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tr:ANHAT'l'AU DISTRICT RIS'l'ORY 

:BOOK I - G~"EBAL 

VOLUM.:~ 4 - AUX!LIART ACTIVITIES 

CR!1l'Tl1!R 12 - ACTIVITIES OF 

T.l:C'.t NATIONAL BUR:i'.;.c_u OF STAIWARDS 

1. General. Undoubtedly the most spectacular vork undertaken b7 the 

Be.tion.al Bureau of Standards va1 that for ~· atOlllio 'boab proJect. !he 

lar«e Hope ot the proJect duriac 1'• deTelopaent and •n«ineeriDg phaeea, 

aa well ... '1le necessn17 eecre~ associated w1t.h \he program. tends to 

obscure lhe ini U&l and cri tioal two 7ear1 during which the ma.Jor program 

wae tol'llUlaled end much baa1c .-eeeerch ve.e performed. It vas 111 thal 

period that the National Bureau ot StandP.rda plf1Ted a ke7 role in \he 

proJect, tor shortl1 l'l.fter the ini tie! pbe.ae was coopleted, the Manhattan 

D11trict wa1 ~stebliehed and the gigantic drrelopment and engineering 

or '1le veapon began. 

HoweTer, e.M>mlc proJect acUTl\7 by t.he Bureau 41d aol '8na1Aate 

wlth \he e1tabl11hJaent or t.he ~ttilA D1atrict. Jureau ot &'8nd.ard.1 

Uperlence, ale.ft and tac111 '1 reeouroee 1 p.1aed \hrowd1 7e8"1 ot n

•earch ln atomic and aub-atomic pbTeica, particularly ln the f1el4 ot 

uturall¥ J'&d.1oacUye 1ub1tancea, aerved to a great extant 1n 1olvin.e 

~ probleae throuchout all pb.aees of the proJect. It 1~, therefore, 

Uie purpoae of this chapter to recount briefly the outatanding e.tollic 

'bomb proJect contr1but1one which wer& mede by the Bational Bureau of 

Standard• up to the temin.ntion of the Manhattan Dhtrlct on 31 December 

19i.6. 



2. 1Ji1\1at1on of \he ProJect. 'l'he National Bureau ot Standards began 

lt' vork on the atoaic bo~b proJect ln October 1939 when President 

Roo1eTel t appointed l h Direc\or, T17JD6.U J. llr1gga, as chairman of an 

.A4Tl•oJ7 Committee on Uranium ~ lnTe1tigate the poe1ibillt7 ot u\lllz-

1.ng tile atomic t111lon ln warfare. At that time 1 t va1 aot bao'Wll which 

ot \he taotopea of v.ran1UID vae aul>Jeot '° flaelon vb.en "bom~ed. wt.th 

1low neutrons, er how ~ neutrons vere emitted ln \he tl11lon pr9c•••· 

!he po111~1li \.y ot .. tablilhlng a chain 1'-.0\lon reuh.ed to '9 4emoa

etrated. I.1 tUe vae movn about '11• ohutat17 and aeWlurey · ot vu

lu. PhJ'alcal aethode for 1eparaUn,; \he laotope1 of uftULlum had 7•' lo 

be 4eTeloped. 

MUon '°VIU'd the 1oluUon of llUOh prolal:ne vaa adertakc '17 the 

reepect1Ye tlel4e. !he uranium committee reoC«Aia•d the future poaei

ltlliUe1 of uranium fllaion a1 a 10\ll'Ce of power, but, earl7, decided. \o 

)&sic tDfonaUon gailled in tiie inl Ual 1tl14T oould later )e applied. 1A 

tlae deYelopaent ot atoaic power. 

OW1Dc to the .. creq iapoHd on the proJeot, th• aotutreaent of 

aeoe1•ary tund1 'became a problea in 1'1elt. !'he experlaent1 ltecun 1l1 

1939 "•r• ttne.nced by • 'ra.n•t•r of f6,ooo from 'he Ordn.u.ce Deparaent 

ot '1le A.rrq and 'he Bureau. ot Ol-dnance ot the l1aTJ. !'hat mone1 wae u.eed 

'o puraha.8e ae.,erlel1 tor experlllente. '1 Dr. :z:. J'ermt at Columbia 

UniTer11'7, to 4etera11le \he tui\abilti1 ot graphite aa a aodera,or \o 

1low clown f'aat neutron•. In 191'o1 ~ough the coopera.Uon ADd enthual

utlc •ViPPort of Rear Ad.mlral H. G. Boven, Direc,or ot \he llaTal Research 



~boratory, funds to the extent of $100,000 were made available to the 

proJect at a time when the7 were moat urgently needed. 

These funds were u.ed mainly for the studT of different aethods of 

aeparating the iaotopes. Among them was the method of thermal diffuaion 

propoaed bf P. H. Abel•on. vho deaonetrated its po1eibilitiea in hi• 
oY 

labfto17 at the .llational Bureau o! Standard.a, carried it 1ucces1full7 

throµgh the pilot plant •tace at the Naval Reaearcb Laboratory, end 

finall7 8&V it culminate ln an Opera tine in1h.llaUon at Oak B.id&e, 

'.l'eilneuee. Work vaa al•o atart.ed at Colabia Ull1Terd'7 'b;y J. R • .Dwmiiac 

on the aepara.Uen of the uranima laoM>pea b7 caaeoua cllffuaion throuch 

a poroU11 .. mbrane, vhich, likewise, eventually led to the conatruction 

and operaUon of an enoraoua d.iftuaion plant at Oak llldce. fhe deTelop-

ment of a centrifugal method for eeparatlnt,: the iaotopea wea undertaken 

b)' J. W. Beams at the University ot firginia. That method vaa carried 

throggh the pilot plant •tege, with highly aat11factory Jield•• but vs.a not 

tinall7 aelected a.a a production aethod. 

In Jm:le,l9lfo,Pre1ident BooaeTelt eatabliahed the lational Defenae 

Reeearoh CollJldttee v.nder the 4irection of Dr. YaaneTar Buab and ll&d.e the 

problem of securing the neceaeB17 fund• for • aecret project. ae it va1 

reco«nised at \he outset that the llDRC would be eng~ed in h1ghl7 con

fidential work. At that time the Uranium (S-1) Section waa reorgani1ed 

ae follow•: L. J. Briggs (chairman), G. B. Pegram (vice-chairman), H. C. 

Ure7, J. w • .Bea.ma, M. J.. TuTe, R. Gunn, and G. Breit. Additioaal aupport 

was giTen by the IiDRC to the inTeetigations alreadT under W&J 1 s.nd new 

work was undertWc:en. 
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1~e po1s1b111t7 ot estebllshine a chain reaction wa1 1t111 a 

ae.tter ot great uncertainty. 7et upon this the auccese ot the whole 

proJect rested. rort7 tone of graphite and seven tons ot uranium oxide 

vere supplied to fel'llli at Columbia tor use ln a further attack on this 

probJ.em. Jlew proJech dealing vl t.h ihe chain ree.cUon were aasiglled to 

the Universities ot Chio-co, C&l.ltornla and Princeton. E. o. La"'t"ence 

reported .ln Mq, 1941, on. experlmentt et Berkel•T vhlch indicated that 

plutoa1u (•le•nt 94) la foraed trom uranium 238 (elellellt 92) 'b7 

aeutron oapture tollov•d •1 '1to ~e\a-tranatorae.tloAa and "1lat pl•\oDi1111l 

llke uranlua 235 udergoH thdon when 1 t aa;p\ures a alow aeutrOD.. 

Th.11 11«nfloa.ut di1oove17 held great po1slb111t1ea l>ecauae; (1) '11e 

a'bwadant l1otope 2)8 oould l»e v.tll11ed1 (2) eepan.Uon of '1le uraniwn 

laotopea 'b)' plq'doal methods ve.s unneceuarJ, and (.3) plutonium could 

be separated from the parent aaaa b7 chemical methods. 

In JulJ',1941, the •••berahlp ot \he S-1 Section ot llDRC vas changed 

•o•evhat '° provide repreeen'-\1on tor aev ae'1•1t1e1. '1'he aeetlac•, .. 

••tore, vere uld at \he laUona~. Ju.reau of l\aadarda and. were at\ended 

)1 Dr. J. B. Count a1 Dr. Bu.eh'• repree••'•Hn. 

In \he aprlnc . ot 19111 lrigge a.ke4 Buh \o appt>1D.t an lndepeDdent 

eommlttee •o ll8k.e an lapar\lal reTiev of tile proJect. :Buah requested 

\he . JfoUonal .i.cad•rv cf Sciences to Ullder'8ke 'hi• atuq and io reooraraend. 

the leTel ot e:xpndi lure at vhich the 1n.Teat1caUon should be conUaued. 

trp to \hs.t Uae, the expenditures tor the 11tom1c lK>mb project bad 

oert&inl7 lteen. moderate. At a meet1ot: ot \he :IDRC on Jul.7 18, 1941, 

•rlgga,as chairman ot the s-1 S.c,ion,reTieved \he progress \hat h6d been 

aade, and, on the bade ot the llaUonal .lcadenw ot Sciencee 1 reports, 
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presented the request of h1r. section tor an allotment of $267,000, wi\h 

the statement that ~uch l~r~er expendlturea would probably aoon be re

quir•d. 'l'h~t allotment waa approYed by IDRC and theoretical and experi-

ments.l vork went forward at an lncrellsed tempo. 

In lovember 1941 Bu.eh, after rftYlewing the further advances that 

had 'been aade by the S-1 Section and e.dd.1 Uou.l reco1DJ11endaUon1 of the 

B'aUonal Aoe.dem.y of Sciences Comm! t.tee end athr COJl•ul ta ti on v1 '11 the 

President and h11 ad.Yiaora, decided that the Uae had no111 come tor an 

1all-ou'" ettor\. the proJect vae traneterred 'o the Office ot lc1ent1-

t1o Research and l>«elopaeat as an OSRD S-1 lectlon, vhloh ""*'' organlud. 

as tollovet L. J. Jrl«e• (ohalraan), G. B. Pegram ('Ylce.Cha1rmaii), and 

J. J. Counts ~ B. CoaptOD, I. o. L&Wl'eDoe, ud B. C. VN7, program 

chhfsa x. v. Murphree, chalrma.n ot \he planning board; s. x. Alli•on., 

J. w. Beama, G. Breit, ~. U. Condon, and H. D. 8117th. H. !. Yenael 

J'unds AY~ilable for the work were greatly expaad.ed. Under Lawr911oe 

'1le 1aY••'1ca\1on et \he l.arce-aoa.1.e ••para'1on of b uranium iao\opea 

b7 eleotre~et1c proo••••• va1 acoelerated at the UniT•r•1'7 ot 

Cal1toraia. J.eaearoh on the ga1eo111 41ttu.lon p:roce11 et aeparaUnc 

ihe hokpea, and on the all laportant proble• ot deYelopt.ng sui kble 

porous aembranes that would not corrode and become cloged. through t!le 

ecUon ot uranium hexatlv.orld•, wae oonUnued a\ Col\llllb1a Un1Terdt~ 

'1nder Dwmiae e.nd Pegram. Urey had sap111rTidon of 11etho4a for pro-

du.clng h•a'Y)" water tor nae as a moder~\or e.nd other iaportailt apecial 

ass1«mnents. ~ic Y<>rk rela,ing to the chs.in reaction and ite ut111sa-

Uon in \he producUon of plutonium. at Oolwnbia under lend. and at 



Chicago under Alliaon, Yan continued Ullder CoD'pton'• direction at the 

UniTersU7 ot Chicago. It was here that tile cha1n-reactton was first 

demonstrhttd by Fermi in 6 «raph1te-ur6111um pile in December 1942. 

B7 July, 1942, it appeared that the tln~l tntenoive work on the 

research and deTelopaent pro~ram could be directed more etfect1Yely 

bT a Buller ir-ou;i .Y.d the S-1 Section was ncceeded by the S-l ExecutiYe 

Committee, consiet111€ of Conant. chairman, Brlcgs, Compton, Lawrence, 

>harpb.ree and Vre,, wi~ Veuel as $eclu11cal n1de and Irvin SteWart a1 

1eoreta.17. Ooaml\,ee aeeitz.ga vere held at the OaJ'Aegle Institution 

and vere regularl1 attended '1 Brlpdler Oueral L. a. Oro•ea, head .ot 

the recenU7 tonaed Manhat~ Dhtrict proJect, vho vag charged with the 

he&YJ' respoutb1l1Q' . tor •recUa« plan\1 ud producing uran1'Qll 235 and 

plutonium in ueable qwsiitlties ~ aetilods deTeloped through \he S-1 

Comml~tee research groups. 1J7 ~ 1, 1943, the Wldertaking had re~d 

the poillt where it could. 'be taken over ad.YCA\ageouel1 b)T the Manhattan 

District and the vork of OSR.D on the ur&Diwu proJact vas tem1.nnted. 

The toregciag h pnseated 1n •omewha' greawr 4eWl la look 11 

Yolue 1, ot ih• Manhattan Di•triat B1eto17; de\alle haTe aleo 'been 

pr•••Ahd in th• report 1Atom1c XD.ero tor M1lltaz7 Pvpoaee• (Siqth 

Reper\) (App. Jla of Book I, Tolmae 41 Ohapt~r S, M.D. Hiato17). !he 

lnt.J'Jll&Uon h repeated in t.hh chapter, bovner, in order to emphaabe 

the iapor\ant roll enacted by the Direc,or of the Batlonal Bureau of 

8\&D.dard1 ln 'he lnltiation of the atoa1c bomb proJect. 

J. Speo1f1c .AcUrtUee. During tile war about eixt7 •embere of ~e 

Bureau atatf were engaged on the atomic bomb proJect. Some of its lead.lac 

ph.f1lcleta, chemists and •nthAmatlcians were aa11gned to the CliD\on 



.. 

~'t./(~P'i ;>1)11~~ ., 
and Loi Alamoa Labore.torie1 at the request ot the 11&1' Department. 

ilE.i!'l7 1n the var a aimple and h1ghl7 eftecUTe ohemical. method 

was 4neloped at the Bureau for remoT1ag hal'lltul lapuriUea from uran1u. 

1'h11 vas u1ed in all •ub1equet production ot uraniwn. SWlarl7 a 

procedure vaa dneloped for produc1- graph! te practically free fJ'oa 

boron. fhHe oontr1buUon1 vere of great Talue to the proJect, becauae 

1ome of the1e illpurltie1 were atrong abaor\era of aeutrons and their 

eftect1Te remoT&l wae a preref1Uit1\e '° the ••\abllllmeAt of a abain 

reaction ta a pll• 1Ulng aormal \U"aaS;aa. 

laborato17 for determ1a1Dg the pur1'1' of the V&Dium and o'1ler producta 

that were uect tn \be pnJect. !h01Uan4a et ohealoal aD4 8J>9C•J'Oll'&ph1c 

aaalraee were made durlla« the cour1e ot th1a work. Mea1urementa were 

-.ade of 'the radium recoTered from the vaniwn Orea. Method.a for aepa.-

re.Un« the uranlu laotopea were atudh4. !he alpha-parUcle counUDl' 

method vae deTeloped •o meaaure the change in the rela\1Te abundance 

ao oloaeq guar4e4 ~t th• lureau'• par'1olpa'1on tn the akaio lH>•b 

proJect vaa ao\ knon k th• -'bera of the atatt aot &Hoo1a'hd with 

a. !he Graphite J>ro\lem. ln the early oondderaUon ot the uee 

"' atomic enero tor mili\arJ' purpo1ea, one ot tit• tlr8t propoaale ("bJ 

1el'll1 and L. lsilard) V&.9 to uae ~raphite aa a moderator in ob\ainlDg 

a controllable chain reac\ion tor the prod1a0t1on of plu•oa1111D. It vae 

known that lapurltiea vb1oh JliPt be preaent in ~. graphite or uranium 

would capture eome of the neutrone generated by t1edon of the uranium 
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235, probabl.7 a large enoQgh proportion ot them to prevent ~ self-

suataining reaction from occurring in a uraniwn-«raph1te pile. 'l'hu1 

the problems of procuring autflcientl7 pu..re graphite and •ufficientl.7 

pure ursnlwn were oubtan.dingl1 i11portant among the ll&llif e.edcnments 

undertaken b)" the Bureau in ooJll1ection vi\h the atomic energy proJec\. 

'fhile graph! te vae e co11JDOn article of COIU'llerce, 1 ta uaetulueas 

had aever been eerio\1817 affected by the impurities that aov &HUiied 

•uch coauDdlDC l111>ortwe. 111. Jara.u:q, 191&.1, L. ldlud and ». P. 

111,ohell of ColUllbia \JD1Yer•1V came k the ltu.nau k 4iacUla poHllll.e 

rea•ona for the Ai1crepan07 '•tween $he aaal.111• et graphite aah,aade 

'7 a co11merclal aaa171t (°tJ1 a 1pectrographtc aethod), and 'he neutron 

altaorptloa ..... ur .. en'• •f the aah,M4.e '1' I. Jeral. It wa1 coaolv.ded. · 

tha.t the &DB17'1cal reaul ''• for 'boroa.. in par'1Clalar, were at fault. 

Hence, the eata.bli1hllent ot a reliable method tor the 4etermla~t1on ot 

'boron ln craphl\e was uader'8ken l:t7 c. J. Bodden. 

!he procedure dneloped, which becaine •t&adard for the determ1naUon 

et boron ln v.rulu oom.poun4.• ae well &1 la «J"&phlte, ahowed tilat auch 

•f 'he ll8U,l'Oll &hoziptlOll Of the cnphlte uh .. qured. J'el'lli was 4ue 

to \oroa. 

Yt th a reliable .. thod tor 4eteralaiDg eaall -oun\a ot 'boron as 

pa111.1~ng 1une7 lt7' ~e ~•au. of the boron content of \he raw aaterlal1 

ued tn aanutecturl~ graphite and ot Ule dll\rlbuUon of boron ln the 

flnlahed 'bare, dlacloaed that \he tound.17 coke ualYeraall7 ueed ln one 

1'8ge of ~e craph1 Uslnc proceas va1 the ahiet' eource of the boron 

contBllinnUon. An.al71ee 1howed that foundey coke contf.1ned about 15 
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Umee e.1 much 'boron a.a the petroleum coke then ua1lable. It waa alao 

found that the 1urtace ot the t111i1hed graphite bare contained more boron 

\ban the lnner porUon. A thorough can-.aea ot the graphite i11dust17 vs.1 

made and the Speer Carbon 00llp8DJ', St. Na171, Penn.17lY&111a1 ~eed. \o 

eubsU tute petroltn111 coke tor fou.ad.17 ooke an.d '° aach1ne the •urtace1 

of the tinhhed preduct. !he gr41phi t• which wae then. ob\ala•d "'•• lnlCh 

lower in 'boron ~ &D1' prev10W1l7 exualaed. !'he aew procedure vae uaecl 

to produoe the graphite tor ~. tlr•\ vant--cziaphl\e plle, which we.a 

. 111.oce1dul.l7 eperated. ill Chloaco 111. l>eonber, 1942. · B.eferenoe to Uut° 

orieinal. pro"• Qd 1'• 1olutton in ob\alabg CJ'aph1te of eulta'bl• pui.\7 

11 proYi4ed ill SecUon 5 ot .Book IV, Yol.ue ), Nanhatb.n Diatrtct H1a\oJ7. 

Parecraph 5-10& of \ha\ raterence proT14•1 an tnco11Pl•M atatenent ln 

regard to the crapbite 1uppllera. Jarl7 in \he pll• program lntere1t 

waa n1danced •Dl.7 1'¥' the Speer CarlH>n Coap~. !hat ooapal11' proYlded. a 

1u1 ta.bl• product 'but did no\ poHHt1 the tac111 \lea tor J1&Aut'acture of 

b. the Uranlu Pro bl ea ... llnce ae\alllc va.nlu laad aot Men a&d• 

hi\her\o la oo ... roial fl.UAA,1,iee, 1$ waa aecea1a17 'o d9Yelep ••\hod• 
tor pro4uo1Jag the •VJ., ae well ae to 4etend.ne aAC!. oon'1'ol \he puri,7 

of \he ma'erlala u••d in it1 production. !he i•YeaUcaUon of bo'11. 

phaeee proceeded 1111Ultane0\l817. 1'he preparation ot uraniwn tetra

chloride wa1 begun b;y c. J. Rodden earl7 ln 1941. Soon thereafter tu1ed. 

pieces of me'8l were prodv.aed. b7 the reduction ot the chloride v1'11 

calcium. In Jue, 1941, some of the p1eoes ot metal t.hua obtained were 

remelted by J. G. Thompaon. An i11por'8.nt d1aooTH7 reault1118 direc'17 

trom thla work wae ~at ~e melting point ot uranium va1 lover )J' at 



lea1t 6oo0 then the recorded Talue of approxiaa1iel7 1800° c. The 

boron con1ien' of iihh 11eW •as ioo high, but it could be largely 

attribu'ed to 'he oalclQJD used tor the reducilon. Rodden and w. B. 

Ho1,en found 'he.t if the calcium vae fir1t d1•'1lled )efore using 1t 

ln the red.uc,lon prooe1e, 1liti1facto17 uranlwn vae ob$alned. Thie work 

va.a interrupt9Cl in 1941, bu' in the earl7 1ummer of 19421 iihe expert-

11en1i1 on 'he reducUon of uranimn 1al.1ie wt th di1Ulled celciWD "•r• 

re111118d. llxoell•' reeul h were ol»\alned vha the 'etrachlorld.e waa 

replaoed '7 uraaiWll te'1'atluor1de whioh he4 aov become 001111erclall7 

an1la\le,. 8u.bs'1\utlon of a&«Jl••l• 11etal tor oalclu 1hove4 proal••· 

Yhlle the 1 tudT of ae\el. prodt1CUon waa cot.11g forward, progre1s 

' 
va1 t\l•o bel11« 1184.e 111 the au.111e1 of vaalua ooapo'Qllda aad la pro-

ceciurH tor pur1ff1~ them. Dthninatlona of boron were aov 'Mlag 

made ~ B. r. Sorllmer "7 1peolal apec,rocraphlc prooed.urH \hat vere 

1tandra.rdis•d bJ •ans of 1aaple1 ohaical.17 anal71ed ,, Scherrer. 

Dur1~ 1942, 1peclfioa\lOA• tor th• puri\T of uranium compound.• 

were prepare4 - a oomd.\l•• eompoaed. ot lo44en, 1111.ud, a. &o••• 
•Uh r. B. lpeddiJll aa Ohall'Mll. · Me\hod• of obem1oal an&17•1t tor 

UJl1 eleaents pre1ut .. l1riPu.rl'1•• v•re Aneleped., and. !audl'ed• •f 

auplea were aaa171ed •' 'h• Jklreau. J'or e:uaple, aethod1 for the 

te\erminatlon of rare earths in t.he lapun oxid.e were ot eepeclal 

lspor\aaoe beoauae of ~· known neu\ron ab1or'ing properti•• ot 

oertA11l of •he eleaenh in 'hie group. JC. D. neiecher &D4 J. I. 

HoftllMll oon,rl'buted 11a-.r1all7 to the aolu•lon ot thie problem. 

ln. conJunctlon "1th M. Pochon of the ndorad.o Gold M1nin« Co., 

a me\hod tor ob\aia.1Ji€ purer black oxide wae foud which con1i1'ed. 

12.lOt<V.~vr 
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of an acld leach of the material. The B3S contracbd tor the treat-

aent of future ahlpmen'8 and the working over of some of the older 

ahlpmante b7 this aethod. 

As a reaul t of the exparlaental work at the IBS on the pur1t1caUon 

of uranium oxide and on the di•tlllation of calcium, it vas e~ident tn 

~t of 1941 that raw aatarl&la tor eat11!acto17 uranium meMsl .could 

be obh.1.ned or produced. Ho..,ever, at thia Ume \here vaa onl7 one pro-

duoer .of .. talllc uraniu, Metal ~14••• lac., at Jnerl7, MaH. !he 

l»o~n cont.at of tile pow4ered •tal. llanlteha4 '7 thta compaDT vaa eo 

hich (a'bo11t 200 ppa) \hat t' wa1 pracUoall.7 v.eeleH for b pm-poae 

equipment at the Me'-l ~r14•• pl.9nt tor \he dlattllation ot cal.c1Ull 

and showed that calcium hTdrlde of hl&h purl'>' for reduction of ura.nlu 

o:r.ld.e could 'N made 1n large lots. In contrast wt th the meul flret 

produoed, w1 ~ • boron con teat of approxima.Mlf 200 ppm, the metal pro

duoed. 'b1' Metal lq'drlde1 atter ih• Bureau' a &81 h \&Doe con W.1.ned leH 

\blU1 0.5 ppm of 'boron. 

The dechin 1'4tp ln the pu.rttioatloa of urani• eo11pound1, prior 

to their coATer1ion to ohlorid.e or tluor14e and •u\1equent reduc•ton to 

metal, vas t&ke11 1n the •wnmer of 1941. At that time J. I. Hoftml\D 

~hoved that url&D¥1 lli'rate could lte ••pa.rated from .ra.11 h&rm!ul elemen'9 

by e.xtr11ct1on wt th ether. :8i7 this &ethod. •~f'lclenU7 pure uranlua 

oxide could be obte.1».ed fro11 crude uranium oxide and from pUchblende 

8.1'.Ul uLrnotite ore concentrate•. Ether extr~ction became ihe 1tandard. 

procedure for ~e finel. purification of nll the uranium 1ubsequ.entl7 

wiecl in the plles. 



c. The Oen\rbl. Control L&borator7. · \rib.en. 1n 1942, the ~ttan 

District assumed respons1b111\7 tor procurement, the anoJ.yi1cal work 

r~10J.f increased 1n ecope and Yoluae. Mcthod.1 vere now deYeloped for 

to h1gh grade pl M:hblende. 

In 7ebrwar, 1943, vhen the Menhat\an District set up a program tor 

all raw and finished 11G.\erlal1 comiected vl\h the produot1on of the ae'Mll, 

the DS ¥a1 de11cu-ted •• \he Central Oonwel Le.ltoratory. >.a an tllu- · 

•tr&Uon ot tile 0011plex1t7 ot some ot 'Ule work• one produc' :required 11 

1n41Yldual ahemioal anal.71e1 tn ad.d1•1on to the epectrocraph1c 4etera11ult1oa 

of 29 el .. en\e. ~o atd ot.her la'bors.tories concerned vl\h the »etal. con-

prepN".a., 111.cludlng four kin4e ot uranium ore. Guest WOJ'kers were la-

etructed in aa&l.7Ucal ae\hoda and other labore.torles and planb operaUnc 

under Manhattan DiBtriot con\rac\• were a11i1ted ln 4eTelop1DE: pro-

eedure1 and ln o?ercomi111: 41ft1culiie1. 

tip to the en.d of 1945 aearl7 ,000 e1UQ>le1 of •'•rial• had nen 

recelYed 61.Ui ae&rl.7 30,000 aeparate ana17ae1 had ~een 118.d.e. !he 4eTelop

aea'81 work on \heae probl ... of proounaen\ neut teil in con\rllnltleu 

\o IJ7 report1. In 1945, c. J. ~odd.en '•oaae chd.man of the Ka.nbat'8n 

Db tr1c t Anal.7Uc&l CoJIJllU tee. 

!he work ot the Central Cont~ol Labora\o17 ooYered a J1\1Jll.ber of 

pha.aea of the proJect betides ~01e re\a\Ulg \o the prooure1118Jlt and 

anal7\ioal control ot materials uaed 1n the piles. 1or example, in 

ihe latter part of 1941, c. J. :Rodd.en and J. I. Botfm~ developed a 



method .for 

~M -· 
the purific&tion and prepEration ot uranium compounds suit-

&ble for llb:kinc films tor determin1ne isotopic com:posltion b7 alpha-

particle counting techniques. Thi1 wae l~ter put on ~ production ba1i1 

aDd. head.let. ~ L. J. Cl~rk 1n cooperation with Ii. r. Curtiss, llho ll!c.1 

determining the degree of 1eparat.lon. of U-235 ob~ined bj the Te.1·lous 

inTe1ticator1 on i1otoplc ooRcentrn\lon ln the early work on urr.ntUJQ. 

All .further examples of the d1v•rse na.ture of the problems that euae 

to the cen\ral control la\Jora\017, \he tollo~tag are ot tntere1'& 

(1) ln m~ c~eee uranJ.'91 ore1 were purchased and pald tor 

on \he b&s11 ot their ure.alum coaient, with the proTic1011 th.et the re4l-

wa be returned to the orlgln61 ovners in the re1idues left e.f ter remoTal 

were prepared, in oooper&tion v1'11 L. 1. Ourt11s of the Rr...d1oect1Tit7 

section for check~ aethods of deterlli.naUon of radium. 

(2) Ow1Ag kl the fact \h&t the Meteillurg1ofll Laboratory itt 

Chio-co did not htive adequa~e tacil1tiea tor ana.17tical oontrol in tilelr 

eari, work on plu~ontuan, 11aJ1¥ aateriala lnYOlYlnc apeolal t1P8• of aaal.7••• 
were 1eat 'o the JIBS. ~hl• lncluded h•a"fJ water and $he ~et&l7ats u1ed 

ln lta pro4uo'1on. R1Q1Ut1\s tor aa1l1tanc1, e1peclall7 ln \he oapaolt7 

of oonsul~h, cenUnued through 1945. 

(3) ln coopera\ion with v. m. H&rri1on of the Cla7 and 

Silicate Products Divhlon, cer1.mic 11aterisls were u.aained tor suit-

ability of their W!e in the electromagnetic proces1 of i1otope 1epa-

ration. 

d. Spectrograph.le Aaa1711ea. fhe work of the Spectrochemice.l 

laboreto17 on th• atomic bomb project waa 1nit1aied in April i9i.o when 
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teats of the purity of several urwiiurJ oxide aamplea were made bt 

qua.litative spectrocraphic s.nel1e1s. Vhen the eupervidon of' work on 

ur6Jl1um was later E.soign.ed to the O:t:tice ot Soientitic Reaee.rch and 

DeTelopment, the Tolume of testing increaead ~nd ~· aumplea then 

eubmi tted included a varlet,- of uranium compound.a and other ma.teriale 

ot importance to the proJ•c\. It w&a O..Pi>&rent at that time tbe.t the 

uau.al 1pectrogra:phic metho<i.e of flAli.lJ'sh were 1nadeque.te tor the ual111I 

ct v.raal111111 e1pec1al1¥ in Ylew of the 1aor1a5iJai! purit7 of the me.\trial.1 

'•ilag pro4ued. 

fh.e :rrod.ucUoA et uranium of hlch purl'J wa11 one of the· ae.rious 

problemi enoountered ln \he u\ilizetion of ursniW!l ae 6 eource ot etom!c 

ener£7. lm:parltie1, part1cu\ar17 the lighter elements auch as 'boron, 

ama.11 ll.aountt of the l11puritlee Dt.J' reduce the effioien07 of uranium 

tl11ion below the point where 6 ch~ln or 1elt~sueta1n1n« nuclear reac\ion 

CNI. be obtained. For m~ lmpuri'T elemente, concentrations of a fev 

part1 per •1111on were usadeeirable, aJld ln the oaee ot '118 11aet etteo-

$1Ye neutron ab1or'bet1. !reedom from a few 'entbs of a part per million 

va1 euenUal. In order 'o convol the pro4ucUon of pure urenlum and 

to 1nepect the tlnnl product, methods ot anal7si1 vere required for \he 

ucte?'lllination ot 6o or ~ore r.heJlical ele.enie on & roa\1.ae basis where 

The problems of the 1pect.rogra;phic ~sis of urranium-baae ma\erlal1 

ve.s coll!plica\ed •inly 'b)-" the h1ghlracoJ11plex epeotrum of uranium. Under 

\he ucual apectroeral'hic pT"oee·l ure1 1 interrerf!nce by uraniux.1 lines 

vo~ld haTe re~er•d apectroeraphic &Da.lya1e ineffective tor impurity 



~ri~rJf "·r'tt t 4eterm1nationa at lov concentratlon1. 'l'hia obstacle wae overcome 'b7 

Ule 4nelopment of tour concentration.al me\hod1 ln which \he lapuri Uee 

are aeparated trom \he uraniwa and then determined. apec,rographlcall7. 

!he tire\ 1atlafacto17 •e\hod for \ht apectroohemloal anal7ala ot 

uranlwa vs.a 4eTeloped. at the Jational Bureau of Standarda, and vaa deacrl

bed b7 B. J'. Scrl'bner and B. ll. Mullln ln Aprll, 1942. It wa1 pqdcal 

ln aa'ur•, lBYolvi~ fract.lonal dtatlllatlon of th• 1•purit1•1 from an 

1lJ'fULiwa ox.14• ltaae. JU.Ch aeui'1Yl'1" eJa4 acourac7 were reallied '1 

add.be a material, hned a •oarrter•, 'o the aample and 41.ttllll-C t.he 

earner from t.he llizt.v• '7 aeaaa of an electric are. l'he carrier aene4 

to aveep the vola,lle lapurltl•• lnto the an:, the llght fro• which was 

o'beened 117 a •peotncra)b. .!he hip· 1eul\l~lt.7 ot 1he •Ulod. w.:1 
a•\atned '7 tiMt alaoat co11ple'9 auppre11lon ot \he apectrwn of uran.1•. 

!he carrler-d.lstlll&Uon method va1 lmprOTed by a series ot controla, 

lacl1141»£ &n elect.rode aaaembl7 of ao~el 4esl&n. ln thlae,1942, \he aet.hod 

pl'OYS.4.ed tor the de\eratnatlon ot boron clown \o a limit of 0.1 part. per 

llS.lllon aa4 •f oadmlua 'o 0.5 ppa, and. lllclwled. \he d.eteraluUon of 

ar1ealc, oo'-1.t, 1Uhlu, magaae1e, alckel, all•er and 1odl1Dl. !he 

eleMab llov d.e\eralaed. '7 the ut.hod. are Ag, Al., Al, Au, 11 la, le, 

l'b, Jtb, lb, 81, 111, fl, and Zn. !he lNlaic aetho4 va1 111dltted for \he 

aore accura'• cleteralnation of lron1 M«B811Ut and Jla.DC&llH• ln hbruz7, 

19i.s. thu obYiatlJac \he need for chemical deteralnaUon1 ot iron and 

aanganeee. !he aethod provl4e1 tor the rapld cletera1natlon of ~e 32 

eleaenta at concent.raUone ran«lng trom a few part• per million for 

•oat ot the element.•, down to one part in 10<>-alllion ln the caee of 



boron. The other labc.ra-

toriec on the project and applied in the nru:;l;;:sh of thousandR of e1U:1plea 

of u.rnniUlll l\l'ld eim1b.r ma.terisls. Over 120,000 d.etermine.tions were JIA.de 

iit the Buren.u during the years 1943-45. 

The thre~ rem&ining me~ods th.Elt were devised for the anal.7111e of 

uranium-ba~e mr.terials provided for the 4eterm1n~t1on ot the lee~~vol~til• 

impurity element£ to vhich the oe.rr1e~dtst1llatlon method did not appl7. 

fhe 1pect~~phtc moth.ode 1nT01Ted the ana.17~1• ot three chemical 6on

centratee from ure:c11Bt-base sar.iple1. !'heee concentrstes, prepared lJT 

the chemioel eecUon under the eupenblon of o. J. Rodden. tnclud.ed 

e.nd e. group ot elenen ts proc1p1ta ted by cupferron (Ob, Ge.. Hf• Pd, '!1;.1 

fi, T, v., nnd Zr). The required sensitivity of test vas obtained by 

the combined ahemicnl. e.n4 1pectro~aphic proc~dures and, in so~e ca1es, 

11. remarkable limit wne achieved. Far exemple, the rare-earth method 

)erm1tted the determ1na\1on ot the elemen\ ,.t\erblwn at a concentration 

ot one part in 250-1:11.lllon parts ot ura.nlu. 

'l'h.e complete 1171teJ?1 .,r 1pectrop-aphte methods tor the ane.1711& of 

uranlum-bDoe a~terials vas recentl7 de1oribed b7 Scribner and Mullin 

in the for~ of a 102-par,e laborato17 nanu.al. 'l'his manual. issued ~ith

iD the project 1n September 19~5. ;JroTidee det&1le~. directions for the 

detorm1nat1on of 63 ch~micel element~ in 11 t,-pes of uris.n111.m-b~1e 

m:· teriP.le. The apectrograph1c 1y&te11, CoJab1ned wt th exteneive che•ical 

enal7t1cal work. dhUngubhes Ul'ltnium u the moat thoroughly ~r.lyHd 
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mnterlal in the hbtory of an1'-lyUOl.'.1 chemhtey. 

fl. J.l:~te.llurr,lcal Inveati~ntinn ot Uranil1111. PhesM of the Jn~tBl• 

lurgy of uranium lnveeU~.ted at the BU!"esu included the deTelopment of 

11ethodt1 for 11el ting e..nd Cf.'.l!lting the metal, 11ethods for worklllf,' ur8Jl1um, 

e.nd 1nTeet1~~t1on of the uraii1wn-o~een eystem, ~hich necessarily in• 

eluded deTelopment of 11ethode for d~term1n1!1€ o~r.en in uranium M.d 

tor metallcg~aph1c examinl!.tion. 

IDTeeUteUone on thoJ"lw.t lneluded e ffttr experiment& on oom:pRrleon 

ot beryllh •n4 thorta fltJ meltl~ retractoriea tor the eete.l, detenina-

tlon of density and. hardne•1, 4eYelepment of prooeduree for preparlnt; 

ae'81lo,,raphlc apecl11ene, and etud7 ot the microstrueture of ci-.et an<l. 

extruded thorlua. 

(1) Mel Ung and eaetlni' uranhunt In th~ early 1te;gee of the 

project, ut1111s.U<1n ot uranium required the d"'elo:;;naent of methodo for 

aeltl~ BJld e1.t.1Un~ to permit :producing the m@ll\al in the desired ab.apes, 

and al•O to elim1natft, 1R part at least, certain deleterious 1mpur1t1ea. 

l11T•1HgBUon of \he meltlng of vantum wee initiated at the 

Jureau ln May 1941, wain£ aeW prepnred )y' c. J. ltoddeii. Work on the 

problem vae •poradlc until £pri1 1942 vb.en metal tror. contract producer• 

'8ar1me s:valle.bl.e and extend.Ye !"8~earch on the metn11urgy or uran1~ 

bep.n. !h" technique of C@.ating progresse". f'ron the production of 100-

ll"am tngot11 to mffltl~ l'lpproxl1111£tf'tl7 50 pounds of ure.niur. a t c. time. 

Contribution• of thP ~~\8.llurg1cel Di•iston tc the techniqu~ of ~eltillg' 

uranium included.I (e) ld.entU'1cit1on of br.ry1 U&. a.s the !lrEt 1nderie.l 

ln Which uranluin could be Mlted 1!UCCEH~l!ful171 (b) deroon1tr~· tion th~t 

metal molds, ap. well ae graphite ~ol4e, could be uted for casting ura.n1ua; 
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and (c) development of a procedure for ct:..1t1ng bars from each of which 

two or more S-lach duge tor the pile could be fabricated. ~· The oaai 

-art were euperior to extruded rod, in r.gard to interior 4etecte, ancl 

adoption of the oa.ti.Qg process avoided the difficult extruaion process. 

Jearl7 "1!-ee tone of uranlu were ca.at in ~ form at the Bureau. 

(2) Development of met.bode tor tabrlcatlng uraniwnz The hot 

and cold working propertlet of uranl.111:1 were inve•tigated and prooedures 

for torclnc, nlia.&, 1w-c1Jac and wll'e 4raw1nc were 4eYelope4. JorciDc 

waa ;performed 11e>at aa.'1ataa\ol'il7 at 'empera•uree Juat 'belo" the alpba

'Mta van1fo1"11&\ton (665° to 670° C). !be 11eW waa aore plaaUc ln the 

C&llllDE.l. e'a'8 (a•ve 76o0 to 710° 0) u4 4etof'lled aore rea41l.7, wt lt 

oooltag into '118 'Mta ranee eoaurnd 4vlnc forgiag, fr&Q\ure of ~e 

hai'd br1 Ule lte\11. phaae reeul ted. 

Hot rolllllc, at '8mpe:r&.ture1 near the kp of the alpht:. rellge, ..,...._ 

ta:r more rapld than oold rolliDC, 'but 'he aurface obW.ined lrn.a inferior 

beoauH of the amout of oxlde rolled. 111.. Cold. rolling vi\h frequent 

anneals va• a alover wt aore aaUafaoto17 prooed'tlN. Jor tile aaae naau 

Ml4 avaclnc wae preteraUe to be~ 1wactac. An add1 Uoaal 41ttic11l '7 

experiaoed. in hot •vact.a« vaa oraoJd.nc et ~· •'81 a1 U 'rautorud 

into \he br1Ule lNt\a phaae, ae one re1ult ot nerheati.ng 1n \he die • 

.Ba.re ura\lliwn could aot be drawn 1ati•factor1l1 with uq of the oil 

or grease lu'br1COAh cua'°mar1l7 ued 1n drawing ot.ber 11ehl1. Uee o! 

copper ae a lu'br1c8lli, bJ eleotrodepoeltlag oopper on the cleaned wire, 

preYented Jamninc ot ~e wire in t.be di•• and permitted drawing v1re to 

10 alla difllto,er. 

Anodic cleaning ot the wire Wbl a necea1~ry prellaiD.f.l.l"J \o plating. 



When the anodic cleanimg and the platiDg were conduc\ed ln different 

bathe, tllm torme.tion d.urlng exposure to the air vhlle transferring trem 

the cleaning to the platla,; ltath frequentl7 preTen\ed eati1tactory a4-

hee1on of the plating. A procedure vaa 4eYeloped tor cleaning anodicall7 

and platJ.D.! in the ea.me 'bath, aYolding e2Jlowre ot tihe vtre to the air 

and reaultln€ ln a astiafactoril7 adheren• platllac. After dr~vlng •o 

tile desired diameter. plckl!Jlg 1n a 6o BI03-llo Bf!) aixture remoYed the 

copper coatlac. . 

. (') Other .. Ullvgloal research lacla4e41 the 4etera1Aat1on 

of '1le •o1ub11i '7 of ox;rcen 1n aol '9n and •0114 vanlaa 4etermlaatlon 

of o~cen in v.ran1111l ll1 Yaouwn tud.ona ox14a.tlon ot ur&ilimn ln alr at 

$e11peraturee ap '° 500° ca 'rllht uaMlb« of lU'&llla; and ... talloerapq 

ot unnlu. 

f. Pbf'elcal and Mechanical Properties of UrADiu. Much of the 

inforaation ln the llteratUl'e on 'h• properties ot uranium vaa inaccurate 

l>eoaue it repreeesated \he properUea ot the tmpure me\al prnioul7 

ayallt.bl• and aot '1101• •t the relatlY•l7 pure ••'81 pro411Md )1 aethoda 

4eTelope4 l'eoeatl7. 

teaperaturea tor the aelU11g polAt of vaalu JlTR lA the litera

'ure Tar'J tro11 1300 to 1s50° C, the latter teaperature being &1Ytn b. 

110at hand.ltoolca. lul7 ael tlBc experiaen-• at the Bure.u ahoved the 

aeltlll€ poln.t '° be auch lower than the reported Tdu.e1. !'he ae~ ayaU

able 1n 1942 melted ln the raiage 1075 tio 1125• e. Preciee melting 

point 4etera1utions were later ude 'b7 the Heat and Pover D1Y1don on 

four apecimen1 ot uraaiu produced late 1n 1943. One va1 •elted 1n 

be17llia, one lJI. thor1a, and two in lraph1te. !he beet Yalue for the 
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znel ting point of uranium, with 5 par ta per 111llion of carbon9 6o pari1 

per million of iron. 20 pP.r's per million ot o~gen, and lesser e.moun\e 

of other impurities, was 1132*1° c. 
!he other prope:r\lea determined ~•ret 4enBlt71 electrical 

re1i1t!Yit7 and temperature coettic1ent of resistance; therzio-electric 

potentialJ 1pecU'lc heat of uranium end 1 ts componnd1 Ett high tempera-

turesi transformation polnte: ho.rdnes1; tensile propert1esl oompress1Te 

preperU•e 1 aA4 pbydco-ch~c&l 4a ta on uruJ:mi compowid1. 

g. !he 11r1t Spectl"\111 of · Vranlwi. A• the 'beeiAlll.Dg of the. 791t.r 

1942 there vere enl7 tracrneatar1 4eeorlpHon1 of the epeotrli e11i Ued 

b7 neutral and 1on1eed. un.niwn at•••· . Jfo Zeeaaa effech had 'been obaened.; 

no bn .ane.l7et1 bad )een mate; a.oth1121: wea kaown of the conftguratton. 

of the Yalence electron•; and no 'Y&l.118 had '••n found for the au.clear 

mom~t of \he odd hotope. It vat: mown., however, that \he emiedon 

epectrwn obeened ln the or4lll&rJ uc and 1park aource1 1• e7.oeedlncl7 

complex. and does not at a.11 reoemble the 1pectr£ of chromium, molybdenl&lll, 

and t11DC•••• which preo.ae tt ln column VJ of tile periodic \able ot 

\he chemical ele11ent1. 

A auch clearer u.derstaadlng of '1ie 1tructure ot the ure.niwa atom 

wae nece•~e.I7 ln connection with other lnveet1cat1ons th~t were unde? 

cation of the uraniwn 1pectra.. 

i'he program of · work compriced the oltsen&tion of the ur~ium 

1pectre a1 emitted b;r' ~res and 1ps.rk d11charge1 ln air at nol'lle.l ~nd 

at reduced pre~sures, by 411chargea 1n 11&&ne,ic fields. 1n hollow 

cathodes, end by under-wat~r ap&rk d11chra.rges. Ayailable for 115k:1.ng 



the obsen-aUone were four conce.ve-«ratlng 1pectrographs and e. large 

quarts-prism •pec\rograph, together with auxtlta17 apparatua •UCh aa 

l&br7-Perot lnterferoaeter• and tw.Jaer-Oehrcke plate1. 

A aeparatlon wae affected of the 11ne1 emlt\ed b7 neutral uranium 

a.M>11s from tho•e emitted 'by lone. A lbt of more \han 9,000 linH wt\h 

region J,OOO.A-11, OOOA, were oo•piled &.e deacriptiTe of the apectrum of 

\he antral atom. A parU&l aul.T•h of Ud• mpACtru waa a.de lq' the 

claa1ifiea\ion ot a'bou\ 2,000 llne• aat combiaatlona l>etveeD 18 low aa4 

metastable odd energy lnel• vi\h llOre than 260 higher ewn lnel1. On 

the 'bail• of vell•re•OlTed Zeeman etteot1 1fn"eral of the low leyele were 

lclen\ifled a.a oompoJutata of Jr.., 51:, 7M, u4 Tx teraa arl•lnc la th• elec\ron 

contlguratiolla 134,2 and t3cs.2a. !he •peotrua of UJ"anlWll wae interpreted. 

• 
Ming deatcnated •• \he \hird ••ber of a aecond IT0\1P of rare-ear\h1 

'Mcirmlag vlth \hort1111. Saa7 len11aUon. 111 \he electric arc and ln -.r

ae\lc fleld1, and. '1le ahort-v&Te liai\ of the •'•erTod 1pe0t1'\111 indioa\od 

\ha\ \he loalsaUon po\n.'1al. of uaalu •'oae h approxl11a\el7 four nl\1. 
' '. 

h. Coaaa\n.Uoza of laotope1. Two et the ahcel laneou lBT•• U• 

ca•lona of the proceBa of Ul'&1llum lao,oplc aeparatlon ort«lnated at the 

molecular di•tlllatlon aetboda. While 1oae degree ot •eparatlon wa• 

aa.111 to be tm1atlltac\o17 tor ~e purpoae intended. General accouta ot 

the Jatlon&l. Bureau of St&Ad.arde and o~er organlsatlon&.l actlTitie1 tor 

\he electromicratlon and the molecular 41etlllatlon Reparation aethode 



are proY1ded ln Book l, Tolume 4. Chap,er 14, of \he ManhatMln Dietrict 

Hi•to17. 

l. Mau Spectro•'•r Anal71e•. At the outset of the var, the 

laUonal Bureau of Standard.a dld act ha'H a JD&ll 1pectrometer laboratory. 

When the elecvol7\lc 111gratlon aethod for the eeparation of potaa1l'Wll 

l•otop•• vae 4eY11ed, lt vaa neoea101'7 to eet up at the Bureau the J1a11 

apectrome'8r vhich had been 'bullt at the ~lxed Bltroeen Re•earch Labora-

'°17 1'J' A. K. Jrever k make \he aaal.7•••· !'hi• marked \he beglJmlng of 

the prea•n' Mae• SpeoU'oaeter laborator7. Da.rlnc •he Uae that tile 

aleo,roa1gra\1on aethod waa 'ieing lnY••\1ca'84, the ma.11 epectroaeter va• 

:run about 16 houri per 4a7. 

of pot&HlUll l•o,opH, \he aethod1 were applied to urqiu. Since uranium 

botopea @ould not be &n&l7"4 on \he pot&HlWI 11&11 apectrometer, 1t wa• 

aece19a17 to obtain an 1A1,ruaent for \hh pu.rpo••· rortmaatel7, '11e 

Bv.reau was able to acquire \he par•• of a MH epectroaebr built by Dr. 

o. A. •ler a.t tile Uninnl•7 et •laneaota. 

fhe .... •pectro•hr wae 4••1ca•4 k aul79e 11rul• 1n the fora 

et paeoua V16• th11 l&a \'lpOll toalsa'1oll )7 electffll lapaot ta the Mii 

epeovoaeter h 41•aoola\ed into all poadble ooabiJlaUon1 o~ vaalua 

and nuorlne, UJ'5 bel11g the ao•t alnmdant. In co111eque11ce, the 330 and 

333 peats were u.ed ln deteralnlDg the l•otope ra•lo•. !he orlglllal 

•thod of operation oon1h\ed ot read.lag the two aaH pealte •111Ulhlieoul7, 

the bic 333 peak beiag read on • aioroa111.1Deter and the •mall 330 peak on 

\he entire electrical pick-up for \he 330 peak vaa replaoed with a aore 
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stable design while the circuit tor the 333 peak vaa revieed end re-

1111ul~ted. While these cha.Qge1 ms.terlall7 enbaneed \he atab111t7 and 

eeneltivit7 ot the inatrument, the actual recordizag ot data vaa atlll 

cum'beraoae aince it vae illpoaslble tor one observer \a read the detleotioD• 

for both peaks at the same tiae. In addition to read~ the metera, the 

operator va1 required \o operate the voltage •Csnnlac dials ~ hand to 

briJa« in to tocua the ma11 pealca. 

In order to •1apl1t7 the eperatlon of \he 11&•1 apectroae'8r as well 

u $0 1ncrea.e 'he aocu.rao7 ot oltHn•tloa, u au'°u.Uc •ol'8ge aweep 

and reoord.1ag aeobani•m were 4e1lgaed.. !he reoor4er wae a1aeable4 troa 

part• ot 0011111ercial Brown 1111truaent1. t'he ec&DDlDC circuit wa1 a 110dl-

tlcaUon of tba\ ued on \he Ooneolld.&\ed 11aea 1peo\n•eter, ta t.ha.t the 

aoaelerating Tol'8ge was chaJJged. b7 allovlJlg '11e poientlal en a con

den9er to 4ec&J '1lro~ a high reai1\anoe. When the po\ential had cha.aged 

over the required rQC•, a rel_,- arrance•en.\ allowed \he con.denser to be 

reoh&rged and the proceso repea'-d. I». erder \o eliaine.\e all aanWll re-

oord1Jae of data dur1Q& a l'Wl, a oonb'ol waa plaoed 111 the lealsinc circuit 

vblob penl Hed '1le epera'9r '° t .. p \he 333 leo'°Pe hem ae a ooutant 

•alu. tftd• noord.er not oal.7 Ta1t17 8lllplltled the operatloa et the 

..... epeo\roaet•r wt alto l1lcrea1ed \he prec1alon. and ahor\ued. \he 

aent ot the atoaic boab it va1 nece11&17 '° have a Mthod ot 'eaUng 

varlou. procedures for •epara,iag \he ieotope• ot uranium. In parti-

cular, 1t was desirable 'o be able 'o make •eaeuresent1 vhich would 



rPveal to whc~t extent the pP.rcentage ot uranium 235 had been increased 

in a eample by the particular treatment in question, and to detect small 

increM.1Me in this percentc,;.ge. Thie perm1 tted the efficacy of Tarious 

propoeala for this isotopic enrichment to be tested ~t the early et&bee 

and thus permit a 1election of the beet, with n ~in1mwn lomof time. 

A method was deTeloped in the Rfid.1oe.ct1vi t~ ~ootion, b1;sed on the 

rE-te of emhdon of e.lphe.. particlee from the ee.mple ot uranium, using the 

alpha particlea from the uraniwa 234 taotope aa an indicator. Since th• 

peroen\sge ef enrichment for the 235 and 234 ieotopH depend on their 

11&ssee rela\iT• to the masa of the third, the 2)8 110\ope, an, treatment 

which enriches 235 vill alao increase the amount ot 234 1n a aimple ratio 

of the ae.asea. HoveTer, ln the aatural euplte 'here are Just as •&JlT 

alplw. psrticlee from 238 ae from 234 because the 234 11 produced from 

2'3S 8-Ud the proceae bas been going on in nature a &utflcient time for 

th~ amounts of e~h to reA.ch a e'9a~ Ye.lue. If the relstiTe Blftount ot 

23~ is increased, and with it the relat1Te 8Jllount ot 235, there will be 

more alpha pa.rtiolefl per «ram per eeoond from ~e enriched sample than 

from a natural utnated aaaple. fhh method was -d.e auff1cien'17 

accurate to detect a chaJa«e of 1/10 peroent ln the enrichment. !o do 

this e.t leeet 1,000,000 alphl1 particler 11uet be coW'lted reliably and 

e.ccuretely from each s&.JllP,le. 

Equipment to do this work wae deyc\oped end conatructed ln the 

radioi:.ot1v1 ty section and nUJ:lerou.e ae.mplee were teated for verious 

leboratoriee, which aided greatly ln 1electing suitable methods of en

richment. In pE,rticula.r, the measurements made at the OS were Ter1 

helpful to Dr. Pbelson of the Nev~l Reee~rch Laboratory in the develop-



ment of his r·rocesG for isotopic sept-:r&tion. 

As c bJt-produ.ct of the work in coUJltill€ &.lplw particles from 

uranium, the rH.dioe.ctivity laboratory prepared MB.UJ' carefully wPi«hed 

M.mples of urlilliUlll deposited 1n llCcure.hly formed d.hks on plB.tinwn. 

These samples constitute relia.ble sources or bete.-raye lihicb can be 

used as ete..nderds in the c&libration of beta-re.y counters. Sets or 

these rtE-ndc.rde were furnished. vnrioue laboratories engaged in radio

active work 1n connection with the var. 

ln connection with radioactive var-work, it became desirable to 

hav~ llE!lly Geiger-Huller counters ava1le.ble which bad the thinnest poasible 

elUJ:linu.~ wnlls, so that the~ could be used to measure beta-ra¥s. Previoua 

methods of produciDt~ auch counters were alov and expendTe. the re.d.1o

activ1 ty section developed a method of copper plntin,g thin aluminum 

too\hpaste tu.bes ao that !1 ttingE could be attached to them by ordinary 

coft solder to convert thee into Geiger-Muller tube counters. The 

operation WD.a vecy siaple and cheap so that eeveral counters could be 

made in the time preTioual7 required to make one, with a correapondl»£ 

reduction in cost. 1'he1e too\hpastA 'ubea aleo had the minillUJI thiGlc• 

nees required for eY&euat1on and tilling without collap1i11g the \ube. 

For the id~ntificntion and eotimf'.tfon of rn.dio~i.cUve isotopes which 

eml t alpha. rays, it is desirable to hl!ITP. a counting equipment which will 

separ~te the p~rticles of the •~..me ra.nge characteristic of ea.ch isotope 

and. count them sepnrc.tel;y. A.n electronic circuit v~s developed. "'hich 

Yould regist~r the pulse produced b~ the nnr;lificution of t~e ionization 

resulting trom ~ 1ingle alph&. p~.rticle of given rf.Jl8e. li.11 other pul1e1 

-..·ere r~jectoi b~· this prrticul:.;r circuit. By arranging a sufficient 



nur.iber of these circuits, ad.Justed so thet they Just covered the Tar1oue 
. 

eizes of pulaee to be anticipated, the actual distribution of the alpha 

pel"ticlec in terme or their rRllges from a particular seurce could be 

found. It proTed to be of grent Talue in identif7iJ1f; ~nd measuring 

11otopic mixtures of alpha•ra7 einit\ere when the number of particles 

from a 1particula.r leo\opea e%ceeded 2 or 3~ of the total nwnber. It 

vae used to check the percentage and ranee of the alpha psr,1olea tro~ 

t1235 in 112 tural uranlwa aa4 in an 111asucae11tul 1earch for tJ236 aa an 

al~r8" emitter 1n irradiated 1U"alllum. 

One of 'the problems 1n the procurement ot uranium ore vas the 

clehrm1naUon of the qUB11U~ ot radiWI in \he ore as well as ~e 

twmtliJ of urUJ.1111, tor bO\h 'heae 1tle•nte tetermlne the •alue ot the 

ore. '?hie problem waa aolTed bf utilising \he '•chniqu.e ot radon me&aure-

ae11t, deTeloped tor another purpoee, in wh1oh alpha pa.rUclea RJ"e counted. 

Durin& the war, plants vere eatabliahed l>y the Ar71JT and l&TJ for 

appl71l:J& r&diw:i lUllinous 0011,poWlde to dial11 of 1nstruaent8. !he applt-

caUoD ot 1uch ooapowid1 can result in eerlous 1DJV7 'o per1onnel 

1&1Lleav proper recu].atiou• and '••'e are ea\alallah•4. 'lbe •ea1urement 

et radon in the •%haled \reatb. of radlua 41al pe.1.n\ers "" tilUE uada-

$ory. The racl1oact1T1'y sea,lon of the 3ureau wna instrwDen\al ln the 

deTelopment o! 1ultable regu.lat1ons and aade \he •eAte of expired air \o 

determine the ettic~ ot '11eae regula\iona and '11•1~ enforcement. In 

addition \o the appara•us for determi111n& 'he rad.on content of s811plaa 

of air \he S.BS deaiped a glaas bulb for ahipp1JlB H111¥les of s.ir which 

could ~e sent eTacuated to \he collact1ra« point to fueil1ta'e the tr&111-

!er of the ai.mple to ~· naak. '.l'hh aen-icc for the knl1;/ oJl.d Na'YJ' we.a 
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cf ccn:?idcre.ble v, lue tc tl •···• dnce \'i thout it tl,,y «•ould. h~ve h~si-

tnted to engr:.t;e civili~:.ns to L>P>lY r o.caum luminout compounds c:nd. expose 

them to the -.:ell Jr..nQ"'n '. .. · :icns-. cf r ::d.ium poisonine. >.r, <: result the 

hc..zfrds hfve been re:iuced to £•. few c~"sN1 of ter.1pori-r~1 over-exposure. 

The procurement of :1. t rge qu·mtitieE of urc-niw.1 ore by the Government 

requirecl til.<>.t the radiura in thP- ore be ti.etermined &t well hS the uranium, 

in w-riviut; E.<t i:;. vi lue !or the ore, For ex~JIJple, L ton of hier t;rc.d.e 

uruniw:i ore mi~ht contain es much ha $21000 wor~ of re.diuti. In eddltion, 

the me~surem~nt of the radium giTes an indirect check on the emount ot 

uraniUJ:J since the1·e 1s a de!ini te r" tlo between the r1-..dium and u.ran1-wn 

in n s turu.l orec, 

'!'he same gener<>l equipment Uled for measur1D€ breath samples YEJE1 

li>lso user:. to meesure rt<iium ir. uranium oreG. !he chief difference in 

the procedure h that, for 11ierHmrement of rr:.dium, the ore sample ts 

dissolvei : .nd. the racion 1.,;.ccwnulr:..,ed in the r.olut1on over r: de:t'1n1 te 

Ume. The rt.don is then trl·.ntff':rred to the counting che!!lbtr "'·here the 

alpha particles a.re counted. 1ro~ this procedure the amount cf rad.on le 

determined. l'rozi:. the amount of rs.don 8Jld the Ur.ie during which 1t tt"tte 

accwnuluted the umount o! rad.1ur. in the sample Crul be compute~ .• 

r;everi-l thousand. such me~: sure men to ,.,Arr. mf.de. As r pe.rt of the 

which cnrried out d1ot~'rllin :· tionr, fo~ vi.rlous oontra.ctcrs. As r; result 

1t w.:.e founC.:. ':.l:..< 0 t the v; .. lues obkinef1 b~· the BurF:au wer r:· both r:ore con-

lt.ocrt.:turies. This resu1-ted 111 tbe sel~ction of tbe ::SurP.hU nc r~ referee 




