 ah'*1 an4 
wao .. prto• le Mab du ;pei-hap1 to lattlfto.lenc7 aa4 
la:t&• onrhed. At th• •t•• ilruah ha• an ou'atudlnc 
ord•I' tor s.ooo ll••· °'' appio ... t•ll $4,/llh, vbloh 
aboul.4 be tlllo4 'b7 ~ 1. 1946. 

Ootiober 18, 1945. lfaJori Cr•ac•r to J . kJ•llgea (:Bi'Wlh) 
se•• '1J> a ••tl:K>d ot :l,la7lQS to~ 11• aetal aceordlq to 
~.1 •• 

Oowll• 11, 194'• I. w. liaat (Bruab) to 1. :B. Robott' 
etaiee tho• aoattaot Oal.letl ft'i' 1!)90 lba. l'Ul1 ot whl~ 
1042 l'ba. ha4 'b•• .._j,peci, plu• 1000 U>•• IA p1-oo••·•• 
lea•inc 2.34' lll•· •bJ eot to ~ ta prio•. 
speo1t1oat1oaa, eta. 

1~ 8,. 19461 O. B, ~ { Brueh) to Major Kelley 
a'6t•e tba• :Brush au ;prodUoe 1200 lba./aon\h pr•t• 
#ad• <m> B•c eppnnrna.tel.r 2(X)O. 1ba .. /aontb to• 
Produc' 88 (Be metal 1ri lump to1•h Pr8lll1m gru• 
could 'b• rat.sec! to· 1500 1n 4 to 6 week11 qt?Rit11 Fl" 
ot 4i55/lb. for p:r•\Jlll gnde. St$ieo that oontrac• 
ltn&•lO, S\\ppl1m1.e11.t 1, la »•artng eom.pleUon. 

March 15, 1946, Lt. Col$ le11E7 to r. u. ! eltrore, 
dee1pat•• ¥'.., l'-t ;. lhtlmoro as dulf authri=•4 1•epirti .. 
senttA.t1Y• to~ Enc-10. 

-~·• 21. 1946. R. Cobb (Brueh) to Ci!pt. Roboft t &1•et 
bid. OD. ~ecktng A":s.o. 1nst allatl!one at Cheatego AY•* .,,. 
awarded to Bnadw• Houseweok1rag Oomp&a,y for $675. 

,f8 SCGUfl Adi. 5'.t 

l 
I 

. I 
I • 

I 

I 

I 



Sfpp.t[§Stl 

Brush ConU-1.iC\ w-7~1 en,..60. I>rt>vide• tor productloa end anpply 
ot Be t:l&~al and. be17111Ull tluortde (Bet'z). Supplemen\a call tor 
Be billets .. 'beryll1ua•:i;.lumnua allo7s, etc. •th1s centraet .bae beea 
aonaollda••d.• 

£1?rr.~sffind•QC" a 

J}, a\8111W1 ot 111por\an\ correspondence pert tti.nln& to the aontrai.c• 
follova: 

• 7 

No. 8 

No. u 

No . 12 

N<1 . lJ 

lJ8tftlp'121 

Jul.7 lt 194), meta0 ~\. Col.. Gre1u.1M.w, Cer:ps ot 
:1.1~1aeer1, to Ool. J: . D. ll1oho11. Gtv•• roquire
mente for ,»e tor Dr1 thh and. OnnacU.aa GoY•l"1111ent. 
Sta.tree that a \ praw•nt Jhoueb 1 a only prod.uoel' of 
taetallia Be all& baa a c"'puei•T ot 400-500 lbe. /aon•h· 
~;/lb. tor l•p d4 ii55 f.or ioee&•' ••bl. 
AUi\l&\ 9, 194.J. atGllO ~ Lt .. Col. Cornell tron . , 
MaJor l:tue·oell, Col'))• of ND4;.1.Mer1. Reque1ta 
pr9para.t1on of UP coatFaot tor supflly ot 2000 lb•• 
, . And aoo lba • . w,. 
S•p,em'b•r 6, i943, mno to Mr. Leva (Legal SeoUon) 
troa J.t.. Col. Ruhoff, Corpe of •nginee'•·· U.d:r• . 
~o purcka•• 4o75 lbt •. :eeo. Delt•eJ7 ot total bt 
No•Ot!lber 194) a& Q4.05/1b. 

Augue' 7, 194.J, Mr . H•nder1oa. Cbltt. Je 5eeUon, 
~111•ra1• :r-.reau. to ~. Sawyer (Drutb). Gtvea 
authority to lnore••• produotioa tron pree•1i• 350 '.U••• 
pel' month to 6oo lbt. per moath. 

J'ebr'QU7 2;, 1944. UaJor .Rubeell to Drusb .'Berylll'Uli 
Compnnr. G1vea ehipaenis ot De (type A) ••tal to 
Februar1 10, 1944 at 4o3 .. 25 l'b•· 

Uarch 30, 1944. #l•JllO to i:Irtjor Groerut.t•ln from Frank 
Zel tUrt.. Pro•id,ea tor '40~/l:o. o:redlt for all met al 
produced 1n t;oV*.Jl"JUlent ... owned t"ac1U. •tea .. 

December 8, 1941'-, Cavt. Chap•aa to uea .Eaglne$r, 
Mad.hon. Squa:re Area, Attention Mr. Frank Zeitlln. 
Give1 De eat1MA~•• for first tvo ~'lllil"t rs of 1945 

s 2300 lbs . :DeO, 5200 lbs • .»el'2• and 1500 l'ba. Be. 

··+nfi.- · ~ · r • '"'' 'P :-""t _. \ . ~ .L •;,,;_ r 



No .. l5 

~\ r, J b Jir,vw .• · 

No . 19 

December ll~ , 19),il~ .. l .. :r.fink: Zei tl:!n, .11r1nc1pal J1ng1nee~::i 
to Ca.pt. Hecker. Gives summary history of contract. 
Kxpliti.n.a thh.t utilhatiott req;•di·ements ehanged after 
Eli"1ing ot contra.at f!O tbat :r·i1.p1d. <!~liveries ar~ no 
lo~e:r required. In addition. Brash M.d trouble in 
meat.ing spoc1fi oa.tiona. and certain ohangee in 
epeci£ ioation• covering pa1•t of the ~a.te:r1a1 were 
mude. At the pr enent time loo t; thf~n one ... halt of the 
contr~~ctual quantity hue be~n 1:1hi1)pea.;- ThAt eo11t:r2.ct 
wat· Vl'1 tten a t the rth1uest ot the Ch:lCi:i!:O Area •. 

Ii bru;eu-y 15. 1945, :i!'rf.mk :1,01 tlhi to :nr. S~·...iyer (!5rush) . 
1-:aq\ltlHJta q,uot atiOl'k for 200 lbs. .1,e ll4np metal per month 
for flvc {)l* six mouths ip.~:l,.1..,t}.,9!t to th....'\\ ttnrler 
Oontrnc\ eng-6o .. 

Hn.rc>h 7, 194511 DU:)J.!ta F~ ?..oitl in, Prinelpal ~lne1er, to 
HuJor .Kelley. Sttit$s tb:t.t pr.:Htu.~tton a.t l3?'119h 1s e.bout 
125 lba . /month metal, 700 l 1HJ./month hlgh firf!d orl.ds, 
plus large amoUllt;B of . 't.itft2 • Our re~u1ren:en.t ot 200 l'bth 
.Bali"2 per month le b-Gillf& i'Illed, but metal rate is too 
1>Llalla 

4~oh 28• 1945., mm10 to }'Ile~ from JobD ~. Ptnlcstoft, 
Senior Ohem18' . t:xplatn·e that remelttnc ls neceasar,y 
\G produce 98~t llatal., out 96~ tl\6tal C&tl be produC:Std 
w1 thou.t remel tine-• 

Mst'ch 29, l9't5, .. ~ . Zet ·tlin to Chic:aao Area E.agtnee~. 
~~tat.ea th.a.\ pl"$S<int p1t>dtWticn rat s 1s 200 lbs./montb .. 

Jt.\ly 21. 194?. morno to i'll6s fJ>cm ll', Ze1 tU.n, eubJect 
HJa• .Requiremun'tH•*'• Lists new Ha requ:h:•f:!'l1Hmts a.ud atatae 
that expa:n91on of »rueh•e fn~illt1ea now tn progl"ees 
will increaee producti.oil tlo l.500 lbs./month. 

October 29$ l945., !~t.. P.obo:t':L' to Oa.pt. Reok~r (memo) .. 
.Re(tueah coa~oU.d,f;>tion of contract ~G eontrt\Ctor has 
com:plet,ed obli~a.tiona. 



CoJ!trafJ' 1 

J3rueh Contract w .. 7401 eq-78 providee for p:roduet1oa of boeyllium 
on<i• (Jeo) tn various trade and a.mount'tl. 

Corree1p.oalienc•, 

A s'Wnlfl~ of illportauit corr01pondenoe pertaining to the contract 
followe: 

1~'1ferepce Deaorlptloe 

.No . 21 Septe1tbe,- 6• l94J, me.mo HaJor lla.dlock to OaJJ'· Spav.ldtnc, 
. location ot DeO. l eque,t to~ 4075 lb1. l3e0, (1ra4• GO. 

No . 22 October 15, 1943. MnJor as•ll to Dr. Sav79r ( .Br\t11b). 
Stat•• th.a\ pn duotto:n ot 00 oxld• 111 l \a n.Ol"l\al .t'on 
ia a• the rate ot 300 to 400 lba/~eek. 

o. 2) ocio~r 22, 194), memo to :File• .f'J'O• MaJor Ilu.•••11, 
<:Orps ot J~Jl61Deef•• Concerna th• pS'eaent po el Uoa 
rega:rdi.Gg procvemon' of eo. Stat•• \hat th• only 
f 1:rm requt.rueat thus fl.U" 11 tor ltooo l'ba. ot GC one!,• ... 
deUvery b1 !foT. 30, l'4'· lt htgh ... flrtng or molding 
ta requill'e4. contamnatton rQtllUlUnc •iq aUov u1• o'I 
lower grade SP oxid•· Abnolut• ma.xin• produotton ot 
GO &rad• orlde ts 950 l'b•./veek; tor SP oxla., 
2000 lb•./week. 

~ o. 24 No••mber Z'f t l ?43• MaJor Uueeell to Mr. 'letche~ (nrush). 
Statea that All . GO o:idd4t p:rodu.cei in \he future und•~ 
~nc-78 l• to be h1&b flr&d and ground. 

o. a5 l>eoembo:r .Jt 194), MaJor Rµusell to Ml'. i'le\cher ( l3ru.8b ). 
State .. tha$ linurh ha• pr atlcall,y eoapleted producttQa 
of oxld• under ~-781 t>Jld \hat high-tlrt~ ot the 
o::ddG will star\ 1.md continue a t e. rate f>f 700 lbe./veek 
unu l th• 4000 l b•& h&ve b en 20 f ii-ed. Tb• f !.red oxl • 
will Al$O bo ground and 4Cid walhed. 

'.a'o. 26 Janua;q 6, 1941•, Mr. ~l ttlh•l" (Brueih) t o MaJor Rueaell. 
Statee tha• lone• tn .firing ~re l!tUCh greatat- than ex
pect~4. and a.n'1c1patem a revision of contract to m•e• 
1ncraaned ooat.1!h 

';, - .. , r' 
-... . 'j"' ,~.\ : ·"rt'' r 
1!71 . ,,..•,,' .. ~., ; 
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klf4.1· . to=. ;/ 

lo. 30 

liQ. 31 

~fo • .32 

?o. j) 

:Desc!j.ptlo.f. 

March 18, 1944, Mr. b'letcher U~ru!-h )to ~. Ze1tlht• 
Gi Yes bre~\k.down of co sh incurred in r>roduction ot 
4~62 lbs. h18b-flr d <>:dde. ·::od per~ lb. is stated 
to be ~#3.62/lb. but this doee not include any proti t 
:figure. 

Ap1·i l 29, l9li-~·. memo to Leg~l ~action from 11'r.fank Zoi tU.n.. 
Jlaq,U.eata pr&pBraUon of a auppletlt~nt to i"'.n&-78 to au.thor.t.20 
purehase of various quaatitiee and gradee of neo. 

Se1l,omber 5. 1944, 'l'~. Zei\lln. t.o Area Engineer, Ohtcaso 
Area.. Gi•ee pl'&'fa1ling price• of htdl-:t'ired »eo. Price• 
ra~€1 froin $6.25/lb~ to,, -20 tneab tu $10/lb. tot• ... 325 met$. 

Octoberr 10. i9t:4. P. Zal\ll!l, ~emo to Vt.lea; Bxplatns 
that maJorlty of o:rl.de va• nc;mt to :i:'nru;teel f.te tal.lu.rg1ee.l 
orp. for fab.rioa\ion into ~inteTed ttha.pe • l~uppleen• 

?lo. 3 pem1 t; sale to Brush of umtsed ~· well as scmp 
~oo. · 

J illtt~·y s, 1945, 11~rnnk RUllltaton (:BM1nh Cceaptroller} to 
JJr. ~iUl!l. Suaeeta $10.P.5/lb. ae the p:rtco f.or 
2600 lbs._ ~eO proposed 111 &'\\pploinP.nt No. 5. 

•:fuli" 4• 1945 • .melll() to Capt . Hsaker t'rom 't. Zet. tlhl • . 
Statag tba.t contract lr:,ig .. 78 Wti.a oollip leted u~··pro :dJas.tet1 
Mey 15, 1945• · 

Jl.ily l.3, 194;, s eino b,.v F. Zei tl.111 to te~l Sect1oQ. 
.Request s prepiu-ation of Su:5>pl emant lo. 7,. 

Atit,.11.t.et Jl, 1945, De~ XJell.gea (Vlc• :Prea. ot llrush) 
to Dr. Zeitlin. Agrees i ? .ttncept a eontr.aot eal.l1ng f <;~ 
lOOO to 1500 lba./t!lonth ot h1~.fired,3e0 a.t $8~50/lb. 
1-'or o:rd&re loas thwl 1000 l bs./aonth$i the p:rio'1 "'ill be 
ill.O. 2'J/l'b. 

'Odtobe:r 26. 19459 rt. '!! ,. llnu ( 1:11".Hh ft o ~al.63 M~.ruager) to 
tt. l?.oboff'. Heter• to propo.aed aup:pleme-n' to 'fl!nr7S for 
l500 lba. l~~o .:~nd pro110 .. f'll!.! pl~•n .:hi'll'e'by llo:rton Company 
vould fuse the 0'."1d~ and. r•~t1uoe to .. (>O !lt.? }'t., 

Novembar 9. 191.}5. meno t t. 1".-0boff t o l.e ;.;al }?et'!tton. 
8t ateo that Suuplemmit No • .S ls bet~ erle11ded f;Uld 
~)rov1d.ea for f'urther pTodlJntion 0.]lb lb .. ) of :S$0;;i 



1te1_mao1. Dld£tu1s 

• rt J~ 30. 1;+6, •· w. Ba•s (:Brua) l&. Belliore.f 
State1 ••• exoep' tor 84 lbe., Su.pplaite.at Jo. S ha1 
beea t11lact. 

• J8 Apl"ll >4-,19116, 11. ti . :Bae1 (~) to L\ . PllM•, U. S. 
lf.nciae•• Ottio•, at.tea Ula\ 5uppl•••• .lo. 10 ha• b••n 
·etcuct. · 

• 39 ~·t 20. 1946, 1. w. BM• ( :P.nell) to .Dr. Oll••r Sl11p.aa, 
.M•tallvctoal L&llora\017• Ohlcact• ConaerA• a 5000 1,. 
oJ>4• to• rotaq tire4 sP JeO tor o Spark luc Comp..,-. 
Sta••• tu• bade prio• la ),lK>/1•. 

ae,••'- 30. 1946, ano bT Mr. a. Hort.• (Prod'Uttoa 
Braaah) to L•-.1 Sea\l••• ll•t:tUe••• llappl•Mll\ Jo. 11 
b• pnpue4. 

Dec•b• 2, 1946, J. S. ~dor \o Dr. Saw7e (Brau). 
S'•'•• Ml'• Belaor• la Ulecate4 repr•a•ntail" av.'h•ltr 
fO'I ..... 71• . 

i.oal>er 19, 19116, ?H•o by NJt • .R. Mort.• •o L•pl SecHoa. 
~equ.•t1 preparation ot ~leaea\ Jo. 12. 

Ad . s. b 

I 

I . 



Clifton Produ.ote . lne . Contr.e.et W-Jl-109 ena-16 

Oontraoi w-31-109 e~l6 ~ith Clifton Produota, l na . ia a r eeearch 
and develo1)1Jen~ ooutract to deYel op a low ooe\ beryllium ot ext reme 
:pUl·l\y. 

Cs>rreepondeag• i 

~he followthe: eorre~pond~noe pertain& to thle contrac\r 

¥f•:Ntno1 De$prl1fU09 

Bo. 4) JUl)' ), 194', F. • lfolmor to Mr. ilisideoker ( CU l"ton). 
· qu.ea\e thatl a ao41floa'1on of a prmoua propoeal tor 
a reshrOb ·Uld development progi-• be au1-d.t••d• Thi• 
proaram \.'ould ondeawr to -produce highly pure :a. aetal 
at low cost. 

~· i~'···s·· :·'; f '.' 
. '~ - .. - ~: .... (. 

A \ I ,.- •. 
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£<?.~'Jl'!O_\l 

Contract ~1-:n-109 eng-lS w1th Clifton :P:-od\toh 1 tno. prov:td.,s for 
p:roductton a.nd ouppl.J' of beryllium n1 trlde. 

I 

Ii. sUttl!J'luq of 1mp0rtoot co:t'respondence pertulm~ to t he oonti-ao\ 
:f ollovs: 

~Werence lle•CrlR~l!B 

l'1o. 44 J\Uy ll, 1946, F., N. Belmore ~o il . ~. M•Gow (Ol1tt.ou). 
States tht.l' Con•rae' ;Nng ... 18 is being lamed to Clifton 
wbi cl:A pa-ovidee for production ot 100 l'bth ot !;ltxtare 360 
(boryll1ua nitrld•) at sg7.50/1b. 

No . 45 July 15, l9lr.6 , 10omo by. 1e.,pt. 1loboff to Legal Zecuoa. 
Explains that the Go•ernment wt.ll fllrnl Db Clifton ~i th 
high purity :ne metal (Pro rinct n.K) for the :produet!oa 
ot the hlt;b pu.ritJt ber7111um nitride (M1xtur• J6C). 

No. 46 '~uauat 8, 1946, F. M. 11elmorQ to Mr. Windeoker (01lf',on). 
GlYea a'ucgested speo1f1cation.a for 'bo17ll1wn n1 trlde~ 
Md polnta out that Qinc• ·St. , Mc, and .Al. toleralloea ~ 
hldt, (l~) • retraator1ea of f,JgQ, Al.2031 and $102 are 
pei"tt1ts1bl•• · 

No. 47 ~ .. , 26, 1946 9 mer.o R. rle to Mh te .A.. Modnett. 
n.equesta f18Cal clearance f&r Snpplement: Mo. 1. 

t1o . li8 December 12, 1946, Mr. ~· A. ,\ftderaon, Dej;ut;v Advt or 
on Paten' Mattters, o.s.a.n. to • M. Belmore. $\ ates 
tbt t a type 0 patent cl~use will be tncorpora.ted. tnto 
.ng-18. 

No .. 49 Decent'ber 27 1 i9l1.6. r:cmo to Legal f~ ecUon f'rom ll.. ll. 
Morie. Requeiat9 prepa.ra.tion of Supplomen\ :N<i . 2 to 

. ~ng-18 .. 



-,;.·~ .·~ . C.' ; . • ~~ ~H I ' I ' J. 

Ol1fton Proctu,cts, lnc. Oontrtl.Cfl t:f-3l.•l09 eng-19 

5'ontrac11 

Olitton Produot•• lno. ContJ>a.ct W-31-109 e~l9 pro'tlde1 tor 
produ,ton aa.d aupplt of ret:ractory gad• ber7ll1• oxide (BeO). 

A aummeJ7 of tmporta»\ correapondeace pertaining to tM ooa tr&ct 
.follow•: 

!lef_.erenojt Pftsori1,Uoa 

No .. 50 liov•'ber 29, 1946. Ul!lG b7 Ool. lJeeler ~ Dletrlot 
·•elmer• ~tta Diotriot, retqueat• aJ>J#O•.al to 
awai"d Contrao• >"•19 to Olttton l~roduo\•• Ino. tor 
500 1b1. JeO Al $7.00/lb. 

No. 51 Dto•laer 6, 194'. Hr. bn\enbaOb io .Area Engineer, 
Mu.di ton Square Ai-Ga• ftPI>:i"ove• award ot Contraot Eng-19 
\o Oltt\on Produota, Ino. to furatsh Seo. 

No. 52 Januarr 7, 1947, memo fro• a. Mort• 'o A. o. BodD•tt 
(aont:oaot $ectton), re1zue•h preparnt1on of Suppl611tent 
No. 1 to -..19. 

zii1 r r-c .. "" rTr 
• •. - . ·'_.) . I ... ' : I,; I . J 
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:Brush l;eryll1Ul'l Contrwll t w- 22- 075 f-fllg• ll h Ii r"~GOEl.l"Cl1 and· 
1 l "'v~ l opmcnt cuntrut vorwinine to bhe ·p;r(HJ.uotion of hi«).1 ,pur-1 t¥ 
lle metal by J!lOM9 o( :re~i."t.1n~ be-eylU.1»11 ~::.dde (!taO) wt tl1 smmcnJ.um 
bU'luol'i® ( .l:UI4HV2 ; and rodu.ci»& th~ J:' "!< t;i'ult tn, \)arylltum tluo»tde 
\.8e.J'2) wi \h &.ngnea1Ull (Mg) ·t•o &! ve ;).n mota.l.- · -

£5?.F~' !Ul22J!d!ne.• t 

A s'WfilttAl',Y ot impl);rta-nt eor.i•espondence pert~inin« to the contrut 
1'oll.e>w1u 

Jl'~f!!rlptt2a 

April lO, 1946, C. :B. Sa'ft1•Z ( !i.rwil\) to Capt. ,Jllll.ea G -"'• . . 
-i~Uan Dt.t•dct. Givee a ~•1-Ced plan tor produ.ot1Qn 
of hit;b pu:rU1 :Bfi. Outllnea Proceaa ~ !1r ooe111t R, 
l>rooe&a s, and P:roeee~ '· 

Proeee• Q: ~&~tioa of powder•4 lJe into fin• 
grtdlU!td.. hi~-denaity maiterial. 

}ll·ooe~a ll :- l.ow tfftmper~.tur• vacuum mibltm&\ ti()n ot J3ei'2• 
Proo•a• S.a :Pr<.ldu.cUoA ot Be powder- frolll tM> J>r-odu.ct of 

Proceea Ii by 1t0acUon with la o:r Mc vapo;t. 
Pr"O-ce11 1!1- l'J"OdUOU»ll ot Cl"Ud• ~12 dl ... C:tl ;r f°l'Ollt th• 

ore. 
SU8&ee;a thai Naahat.taa Dl atric\ agQe to piu-obiia-s• c.•u;J"te.i• 
amo·ilnt• e>t Mterials pr-qduoed 'bt the abon pne•aa••· 
The 10.rk would be carr.iri out a t M.ancoJ:" P1loi 1;1.an\. 669. 

MaJr i. i 9t;6. MaJor :&.me'U to CD.pt. JW"bo:t't. tte~UfHJ\e 
nQ&o t i a tiona bo started "11th llrtiah tor a. J"Heatch and 
-de?elopm&nt oon,rao' leading to the prod'UdUon ot h1di• 

-purtt7 Be ••tal. I 

June 6, 1946, ).telto Gap•. Eo'bo!t to Legflil $4tc;t1oa,, reque1$e 
that letter oonbact ~11 bo d.7~.v.n ~· 

Jue 6. 19~-6. Capt. Robot:t t o 1egal Seot1011, . defl noo code 
vord• i+.;~w'1"an" ahd flP.roo•e.1 :RS .. at f ollow•: 

Sawgran ... Be metal i'lowd,er of cer-P-111 s:p,,eitice,Uon • . 
Prooeu R$ - :P-urit1•t1on ot :ad? by sublimation, a nd. 
direct zirodu.ctiora of Be ;>Owd.ei• ( v ~gr.an) by :reacUon 
vith Mg or -Na v~por. 

- ,..__ 
• l "''-?if·· -· ; - . . ... . ..,_ ' ' • , ... 
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i<Esfe.ronce 

No. 57 

.. ,. $;.·9 fJO • _, 

~aci:~li.~1on 

July. l , 1946~ Lt. Col . ,\. :4 . O'berbQCk to 1JistJ;-i ~t 
Ji!n~nErer , ~~L->.nhattar.J Dlstrtct ~ Attention; 11r. Ohs:pmM .. 
aG;fers to fitta.1 proposal f'or ret'!9l4J."CTh EUld daV(JJ.Opme;nt 
p i"Ogrf'.m au.'bmit 'ted bt lJrush, :.~cl explai ns thEt.t only 
.Proeess R .1".ru:l S 1t.ra t o be :t.nves.Uga. t ad. a t this: ti.me. 

Jul;y 25, 1946, fit' . bass ( Sa.l ea ~r. l!:rnoh) t o 
O.cil., ileelol:'• stat O$ t.tLat Supphl!llent lio. l baa b~en 
d~ned • 

..1i.:12guet 29, 19i~ . b'4" .. N. i!., ii~~M (:Bru.sh) to q,(f' ,. Q,uid<>r 
stat es t l:w.t Supplement No . 2 has bo~n ai~ed.. 

SelltOllber 22, 1946, Mr. !~tss ( .Drui$h) to ~-ir . f'1ddol", 
s tate• tha' SUJJploment lfo .. 3 ha.$ been signed. 



Coiit.ract w-22-075 e~l2 wU h I;rusii 'tiarylHwn Co paJl.Y ealls f or t he 
production a nd EJUpplf of l+,<>OO lbs . o:f l3e metal bloeka tabr ica.ted by 
powder aet&llu;a. 

, sWIU!tal'1' of imptn•tan• aort&8'11011dence -pert1~in1ng to the oont.raot 
tollQwa: 

ieterenc• ~eeor11ttq..a 

Ho. 61 f{q 17, l.94', Cla:~t- Robott ·io t epl Seottoa. ltequ•ete 
that letter contract E.nrl2 b9 drawn up. 

o. 62 lune 25,. 1946, ~. Ji. w. )a.1• (lb:1l•h) to Col. lJe•ler, 
fJ .• ei. ~l'.tl!iine&r• O!ttoe, ttb.tes that ·supplellll•ft\ Bo. l 
to '.i':n&-1.2 baa beetl elgne4. 

Ho. 6) Juijr 25, 1946. J. w. »ast (Brush) to Col. ~eeler, 
eta•ea tha' SUJ>pleinei.t Do. 2 ha• been signed. 

l o. 64 .:S'411 ?.r) , 194', Mr. Ruataton ( ~'f.'raa.aurer. ~nlJh) to or-.pt. 
Robott • quot•• pJ>io• ot $139.50/l'-• of ::Un1$hed p:tod:ua• 
tor Be netal bloeka. Price le $UbJ eot to C•a-t.1a 
reduction•· · 

No . 65 AugU•t 2). 1946~ 7. M. :Bei.plore to N. w. :Basa (Jruth). 
Li•t• ~J)•oiflcaUona for ~he :Be metal blooka ~cl atatea 
that aaxialwlt total 1.mpwity, el:Oludn of ox.rc•n, ·be. no 
creal•r thaa o.4~. 

No. 66 Octob8' 1, 1946, Mr. Dass (.Brush). t o Mv. t~dor. stn,•• 
tha\ Suppleineni Mo. 4 hat been elP,edi. 

No. 67 Octo'b&J' 2. 1946, Mr. Humiston (lll"Ueb) to R. E. J!.orte. 
Gives prloe ot P.roceas "billets. from whieh :prot~ctt.ve 
ooatinca hav• been etrtpped at . 100.50/lb. Rough 
machined billet• are $114/lb. · 

NoG 68 Oc~ober ·7, 1946, ~ir. itobotf to Mr. lmH (Brueh), suggests 
tha\ work proceed iwnediately on fabricating br1ake 'by 
a new ei&Ttba meihod. 



No. 70 

No. 12. 

No. 7) 

'· . ~· . ,. 

Novemb-~r 4, 1946, Mt· . l•ili:~S { .lir u.uh ; to n:r- . J(o"f:ioff. 
Gi vee !}.Uot.11U on ot ~s4. 50/lb . for •!Proc:6u '.;;}Y 
bill.'!h. etrl i ;-ed 'bu:t not machined. 

Mo·Hmber S·; 1946. 'tr. Hum:t lllto:n ( J5i•u . .,b,) to Ml" • . Hoboff .. 
l)onoerns proposed plU"Ohaoe of 2;.000 lbe. of Mg f ro• 
Hqminion Mr~6sium. I1td . f;'uggee•h tl~t '~overivaen't 
pw·ohase t°!« tQ avc1d payment 0£ duty. 

lfovambe:r 14. 1946. , r.. Di;i.ss {:Brush) to Mr. R. E. ~orie. 
Gives revised codes for. 11lenttfie:e.Uon of l!IAtal blocks.., 

Proc.eH q, - pr&mlum or remelt metal, ~ad use ot 
Well.:tan Presa. 

1.~ - SMe A$ ~ except crushed and &laved metal 
i" used inrnt •}ad of rcmel tc. 

t.~1 - Same ae I~ exbe:pt that pres• 1 $ . not us~d.. 
~ .. Same us r~ except that ~>r~ns 19 *10t used l1rior 

tu si.o.tari~. · 

,,foyember 20, 191~6~. me1r.o Mr.. M. Ancher to 1~11es. Concerns 
a v1 si.t to the J3rn9h Pl ant nnd gi•o• fl partlcnl..:aly clear 
description o£ th~!.rundel'trud.IJ&•· r;eucrl be• tlrie two 
method• of maklf14 B• po~der; methoda tor produc1ng Je 
block• from powder. e,o. 

lleC$Jrlbt~ 51 19116, · Mr . Roboff to t.egal Sectioit. Requeata 
that Contract w ... 22-075 enc-12 be dt'awri up. 

Dece'ber ij. 1946, N. "rl . l3ass (»rush) to ~lb-. 4.'llidor. state• 
th.a~ Supplement No. 7 to Letter Contract e~l2 bas been 
&i;;rted. 

'Klf.. t '. ... /~. --:::--:. .... ' 
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Contract w-7405 eng•l75 .w1th Maaui.ehusot'h i nsUtutl! of 'r chnoloa 
is a re sea.rob "nd d&velo,pment contra.et ilwtll v1ng work wt th Be ae 
well 'an othar metals all.•l co11tpouuda. 

A a\Uillnary ot important correspondane~ pertaining to the contract 
f ollowa: · 

E!!f et~ :oe!griptton 

1. .. 75 .i~d Jl.. 19~3. 'Ma.,1or P»41!.rold Gre6nete1n to ii. Mel.. Sage 
{Hlf) • .a.e•u.rn• a dgn.ed copy ot Contract to M.I .. f, 

No. 76 1e'bl'ual"y 17 • 1944, MbJ. (t-;re~nstein io Mela. ~e (Mlf). 
1lequea'ta re\urn of signed Su,p,..1lemeni Wo. 7 to contract .. 

' . . 

lio .. 11 F$b~ 22, l.944• M~J . Gite~nste1n to Area lHingtneer, 
Chicago ( 0Ap\. Kiu-1) .. · fraASJt1 te J>l:'Opooed Supplellftn.t 

Ro. 78 

No .. 79 

·-.~o. so 

Ho . S} 

No. 9 for a.ppJ."Oval. · 
' 
Docember 7 • 1944, lat Lt. tord to Area in&:tne•J"• M~ditoa 
flqll,al·• .A.?'eat req,neat• copy of Supplemental Agreem&nt No . 2• 

J\U4Uttt 21, i945, N.1.,.:. to Revo~e Copper and »rue Co. 
J;\irnhh 1250 ton pre1Sa and labor tor extrusion '#'ork:. 

Jan.ual7 2. 1946, Col. DroW'n, Oak .Rl~, to "'l.rea. .Eng:t.neet', 
Me.dil!IOJi. Square Area, ,dle.01.u1c~Ht t:rmu;ter ot adln1n1str.ati'f'e 

- reapondbilttie• f1om lloston Area otflee to if~ttan 
;.rea when Boston cloeoe. T1•anster to tue pl.act Feb,. 15. 
1946 accordlng to le~te~. 

March 8, 1946, m~o f:i-c>m John Chtpt?lan to McL. Sa&o (MUI;} .. 
Dr .. lCautmana h.p,9 bacome Director ot .'?roJ$Ct• ~o termer 
separation of the p1·0Ject into dtvintona ha& been aban.do1u1d. 
G~up lo4d&rs now report cUrectly to Kaufmann. 

March 11, l94i;, MaJ . Granger to Dr . Ohipman,OiXi'). :Discusses 
plan~ for comprehensive De iw.alf$h progrmn. 



.. , 

Noo 84 .ii.:ptil 129 1946. ,.}r. ¥.;;.tu:tlnann (MIT) to S • .D . Roboft. 
l>esc:ribea ditfioulty in ~roduoing extruded ~e rod& &r$ater 
t!ll~.rt. 2a diameter . H~ti.1uire naw ll'telting ec;,uipment to 
produ.ee lru•ge1· billets. 

~Io .. g; Ha)" 9, l.946~ 11.Jemo S . ~ . F..nbo:f'f to J ~ ifol"i!ill'!o P.rup12ioty 
~seotion .. planned move r.>t MlT to Sood Hilk Co. :Building. 

r·foi . $6 .rnne 4. 1946. mW!lo to Filee ·by Maj. Hearon. Ment1ons 
&;nti-22. ling-40. and rin«-175 to be terrninat&d and 
1·epl~c~d by eontrklcts on cos't. i;1lns percentag ·-for -
ovarhen.d J>lue 7'% :f ix"'d fe9. . 

.!'loe g7 June 29 1 .1946, !Cau:fmann. ( Nl'l) to H.:a.Robott. Estimates 
cotlt of producing finhb.ed e->ttruded. lle rod &tarting 
witl1 :Vrti.al'l. metal ( ;i:~"'4/l'b .. ) a, -~95/lb. . 

.1Zo .. 8.$ ~)ept. 6, 1946, J. s. 1 ~ido!' 'to l>i.G~rlc.t £.ngineer, . 
14'.nhntb..n. District. ()ak :l':l.i daiO· !~neJ.o sae lotter ·lated 
\1.Ib'1'.1Bt 30 11 19·+6. dslegatin~ rAp;r-0i!entati V$ .:i\u.tllori f#y 
to V.r. lrolmore to~ 8PlJt'O"Val.. · 

l~o. 89 Sept. l?., 191+6. ni~. I\nuJ'mann to ? .• M. llelmore. ~l~a 
to te13t lsn~ah Proee*'a "' met11l o.n behavior during 
f abriea.Uon. 

I I, 
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Corre1pon4ence; 

A &Wtml'4l'1' of i.11porta.nt oci•rcepond$nce :t'ollowa & 

Re.teren~• :. .. &C£1pti1911 

No ~ 90 ,AU&Ust 23. 194), Lt. Col . nu.boft to Ur. Gravely, Deryll1tmi 
Corporation. requsta ~~av.J..Ysis cf :neo produced by Ifaryllttl!!l 
Corp. 

i~ . 91 April 25, 194', • Gravely (De17lUum Oorp.) to J'. t . 
~el&120re, $t&te1 that :Ber7lllum Corp. ha& develeped a new 
prooess to-r pz·oduoUon ot :hiib l~ur1ty netal . 

No. 92 Sept81ttb9J' 30, 194f). ~emo to l'tlee troa R. ~. o.i-1e, 
states that ! eJ')"ll1'U1'>1 Corpcn£1,t1on ca.n produCJe 99.51£ 
:De metftl ln pl,, l~. o~ bridk form at $')5/lb. lie 7)owd.er 
la SQld a.' $15 llh In add1 'tion, thln t=etal ahee'• oan 
be t1Jl'oduoe4. Produ.cUoA to de•e ts on a la'bor'1.to1"7 
scale• howe•er. · 

No. 9l November 29. 1946, 1., M. :Belf90l'8 'o Mr. Gra"Ml.7, Jeeyl11um 
Corp.• t,P.vee apecificatione fo~ 2.000 lba. of Ile l!letal 
bloeka, and r~que9te a prt~• q,uotn•1on. 

No . 9~ Ilecember 261 19~. Mello to R. '.rul'aer, Salet7 Seat1oa frna 
s. J ., lfobott • states that \he Gov•rnlll•n• ts &bout \o enter 
into prQducMon eon.tract ~ a research and development . 
contract wt th \be 1itty1U:\1m Q:Jrpora•ton. 
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qous~sJJ.9it_4.eege !. 

,.,. suramary o:f important eorreapondancs f rom tha General :»er;rlli um 
li'ileu fol l owiH 

Ju.l1 ;?o. 19'+5. mGmo to l}r . Chipman trom f'a'ld ~orden. 
St :ttos t hu.1i OU.f'ton !"lake ne c~ be 9U.coeeufully' 
ext:ruded by oo~acst1ng in CM& before e:rli'Udon. 
1/2 tneh rod.a were extruded e.' 9oooc Md lOOOoO. 
Gr.ca1n f.ti~e is ve17 fine M d. shows p:rncttca.lly co~plete 
rcr.J'tst alll l'l!atlon. 

J'a!UUU7 151 1946, memo to :i.~11 9; £rOJn Capt .. Uoboff ., 
~n.Ul'l'et'ate, .ne re~uirements !ot' 1:;46; dleoussaa various. 
programs. antio1pnted ae ~.iell as t hose 1n. oper.a.Uon1 
for productnis lle metal,, J3e a~poe! :St compgi..mda• etq. 
'the tottil De :req1ui·emen'h1 f ar 1946 are eetimated a 1t 
6.ooo · lln~. . . 

r~a:rch ll. 194'. memo to r 11e1 from Oapt. ttoboff' . 
Con<rnrno ,R propOtl ud standard!. aUon progam tor Be 
!llliU.Ysie. 1'h• M(ltional Jlure•1U of Standarda 1& ~o 
11repare standard stimplea which t1ill tlitln be 
diatributed to var1oua l~boratorlea tor analysis. 
l t 1~ tl'wUtlf)l- that the a.ssa;f of De for tree metal 
earl.tent ia 1n 1/(iJ.:r-7 :pOQf . $h9.pe, and that a resea.rcl.\ 
Jo'b would be nece1's~l"1• ;~ 

March i2, i9l~6, ~· . M. Eetmo:re t.o Ca.pt .. ,, Oox, ~nba,\an 
District. Give; t11>~t of r~ metal available, price, 
and vroducHon rateai 

. :Ue luntp met~, 0000 ·lbs/month; ~1~5/11'. 
»fJ luntp metal. ~)retd.UJ!l grade 5 1500 lbs/month, .;;s/lb. 
lJe :tle.ke metal, 6oo lb$/%nonth. ~lOO/lb .. · 

.r.uauet 26, 1946, Lt. Col .. Le'b(l:r to .Avea :rone;:tnoer. Madison 
Squnre .i-\l°&a. Coiicerne De requb•emant s for a propoG$d 
pOOOl" pile .wh_ich \Ifill r eq,i1 !"fl> b:Gtw ,en 25, 000 and 50, 000 lbs . 

· l3eo in brick form . ~~ order 'tor 5._000 lbs. :neo f.',rom !lruNI 
llas 'boen placed e.nd. ·will lH3 f ,h.ricwted into bri cks by t.b~ 
Horton Co .. ~1hese 'brick 2 wi ll t .hc.u i.Hl used fi:>r exper ir:l"1nt:..t1.l 
purpose ti. 

• • • • J r 



no. 100 

i o. 102 

.ho" l.05 

no .. 1o6 

rlo. 107 

Sept ember l'.9, 1946, memo to ffi' ilea from Lt. Comdr. Dunford.. 
Cone<1rn.s a ·trt11 t4) au~">li ars of BeO· and fabric tors of 
lieO br iak:a fol' t he .P'Ul'pOse of eoo.rd1nci.t1ng procw ... e1nan' 
ot the tnateria.l £-0r- the power pile program . !his is. an 
extensive mmmo ~nd covers titl l parts of. tbs li•G b:d.e~ 
pl'O~ram, i .n•Huding operation.a a t :Urruth.t. Olif'ton, A C 
Sy:u-k l?:lug Ot>a, l~rton Co . " ate. 

Uc~ober io. 1946, -mem-o to ·k'ilas from R. J . .. ~rte .. 
Concern• a Be oonterenae held a.t Oak JU.dee to cl.arlf~ . 
~he Be proou:remant dtUaM.oa thro~out the Manhattan 
District. !'bh meino i s VJ.:1>y ~xtendve .n.nd gi'V'oia a 
breakd9'Wft of t-equi!"eme:nta ~.eco:rd:!:ng to e~.eh \I.Ser. 
SJ~eeif1cetions, t.ypi!'S• uses , f! tc .. F.lre U s \ed. 

October ll., 1946. memo to c,,1. N1elwls from .A.. V. , 
J>eterson. lleJIG<N"Ol\ DJ.vi ~d. on »ir~etor. Jlecommead.e llt. -
~;peddling '~ (low• Sttzt;e) }le pr ogram be e~ded. to 
p U.o\ p:J.ant at age. 

Oc,o'ber 28, 1946, Col. :K1rkpatrlek to Are& l!lnglnoer* 
:law fork, 1:;:lv&it· th& ap;prov . d roci.:u-ament pt-ograia for 

lie Metal and :Seo :to?!' 1947. 

0Cil1>ber 28 , 1946, memo to Nr. J\: t)lley :f'ro11 S.:B. l't0bot't. 
Thi• 1• another extensive mem.or:;.ndnm. concerning the ' 
p1••ttent 8tattt.9 ot the Ve :pr.ogrM. 

lfovemb&r 29, 1946. memo from Ool . l.Jeoler to Did:rie-t 
~neer, Uanhatto.n Dict r 1ct . Conoc<rne l)e() i-eq;ulrementa. 
!:ieqttf.i•ram•nte for various !nr.t~.l&tltlns. are 11.fltli!Jd. 

December J, i9it6, :memo to Mr. 'f'urner :fr"m: Mr. M(.)r.1e. 
l.lata all :tnst-al.1.aUon• through&ut Me.Me.tt~n Di.strict 
using l>e. 

December 5,-6. 1946, P~p•r antitlad· "'.B(f Anal.y h Progr&tJ 14 

giV~Jl re&ults ot various methods of' analyd9 of h for 
Mg,. Si , et~ • 

• u&\~~ ' '--" ' 
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:fc . 108 1:.'S'ceniber 16, l .9l•o , net10 to .-.1.l" a ;~nr,;inr.!er. New York from 
Jt.r. 'rurner. A. comp:i·t:1her.tsi ve ~l\U"Vay concern:ln~ l~e he& th 
.ti.a.zarc1tS . 

l~o .. lll 

l'io . 112 

No. 114 

:J.:;.::emJ.ier 16, 1946, memo f :roil:! <! ~ · • lfoyd to lir". Simpson.. 
CD~e~rns certain !unctiona.l test n performed upon 
l{iorton Oom1)~DI'' •• l!eO brick.~ . · 'X1ests wora made by placi · 
t e 'b1•1e~e in a. graph! te p~.lo 1m t1 tletemtnin,e what setting 
of a aont't·ol rod ~as required to main to.in a g1. von power 
level • 

.)eae111ber ?.6, 1946. 11Jemo from Col . l'~irkpe.trick to .«U>ea 
Dngineer, New York. Onnfirme approval for a research 
and dovela,pment . program with :aerylliu.~ Corp. of .Amoricl!.t 
for six month period .. 

ctobe:r 17• 1946. Mr. Me:rr:Ut <Uld Mr. Soltridge, menu:i to 
f i l.eo.. Gi vcs an e:dlansti w Jle ore survey• 

lfov mber lS, 1946. memo from ~ • Roboft to l?ilea. 
Concerns possible p:roduot1on of pure l!e compGunda 
d1r0ctly :f:rom the ore _by r.iea.nu ot a newly de•eloped 
prooedu:reao oohceiTed by '!Jr. Kertnan of Phelpfl!•Dodge. 
Corp. In this proe ""• the brtauetted ore would be 
the aood.e of an electrical -u:rnace operating with a 012 
ntmosphere . Recommends init1ation _of ~ d~•elopmeat 

· pro~am with Phd):ls-Doc\ie U' pouJble • 

.Deoember 13, 1946, Col. .• ; :eeeler to Mr. 1. Rockwell, Of:fioe 
ot Tempora.r7 Controls, ,~ aehiD(;ton. D. O. ltequests the:~ 
the Uetals lleearv• Doai·d consider raitdng their 
civllian Deficiency ot berylli VJ!t ore so that the 
Manhattan D!strtct ~Y 'be sure to meet 1 te 1947 :t·~quire ... 
menta. · 

JanW'.fl7 l5, J.947. Gol. :Beeler to ii .. . G. & ckwell. Civilian 
.Prodltc tiOn .i:\d.minietration, ~1e.shi~ton, . • o. s tates that 
r4etal ~ enerve hat inorensed the 01 viliail J)ilfi c1 ency of beryllium 
01·e by the 2 , 000 tons au re•1ueeted b7 tlie Manhattan ll1str1ct. 
l>roposee that the 2, 000 tons no\11 be purchau~.ed directly l;y 
tl1e ~ ~ 1~.o. frorii ;tetals; .neserva .. 

~ Ji . -. 



I!eterence __..._,_,_.. 

No . 115 

lio . 116 

'1-· J- .......... ~~·· . : . .. . ~ ti 

l:lpecial l...jstin~ 

De scriR,tion 

~-ieptember 6, 1945. l?eport l~t . s. n. H.oboff io 
Haj r it . Ji . Kalley, aubJ ect 1i'1'h0 ,-roductton and 
i!'a. r1catitrn. of 13er;tU1~w . 11 Giyee oo.mpJ>ehene1Te 
i-epor-t on sta t\111 of overnll i)erylliwr1 l'Tod.uction 
and llevelopmsnt f t'l.Cil1t1ea throughout the U •. S. i."• 
together ...,, ith. r cco1nmendationa tor a coordinated 
.~tta.n l'roJect l'rog.rea (on tile in ~dtf!on 
rr qua.re. Jt.ra&) • 

1.aeemb~r 20, 1943, l erUer MaJor G. w. lbuaell to 
lYr . Ji' . E. Dri~ga ot Fan.s te~l etallurg1co.l Corp. 
co.ncel'ning the prod~ct1on of 600 BeO br1cka by 
tbe hot -,:res& method ft'om :Dru. h GO :.aeo, (on file 
i n correspondenoo i'older> w-·1425 enc-27). 



Brush JlerylUum ConpMT - l:CN 

Correal.!onden,c~a 

A summnr,y of important uorrespondence followaa. 

Iief erence 

No. l.17 

110. us 

w. 119 

no. 120 

No. 121 

lto. 122 

No. 12) 

No .. 124 

Mo. 125 

Desor1pt1on. 

J ru:i.ue.r,y 23, l 9li6, :F. M. Belmore to Mr• .B&.oa ( :Bru.sb) 
eta tea that ma:dlllUlll rettUiremeat tor li•3N2 (BerylH U11 
N1 trid.e) wol:U.d not be more 'ha 600 lbe. 

JantJAr7 29, 1946, Mr. 1'af.1a ( Drush) to 7. M. Delmore 
s tates that -Oost ot b~rylliu.m nitride (:Se~2) would no' 'be l••• thao. $50.00/1). 

Ma:rOh 21, 1946. Mr. ~ss (lh-utb) io Capt. Robo:if. 
1~\ea pr1ce ot 6o/lb. plu• ~500 additional charge• 
for 5 lba. of beryl lii:w nitride. 

April 9, 1946, Mr. Bnmlstoa ( ~rl!sh) to Capt .. Ito'bo:t•t. 
i.~tas 4 pr1o• of $100 to 150/lb. tor Yt\rioua Proc••• ~ 
a.hap•• rough :t'1D1!'3hed. · 

A,9dl 16. 194', Mr. Humiston (Jn.ab) to 1. M. Belmore 
state• tbal rental for bulldin& at 37'71 Che1ter Avenu,e 
is $200/aon,h. 

Mal' 11 1946, MaJ. Dune''• Corp• ot Englneere. to 
Capt. Robott. Requeal1 negcttalion1 b• etar\•4 vlth 
llru.11h for a research an~ de'Hlop.llien\ ooa\rdt to produce 
hich•purlty »e metal. 

J'uat• 14, 1946. Mr. Sohw•n~fe1er. (ltruah) to Oap\. Ru man, 
Mad11on Squar• Area, glve1 a ctlDUnal"T ot ane.lytical work 
tor analyala of JJe netal,. · 

AU.g"U.et 6, 1946. Mr.· Humiston (lJrµeh) to Col .. Beeler. 
G1 ve1 • coe\ breakdown. foJ' remel Ung :Be me1al. Ooat i a 
~15·2'/lb. tor remelttnc. 

Muoh S, 19469 ?-!%' . r~eyer ( l3r'l-l !!lh) to Ml\f or ltell87,, 
Glvea an eaUmnto as to m :xlmua poasible rate ot produc• 
Uon ot prem1Ull grade ine'al and Prod.uot 88 As 1200/lba/aon•h 
and 2000 lba/11ontb r especUve11. ~oles a pr1ee of ~:5/lb. 
for premium grad• ae\al in luge quan•tti••. 

A ] ~ i; " r-, 
al.\ .. ::> •• ·. \ 



J.3rush Beryllium CompH1'17 ... llCN (Continued) 

~!t!er,en.e.tt 1kl,scr1Etion 

No. 126 ~st 22, i91+6. Mr. '.13.s.ss (Brush) to R. l!J. ijorie. 

lfo . 127 

o .. 129 

No. 130 

1iio. 131 

lio. lJ2 

tlo. 133 

G1Te• price list for all Brush chemicals. Ot 
aeneral interest are: 

:Seo "Ge• gradet 5-9 lbs. · .. ;5.50/lb. 
Be mdal ltlllp tech. ~nide ,~1~7 . OO/l'b. 
:Va meta.l lump p1·emium grade ~62.00/lb. 
};a metal powder t •Johnioal t;r~rle $60. 00/lb. 
:Ba metal po.,,de:r premium ~rarl• ~S0.00/lb .. 
Beryllil.Wl Fl.1..1.oride 25-49 lbs. 38.00/lb. 

f.eptarobG;r 9, 191+6, Mr. :Sau (:nrush} to F. M. 31elmore. 
Givee production ratea of beeylllum oxide. 

Septe111bGr · 23, l94f; , Mr. '.Bass {Dru$h) - to J\,. lll . Morie. 
States that :Bru11h is proceeding with :p:roducUon ot 
22) 1rocess q, blocks :for Dr. Zim.t. 

Aua-ust 27 • l9l;i·S, Ur . S;.wyer (hinwh) to Col. ·, 'ields. 
Ha.r Dap t. t \\'ashington, n. U. ~onoarniJ pOHib1l1 ty 
of eutabliijhing ne lnduatry in England, and raleee 
the que~Uon of I1ni.eh' s pos i tioa alone tht s llne. 

Ooto'ber 181 1946, Ool. :Beelar t() Oommendln& General, 
Manhat\ t'.\ll Pi'oJtHrl 11 Wasl1ington, D .. C. • Attention Col. 
Ftelcta. tUvea the status ot patent ageemen.'8 tor all 
four l3ruah contracts. 

Cctobcr 2?, 1946 1 tt~~ Col.. . vborbcck to Lt. C!ol. 
Jaruw·onti. Gives l'ec ommendationu !OP a. beal,th 
l'rogram, includi~ tol r a nees f or ulpha. beta, ud 
.(,.-.nuna rad.i aUon. Badon gas , etc. 

October Jl, i9l+G. Mr. Lav~mder, :P~.tont Advi sor . to 
Col. iio.lda, eone~rns f.eusib1li ty ot ~llowin& Bruth 
to diaclos e P roCDSS ·i tti _,jri t ish. 

Docember :\,7, 1946, ~h:'. l:lwniston. ( .Brush) to Raoo:n.atrueUon 
l!'ina.."'lce Ool'p. • Office of ?-fo;~ •il a Reserve,, Washington, D. o. 
fJ\t.ggeats that eti quanti tT of bor)'l ore now a llotted. to 
Civilian De!icianey 1H1 / l.ao'l tl in stora.je a t '.arush• plant. 
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M,tt.saa.chuaetts I ns t1tute of .r. sclinolog - MON 

Correspondence: 

A sumr:iary of 1"1Jortant corres_pondence f ollowe: 

llef5rence 

lfo . l,34 

Ho. l,36 

llo. 1J7 

Io. l,)$ 

No. 139 

Description 

MOT 31, 1944, Mr. McL. 'la,ge ( MH') to Capt . Sturges. 
Concerns a &peoial. patent clause to be used tor 
part-timo workers. 

Jul..T 26, 1945, Lt ~ Rutman to Dr. Harrison, MI~. 
States that a neu purchase order hae been i ssued 
to enable tha spectro~apbic laborato17 to 
continue anal.J'ses of Metal Rydridea Compan.r aernples. 

Al1&11at 18, 19451 John Ohlpman, Dlreotor >4I1' 
Ue.t al lurgical l'roJect. to )lleJor Greagor. S~eets 
that MIT at temp1i to e:nrude thorium in a naaner 
similar to that used for n.x;e Be. 

September ll, 194;, Mr. A. M. Gaudin, Mif to 
Lt . na:il•T• Concern., reputed. diecovery ot a high 
grad• pltchblend• ore a.\ the N'lCana ~Una in Uorth&rn 
m1od&ala. 

March 7, 1946. Ma,Jor 1Jarnett to Dr . A • . a. X•u.f'ltaml . 
atatee that an ~coouating syat81l bae beon se\ tll>• 

April 15. 1946, .Dr. l aufJ!lann ( .MI1') to Capt. Roboff. 
Maattona the plaJUted moYe of Mlf'e aoUntiea to a 
new building. 

June 5, 1946, B. Mel.. Sa&e ( X~) to Col. Kell•T· 
Glve1 a clause taken from the Signal Corpe cori1u:•act 
with T covering classified a8peats and ability of 
th~ ataff to ·publt sh. 

July 21 1946 , memo f rom N. ~~oL . Sage ( MI'f) to Col. 
BeeleJ',. Advances the argument tba\ GoYernmen\ 
contract,. should make a. contr:l button ln exceH of 
costs to provide a mar8'.n of revenue for or'6tion 
of facilit ies , su.pport of r search 1n unaponsored 
tteld.n, eto. 

July 9, 1946, Col. Beale~ to Di strict ~ngineers Oak 
lU.dge1 Gt.a.teit that ill~ .roq-.:e s ·h a 7'/i fixed fee tn 
f'uture contracts, and sincer this devta.tes from all 
previous'poltcy, request& i nformation aa to whether 
ol" not such ne&ati nttons eun be authorized. 'Ill ;:- . ',( : 11~ ~· 

·- -"- ~ -., . 11 .. ': .J. J Ac\,t b :i .. 



Ifo. l.1~) J'uly is. 1946. Col. Beeler to Hr. N. Hot . r~e (MX'r.) .. 
Postpone• d.edi sion on f ! .xed fee ques tion. until return 
of the District .:;tiginear f rom nikini rrest1. 

Ne.>. l4l• Auau,8' 9. 1946, Col • .»ealer to Mr. lJ • . Mol.. Sage. 
Sta\ea tbai aotiVitiea of Mamu.ittan D1str1o\ will 
shortly be handled b1 an l~tomic :t;'nero Col.1f'll1 s s1on 
to b• appotl\t ed by the P1·~t11 d..ent. ood. t herefo:te t h• 
Manhatian k~n,g1needng Dtstr1a• would aot lljt\t '° 
mW:& au.ch a meJor change in contrti.etual policy at 
this Uae. 

No. 14; ~st 14. i9b6, Mr. llurwe11. Jr. to ilol. lleeleJ". 
Re q,ued,ii! .PIU."lli eton tor cel'tain •ie•l s~plee, 
uaed 1u a lubTlcattoa 1nveatigatlon a• MIT, to b• 

irradl-.ted. 1'n the Olin.ton ptle. 

No . 14' October 8, l94f.i, 1'. s. Ohh.p1!Ulll •o Dr. Kau.flnalln. 
Stet•• poltoy of OoYernment concernln.t rele~se of 
f.N'onaH.on to 1ntluatr1al concernn. etc. 

iro. 147 .Decmnber 10, 1946, ~. n. Cbapltl.Ul to Mr. Cenmamt. 
!rraruitera "dmini s iJ"at 1 w authorl \1 to Madi son Square 
.Area ~1.neer. 

lfo. 148 ~&P• 17, t94'1 Col .. neoleS" to N. M.Clu. sage, state• 
th&\ aa of Jd\UU'Y 11 1947 control of Madi1on Gquaro. 
:~rec•• ~aniwa 1nventorlr will be rel1iutu.1 ~h•d b7 th• 
U~ttc• D1strle' to th~ .A. E.O. 

Ad _\ r.;·· • ., ,.··\ 
U · ,.) . ~ ' 
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Clifton Produo\a, Inc. - NON 

Oorreapondenc,. a 

R:et~ rence l>escrlpti2! 

~o. 149 Deoem'ber 291 1942. Lt . t~neau to (a,lor :Rall•, Steel 
SitOUon. ~ter1ala nra.nch, lt&W'W-CGI Div1eton.. "8ecr1\>es 
a vtaU to .Brush :BeeyllS.um Compaq ad 01.ltton Produc'•• 
alld E;ives a good sununnr7 of plant proc•••••• 

lto. 150 IJ\uguet 111 1943. fl'". ?H.nd•oko:r to ifaJor ese11. 
Detar1bea Be ••,al·whlc~ Clttton plan• to prod~•• 
a'-rtlnc la S•pt•bv. 

no. 151 .iWgus$ 1. 194). Mr. Henderson, dbief , Je Section, 
Uin.cH ... .Ue Bureau to >tr . D.t'a&eF. :oetenl• Plaa\ Oorp., 
Waahlnctoa, ll. c. Concern• urge11q for colllpl•tlon of 
Olttton plan' for p.rodt1ottoa ot lle iiaetal . 

No . 152 September 25, l.943. M&Jor •. uasell to Oap\. Bauseu. 
De1orib•• iuepeotton viel' of' Clifton. 

No . 15} Oo'°b•:r 30. 19451 memo to ,,..i l •• fro• L'· Robo:ft. 
Coac•l"il• proeveeat t>I blgh•tlre4 :BeO troa CU.ttoa • 

.. 154 Jaauary 9, 1946• Capt. IIQri~a , Jt . to Th• JU<tctt MYoaa'• 
General., U. s. i 1'q.. tnol\'.Ldea copies of doo••nta 
p~aia1at to · • claim tor reltet :fil&tt bf Clifton agaiast 
~itaa Dtttrtc•, AnO"-Jf'a.17 Mwa1Uona ltoad, eio. tol' 

ao. 155 

110. 156 

•17,772.1;. . 
April J, 19461 Col. llullu.4, Cont:r~t Rellet. Ad• taor7 / 
OonmU \•• ~o 1taJ • ueri. UroTe•· ~1 ves a aow of th• 
4eolaloa ot t~• App1'!1 Doard_ ot the Ottlo• ot aoni~aot 
SOtleiuen\ 1n vhioh the :Board e.pprovea Ollttoa•e clata. · 

Mlq' 2, 1946, Ur. Sturge~• me o to File,. Preltminnl'T 
Naaotiation ot .ileirtWl"aement tor OUt'toa Producteo 

Noo 157 . Jtme 6, 19461 1-!ajor Stnrg~ t o !f;r § \tindeokeit ( Olittoa) .. 

fo. 158 

Requests. Olifton to d.raw up a proposal tor a reaeardh 
an.d de"Vdoprnont contract. 

Ju17 22, 1946, Y.r. t.tndecker (Clif ton) to r . M. :UelJaore. 
Presents proposal for a :rasoe.rch ~d development progralil. 
Thi e ,progall \.fill 1.nvo1vo a radically new -elaotrol;r111a 
process tor pro rlucing ~ctA111c Re. 



OJ.if ton :Products. Ina. - .UC!I (Continued) 

Retero..!!2! 1Jeaorint191!. 

l1o . 159 Ma:roh 71 1945, :::r. . H1.t1deckor (Clifton ) to Mr. ~e1tlin. 
GiYes n summr.r~r of Clifton 1 s experience in the produc
tion of flake ~etal . 

No . 160 August 22, VJ46, Mr. Windeaker ( Clifton) to R. Fi . Morie. 

.. .... . 

G-tyeg OU.fto.n•s r ositicn r el a tive to ilroduotiol'l of :Se 
metal. <'Ufton cou.td dart to pl."odu.de f l ake metal by 
their old ;proce.ms in four 1!tonths 1a.t 150 lbs/11onth b11t 
would require abou~ $l5i000 to rahe,biii t a.te the1J" plan\ • 

Add. s. 2 ~. 
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