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Th11 Chapter ;re1eA$a briet gan•ral aoc.oun•• ot the 1nTeetigai1ona 

ot a nwabe• ot m1ece115.IJ.eout procesacs auggeaied. for separating uranlUJa 

lso\opea. So•• ol those ~roo••••• held earl7 ~romls• ot succeaa while 

'l'hh port.ion. of the ~ttaa Diatri~t .li1aio17 date1 from th• 

1A~•it10ll ot the ln'11v1d.ul .vroJ•c\I• rqud.leaa ol what.her or not th•7 

be.iru be-lo.re ~tt~ ~ia tr1c' llontrol , OJld , t.<i th tll8 exce;>tloia ot 

th• Ionia C•n\ritu.i• Met.ho4, ~x~D4a to the ~~oJeoi term1nat1on. 
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3001 I - G]NHL\L 

VOLUMJ 4 - AUXl~IART ACTIVI?l~S 

CHAP'?EI 14 - I:ilTIS'lIGATIOBS 01 MlSO:~us 

1-1. l!!!FPo•• - In M8¥ 1941 the Xatlonal Aoade.,. Comml,t.e,ia 

reporUnc on \heir review ot the thea ezbUq uraa1ua pro'bl•, a'b.\ed 

la par,a- _.Th• aeperaUoa ot the lao'-opea of urentwa can be done in 

neoeeear, a11Mn1nt•. SeTeral method• are under devalopmea•• at 1eaet 

two ot which 1ee11 datln1 tel7 ad.equate, Blld e..re approachinc th• stage 

ot prac\1oal teat. !bet• are th• me\hoda of th• centrltu&'• and. ot 

dlttua1on throU«ll poroua barrier•. O'her methods are b•inc iAT••'l• 

gated or need atud7 which fllST ult1.m&tel7 prove •u er ior, bu\ are now 

further troa ill• an«ineerinc a~•. ~ 

It waa , neTerthele1e , deterssined. to b• a means b7 whlch 1aotopio 

aeparatlon could be obtained and the purpoae ot this aeotloa of the 

Manha\taa Dlairict H1sto17 ii to outline the perUnen' accompllshmeatl 

under that :program. 

l-2. Scope - 'l'be lnoeption ot the method alld nuch ot the research 

on centrifugal separation ot ur~lum isotope• preceded the formation 

ot the ~~anhattrua Dtatriot. rl'he ~aYal Retearch tabor~tor71 Carntte1• 

Institution ot Waeh1ngton. Mational Defense Re•earch Council , 8nd the 



Otf'tce ot Sole.atitlc Reset.,reh ~nd Cerrelopm_.,a, contributed fund.a toward 

the dnelopaent. lioweTer, a• th• proJeoi teJ'minaUoa WR.I no• unUl 

31 JBD.ua17 194~, final control 1.lra1 a1•wned. b7 the !l.anhattaa Dh\rlat. 

'!'he Wtl•k under the oTerall d•T•lo~ent waa divided. nmonc a number ot 

1nat1t~t1on1 . ~ Un1YerB1t7 of Vlratnia oonducted exten1i•• Gx.perl­

mental reaearoh. Colwabla Univereit7 waa respona1bl• tor theoretical 

reaearch. The ~e••lnghouae Eleo\rlo and Me.nutactUJinc Co11pan7 deTelope4 

the cen'&rifuc• taoh1ne a\ their Research LaboratoJ17 and coMtruo'ecl 

producttoa model par\1 a t another ot their 1ubaldl&17 organtwatlone. 

~· Sta11Clari. 011 Dnelopa•a• Coapan, dneloped., Etrected encl operated 

a 9110\ pl&At. Aci1Yi,1ea of each of the partlolpaat1 v111 be coTere4 

bJ' the tollovtnc. 

1· J. 3&rll llla tog ot th• Cen \ritye ?Jtoce11 - The aocoun \ a1 here 

preaen'-d 1• a condenaa•lon ot hia\orlcal intonaatloA prOTided b7 

ProtealOI' J . v. l!e&111 ln hla report ot 7 Dece11ber 1946 on th• aubJec\ 

matter (App. 3-l) . 

The poea1b111tl.. of 'epara\ln« iaotopee b7 centrlltw;ln« vna 

:lira• sugge1ted b7 ' · A. Lindemann encl 1. w. Aiton in 1919. Tbe7 also 

worked ou.• the equ111brlua theo17 tor aeparaUon la au ideal gaa and in 

aA ld•al inoompre19l bl• 11 quid. 7ollovln« the aboY• work at Li.ndemaaa 

aAd Aston, the '1leo17 '-'&• en Ucall7 dhcuned. and extended bJ R. S. 

:,h1111lcen , s. ChapmAAn, 1:1Ad. ., . o. muklne. !~ulllkea also inveatlgated 

the~re•lcall7 aentrltugal aepara\ion in ideal liquid isotopic mlxturee 

end suggea,ed the so called 'eTaporat1Te cen\rltage~ method. That 

method condeted ot drawing oui vapor from the axis ot s hollow aplnntna 

rotor contail11ng the tlquid in it. perDpherr. In this method the 



r uparation takes place in the vapor as 1 t d1ttnae1 trora the periphl9J7 

through the centri:tnc&l field to the ax1."\l point ot ~lthdrsval. 

~couracsd bf th9017 ~h1cb showed that condd.erable ~Et::nra.Uon 

of hotopea should bs obtained, Yartoua ;1.ttempt1 '~ere made to separs.te 

different laotopea in speo1all7 constructed oentr1fu«••· Untortunatel78 
be,a.vse of 

~~,ch of these e~l7 s.\temph prond to be unsucceuM, ..-. prob$bl7" -M 

conYect1oa• :.~n4 th• oethod was abandoned. a.a 1mpracUcabltt. ~ft th the 

de•elopaaent of the oonv~ct10ll t~e• YacUUll l7P• ultr&-ceatritutr• in 193~, 

the method ~ae tried agal~ an4 reeul\1 ver• succ•e•tul. In ~ost ot 

the earl7 auccesetul experiment• the eYapora\1ve centrifuge ~ethod. vaa 

emplo7ecl to concent:rate Olnf aAcl Cl~ taotopes of chlo~lne 1n ccti.. 

·3romlne 1aotope• alao were concen\rattd. I• vaa found that conaid•~ 

able separation could be obtained and tha' the resulta were in e,oo4 

agreemea\ ~1'1l the theo17 whea aqu111brlum cond1t1ont were approxima,•17 

mab.talntd in the ce\rlfqe. The theoq 'la• further t••'ecl at dJiJ' tee 

temperature. with ditteren\ rotor speeda, an4 found to hold. G. H. 

·1111on and A. .3roale1 turtileP dH'eloped the theo171 'Jut 1 t reme.inecl tor 

a. a. Urq. '· Cohea t..nd their colla'boratOl'I to wol'k out the general 

?natheiaat1csl theo17 nn.cl to 1ndioate theoreticall7 the moai etfioien' 

wa7 to go about the separation ot 1•otope• by centr1tugtng. 

In addition to the G"Yaporative oentrituge method seT9ra\ 

other scheme1 were tried. 1rom elemente.?7 theo17 1\ wa1 olear tha' 

the rats at which aepa21a.Uon oould take place in a cent:r1tuge rotor 

was proportional to the length, or depth, of the rotor. Accordingly, 

procedure• tor splnnlng tubular ~otors w9r9 developed tor the 

evapor~ttve centrifu«• ~ sever&\ ot.~er methods. 



uenu 
current• method utilized the tubular v-acUUJl 't7P• cf3ntrituce. Opere.Uon 

wa1 performed w1 th eth71 chlor1" fl vapo:r, td about JOOOA. fiowinc through 

the hollow shat• into the top of ~a allo7 ateel , 34 I . D. b7 141 lone, 

tubular roto~ (con'81n1nc ~nd ~~i~l~~; ~h1~h w&a ·~inning at 1C6o r . p.s. 

Tvo equal traot1ona were colteoted a • the lower end ot the aplnnlnc \ube, 

one near the uis of rotation, lll'l4 the otheJ1 near th• peripher7. The 

obaeJTed separation taoto~ between the tve a411ple1 vaa 1. 025 with A 

continuoua rate of tlov of 2 grama per minute. Aleo, \/l th the same 

11pparatwa at yarlou ra•e• ot tlov Up to 2 11 tera psr minute• a luge 

nwaber of ob1erTation• were made on the s0parat1011 ot gaaeou 11ixt"'.irea 

ot 12 rutcl o2 ~d s2 and co
2

• 

'l'h• •distlllatlon~ or •ca.cad.en method, tlrs\ suggeeted bJ' 

tfrq • wae also trt ed., ullnc the a boTe tn• ot tubW.ar rotor. ...\bou\ 

65 cc. ot liquid C014 W8rs plaoed. in the 3• I.». bJ' 1.461 lon.t tubW.e:ir 

rotor. The tube, ~h1ch con~sillacl rsd1al batttee, waa apwa to 1060 r.p.1. 

and. th•n ev1tcu.ated and gealed. The u;>per end ot the aplnning tube waa 

surrounded bJ a copper coil c&.n711ng cooling Uquld. B2 a.\ ~bout 3 a. 

HJl pr8seure wa.• introduced into the vaounm ohalabe~ aurroundlnc the 

rotor to conduct heat to 1 t. Thia arrangemen\ made Ule liquid eYaporate 

in the lov~~ warm par' ot the rotor .and oondenee ln the upper cool pa.rt, 

thus1 proYtdin& for a vai>or c1rc:ulat1on. upvard _ nd a liquid fiow down 

the periphe1'7. Small aamplaa,co11ooted .at the top a.ud bottom ot the 

rotor sth:r 15 hour• centrifuging, 't~ra anal12ed in the JM.a' spectro-

~eter. AlthotJ&h re$ulta ~~r~ ~rrat1c in aome cn191 . the separationa 
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centrlfuginc proeeee and evidenced tnat some o&eoading wna taking 

place. 

In tu.rther exp•limenta at the ~A1Yer1it7 ot Virginia a 

duralwaa· tube l•l/S" I.D. b7 50 cm. long, spbnl.nc a' 2300 r.p.a., 

and. fro• 5 to 6 cc. ot 0014 wa1 d11ttlled into lt. The tub• waa thea 

sealed Md apun to :full sp•ed.. 1'ap wa teP (about· 20°0) va• apr8f'ed. on 

the top ot th• tub• to cool ii whll• the lower end of the tube vae 

heated. b7 air trlctloa. Alter splnninc tor a'boui two hour• a amall 

sample (abou• l co) ot CCl~ wa1 pumped ou' \laough th• hollow tube 

shaft 8Jld conden1tcl. 'lhe Ure7 caaoad.1.ng proce•s vna ohovn to cxte\ 

b7 eome ot the experiment•, ut1 the tJ9,par&'1oa obtalntd. waa be\veen 

4 and 5 time1 that poeeibl• under a single cen\rituging. Howa.er. in 

pracUc•• thle metho4 did not offer t h eaae ot aocomplishmen\ or 

appear to pro1111• large teal• separation of hotope1 • 

. Ano~er method of producin« oirculatloa 111 the aplJUdng 

tulnalar rotor wae tried whea th• material centrif'u&ed. wa1 1~ the 

gaaeoua state or ia the llquj,4 a\a••· small rod of reai1tanc• 

ma\ertal, placed. alone the oxl1 ot the apllm1ng tube, wae heated 1J7 

a.A eleotrtc curren' conAected throuca t ns top and bottom shatte. rhe 

decrease in denel t7 • due to the 1noreaae in •em;>~ra ture near the axle, 
and 

we.a 1Atencle4 to cause the gaa (or liquid) to .rise alona the axia,.;!loY• 

downward. along th• cooler roto~ wall 1n a manner similar to the 

Olau.ius and Dickel Thermal D1ftus1on 7irper1meat. Primaril7 this 

circula,ion 11 cauaed. 1)1 the gravitation l f ield ot th• aarth r~d ls 

oppoaed b7 the stab1Uzlng influence of the centrlf\l&al f1'3ld -(to 'b• 



'1EiH1Cfs 
di4cus~ed later) ~here the ~:- ~ ;10Yeu r&d.1i'\.l.17 ai the upper ond lower enda 

produotion Ptn70•ea. 

hpel'lmeuta ~o.-e al.so triec.L 1A -1ldch a tt1oeohaa1cal. &lev.q,tor*' , 

the ga.e , or Uqu.S.d., up alone the uia o tthe oentrttuc•. Ce:o.tr1tuga1 

foroe W&I then expeote4 to caust the elevote~ mbtt!r1al to tlov back 

never completed. 

11. c. Pollock u.nd X. H. K1.Qftdon 'l&Od a o1rculatlng ovapora ttye 

cenbttu,ce uathod. tor· the conuont.rt1t1011 ot ·the tin hotop.aa tn sno14. 

buc tfut n2ethod \.r:i.$ not Gxtend-4. 

14 lS4o ll. Gunn suaeetod f~A 1.n&t'nioua L4ethod ot isotope 

sepa.r.a.Uon ln '~hich the ud1meAtatiou p.roduoed b1 a. h1£A centrifugal 

field waa o~~oaod b¥ 'n• mob111t7 ot the lone under f.tn electric 11al4. 

lie also wol'ked. out a detailed. theor7 fro• which h• cou.ld predict the 

l-4. EiaBQ~ch '~ t tb.o Univers.t, ti ot Vtrc\ni! - ltolessor J . ~t. 

3el.llt ~..nd hia ~asooiatas ot th• Un1Yers1t7 ot 71rgln1& had beeA 

_prominent. in the cen. \.r1~6 ::i~thod ot ho top lo sepa.;r&.Uon dnce ita 
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;roperttM 1nd1catt:d thi t ur~.ntum :- 11"lu.o rt~~ ;cu&u4d po~e1b111 tie• 

!or t!.l;e in the eentr11\"'t~ proceat. It wla e. li~d ~t 59° C ~ith a 

V&j;flr ,t1re1su.r4' f tvo e tmo~_phflru . C'n the otheift&A.4• TJJ'b V!'S llC t c.vall• 

· ble cotr1.11nreb.1.t1 · nd :,., faz ts cculd be lea.med onl1 a s.:na.11 -~:noun• 

et the tJ.IJ,terlal Md b!en ~da o.t th~.t tiitJ& (1939) . Short17 ",fter pre-

tt:ntn.~.17 cen trii\lge wrk '-"'!ii t:r~\er wa1 at Vl.rcinil, • Dr. '!toss G~ ot 

th• tft..Yal. ~tsmi.rch L~~bcl't.toey , :ho 1r1~s ·.aUvel1 1ntarested 1n the 

..,ro~"tei~ _because ot 1 ts ;atl1ta17 ,poul b111 t1 ~. a,p·• · d. te tq to zir¢cur• 

·JAOuah vT0 'LG ... :~ 1. ·r: 1th t . a1t•• It . however. r.;o~ b~.;ne :..p: ••re.n\ 

\Mt the lil"OC'll'"e'P.~i;.lt )f tJ7&, in. ~ti t1P.t ~uffi~hnt. tot tha ,.?Z"O,p4M4. 

~:.~e.rtn1e.uh , ~~oul.4 h!te (!c.1:.3l,lereb!0 U.:s - it .i:t~l17 raqulred .. . bou* 

aro 111 ord~r to s b~· t b klqdcl1l '.'>w'ld o.h~·:lical ,;i.:opZ"rtie3. 

fhtt' d tin& tor ·.:Mu,j\ U1'6 to ra t~rt c:mtrltuga exper1m~111ta 

t t ·.rr~• <:J>n~td .. ,rect. viTr.J'J.ttJ.g~oua for th.Lt trn1"V;!.rd tJ ot Vtrgtn1.a to attempt 

to 'l~~r!!h 1~1.>to~oa t)! ~val".a?1.o .:l~ · t'lri · 1 f')~ i:i~?t~r.d.-:s;;.t:f.?n or the ::.10s 6 



ca1oa4e processes , aa1ng lone tub\11.a&' f:"otort1 ; also ._ prevloua expert• 

mente on · th• separation ot the ahlorin• 1sotopee in 0014, and. the separa.­

tioa ot az-eo2 gaaeou. mixturea , had. deJ10natrated the adTanta«• of a 

lone tubular rotor. 

longer thaA their diaaeter, to high speed pre1ented problema. 11rat, 

aucb rotor1 paae through 'or1\1ca.l- tre~enoie1 before reaohina the 

apee4 required tor opfltra.Uoa. At the flr•t cr1 Heal 19p•ed. thq Yibrate 

like ill• tunda.tneatal ot a Yi bra ting rod and :d \he 1eoon4 orl Heal 

1pae4. d•p•ndtna ~o• th• mounUntt, \hq vibrat• like. th• tiret harmonlo, 

•to. In pre'riou vo:tk a' Virginia al 107 e teel tubula' ro tore J• I. D. 

bf' 14• lone had beea spun well above thelit tlrst critical trequeno7. I t 

had beea.touncl tha,, in order to spill the• thro'UB)l the critical tr~queno7, 

speolal damping ot the bear1ng1 wa1 :required.• but tha' vhea th• epee4 

axoeede4 the orittcal trequen07 the tub• spun 1iabl7 an4 smoothl.7 for 

lone period• vithou' 9Jl'f dga ot tattgue. tln-ertheleae . 1\ waa no \ a ' 

all certala tha\ tube• v1 t1t 1tUCh oeatdJl 1encth to dltl.Jlleter raUo coulcl 

paae through the crlt1cal trequenole• ~ reaoh the requ.irecl epee4. 

Also• 1' wa• a debated question whether nr not •h• tubes would spla 
~ 

etablT vithou\ ta\lgue above th• second or higher critical tre~uenc1e•. 

Alter con11derabl• research on damped. beartnga i\ waa auba•queail7 

found. that lone tu~es could. be spua throueh sa mt1Jl1 critical freque11cle1 

a.a detired snd. tha• the7 ope.rat•d stabl7 a\ high 1pee41. 

At the eari,. atage ~t the work on dentrituge separa\ion ot 

uranlWI isotope1 the Universlt7 ot V1rglnta 7ec•ived a grant from the 

Jays.I ~esearch ~aborator7. rrba\ assiatanc~ ~as folloYed in ~pr11 , 191Jo, 
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iEGH~'a 
bJ a grant in aid trom the 0f..rntg1e Inat1tu\1on ot Waeh1118ton. Th11 

it poasible to dlreoi th• MaJor sftorte of the PhJ'alc1 Staff and 

graduate etu4~nta at the Universit7 into thie problem durlng the summer 
t 

ot 19llo. Followlnc the Y.aTal Re1eczch t.aborato17 eont~aot the subJeoi work 

wae conducbd under contra.ch O~a~l~ Md 0~1r-398 l>etween the OSlUJ 

and the Unlversl~ of Ytrgiaia. ?heee oontrao'• ~•rs .reepeoilvel7 

etfec\lY• l Aucu•\ 19~1 and 1 March 19~2. 

In Jebnaq, 191K>, Gunn made approxbaatel7 6 grs.l!llS o'L '01'6 a.•all­

abl9 to the UniT~reit7 ot Virginia. Tha't mabr1al '"41 the first autf1• 

ciea' quanUt1. tor opei-atloa of the c~t:riftt&•. 1\ wna· subJected. to 

1sotoJi• saparatlon b7 the eTapora\1vs centrifu«• method tor whlch a 

theoreiical eep&l'atlon factor ot 1. 08 1 or aA 8~ oban«• in 1aotoplo 

r~Uo, applied. The U10 ~aa 1uoceaatu.1.l7 centrttuced "ithout appreeiabl• 

101•,or datar1orat1oa,a.nd the tADtplea vere ssal.ed. in gla•• cepS1llee. 

At tbs\ time (Jeb;ru.17 194o) t~ Unl•~relt7 ot Ytrcuta had no meana ot 

~sing the saaplee. The7 were sen\ ava7 to be anal7secl bu.t appareatl7 

that enal7ala wa1 neTer performed. I!o~••er, the ttae1b11it7 of hnndlinc 

u.r6 1n the ceAtr1tuge vae Yef7 def1aite17 demon•trated. 

About that time sctlT• work on the een,rlft1&• method waa 

sta~ted a\ Columbia Ua1vers1t7. Ur07 had suggeete4 several method.8 

for aUacking the problem ruid hh ucup, lff. b7 Cohea, worked ou• a 

genei-al separation theo17 which 1ubaequentl7 promp•ed a conclusioa tha\ 

the refluxln-. oounter :flow method• ustn« loJlC tubular centr1fuge1 1 va1 

the r.10st .eff1c1en\ for large acale separation. 

;"ty ths middle of 191K> dev~lopo~nte at the U~ivar1it7 ot 
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Y1rc1Aia had reached. the point vhere tube1 ot VrJrioue 1i'1e• with 

l•na•ha ms47 times thelw dtunetor wer• spun up to their bur1ttng 

to teat th• efttclenclee of the following methoda. 

(1) 1'h• ~eYaporati••• metho4. 

(2) The "db Ullatloa• method. 

(3) Th• "tlov throuch• ot" "con-curren \ • t1e\hod. 

(~) ?he •cou t•r-ourrea•'' meUlo4. 

UJ'6 we.a wiaYallabl• tor th••• teeta unUl 19~1 and. marq ot th• were 

made with compouade ot ohlorlne, bromine, aJ'Ml m1.zture1 of 112 ~n4 Ha 

ancl 'a and. coa· 
The eYaporat1Y• cen•rltuc• method wae u1ed. to caret.illy check 

the centrifuge ·theoq an4 to make aneral concen,rated samplea. Ia 

Deoeaber,1941,two 1ampl•1 ot 1 graa each ~er• obtained whoa• difference 

in 1aotop1o raUoa. ae mea1ure4 br A. O.C.lUer, wa1 a.bout 4o l;.ercent. 

!he dlatlllatlon method vaa abandoned atte~ earl7 teat• 

becauat ot it• 1nter1or1\7 tooth•~ methods . I' vaa,howe•••• tou..nd. 

to give caaoad.lng etteot1 • 

.Oata 1A goo4 ncreement wl th Cohen'• theol'7 wae obta!Aed vi th 

the flow throuch,or con-curren\,me~od and vlth the countel'-Ourren' 

methocl. 

~. counteza-ct.irreA' method wo.a the one f1nall1' decided. upoa 

for plloi plaat op~ration. 

~inc the la\ter par\ ot the s: ot1Yit7 n t Vtrglnla $ffort 

vsa .il\8de to ge\ data lthich vould permit an eeUmate of the pertormanoe 

ot a large number of cen•rliuge1 in a c~scade, or praductlon• plant. 



• 

~ag[QAiiI • 
Tha• 'lCt1Y1t7 ~s• oarrted. out ta otoae cooperation vi'h 

Oil Jevelopn•nt Co~. Aloo, \hrougb the ~1111\anc• of ~. Standard. 

experimei:ate. 

Th• toreeo1nc p~e1en\e a brief geneJ'al aaooua• ot 

ezperimeA'*1 work at the t!n1Yerait7 ot YlrgiJlia. Detail• 

ob\ala 

wh1cll include general comment•. d.eaor1p'1oa ot apparatua, 

intorma•loa, a.n4 reool'd• ot exp81'1snenta1 ~eaulta to~ th• sTapo at1T• 

me\ho4, fiow-throudl or con•cuttent metho4, counter-curren• tl w metho4 

an4 the count•r-ovra' retlWtinc me\hod.,az• proY1d.e4 bi' 

report (App. »-l) . 

1-5. ".fheoretloal Re!•UC!! at Oolwabla U'n1v'9ra1tz - 'rhe C 

contract OZHel'-192 (conUnuaUon ot eonuao\ 2n73a-397i.) to Co umb1a 

Un1Ttra1'' tor theonUoal reaearch on the cl!n\iiitucal aeparat on of 

Ul'an1wa lsotop••· Aa referred to b7 the to~iJ2«,Profe•sor ! ama,ot 

the Un1vera1 tJ ot vtrcinia, had dneloped hi.«h tpeed. cantritnge which 

operated - th• zinrpl• nov.'1u-ough liroc••• an4 b7 th• napora h·• 

proceaa. Und.eJl the tlov-througb proC••• a gae en te~1.nc at one nd ot 

the centrifuge wa.• •e«regated.,in it• tlov througb \he machine,t ite 

heaTie• and lighter fract1ona a\ the oth•r en4. Th• e•aporativ proca1• 

le~1'ill! a reeidue of he&TJ hotop1o concen,ra.Uon. 

The work unde~ contr~ot C~Msr-192 initial.17 concerned the us• 

ot a coun\er-ourrent nov of liquid oncl gas. The 111u1d Ye.s pr :,iosed 
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to be eYaporate4 a\ one end ot tht c~ntrifuge rotor and th• ga1 oon­

i.ienee4 to a liquid a• the other end .ot the rotor. The operation we.1 

somewha\ ai.mllar to a d1et11lat1oa column. tater, beoaua• ot the great 

ab.bllitJ of the tlow of gaaea 1.n4 bffau.ae of the st:ronc field produoe4 

b7 the o~ntrlillg•. the tnl\ial propoaal waa modified \o the counter-

cu:r:rent now ot two ga1e•. 

~ten•ive aonslderatioa waa given to the trao\lo~ 

centrituce. 1atlmat•• ~•r• made of the overall rotor length to ~rod.uce 

bhe deatre4 concen\ratloa. Thi• work re•ealed the macaltude ot the 

••p~rat1oa problea an4 1\ al•o demonatra.tecl the adYan\8«•• ot th• 

aounter-ourreat cen\rltuc• method a.a comparttd •dth tht flow-through 

centrlfU«•. CUteiandinc &m0n« thoae adTaa.tagea were the ua• ot nlft&l.ler 

shattt (beoa.uae of the reduced flow tro• cen\J"11\l«• to centrifuge) and. a 

~o•ewha• short•r oYsrall length cantr1~• required for a given productloa, 

or eepa.raUon. 

' 
Centrttuge developments whioh had b•ea• or ~ere, mlld.e during the 

ear\7 part ot the au.bJeot contra.ct coJltlrmed the mao.l tud.• ot the problem. 

Centaot1 ha4 b~en made vi.th the Weetlnghouae Compa.tQ' lo~ tht d••elopaeat 

ot eentrlfu«• ma.chin••· 'l'ho•• contact• resulted in a centritllg• develop­

r.:ent sub-contrac•, under Ooluabla oontrac• Nl.73•-397~. which 11 deacrtbed 

in a tollowtnc portioa ot thia hiato17. 

'?>\• grn•ral propertlea ot oa•cedea a1 applied to aeparatioa 

proble11e '"ere :fir1t worked 011' la conneotlon wt th the csni:r1tue• method.. 

In 1939. Ur91 had. au.ggestecl a CP-ntrifugal isotope separator which could 

o• used con~1nu.ousl7 ln a caeoe.de. In 1941, Oohen made a det~lled 

Dn~ly1i• ot the Ure7 uni• (the fractional d1st1111ng CP.ntrifuge) operating 

l~.12 
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1. t 1tf1tl41 t to locelb~ evare-re Uon nad eoedr.nei~t1o.rt• r!.nd ~P1'f~.r~nt17 

circti.l.c.1tt10A trnm e -p to cap 'brck•· r!ovQ iii 1oc::?.lb9<1 cu.rrenh. -"'no th4':r 

o! the co~r~~t sort cculd ~e ~nt~btlsb.t-d- 1 ~onc~rnr4 the '1st~m et control. 

Control (}f et&.e rr ~ttonF..l d1at1'.l!:t! on i1rce~gn ".fculd .,.,,., ehto!\ t lmpOt1!lb1• 

~11 tht. c.oove tJ~ )f! (1 ) il.4"td (2) d1~ ·~o t n::p.nen.r to be r*'t\11Mb1&. 

The tun<t~n..1l!n.ntn1. d1fflon'!. t1 !.B onat-tlti~n ('f l\ Mnt.r1~ 
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Ueta11a ot the aubJ~ct r9aearch .~,nd rs.ult. obtained a• 

Columbia Un1Yera1t7 are proY1ded b7 r8ports retsrr~ to bJ Appeadloe• 

3-2 to 3-12 inolueiv•. 

1-6. D8Yelopeat. bi ~feaUyhgus• :3leotr1o (ind. !l.anutactUl'1J21 

Cont,P!!J - 'l'h• tollowla« general accout ot the dnelopment ot c8lltrt­

tu.gal gs.e separator. 1• easentialt7 a quota~ion of the hlatortoal 

gorUon ot an overall repor• prepared. ~ the '\101Unghoua• Reaearch 

Laboratories. Detatla ot that developmen• are a.lee proY14e4 b7 that 

report t-Mld. refer.net h ad• 1.a th&i respect to .A.p~:eaclu 3-1). 

The probl .. of developlDC a suitable c~n\~ttuce tor sep~rat1on 

ot uraniwa laotopea lt'&t fi:ret coneid.erecl b7 the We•UD4JhoU1• !~e1eeroh 

taboraiori•• 1n Aucua,, 191'o_, e.s the resul' ot BA 1nqui17 bJ' Columbia 

UnlYer8l\1. A~proxlmate requirements, g1YeA ea.rl7 in Deoe•ber of tha\ 

1ear. 1nd.1oated. a rotor diame\a ot about 8 inch••• a length ot two to 

three teet,an4 a speed. ot 500 r.p.s. larl7 dieeu1aiona were almoa\ 

vhollJ confined to UMt ~roblem• ot aupportina and. splnniDtt the rotor 

07linder at th• hig~ rate ot speed. · 

le.rl7 ln 1941 a contra.ct • aa r•c•lved bJ' th• WeeUnghou• 

Company fro• Columbia UnlYersit7 tor the detiga of a centrifuge to 

aepar t• uran1WI laoiop••· Th• proposecl vorlc concerned the bowl design, 

Ua support and the hlgh-epeed d.r1T•. Other maJor problema, namel1 the 

deYelopmen' ot pumpa and eniJ'7 'nd exit eho!' seal.1 tor the prooese gae, 

were ratalned bJ Oolwabia Univer.lt71 lthough, later, this ~ork wae 

turned ov~r to ~estinghouae. ~· posa1b1lit7 of large ~cal e production 

ot centrifuge un1ta entered into the consideration and. intl.uenced ma.ft¥ 

,Phate ot th• deyelopmen$ •. 



I\ wa1 d•a1r~bl• that 1mportent des:lca pr1nc1pl•• t"14 de\all 

1.raprcrreaente revealacl b7 cent.rif-uge ree'lttrch at the Un1Y'!rs1 t7 ot Virginia 

AAd Colurabla Ua1ver•1'7 be lneorpora$e4 in the apparatua de•l«B. Renee, 

rl;rld speoltlce.Uona a• tha' t111• were no' deelrable e.nd. ··rere not drava 

up. Aa a • 'arUnc pot.a• 1D th dpamlcal dedp 1 • ~a• geurall7 agreecl 

tha\ th• rotor ~wl geom•'l7 b 9uclt. tha\ l t could. be treated ~!· a rici4 

'OodJ, tha\ 1a to erq, the fre0)18DC7 ot th• low•• ' Ai1.tval '?>eDdlnc noct. 

ot vl bra Uoa of the bowl aa a r•• bo47 vaa to be hilh•• tbaa the run.nine 

apee4. Thia conald•~a,lon tor ti.A 8 inch diameter steel 07 f.J.uminwa bowl. 

opera tine a• 500 r.p.e., Umi \ the lencU». to about 42 inch••· 

1he cenirltuc• d~11gn to• Columbia Universlt, vae 00J11plet•4 

aboU' OecemlMr, 1941. an4 shortly thereafter th• Otttce ot SolenH.t1o 

Research un4 De..-elopment oo.ntr ·cted., u.nder O»fer-415 aa.4 lt85, tor a full 

slie d.Jnealcal mod.el cen•rttuge and. 24 produotion uait1 to be built b7 

th• ~•••1nghou.ae CoDlp&Dl'. The produ.o•ioa u.n1ta ~1er• tor in•tallatlon 

ia a. centrif\1&• pilot plaat. <.;onatru.otion ot the a,uaaaiael !:lOdel begaa 

in Janua17, 19lta, an4 produoUoa ot detailed. pe.rb tor the pllo' pleat 

lA&ohin•• bJ the WeaU.n«houae .lneo\rt• .lileYato~ CompaAJ' begaa in March, 

1942. 

.Jefore teata and d.nr lopmeA' worlc oft th• n.boTlt model \#ere 

oompl•ted,aacl betor• ~leti~n ot the tin.t ot tw• produo\1on uni'• 

ultlmaiel7 delivered. to the pilo\ plaAt, oTeral\ p:roJec' conRldera\1one 

made 1' apparen• that th• bowl lencth ot the cttn\r1tuge should be 

lnoreeeed aa :m.u:h aa posa1ble. A. lone bowl 07Uncier leng\h wea eetab­

Uabed at 132 inchea. ~hat leng~ prAsented th• problem ot ben41Dtl 

TibrailoA ot the bowl itnelt. The result of detailed 1nYe•'igat1one of 
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bearlnc•. :tnmplng. material utrAng~, e~d par'• dedgn os.rrled oll~ lD 

the development ot the 42•1nob lnncth . chine ·"el'e natural.17 a.pplicable 

to the 132-inch eantrifuge :illd. 1n th~•e r$epect• the work vaa almpllfiecl. 

'?ve ~2-lnch centrU'agee Qt 7. 2 lnchH inside bowl dI'",meter 

-!llld. 8.2 tnohat outaid• bo~l diameter, ~1th rai•d speed of ~70 r.~.a.. 

~ere del1vere4 to the centrifuge pllot pla!lt la Ma7 nncl Septem~er ot 

191'.). Th••• machines opttr,tecl undeJ" .Pilo' ple.n' pertomsnce. The overall 

teng\11 ot ee.oh unit ~a• 12J 1nch .. ti.nd. aoh !1&8.ch1n. velghed. 1000 poun.da. 

A dJnuio model of the 132-ucll ctJn\rlfuga, v1\h bov1 d.1uehra a, shova 

for th• 42-:1.nch nttlChin•t Wa.• li.SGOS~led .. uid teated. tzi 1'80-llh1'1 194). Tha 

oYe:ta.11 l ncth ot the 132-inch machine ';1a.1 188 1nahe• n.n4 the total wei«b\ 

va.1 3200 :poundt. Tb.ls t:tac.hln• ttna '.trecked 1a tas~; hOWtlV$J' 1 1ta pertorm­

~ncs indicated that success1'11 deelgn .&nd op8ra•1on ot a centrifuge ot 

such l~n«th were probabl7 poas1ble. 

1•7." Pllo\ Plant 1'.>(lvsl02mont rui4 Onerat109 Hz \ht ~t~da:rd C'il 

.o~ve~opmeri~ CO!it\!!t - In JBnut.17, 1942, t ! a st~4 011 nevelop:aent 

Compl!.ft1 enter$4 into a pracraa under th3 otttoe ot So1en•1t1c 3esearch 

fUld Developmeni tor the coneenir~'loa ot urllAium tsotopet bJ the cantrl• 

tuge methcd. Thd program, ·..rbioh terrai rtn ted 31 J.:muarj 1944, '.·n•e coTere4 

b7 the following o~ntrecta bet~een OS!Ul ~nd t~ Stl'\%\dar4 01\ nev9lOllJll8A\ 

Oompa!:\7. 

O~a,_;67, eftectiv• ~ J3Au.ary 1942. 

O ~Mtr-925 1 efteoUve l Jnnua.q 194J .. 

OJlMs..-926. •ft~cuve l J~-nuacy 1943. 

The oontraotor•$ ~ork under the ~bove c~ntrRcts included principal ph&see 

es her• ~h01'D.I• (1) cooperatioQ ~'1th the 31..M Laboratorias in malc1n& 

14~16 
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cooperation with tha Weetlll,f!'.,houae lesearch taboratoriea la the develop­

ment ot a sul\able centriluc• to opArate on proc••• gaa; (3) deaiga alMl 

oonetruction ot a pllo\ plaal to ~eat the C8D,rttnge method a1 applie4 

to the proc••• gaa1 (~) op•ratlon of the pllo• plant te obtain separa,loa 

data und~r a varte•7 ot c~nd.itton• and \o test the performance ot the 

Weet1nghoua• centrlfu&'•I (5) Dl1 englaeerinc aurv•1 of the application 

ot the centritnp method. to a lar1• seal• plants Bll4, (6) correla.Uoa of 

the experlmatal s~s.Uon program carried out in the correeponcltnc 

oentrltuge proJect ot the T1nlvere1·t, ot V1rg1nla. 

Aa indicated b7 th1• hleto171 the theore•tcal baei• 8ncl the 

experl=en\al ~esearch tor the overall proJ•c• had been and was being 

proT1de4 re1pect1•el7 bJ Columbia Un1vAr1ti7 ~n4 the Unlver1it7 ot 

Vlrglnla. The design and deYelopment ot the centrifuge proper vaa 

aad~M to the Ve.tinchoua• Comp-.. It had. been propoaed tha\ the 

centrifuge be operated ln a counter-current manner, and coneiderable pro­

gresa ha4 beea made iA teature1 ot operattnc a caacade ot counter-current 

oen\rlf'nge1 on p:rocasa eras. Under the StE>Adar<l Of.1 Development CoMpanJ' 

contr~ota the caciaeerlng B•peote of that proceaa were further deYelopecl, 

. wlth particulBr reference to a caactsde suitable tor production ot l :[&. 

ot the desir-.td product, in ~ concentratlo•• per da7. The pllot ptan• 

oontraotor•e ana17el1 also 1ncltuied working out the most Qpproprlat• 

method• !or testing the theo17 of ca.aos.de eounter-cu.nen• gae separation 

01 ~enna ot a limited number ot machine1 in a pilot plaut. 

0~atr1fugal 3eparat1on ot the proCP.SS g89 had beeA recognized 

a• the outset aa requiring, amon« other thlngar- (1) the uae ot 
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oorro1loa-proot meta.las (2) prev~n•ton of con,act of the prooeas gae with 

re&o,1ve naterial1 such • lubrica\ln« oil; (3) the u•• ot ab,alute 

preuura1 in the order of 10 to 20 •• Ja. (low 9nough to preTea• cond.en-

ea~loa ot proceee gn1 at the pertphe17 ot the bowl, a• p•ralsalbl• bowl 

teaperaturet, rwl 1n the plpl.ng a• rooa tMBpara,urea)t DAd., ( 4) the !)rO-

Y11ion ot a.A exoeptionnl.17 t1gh\ procs1a 171tem to preven\ los• ot proaese 

ga• (either b7 out-l•aka«• ot prooeea ga1 or bJ' tn-leakric• ot mola\ alr). 

The ptlo\ plNtt deeiga en4 cona,rucUoa work undertaken a• 
the beclnnlnc of the prograa ;>rovt.ded. for the 1n1ta.llaUon of 2i. 

~ee\1nghouae ehor.,.bovl (36•) oen•rlfuc••· The plant, knova aa the 

Oat Separatloa Pilot Pl.ant. ~a• located a\ th• Standard 011 Baywa, 

RAt1ae17, ~1.nden, •. J. Prov1a1oa wa1 aade at the rettne17 fora- (1) 

a.a eleo\rical dr\v• •Y•tem tor the Qentrttucft•I (2) the requlra4 centrl• 

tuc• aux11lar181 such a1 lu~ricattnc oil, circulating water. nitrogen 

seal gs.• , an4 hl'drogea caa1ng gaa; (3) a proosH gse ciroulatlnc 

s7atem; and, (4) a r8frlgeratlnc 17•t•• tor chilllnc the proceea 

reae1Tin« trap1. 

A\ an executive mee,lng ot the S-1 Comtdttee, oa 23 October 

19421 ;.tr. z. o. Deuteoh. of· th• 3t3lldar4 011 DeTelopun• CompQl', pre-

sen\ed a paper concern1ntr th• use of hexafluoride us a teed ma•erial 

tor the centrifuge process. He alao preaented another paper• in nb1tr110t, 

ouillntnc a tull-soal• produc•lon plant as 1\ 3a1 then foreseen (App. 

A-1 ruul A-2). A turthar anal7e11 ot the · o~ntrifus• rnethod ot concftn-

tratln;: u.raniwa 19otope- wa1 provided bJ the pilot plant oontractor 

1uboequen• to a-cont~rence on 24 7ebrutU7 1943 between representatlv9t 

of th• Kftllex Corporation, th• ' es\1Dghoua• Reeearch taborato~n1 nnd 
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the Sta:nd.a.r4 011 DeYelopmea\ Co~ (A.pp. a.-3). 

in charge of th• cenirttuge proJeo' to ohance the cen•rttuge pilot 

plui troa 24 to a •incl•. centrU\ia• b1Jd1. Thll ttaa tor the purpose 

ot obtalnins, aa promptlJ' a.1 poa•l ble, f'und&:mental stncla-mach1n• 

aeparaUon da\a needed A~ a tire\ step 1n tHUng the cou,er-curren• 

gaa aepuaUoa theo17. The sta\e of ptlot plant conatnotion a.nd equip­

ment procuremen• a\ tha' time wa.• euch that th• chan«• to the sincl• 

rnach1Ae beaia in~olved onl7 minor moditicatioa in the plan• for the 

81eotr1~, auxlliar,, prGC••• gaa, nn4 reh1gerat1on s71te... Con­

atruo,lon of most of the au.x111ari••• axcept connec,lnc p1p1ng, waa 

continued on a nult1-maoh1ne baala. 

Developmaa• ot the cen~rllu«• toi- ua• ill the pllo ' plaA' 

had been, and. w~• beinc, oan1ecl out by the ~:ta.Unghouee Re•eg.rch T•bora­

to17 durtn.r the tarl7 pan ot 194J. ':rhe tint of the so-called ohor' 

bowl .machlnea wae dellYered to the pilot plant on 29 Ma7 1943 with a 

teurpora17 bowl tabrioa\ecl trom a duralur.iia torgin«.. Ataeabl7 of the 

machine and 1 ta pipe connecUons ..... completed and Tarloua run.nine 

an4 tlghtne•• teeta vere oarr1ecl out 111 the p~riod. up to 16 Jul.7. .u 

the la,er da\e the .pe:rme.nent extruded (full atrencth) bovl becue 

aYailable tor 1nata11at1on. 1'he completed maohine wa1 emplo7ed to~ 

about tlve •..1eek1 ot e2per1mental operation commencing lS Augta,. 
Jtollovtnc thia psrlod a second ~aoh1n• with lmproTed damper construction 

$.lld corrosion•proot (zsonel) 1ha:i't1 ws.1 installed. in pla.c• ot the 

first uni,. Op•r•tion ot the second machine ~ae 1nlt1ated 9 Octobe~ 

P-ncl conUnued a\ Ysrloua inhnDls throughout 1943. 



Although some mechanical difficultlee , uauall7 involYinc 

da.ma.ged bear1nc1. were P.ncounter94 wt th both ot the centrlfus•• ne 

inatalled at th• pilot plAAt, neTerthele•A~ those taults were correct­

able. At'•• corrf=!cUoa, run tallur91 due to taut t1 rota Un« .r}arte oa 

8lther machine were praoticall7 noa•exiatent. 

The tJDCineertnc aaa171h of a large plaa' emplo71n« lone 

bowl contrttu«ee , t1ra\ made a' the outset of the 5\anclard 011 DeYelop­

!!'lent Co~ progrm1, waa reTht'd 1n ver, general ton in Deo•ber, 1943, 

tn the light ot the more a\\raci1T• twldamental separation data which 

had. become aTallable. Prel1m1Dal'J' plane were also made a• thia t1m• 

for oonYertlnc the cen\rltu&• pilo\ plant to ~ rnul.'1-machlne bast•. to 

tes\ cascade operation. 

The hand.line of nrocesa gaa 1.n a centdfuge s71t•• rattuire4 

the dtv&lopmen\ ot Tarioua speolal 1natrumente :ui4 other equipment. 

lJnder th11 proJ9ot, de•elopment \#Ork waa carded ou.t on a nwaber ot 

th••• item1 , lnclud1n& pr1nc1pal17t - (1) a trap tor conitnuoualr sepa.ra\lng 

proce11 gaa troa ni\rogea seal gasi (2) low pr•••uzte-drop thermal tl.ov­

~eter11 anA, (3) bellowa-tJP• YalYee mee\lnc extreme t1ghtne11 1p•ol­

ttcatlon1. 

The centrifuge pilo' plant proJeo' also included a aubstanttal 

amoun\ of laborato17 1nTesttga\1on1 ralatin« prtnclpall7 to determining 

the corro1lve oharaoterl9tics ot variou1 n~tals, rubbers , plaetlcs and 

11qu1d1 whe:i uaed with l)roceu gae. Labors.torr work also 1nc1ude4 

operation ot a n1er ri.a.11-1pectrometer for ;i;..nal71lna proce11 ga1 sample• 

produced. b7 the pllo\ plaA\ operation. 



seenff a 
The forecoinc geDeral ~ccount ot the centrltu«• pllo' plan\ 

proJect haa, in the m•in, been takeD from the S•and.ard 011 DeTelopment 

Comp~ report on the Gae Centrifuge ~evelopment ProJect (App. B-14). 

Reference 11 mad• to tha' repor' and the deta111 contained therein it 

more complete information is d••ired concernin« the o•erall centrifuge 

pilo\ plant proJeo\. 

1-8. D11coa'1nuance of the Cen\r1fuc• !4!tho4 of I1oto21o .s.paraUoa -

s-1 Committee mee•lng•• held 10 8.Jl4 11 Septemb~r 1943, resulted. in a vote 

to permit the Un1Yers1\7 ot V1rg1Ala coAtrac' to run to 1'• comple,ioQ 

dai11 th.a\ wae, no\ to otop the oentritu&e work &' that loca~toa at th.a' 

time, and te ha•• the S\anclard 011 DeTelopmen\ Co~ continue 'o epla 

the lhor• bowl cen-rttuge tor an aggregai• of 4 moniha a \ aa small expenee 

aa poaalble. Dr. J. V~ Murphree, one of the Commi~tee oember1, and also 

tlD otflo1al of th• Standard 011 Deyelopaen' Compen,, 1ndloated certala 

additional coeta which wou.1.d be lnl'olvecl tot- (1) complete developmen' 

ot the short an4 lone bovl mach1n•11 (2) continue ptlot plant operattoa 

with the aboTe maoh1nea; and• (3) cover the poeslbl• con\1nuat1on ot 

centrttuc• researoh a\ the Universlt7 ot Vtrginla. A vote to determine 

authorisation ot the d1rsctl7 aboYe reeul\ed 1n a tie. Committee member• 

Doctor• Murphree• Comp\on and Lawrence ~ere tavorablt to the ttill pro­

gre• and Doc\or• Conan,, :Jrigg1 a.n4 Ure7 favored the curtailed. program 

prsY1oual7 Toted. I\ wa1 determined that final deci11on tor the S-1 

Committee wa1 ·to be made b7 Dr. T. Ju.h, DirGoto~ OSlU>t without benetli 

ot a.n1 recommendation f'rom the coror.d.t\ee (App • .A-11), but the dtuation 

changed a1 the reaul t ot la tor development.. 

Through h1s letter ot 6 ;.,9cember 1943 to the t>ther :?Sember• 

of the s-1 Coram! ttee, Hu.rphree provided a summation ot the centdtuge 
cmd e-15 

proJect ~• it then existed (A.pp. -~-4). ~t leUer, e.nd the report 
A 
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transml~ted therew1'11,pr1mar117 concerned resulta obtained through 

pllot plan\ operation and rete~r•d to :3Jl ex1st1nc plaA to discontinue 

thoae operaUona ~~• ot 31 D@c-:?mbel' 194J. l'he leUer indicated. th.a• 

proJect be c~•tl&ll7 reviewed bJ the OSJ"U), or the Artq, prlos- to 

tetter3of 7 Dooemb•~ a.n4 \l Deoember 1943 fro• Ure,, reepec• 

tivel7 to General Gro••• aAd. Cone.n•, contain hie views aa to the poaaibls 

attrao•1veneea ot th• can,rttuge method (App. A-5 an.cl A-6). 

Jro• a.A lnclep•nd.ea' inve1ttcatlon made ai the d1reo,1oa ot 

General GroTea 1' d14 no~ ~ppear tha' th• oentrltuge ~thod could catch 

up with the then exi1tlDg electromagn \lo ~nd gas d1ttu1loA niethode ot 

hib1t1Te, tao111~1•• would be required. tor the wartime cona,ruc\ioa 

at the propoaecl centrlfuc• plruit. 

Oa 18 December 1943 G@neral Gro•e1 commwitaated with Con.an\ 

and invited hie a\ten\loa toa• (1) th• condittoa tba' the S-1 Committee 

had no\ recor.aendecl tha' the cent~ituge method i>e curled forward& (2) 

th• ·~'·P.P•arance that lt wou.ld b• 111po1e1lll• to complet• th• cM,rituce 

pl;:s.nt engineering ~nd con1truotlon ln tl~ to be ot Yalu• 1n the wa~s 

and.• (3) the tac\ tha' more than one msthocl ot produoin& th• dea1red. 

product ha4 alreaq been embarked upon. Con.an.ta vle'"' from a. ~c:ient1f1c 

at:·.nd.point ·t~r• :reques'ed. (App. A-7) . 

Dr. R. c. Tolman. ·1ho had 1napected the c~n\1'1f'uge pilot pl.an\ 

on 15 December 1943 informed Gmeral Crove1 , b7 his letter of 20 December. 

ot hh vhve on the merit ot continuing the centritu&• msthod (.\pp. A•8) . 



. .\ctinc upoa. th• ::equet!t of Conwit , Murphree replied to hl• 

oa 22 Jeaember and presmited a rough time aohitduls for large centrt-

fugal planta (App. A•9) . tinder the se-me date r.ta.rphree also \ifrot• to 

Conan• ou:'11nlnc the statue of the c'!ntrituc• ~)rooeH an4 1nd1cated 

further eXperbaenta 11hicla would be requl:recl. if th• centrlf'Uge dne\op­

men\ program wa. to be continued. (App. A-10) . 

Conant ' • reply ot 28 n~cembe~ to General GroY81 • le\ter of 

18 December stated tha' attnngemenh ha4 b"ea Md• tor commen' ot the 

1nd1Yldual memben ot thf S-1 Coalttee in lieu of a foru.l vote of the 

ComJaittee. Conant stated hie personal oplllloa recard1ng the certtrt:tuc• 

prograaa to be1- (1) tha• ln conAideratioA ot th• tlm• schedule , ~• 

proY14ed bJ' Murph.re• . it wae 1mpoeB1ble tor the oentrituc• method to 

be brough' in to th• thea preaea '- program exoep' aa an ad.di Uonal 

insure.nee acaina' · ts.ilure ot the three method1 betnc pu.ahed.a (2) tha• 
the Uni tecl State• waa \ftea sp•-ullng all ot the mone7 • tiae, J,;;in.4 rnaterial 

then Jua•lt1ed on th• oTerall ·sepftration programs azi4, ()) that aa 

inauranc• progr .. ~hioh voul.d materialise a' such a \ate date woul.4 be 

antlrel7 UllJ\\1'1t1ed (App. A-11) . 

l-:u.rphre• presented. h11 opb1on concerning the continuation 

ot th• centrifuge proJeot to General Groves on Jl ~ecember. He reaeoned 

that two me\hoda of obtaining the final produo\ appeared to be e\11"t1-

o1en• on4 tha~-th• ~lec\romagnet1o me~hod had progreaaed too tar to 

warr~nt replao•Ulen\. I~ ~ 3uggs•ted that th• ~tu.a., ot the teasibilit7 

ot replacing the dittuaion Qethod b7 th• centrifuge method be detel'mined 

by a conuniit•• to ~· appointed 'b7 G~ner~l Grovea (App. A•l2) . 

r~wrence lntornled Oeneral Gro••• on l Ja.nuarJ ·t944 ot his 



recomrnendaUon the.\ the cent;ri:tU&• !~:reg:ram be terminated (App. A-lJ) . 

Ure7, in hh letter ot 3 Jan.U8.q to CoDBll' e \a.ted his taYor­

a.bla opinion ot the centrifuge method. (App. A-14) . U:rq also i ntorm84 

~enerel Gr0Ye1 1 on 3 JBDu.a171 ot hl1 oplnloA that a oommitt.e sho\&ld 

oe appo1R\ed to e tud.r the des1rab111 t7 ot sub1tl tu tine the centrifuge 

method tor the d1ttu.11oa method ot isotope separation (App. A,.15) . 

The 3 J•UArt commen' of 3r1gga to Gsneral GrovH wa1 . 

tha\ procedure vtth the centrifuge m•thod should b• depe"Qd.en\ upoa 

BeAeral Gro••• ' opinion regard1nc the dura~ton ot the war (Ap»• A-16) . 

On 12 Janua.rr ·Compton indicated hle opinion 1n a 1s\tel' 

to Conan' (cop7 to General GroTte) tha\ ettort1 Rhould b• concentrate4 

on method• alr•&dl' in hand and that th• centrituc• b)roductioa pl.ant 

should not be undertAlcea (App. A-1 7) . 

Jo_. rae.soaa which hti.Ye been 1ndJ.ca:t•d. b7 the torepiDC 

General GroTet intormed Conaa- on 19 J81J.UIA'r'T l9li4 ihat turtheii ex~u-

eion ot the csn,r11'uge proJec\ wae not Ju.st1t1e4 a \ tJlat time (App • .Ar-18) . 

Shor'17 after the abo•• exchange ot correapoA4enc• work: upon 

the Qen•rituga method ot aapazating uraniwa isotope• wa• broughi to 

a termination. t;J}Ule at thai time there wae still some queatioa 

regardlq the sul tab111 t1 ot the o th.er method• ot uparat1ti& th• 

des ire4 procluot. nevertheless1 later event• . ~tlcularl7 in regaJd 

to the succea1!ul production obtained. b7 the d1ftu.alon me\hod• have 

pro•~• the wiedom ot the decision made. 



SlCTIClf 2 - 'l'lil ISOfiOS !1rmoD 

2-1. General - ~inc the late rsummer and fal \ ot 1941 Proteeaor 

II. D. SJqth, aa a membeia ot the :mnc Ur6Jlium Sec•ton. became partlcularl7 

1nter••'ed ln electrom86Jletio method• of separatinc lll"aDiWI isotopee. . . 

At tha• time Profeeaor i. o. Lavrenoe wa.a proceed1nc vlth his work oa 

the "oalu\ron11 and. obt.alnln« evidence ot pror:ddng reaW.t• (ae• .1ook T) . 

sch.au b7 which it waa beli&Ted. tha• a plane sou.re• of condderabl• area 

could be uaed.. 'l'he propoeal vtte be.sect upon the 111nmch:lng• ot ion• 1a 

a ma.nner similar to tha' d.l'>U b7 a Kl71tron high trequ.enq oscillator. 

13eoause of th&• d111lartt7 the 1che•e ~~e e a\ firs' referred to ne the 

"X171tron• method ot separa\lon, bu• later, ae a securlt7 meaaure, 1• 

vae 1dant1f1ed as the ~lsotron• ~thod. 

l'roa the abo•e inception the isotroa pnpo1al deYeloped into 

a proJeo' a \ Priiu;eton Unlvers1i1. und.•r OSRD contract o:msr-279, a\ an 

approximate cos• ot $4So,ooo. The oontrac\ w&.1 ett~ctive on 22 Dace•b~r 

1941 n.n4 ~a• teJ"lltlnated b7 OS'.RD on 15 7ebrttaJ7 1943. 

2-2. rPheorz - The theo.17 ot 1sotopto ·aeparat1on by ths teotroa 

method is bated. upon ions from a suitable source betnc acoelerated into 

a field tree re~1ona first , 'b7 a large constant volts.ct fteld,e..nd.j, 

second, by a.n al:~ernaUng vol tS«e field., pretarabl7 ot eaw tooth waye 

form. lone going through the alternating :fi~ld at the beginning ot 



Stt1fti• 
a c7ole would no• be further u.coeterated1 ')ut those reaoh1nc 1 t later 

in the 01cle would ge' an increment ot kinetic enerf!7 proportional to 

the in•tantaneoua value ot the alternat1n« voltage. The r~•ul\ing 

increaae in Yeloc1t7 ot· the l a ter 1ona would be such a1 to ORuae them 

to catch up vtth those that had patased earlier into the t1eld free space, 

i.e. the lone would •bunch" . The foregoing wa1 expeoted. to result in one 

location, vithln a 1uitable machine tu~, which Youl4 be revohed bf all 

iou ot the 18.ll• ma19 whloh en\ered the alternating tleld durtnc the 

c7ole. However, a9 ions ot dltt~ren' me.11 would be accelerated a\ 

different velooltie1 th., would rRaoh the bunchinc location at dltteren\ 

time1. ThUt1 , a11\Ullinc lone ot tve different ma1ae1 b•ln« •ccelerate4 

trom the source, b7 ohoosin« the proper value ot period o•c1lla,1oa, 

aocelera Un« vol tac• B.Ad dh ta nee to the bunching point, a bunch ot on• 

maea ion1 can be made to occur m1dva7 1n the time lnterYal between bunohea 

ot the other maae ion•. Separation of th• bunche1 can then be a.chieYed 

o., setting up deflecting pl•'•• to diver\ the ion i:aase• ln different 

· directions ot traTel. Aa the bunohiDC ettec\ described. 1a a.lon& the 

direction of motion of th• 1ona 1\ therefor• 111po1e1 no 11mltatioa on 

the croea••ect1onal area ot the beam or the source. 

2-3. aeaearc:b and Develop!!n! - ]'roa a theore,ioal standp01nt there 

appeared to be no obYioue 1mpoBaib111t1et in the iaotron me'1u>d; neverthe­

leae , it waa quite niden• that ~ ditticul Uea '-'ere probable 1D ita 

devalopmen• to a large scale produo\lon plant. Some of those difflcultiee 

·::ere a.Pplioable to all electromagnetic l:!ethod1 ot separation, some 

applied in particular to the 1sotron method. but, tortunatel7, ~ome 

which war• ver, important in other methods wer~ ot little cons~quence 



in the aubJ ec ~ me \hod. 

that a powerful and. ~d.•quate source ot !one mu1t ~. a.nllaol•. Ou\-

st8ll41ng requ.1rementa for such. a aourc• were reliab111•1, pu.rlt7 an4 

aftloienq both aa to oaterial ~ ~ovftr. '1ha work on the "1aotron" 

!!le,hod wa.• started th• onl.J sourc11 ot urWUJI lone which had beaa 

d.neloped. succeaatu.117 · 1ere a P• db charge in hexatluorid• aD.4 eleotl'on-

con\rol1e4 area 1A ahloJ'id• Yapor. ~17 e.daptaitona ~.n.4 development• 

tor the tsotroa t:te"1lod reaul ted ia two 1ource1, et ther ot which app•are4 

to be U8able, but ne1 ther ot them waa en'1rel7 aaU1faotorr. ~oae 

sourcea were aa tollov1a 

(1) All arc wae e1tabliahe4 ln vncuu.m betweea eleotrcde1, 

to be described• and ihe iont were drawn ou\ of the 

plaema of th9 aro. Innumerable shap••• 11saa and. 

material• ~ere tried bat. in each caae, the uraAlum 

eventuall7 de•tro7ad or 1e•erel7 corroded some paJ't 

ot th• sourc• appa.ratua. One ot the tlr•' electrode 

materials tried va1 tungsten. Good eource1 ~ere 

e•tabl1ehed bu\ the, deteriorated. beoaua• rnoltea 

u.raniUll a1lo;7N w1 th tuncaten an4, when preeen' ln 

autflcient quan\lt7, grmduall7 ate throut;b it. It ~at, 

ho'.f&Yer, obsenecl th&\ it a small quaat1t7 ot uranium 

·.i1aa used 1 t · ·ould avo.porate na a ve.por ~d thou.t cau1in« 

serioua d· Jll8t;9 to th• tungsten. A sourc• ·.1aa developed. 

14 which a sma.11 piece o~ metn111c uranium wna dropped 

on the tungsten rod vhich formed th• 3l10de ot a hot 
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~athod.e arc. '-lhen the uranium wae exha.uahd the 

potential ~rop ~croft9 the riro tncreaeed. ~ml aotiva\ecl 

a m.eohanh• to depoei\ aAother plece ot uranium metal. 

1I'hla supplied more Yapor :ul4 raetored the aro to 

normal. 'l'h• princtp•l ad•anta«• ot thia !1ource va1 

the purtt7 of iona obtained from il. 

(?.) A hot c~thode arc tn urAnium chloride ha4 been 

extenatTel.7 used a• .3erkele7 8nd •.-ta.a tM flllbJeot ot 

conatderable work a t Princeton. I\ proTld.ed large 

curr .. n tt, rM s tee.dll~ ~ .. ncl sen~d a.e a thoroughlf 

oon\aining the oh~oride At a controllable temp8rature. 

and an n.ro oham"r into whioh the vapor d1ftuaed. 

The chief d1tftaul'1 ot thla source concerned the 

Ho' cathod• ~rc1 in metallic V8por ~ere uaed for s&Ye~al 

month• on each ot the experime»,tal tttsotrona" placed in operation. All 

automatic load.el' for renewi?241 the suppl7 ot '.lrt.nium wa• devised and worked 

ta\1atactort17. The lite of the tunsaten :uiode waa found to be limited. 

in th• order ot 6 to 12 houre bu\ 1 t could be eadl7 renewed. ''fork ~-'a• 

also done on 11. cont1nu.ou1 teed mechBA!ams tor both the uranium and the 

b. A~ the beginning ot the project 1 t t~as ref.\lhed that 

space charge might be ~ limiting t~ctor in the isotron oper~tton. I\ 

~e1 oonsldered that such etf~cts might be encountered in a nu.mber of 

w~s. Space ~rce could. 11~1t the ion current drawn from the so.urce. 



l'hrouch space charge influence on the shap• ot the ~r• plaaraa d1fticult7 

might exist in obtaining proper :tocus ot the ion beam. Space charge 

mlghi atfeot the toraation ot bunchee 1 also 1\ could cause th• ions to 

sp~a4 ou' tran1Tersel7. Reaulta ot P.arl7 experiment• prompted. an 

a1&umpUoa th.a\ •i>•c• charg• ettecta would uot b• as aedoua a.• a• 

tlra' teared. However. later expertm~tal opera,lon indicated the initial 

aasumptlon not to be wholl7 correc'· C~rtain d1tt1culttea th~n P-ncountered 

cauaed a Yerr detinlt• aueptoloa tha\ ap~c• charge; ~hlle not spreadin« 

the beara ae a '"hole, waa, n•Yeiothele.se, af!ecttnc bunching P...n4 keeplnc 

the separa\ion factor down. InYeatlgatlon1 in thia reep~ot lei to dia• 

cove17 ot ~gecond orcl~r• bunchln«. I\ wae established that becau1e ot 

spnce oharge there waa a critical Yalu• ot current den1lt7 ~bo•• which 

•ttrat order~ btanchtnc t~ll off rapl417 an4 hi&h value• ot separation 

were not llkel.7. Vnriou.a operaiione with t~o ot th• experimental isotron1 

confirmed thi1 relation. The theoretical tornnala tor the 11mlt1n.s 

curren' deneit7 suggoeted ral1lng the voltage and shortenlnc the 1aotron 

tube ae a remedial measure. lialain& the voltage required a change ill 

trequenq and a.A 1noreaee 1n vol le~• on both bunoher and. aiial.1se:P. · 3u\ 

bJ certain change1 in th• pba1e of eollect1on, 1\ wa1 po1atble to 1horten1 

th• tub• without altering ~ppreolabl7 the Toltag• or :tr .. quenc7. Whea 

that ·oorrecUon was 111ade on one ot the eXperinaental uni ts .~n 1ncrea1• 

in usable current ~en1it7 ,,.ma ob\~ined. !'he next step wee obviou1l7 to 

go to higher vol'a&•• ~nc1 trequeno1e• ~nd a e\111 shorter 'ube. The 

combination ot higher voltagea and higher fr~quenole1 ~ould no doubt 

have presented additional proolama in deYelopment ot ~ production isotron; 
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ho"fever, 1 t . ., .. , belleYecl tha~ those pro·blorr.e could have been solvecl. 

Unfortunatal1 a' that time the 1mpen41:ng tendnatlon ot the overall 

Qlther the buncher or the anal71er. Ae an alternative remedial measure, 

in the event tha• a considerable deoreaae ta th• tube lencth and. increaae 

in the vol ta&• could no' be obtained., 1 t wa1 propo1ed. th•' st•p• be 

takea to neu•raliz• the apace oha.rp or tha\ higher ordH• 'bwlch1nc be 

~•ta)l1she4. 'rheee la.at-mentioned. poaaibl1lt1ee were ba1e4 upon \heo17 

0Dl7 and. were no' exper1mental17 explore4. 

o. ~eterence ha1 beea made 1n paragraJ)h 2-2 to the preterenc• 

tor a saw tooth wave torm tor th• acceleratin« voltage t1a14. Ao\Ubll7 

such a waye ton waa no\ obtained e.nd vartou.1 approximatlona hB.4 to be 

con1lderecl. I\ waa, of course, toun4 po11lble to obtaln ~degree of 

ee_paratloa ot isotope• w1 th a normal dne W&T• if iona accelerahd in 

pa.rt of the 0701• were discarded. Therefore a determinatloa waa ~•(ulr~ 

between eff1c1e1107 and. the degree ot a&par~tton. The ett1c1encr related 

to the use4 traction of one c7ol• of the a.coelera~ing a1,erna,1.QB 

current. The separation ot the produo\ waa detlnec.\ a.1 th• factor b7 

which the ratio ot h•~'7 to Ugh' 1sotopee waa decrea1e4. A wave form 

!Md• up ot a sine ·..iave in combination vt th a number of harmonics appeared 

to ) rovide a su1 tabl• su'bat1 tut• tor the ideal aaw tooth ton. Cooperation 

,.,aa ob~1necl troa the Jt&U.aUon La.bora\oq a' M. I.1'. in conetn\CUD« 

aav tooth ~ave torm oecll\a-ors. One snch dBY10e operated bJ' succeanivel7 

oharglntr a condenaer throU«h a reaiator at a steadJ rate n4 thea d1s­

oharginc the cond.ena91' through a redio tube upon whose grld a sharp 
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poeltive pulse vaa applied. Another cecillator S7Jlth•e11ed the deeired. 

2-4. ~?ffiertmental Unit• - The . t1r~\ experimental iaotron ~aa se' 

up in January, 1942. 'l'he u.nl\ conelated ot a braaa tub• 3 m. long 

~nd. 11 o•. ln d.iam•ter. 'l'he tube ~a• 1n seTeral sectlona and had port. 

spaced. eYs17 50 cm. tor the ~sea ot obeenaUon. lnserUon ot 

~lectrod••• and ac1orth. 1.l'he ion source, ~ccelerft.Ung electrode•, ~ind. 

'bwlchtnc eleo\rode1 ~ere a\ one ~rut ot the tube vtth limiting dlaphr~, 

detteotlnc plates, an4 detecting deTicee a \ the othe~ end of th• tube. 

Auxillaq equipment, ouoh a.1 pump•, h!gll ve>ltage source, arc pover 

source• aaplifiert , ruMl 010111ator1 had $lther been constructed or 

adapted fro• equlpmeat aYallabl.e in the la.borato17. Initial operation 

ot the firat isotron ~a• simplltled. b7 the sub1tttu\1on of lithtUJI for 

ur&lllum ~• the material to be separated. Tha\ aubetltu\1oa had tvo 

advantage•. 11rs\9 a plant1tul 1uppl1 ot tl -t ions could be obta1ne4 

bf heatln« spodUJ1eAe, thua s1mpl1f7lnc the source problem. Second• 
1n~+ead 

th• hoiopet of lithium dlt:ter in rnMa 1>J nearl7 15 percen\,..ot the 

appro~1mate 1.2 percent tor urantwa: also the abundance ratio waa a~ou' 

12 to l instead ot llto to 1. Th• ,,peratloa waa further s1mpl1f1ed b7 

inaerUng beaa liml tine dtaphrap• near the recel ring end of the tube. 

A high trequ•n.01 dne ~.,a.Te we.a applied to the d~tlecUon platee. 1'he 

bunchttr voltage wa• a.pplied and. 1 ta pha•e varied relatiYe to tha.' ot 

th• d$/lecU.n& voltage.. Under operation 1 t was ob•ened that the 

r,,17 + ion• ·11ere deflected to one s1de and ~he t16 -t ion bunches were 

deflected to the oth~r side. The current to~ tht flrGt operation ~a• 

olnute - ot the order ot a microampere - but it waa demon1tlated tha• the 



~ethod wa• workable. 

?Jeoeasar7 r•tinement.e ~ ... ere made to the uni t tor the e•paratloB 

ot iona dlft8r1nc in ma.ea b7 oul.7 1 . 2 p&rcen\, ~n4 ~ai~17 la Apr11 1 19421 

sxperiJlenh vi th uranium. were carried otd lia a manner eu,,nt1al17 at had 

been performed wt th 11 th1um. Agaln,.t succeu ·"a• attained in th• e.xperi­

mentj thua proTiDC tha' the method wa.1 workable for uranium 1sotop••· 

In the latter expertunt larger curreata w8re empl07ed but thq were 

still relat1Te17 small tor aJl7 practicable purpose. 

The nex\ ol>Jectlve waa to &•' a largel' ourr.,nt down the 180,roll · 

tube and to snal.1•• th• whole curren.• in the tube ln1tea4 of dlapMagm~zw 

out ell but a small part ot 1 t. 1.rhe tube a.n4 anuree condlUon1 were 

altered. until current• in the order of a m1l11ampere could be broug:h' 

down the tube. The problem ot an.al1~1nc lone fro• the whole crosa• 

section of the beam wa1 solved bJ a combined alectrtcal lane and. ana17ser. 

!hat deY1c• con1latecl of a serlea of insulated :aratlel stripe ot 

tantalwa being stretched. acroge the tube near 1ta colleotioa end. D.C. 

potenitala were · appl1~ to the strips in such a manner ae to dir~ct the 
. . . 

ion1 forming the beam to a focal point. A high trequon07 detl.ectlng voltag• 

· va• supedmpo1ed. on the D. o. voltage w1 th 1 t• pha1e such that zero 

a.mplltude occurred whea bunchea ot th• deairP-4 isotope cnme through the 

anal1zer. for all other ion bunchet the high frequen07 detl'!C•lng field 

waa ot suttioient strength to detlec\ "the focal beaa to one side or the 

other ott ot the collector. The anal.71er wa1 fi~st t~eted. merel7 n1 an 

alectrioa1 lens. ~ere was no d1tttcult7 in bringing the beam to a 

proper tocu1. tater a dP.gree ot separation ot uranium isotope1 wa1 
£ 

obtained whan the high trequen07 bunohing and d/1ect1.ng field• ~~re applied. 
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'!he reaul ~· ot toregolng· operationa were 1n meJl1' reapeota 
b~qrn 

in accordance with theoretic~l dG81res but ~eeaae current• ot one milli-

c.mpere were ot no practical ur.Je. iro· obti:Jin the necer:'.51'-l'J' production a 

plr-1J1.t capael\7 of MD¥ wapAreo r...e.d. to be eontaa.ple.ted nnd a single uni ' 

caps.ct t7 b.ad to be in the order of amperes. 

In order to stud.J the problem ot e1t. bllehlnc and oa.1ntain1nc 

relaUTel7 larg• curr~n• in e-ll isoiron unit 1 t &.ppea:red. a.dTaatac•owa to 

conduot sxpertments with appara\ua other than the 1aotroa 1teelf. A t ube 

6 inche1 1n diameter ,._,.nd abou' 2i. inchee long waa oon1lructe4 together 

ot sou.re~• and t'la.Dl' · ~laotrode ~~ome\riea wera tried with th• tube 

aocel~ratin& the ione to another aorren about one cm. awq pro•ided a 

current of 6o u. from a source of aboul 20 ca2 with a total drat.a ot 

olll~ U~O ma. t:ro11 the source. The )eq down th• tube gave evidence ot 

••r1 11\tle spreading; however. it ~m.1 recocnlied that additional stud.7 

waa rt® re4 to aasur1 thP t the angulu di verg"'1\Ct ot the beaia would. be 

held to a taw degree~. I' was al.10 req'1J.red. tha\ sputterinc ot. tht 

eleotrcdee be studied.. Wlth a chlorid• aoure' the electrode• la tl;ut· i on 

path ~1ert sputtered awe.1 at nn appreoiable ra.te as soon a.s the current 

denalt7 reached the order of 1 -./c-2. However, results indicated that 

uranium ion currenta in the order ot mtlliemperea per c-2 oould be 

obtained and that such currents ~ould be Bu.ft1o1en• tor isotron opera-

ti on. 

In. conUn'Q.a.tioa ot 0xper1menh on 1.arger operating curren ta 

the p receding tube wa.1 replaced bf a mod,,rate sized complete isotron. 



.i.e.t .Jnt'o.-r " :io ;~'!lt; n nd ·nnHs ~., r<'d.ue~ 1 ~ ""t*'t"i5/1.~-:!/ ~1 Cl5 r:ir M~r• 

..c " .. "C1Jrrt J.:1Ul!"/ U-2~5. '"""· t cf\1 ~ul~ttrtn ( ?"~"~""'"'~ ~~ ~- ?~nr,,h .,~u~at.e) 

iu.d1tJht .:d ~~1~ ... f!qul:rf!~ ... nt o.t s.,•~ ~~J)~~~ '1\th 4ooo 't'lnth l!t the f!rt1t 

rto.o()o,ooo. 
The f1>r~g,,L. o;"r" t!cn 1111%trand.~tl to th• tatl!t 1U.~f!7' t:t~ 1942 

2-5. 11,llY1~"1 o;t .!notJ'M\ ~T!~lor·'M•n\ rnd *\'enataatten of WorJ! -

1 1: , ... r~ ot th.I! ~-t ~er,u.Uve CoM~ ttM ~~~t 1t'\ 1-':-ti·u!eton on 19 n-oeabe• 
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be read.I' tor opera\lon b7 the end ot 'taroh. 1943. C11 the baals of 

their t1nd.1nca ai Prinoe,oA the Cormnltt~e recor.tMendecl tha• work on the 

isotroa. :tnethod. be discontinued at an earl7 date ~.• 1 t did. no' nppeu 

tha• d••~lopment could be completed within the tlm• aTailable fo~ 

wartime need • 

. Ac'1D8 upon t.h• recolll'DendaUon of the S-1 Comm1Uee the OSRD 

1ntorme4 the cont.re.ctor that the aubJeo' work waa io be bl'Ought to • 

close on 15 Z•bJ'\Mll"7 194). 

In the tvo montha interval betwHa the renew b7 the S-1 

Committee a.n4 the actual termination of the iao\ron work operatlona 

were co».tlucied. on both experimental uni ts. (t1orJc on the 3611 1sotron 

'lltae terminated wlthou\ 1tsbe1n« completed.) Improved. reaulta were 

ob\aiuecl r-nd there wa• avideACe that a clearer underatandlng of the 

ca.u1e1 ot .th• attendlx.g problema waa belnc reached. 

· (Refer to App. 3-16, B-17 • .3-181 11-19 ancl a-20 for additional 

deta.111 ot the 110\roD development.) 





3-1. General - During the awmner of 1941, A. Ke1 th 3rewer and. s. 

L. Madorsic, developed a reflux electromigratloa method for th• concen-

tr~t1on ot isotopea. The mechanism preeuppoaed the existence ot alight 

d1£terence• in th• tran1por' velooitla• of laotopto lone in solution. 

'1'he baaic prtnolple iBTolTed in the proceae wa.1 the eotabltahmen• ot 

the cond.1t1ona ot counter-current ~~tlux betveea the laotopla ione 

migrating in one direction 1A an electric field IULd a streea of electro-

17te flowing in the oppo•lte direction. 

J-2. '1'heorz Nld Prel1mtnarz f!Periment1 - A d1tferenoe 1l'l th• 

treAapor' Teloclt1e1 for 1aotop1c ions had been poetulated ae earl.7 ~• 

1921 bJ ~lndem,ann. Jumerou1 attempt• b7 ?end.all nnd hi• co-w&rkera in 

~hich ione ~•re electrol7aed throucrh long column• ot a.ga~ tailed to de-

tect a separa\1on ettec•. It waa no' \Ultll the cotUlter-current electro-

a eepara•ion baaed. on ion mob111t7 difference• waa realised. The procesa 

was teeted ortghal\7 ·rl. th :potaeelu. 

!leflux 1!111• attained bJ' 1Ddw:tng a counter-tlov of elactrol7te 

through a packed tube a.' Guch a rate that the net forward trP..napor' of 

K+iona waa reduced to zero. Under these condition•, the taater-morlng 

391 ioaa mad• headw~ agaln1• the 11ov1.na streaa and ~ere concP..ntratecl 

in th• cathode compartmen•. At the eame ti~• the lesa mobile 4lx ion• 

~er• carried back toward1 the anode. 

An electrol1te .cell used in th• concentration ot 391'. conslst~d 

ot anode and. cathode compartmenb separated. 07 a tube packecl vith a 

unlforu>-git81ne4 porous matffr1al (sand). The anode compartmen• wae 



conn~ctftd b7 oeane ot a slphoA to a eonstnni level aplll~v~. PlatinUll 
~ 

P.l~atrodee were placed. so aa to µrOTlde a uniform l>OtenUal distribuUoa 

~~roes the pacld.nc. 

3etore ote.rtlnc the rua. the cell waa filled vtth elec\rol1\• 

to the de•ired \eTel ~• determined bl' the h•ich\ ot the eplll~-&7· 
~ 

(El ther I2SO~ or xc;. solution• . .,i'tre suitable aa elaotrc>l7ta•, the ettsoi 

being lndependea\ of the chemlcal J'\Ature ot th9 5nlon. .a. cono-.ntitaUon 

of 1 ool• of aal' to 50 mole1 ot watel' wa• found. to be conTenlent .al though 

the effect was independent ot the conaentrat1oa betveea vtd• 11•1\a. ) 

In operation, x+ lone migrated towards the cathode compar\iteJli 

~bile SOi., lone migrated to the ano4-. Aa alectrol7te atrea .. tlow wat 

induced 1a th• cathod.-to-anode direction bf Bddlrte a solution ot H2soi. 

to the ca \hod• 00111partmen• tUMl XOB to \he anode compart1aen t. ~-fhell th• 

concentrations and rahe of -=:.ddUion ot both 1olution1 were ouoh that 

constan• duza1n« the run, the tlov ot eleotro17t• through the packlnc 

was juat eutflot~n.t to reduce the net-to:rwar4 tl'&Aepor' ot potaae1WI to 

~ero. Th8 pa.oldn« thus beha.Ted 8.9 a p~ked tracUo.ns.Un« colUntll opera.tine 

under total reflux, aAd 39x concen.tra,titd in th• cathode compar"8eat. 

in addition to the concenirat1nna and nature Qf the r~ou• . 

a 1..args nwaoer ot other v~tablea ''"re tested. Thee• included the 

eleatrol1•1• current. the t•mp•rature ot the bath in which tbs cell 

was immor1ed• the compoeltion of the packing material and the 9oro1it7 

beads , carborundum• asbe1toa . gla11 ~ool , cotton, tilter paper, alundum, 

and rubber ba\ta17 sep~ator1. 



. ( 

'rh• r~aulta obtained ~1th ~otacs1um ~~r• v~r, encou.re&tnc. 

Sta.rttnc wt th ord1naq _pob.eeium 111 wll1ch the abunduoe raUo h 

39r./4lr. : llJ.20, the ratio W8'8 chanced to over 20 in leis than 200 

hours. ~1kevis• 1 whea the c•ll va1 run la reTerse 411 ~&• ~oncentra\ed 

1A the ;uioda com.partm•n' vtth tq,ua.l etftcienc7. 

Aa ~1711a ot th• 110\ope d1etr1bu.tlon throuchout the length 

ot tb.e packinc 3howed thai th• ~AUre concentreUon occurred in aboui 

~a• found la the iir•• two m1lllmeter1 adJaceD\ te the cathode compartment. 

3-3. AUem;eJecl 3eiJt4J'aticn of Uranium hotop•!·- 1'he i·e1al.'8 ob,dned. 

vlth poksc:1um vtre so eacoUZacina tha.• tbfJ1 sugg,,sted the method should 

proTe a.a ef:t1olat aleana tor the concen•ratloa ot uranium is.otope•. · 

Durlnc 1942 a tars- nwaber of expertmeata ""'er• performed. ut1inc 

U02(N03)2, U02'0i.• and uo2012 aa the eleotrol7t•e. ~· re1ul.t1 were 

unltor11ll.7 unaatiatactotJ. A cba.nge ln concentration ot onl.J' 0.5 percen' 

waa the highee\ obtain.eel b7 ma.a, spectrome~rlo meaauremente. Alpha• 

£"~ua\ measurementt in compartaoa gaye enrichment• as high a.• 2.9 percent. 

1\ le believed tha\ the d1screpano7 between the two aethoda wa• due to a 

radioaoUve 1mpv1t7 in the uraniwa. 

In appl1t.nc the lon migraUoa metho4 to the concat.raUon ot 

uranium ion1, the !lational lh1.reau .of Standards had. the cooperation ot 

Professor ll. s. :-w:rned and. hb co-worke:rs · a1 Yale t.Tnlverdt7, (App. B-21), 

ot ?rotassor Kraua and h11 co-workere a• ~ro'Wll UnivereitJ', ot Oun.can 

AacI:u.nf!a and L. G. Long1Wol'th ot Rocketellar Inetitute ot Aed1oal Rese&J'ch, 

~ J. ~. 'e• tha.Ter ot the U9 s. Patent Office • 

i4~38 
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14-1. i1eneral - Durtn« .1ebrllal7 1941 , the research on th• s•pare.Uon 

of hotope1 which wa.a bet..nc oai-ried on a t tht Fixed :~'1 trogea 3e1earch 

T..abotato17 ot the u. s • .Deparimen' ot Agrioul~ wae traaa:hrred. to 

the National 3ure&l& ot Standard• under the direot 1upen1don ot Im. 

r,,_ J . 3.rigga. ror aigh' month• prior to that Ume1 all reeul t1 

obtained relative to thit work had been reported exolualvel7 to hi•. 

4-2. Theorz and. Earlz DeTelopnent - ho prinolpal method• ot 

separation 1A which mer0W7 va, u•ed. a1 th• tHt liquid W81'e under in-

veeUcatton, namal71 (1) I.tolecular dhUlla\loa 1n oounter-cunen\ re­

tlux stlllst deYelope4 b7 A. ielth Brewet, S. L. M&dorslq, am J . W. 

••'ha••ra and.• (2) Adtaba•1c diat1llat1oa ia low-p~e1aure stille, 

d•Teloped b¥ A. Kel th lrewa ancl J. 'f. llsa"haver. 

'?he term moleoulOJt dleUl ta\1011 haa be9A applied. to tha• 'n>• 
ot dis,1lla\1on where that• 11 no •xabanc• between the eacapf.Da vapo~ 

a.rut. the eyaperaUng surtaoe. •rhJ.1 1• aoconapthhecl bJ operaUnc a' such 

lo" pr••aurea tha• the Q8Jl tree paih of the e1captna molecul•• 1a of 

th• order of th• diltance between the surface of the eYapora\ine 11qu14 

~ the ooole4 conden11ng walls of th• still. 

In ~oteoular d11\lllat1on, the rel.atiYe rate ot escape ot the 

varloua moloeular species from a oompoa1 t• Uquld suf r-i.ce la determined 

bJI (1) th• partial pressure ot ~ach compon.nta and, (2) th• number of 

tlme1 each componen• strikes thlt bouncla17 medium. In the case of th• 

1so\opet ot the heav elemenh ln which Yspor 9reuu.re dltterenoe1 a.rs 

small , or non-existen~. the relative rat• ot escape of the d1ff~rent 

hoto.P•• la lnTer1el7 propo~Uonal to the squa.r• roots ot their atomic 

14.39 
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weigh ta. 

'l'he iaotop•• ot rnerC\U"t were firs\ concen\ratecl bJ' 3orne\ed 

e.ncl !Inee7 111 1920 udn.r small sincle-abg• molecular etilla. Thia 

the UniYerd \7 ot Chicago. ·1hll• the change 1Jl concen\raUoa per cell 

approaohH. the \heoreUoal Talue. neYttrthelH11 the method wae no\ eu1 i­

able tor obta1nln.t high isotope ooneentratlona becau19 of the ve.,., 1· rge 

nw1abei• ot separate dlaUllaUona tha' had. to be made. The labor 1nvol•e4,. 

the time conauaect, and the large ~Wlll\lt7 ot merCUl'J' ~•q11lretl ren4ere4 

the method ot U, Ule .;>raotlcal 'falue. arever, !adorakr and tfettha.Yel' 

deYelope4 a nev tJP• of molecular still ln ~h1oh an, deelrecl nwnber of 

sln«le-atage stills were so connected togethe• that the resul.tan\ 

separation reallied in one operattoa ~a• eq,ual to the separation per 

stage ralaed to the pover of th9 mJ.111ber of stagee. All trenefer of 

a reaul,, the labor lnTolTed 1n & multl•stage 17atem ~a• reduced to 

11\tl• more thu that to~ a dncla-atac• operation. In addlUoa, the 

quaatit7 ot mercury required, aa vell as the time ot operation,. wa. 

reduced to such an extent. that the method became an ett1olen\ proC••• 

. tor th• separaUon ot 1aotope1 (App • .S-22) . 

The ilul\i••tag• molecular still <:i.a deTelopad conaistecl ot 

• series ot eYaporatlng surface•, or poolst se\ adJacent to each other 

!Ju\ at s11&htl7 ditteren\ leTela. A cooled roof plnoed d1reo\l7 aboTe each 

pool s&rTed ta conden•• the v~por. The roota ere so slopecl tha\ the 

condensate ran alone the surfac• ruid fell into th• adJ~cent cell higher 



back 1a amoun' equal to th• eonden•ed. vapor carried torward. ~u, 

in a serlee ot oell1 1 th• Tapor fro• each pool •-1aa condenee4 and allove4 

to drop into the next higher _pool ,1h1le an oq,ual volwne ot liquid ra.a. 

beck. A1 a reeul t 1 the more T~tat11• material ~a1 concentrated ln th• 

uppermoa \ cell whila th• lea• ' YOlatll• wae collected 1a the loves' 

cell. A\ equ111br1um1 th• dlrterenc• in conceniratioa betveea succeaaiT• 

oell1 ~ ... the same. ~h• ratio of the ieotope abundance on ~he condena1nc 

root to that ot th• eYapora\inc su.rlace tol' aD1' g1Y•za cell "'a• tennecl 

th• s•paratioa coettlclent . Th• oTer-all eepa.rat1oa factor waa th• 

$~r&\1oa coefflolen' rataed to the pow97 ot the numb•' ot •ta«•• 1n 

reflu. 

A com.pouad to be u1ecl aoonomtoalt7 in a molecu18' still nnis t 

be a liquid. wt th a vapor pre11ur• ot the order ot 1 •• rrc at th• tempera­

ture ot the aTaporatiDC plate and 0.001 m. ~. or lees , o.\ the t .. pen.tur• 

ot the concl•nalnc root. Since river water 1• th• ch•a,.1.~t source of 

cool1JJ«, the greatee' acono~ could be realised for tho9• compound• 

whose yapor preeaure at room temperature ~a• necllglble. 

4-). Separa\loa of Uranlua lsotopea - '!'he probtea ot tindtna a suit­

able u.raniwa compouncl to use la the aolecular sUlla ~• no' dr.:iple. .l 

numb•I' at double salts ot the •1P• UC14.aL1Cl WAH tested b7 s. L. Mad.oraq 

but the7 all decompoaecl at reduced pJ1eHure1. In ad.di t1on1 a number ot 

solidi haYlng app:reoiable vapor prenurea were tes\ed by s. L. J adoralq 

c~ ' · I . T~lor. Thaee compoundt all failed to show an isotopic 

sepuattoa becauae ot the lnhertm\ d1ff1cul Uee ot idxlnc $Ol:1d aourcee. 

~eats to tlnd an azeotrope tor th• chloride1 1 or .tluor1d~a. ot uranium 

reaul tad in failure . I 'b ·i1a1 not until earl1 1n 1943, whna Prcteasor 



3eJU7 Gil.maa s)'llthea11ed U(C~)5• the.t ~ ault•ble li~14 Y&8 aY&t.1-

abla tor us• la the molecular s tllle. A nwabe~ ot similar orga.nto ur~niua 

compounda '4ere dueloped •' the !faUonal 3ure&u ot S'8ndaris, and ~ 

l'»rot•Hor Gilman, bu.i none prcrted a.1 ef1tcient · s uranlUM p~nta.sthoxtde. 

1'ha other compoUDde were either teas stabl• or had too lov Tapor preasurea. 

lr.unedletel7 tollowlnc th• d1ecoY~J7 ot u.ranlwa pentaethox1da, 

~ol'k vaa sturte4 oo two c~neral 'yges of ~oleculAr ~tills. Th• ttra\ 

t7P• dn.,lope4 b7 .3rewer• MadorU,,, 1eetha.Yer an4 !a7lo• tfae ol th• 

ot a lon& «laa• tube indented along the bottom a\ rftgul.ar 1nteJ1Yalm to 

form shallow poola. A water-cooled copper tube, to !.rihich copper con­

d~n1ln.r ~late• were a\tached, ~~• thea 1ns•rted ln th• glass tube 1n 

such a rlal1l1e~ "~' the liquid &vaporattng trona each tube co.nden•.~ and 

drop,ped. into the nex\ hlghea~ pool. Th• ~ntlre auemb17 wa1 ,plu.4 on 

l:i4 incline ct a~u\ 50 so that the liquid ~pilled bsck from ~ool to pool 

etlual ln e.moun\ to the quant1 tr '1"f&po:raUng. Stills ot thia tn•, 8 

feet in len.rth1 gaY• a change 1n iso\ope ratio ot Sf, atter operaU1JC 

2; da,•. 

The second type ot molecular s Ull \i9., dev•loped b7 s. r.. 

Aadorsq. It conliated of a nwubeJ' ot vertical cells e.rran&ed. in aerlee 

in such a 1w.nner tba\ counter-current reflux wa.1 ma1nh.1ned throUBhoui 

th• antlre group. Speolal magnetic Utt pwap1 '·"•r• desl&'lled to suppl7 

the teed betweeA eel s. Th• reeulta obtsine4 from 10 c•lls operatinc 

in series gave a separation aoef:t'1c1ent of 0.1 ,Percent per theoretical 
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plate. 

·l'he reaul t1 on moleoula dh ti llaUon show that l1l01eculal' 

oount•r-cvrent r•tlux,and th• lsotopea of mercuq aD4 ot uroniu.m have 

been concentrat•4 1A such st1lla. Although the tbeo~•\lcal separation 

ettlolenq wq no• attained. for th• taotopH ot uran1wa, th• oe\hod 

prHtm\a certain ad.TBD\a&fl• from th• stsndpoin't ot power oonaumpUon 

tino• temperature• not to exc•ecl 1500 O are required. tor th• eY&porattnc 

surta.cea ~'n.l r1-teJt 'lahr o.rul be used tol' oooUnc the co~enainc au.rface• • 

.Protesao~ HeJU7 Gtlmaa .a.n4 hia co-worker• a- Iowa S\&te College of ~'udea , 

low, 1n developtnc th• U(OCal,)
5 

and other related compou.n.d.1 u.aed. iA 

thi• reeearcht a.n4 of ~r. J. w. Wea'UiaYer ot th• u. s. Pn,8nt O£t1c• ia 
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s:~TIC» ' - 1~ illACTIC~Ar. Sl~tXMATIC• 
rli!HOD~OJl trnJJllUM I00!0?1J SIP.UU.fIOll) 

:>-1. G~neral - Dur1nc the earl7 part of 1945 a method ot separating 

urantusa isot9pe• b7 alternate17·vapori1tns an4 condenaln& U16 wae pro­

posed a' Columbia ilniver11t7. The proceae appeared. no•el ~l14. Qn the 

bad• ot the thea meager data from a 1.1.mi ted nuber ot exper1mea tal 

Jrietl.7 the method propoeed conaieted ot mo•tnc proc••• ga1 

tn a tu~ tJ1rougb. succeaalve hol cUld cold. ~on.ea so that •~port trere 

oon•lnW£:Ui io~ &nd parttall1 oond.enaed.. Under euch arr~en.\ l t 

~.1a1 indicated. tha\ the ho 'ope• wauld rsove toward. the ~ppod ta ends of 

th4t tuO.. Und•~ th4t .xped.menW aet.up. 5/S" copper tube . in. th• tof'fl 
.. 

ot a 22 turn, 61 diameter, helix• ~a• rotated 1lowl7 (1 . 05 r.p.m.) on 

a horizontal ~1• through s\at10Jlall7 hot and. col~ 2on4s. The tes t 

uni\, exolua1T• of drive meahaDlam, rolrt~eratlon, eto. , occupied .a 

floor spaoe of approxlclatel7 6 s<tUllre te•t. A more corsplate deacrtptlon 

of the equipmea• and method Qf operation la p~o•1ded b7 th• contrac~or•s 

repo~t ( \pp. a-23) • 

'l'h• poten\ial advantage• offered b7' the syetem teeiaecl te> "?;ea 

(l) low oapl\&l coat ot plant due to t9la,1vel7 algple equipaant ~nd 

tloor apace requiretl.ftlltol and• (2) 1ov optnn1ting and mn.intenance 

ptrsonnel requirement•. 

I 

:nsthod. ot ieo\op1o i.loncentraUon '.1ere some".llha\ qu•etlonabltt and empha-

;orted oy the contracto~. I'll.at co4d.1t1on 11d to the recommendation 



the\ a r rogra11 of stwQ' be <:.ut.llorlied to: (l) _,sta.blhh conct11sivel7 

the 1epara'1on repo~ted.1 ( 2) deti~rmine the effeoh Md baportanoe of 

Ya.riou prooesa 'Yariable"; (3) theoreUcall7 ntudT the pr1nclplt!e 1mder­

lytnc the tullctlora.ing ot the process; and, (4) conduct a chem1eal engiaeer­

inc renew ot th9 Q9 tho4 to detemlne the tn• ot equl:pment, prooe flllt t r...nd 

eontrole to '!:>9 used i in a prod:u.ct1c'• plruit. 

Sub•equent 1nve~tlgat1on reYealed tha\ little o~ no 1eparatioa 

ot urrf.Jllu• 1aetopea could ~ depended upo?l tor the subltinaUon-condezt-

ee. ttoa proo•••• 1'h1 ou \COM ha.cl the tull concurrttnctt of al 1 ~oncsrnecl 

anA the ~roe••• wa1 d oppe4 ~• belnc en\lrelr uneucce•9f\il. 
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6-1. aener•la Prellmla&17 e:q>erlments 'bJ Dh. r. B. 'Srowa on.4 ~. 

,.,elnatoot• a• Columbia t1nlYer1it7, lJa Au«u.8t., 191l2, 1nd.1oatecl that a 

fraot1ona~1oa of uranium tsotopea toek plao• ~he• f.Ul aqueoua soluiloa 

ot ur&aJ'l n1tra\t waa extraoted wltll eth••· Th• proO••• 1• d•scriltP.4 

brf.eft7 bl' the followt.nc ouUlae ot one of the expert11••• oonduot•d 

at Oolubla • . All e'1lu eoluUoa contatntnc 10 ldloera•• of. urat.D¥1 

nitrat• wae ehakea with ntticleat water (~ bF vol_.) -until diatrl-
' . 

buUoa equlllbrlua ot the eali bet"'"8 the tve lqen wa1 . aU~1ne4. 

The V8ter l.a.7•• wa1 thea. remoYe4 and. the conc .. tra,loa reatore4 •o 1~• 

o~i6lnal ••lu.• br eTaporai1oa of tlM ether. I. gJUtJ.l aJ1aOUDt ot wa••~ 

waa add.eel ~ the solution to etteo' ad.dl\toaal coarpeneattoa. The 

proo••• ot axtncUoa 'nt• thea repeated. uli~ ~ 'b7 Tolue of water 

vhl~h waa equlllbn.•.ict with th• etheJP lzqe• an4 1'\i'b9equ•\l.7 rtmoVed. 

Jlorv ftxt.rtt.otlont ot th1a tn- 1i1ere uauallF emplo,.ed. whtch lett abou' 

one &rail of uran,-1 nitrate in th• etha• tai••• 'l'hu1 the reduo\1oa ol 

the ute1a7l ·nitrate wa• troa 10.000 to l ..-. a• we.a reportfd.• 71elde4 

& :tracUonatloa taotor ot 1.ooo6) (.App. 11'-24). 

oa the be.•l• of the abo•• an esUute 'nkl made of tM sh•. power 

requiremeAt• an4 co•' ot a plaat to douole the concent~a,ioa ot U235. 

Tha' e1Umata 1nd1oate4 tha~ such a :ptaa• oou.14 be coneUu.oted. wt. thout 

a grea\ dn!a on th•Jl a tra tecio 1na ier1al • ,lJMl tr.a\ 1 \ "ould not b• 

undul1 COi tl7. 

Su,bsequen• tQ th• abon aot1•U1 at Columbia. ·~ork on this proJeot 

wa1 carried on sitNltaneoual7 a \ tale Un1Tersit7, a' th• Universit7 ot 

14.40 
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Penn•7lTa.n1•• and. a• tM du.Pon' Oo~ laborator1••· A\ Yal• Uni• 

verllt7, Protea1or Harned. and h11 co-vorlcP-r• repeatecl th• orictnal 

experiment• ot the Colu.mbia group, an4 alao made m&n1' new eitrao\1ona at 

difteren\ temperature1 (App. a-21). l'he work of 'Dr. M. Illpa•nc:Jr. a• 

the UnlYer1lt7 of Penn17l•anl•• proT14e4 a grea\ deal ot intormatloa 

vlth reapeot to the anal7tlcal proced~•• for uraa,1 aall eolu,1otu1, 

an41 alao. the •••t.11nc tlmea tor ndxturee of ether and watel' solution• 

of the tal' (App. J-25). The duPont Ooapanr work waa directed. ~ward. 

the dttermln&Uoa of th• nee•••~ lara• scale appan.tu (App. 3-26). 

The lorecotnc studJ at ?al• UA1Yerd '1 ehove4 tbAt the traot1on­

aUon faoto~ to• the etbe.-va,er methocl waa no• ao large aa had beea 

expected. IA tao•, Repo:rl Jr..713 (App. ~21) at.ate• 1A pu'• ·regardinc 

aamplet a.o.alf•94• tha\ thq "ehove4 no 1noreaae in u235 whatao•••r, so 

that th• original tavo~abl• progno1\1catton wa1 prOTe4 to ~ en\l~elr 

erroneoua.• The sta~ement contaln-4 la Xepo~t A-713 waa coQaideiiecl to 

have been provea b7 the re1ulta ot tea well conducted. experiment•. 

In Y1aw ot th• foregolnc the 1ubJeo\ work vae dlaconti~ued an4 

the proJeo• ~a• abandoned. 
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7-1. Gen•~al., ~ ta 1942 ~. J. Sleplaa Jo1ne4 the group at 

iJernle7 lo encac• la won oa eleotrouga.eUo m•thff• ot sep"11unc 
ure.aiua t.1otopee. s1.,1aa hacl cc~1ved. a partlaW.• method knowa ae 

th• tonlt ceD,rltu.ge, aa4 hie BO~lYl'J' at the '!adtatloa taborato17. 

wittl the en4 of the 1eait, YU coaftne4 to the dtY•lopaell' ot th11 oon­

cept!oa. Att•• )1Deee•'9•19~1 tu.r~ 1nve•tigat1oa ot the .proo•et 

wae thn•t•necl to the 1featinchou• .!esearoJa La'bo .. a.,l'i••• lea• Pl t••­
burdi. Ptnnt7l?.aia, '~-h•r• t' w•• eo11Unu4 ua\tl \he \enduUoa ot 
. . 

the ManhatteA Dtatrtqt control. An•n4lx A-19 ot th!• htate., pnYtd.•• 

an •ceoun• of the be.Ito .,hter,1 the dltttcultle1 en.cowit•n4• an4 th.9 

reeul tt obtaln'4 to~ tht ton1o ceu.b11\ll• dvtq l~. In general that 

o.ocouat indtoatee i,ha\ •<>m• sepera\1oa of th.• d.eelre4 mat•rial wa• ob­

talne4J i-es\ll te ~.,ere not co~•tsten\ hovcwer, sn.d nCJc•11e.J7 deYelopmente 

weff not completed. in. ttm• te otftl' pnml•• of tult1111nc tbt war tlme 

n•,4. t1m1te4 quantitlea ot urea1ua wer•. made a•atla~l• to Dr. steptaa 

tor hl• conttn~•d 14.•••'tgatSon• but ~th•• ac~1•1'1 at tlut ~ea•t~ov.e• 

R•••&reh ?..'bota,or1e•• before th9 tei-mtn.attoa o' Me.nhatt~• nl•t~lct con­

trot ta1le4 to . ch4nc• ~ippree1ab17 the o tatu.e ot thb dtYelopMat. 
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8-1. Generel1 ~arl.7 1n 1943 & progra:a ~ua initiated to determine the 

te~1lbllit7 ot etparatinc uraniua igotop•• b7 a photochemical oethod. 

Inl Ual \tOrk vne undertaken bJ th• Chemical D1Ttet.oa ot the Columbia 

r,roup uad~• the dlraction of Professor Il. o. UJ'87. lbe probabtltt,' ot 

the succees ot aauch ,,_ rrtethod waa depend.eat u;OA ~r..eiher or llot a. d1f• 

terence coul4 b4I det•minttcl 1A the a.b•orpticc speetra of th• iaotop•• 

&.net. thea wheth•~ ">r M' 'ha\ d.1ftenn.ce cov..14 be •X»lol te4 to obtain 

stpal'attoa. I\ we.a 'believed that a •ui ta.bl• mixture migh• be illtlJDlnatecl 

b7 llgh\ lfh.\ch woultl b• ,rettmdasnUJ abaorbecl. bJ 61'17 one ot the 110-

bp•s, t.h•r•bf bftnd.DI 1\ 1n.to ~ excited 11tate. It a rea.oUon cou.l.cl 

be fO'Und '.th1eh would talc& pts.oe ·d th th• ff:"('.01 te<l atol'!l8 on.11 and that 

rea.ot!oa 9roduct could be reraond fl'Om the mixture. 1' ~ould1 in !Ul ideal 

oe.••t contata the dsdred i~otoptts 1Jxclud••l7. 

It ..,,Zl.• ttut7 rttoogn1i"4 ths.t tt a"lob ' 19!J!'1fl99.Uon method. t.mt to 

be su.ccauNl the f"ollowtnc condition• had to be tult11\edt 

"'• There i:rus\ ~• a cliff'erenc• in. th• 11b1er;t1oa q>eotrwa ot 

· comp~• which vare 1den'1cal exoept to~ their content ot U235 or U23'. 

'l'ha.' difference rdght bi : Uher 1n the ~dUon ,,., the 1ntene1t;r of rut 

absorption llne. 

~. Jt ~t be possib.le, to the gr"4te~' prr:-.i.eticablt extent, 

to 11. tu.min.ate the aoir;ound ,,,1th light conta1n1n« the nbaorpUoa trequano7 

tor U235 bu' ~t tor U23S. IJl tha' manner the motscu.iee oont&.inlne t1235 

would be raore reacli\7 e:to1tf!4 thttJl thoa• eontainlnB U2.31. 

o. There mus' b• a ohem1cal l'l.}e.ctioa ·1h1ch would attect th• 
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PXOi tecl moleoulea d4 remove the•. For th1• cond.1 Uoa 1' . .,se 1mpol'tan\ 

tha' the exoltattoa enera no' be exchanged frms a 0235 molecul• to a 

U231 moleoul• before the reaottoa could occ~. 

g.2. ~nYe1tlca\loa aJ¥l ae1earoh. The tcrecolnc requiremeata .coul4 no\ 

be· 1nve1t1cate4 wl\h equal •aa•. anct, aa atu.d.T of the abaorp\loa speetrwa 

•.foul.4 prea•n\ · 1ntormaUoa of sui ta'bl• aubatucee upoa vhlch :tuthel' vorll 

shoul.4 be rlone, t \ we.a adri1a'ble te concentnt• la . th• begtmilnc u.poa 

the.' •ultJeot. 

}foet ot the apeo\rocraphio work we.1 caJ'rlecl ou' a' Colu\la t.Jnlyerdt7, 
. . . 

but so• ot th&\ re1ee.roJs vaa coadU.OW at Jobaa Hopld.na UAlveralt11 ~ 
. . 

X•i'q 1ATe•'i«att.on1 ot the c171tal atru.ohr• 'll•re conduote4 at Cornell 

Un1Y•H1Q'. '?he explohto17 e:peetngraphlo voi-k at Colwabi& utenclecl 

troa l•)n&J7' to :December ot 19~3. Tova:rcl the eu ot 1943• 1a coad.uoUq 

a stuq ot the 1peotroci-aphi• 'bebaTto• of a UJ"ani,. compouncl in a mac­

neUo tie141 it became adriaa'bl• to work w1 th hlche• di aperetoa thaa wae 

ayallabl• at Columbia. .& serte1 of expert.meta wa• therefore made la 

December, 19~3, at Johna Hopkin• t1n1Teral'7, where auoh taoiltti•• war• 

avatla'bl•. Al\ apeotroeoopto won, wl th one exoep\loa (ur6) • up to 

.rune, 191'1J. waa ourted out with coJllpOUD4• coa t.alnlnc ord.f.tlaq uraniws. 

IA 194't. 11tUDple• contalntng ch1st17 U2'5 beoa.ia. ayailable and. tro• 1 Ju17 

ot th&\ 7eu to 31 Ja:taJJAq 194' 1peotrographlo atud.ha '"•re med.• a• Johna 

Hoplcinl vlth seleot•4 ur~l compound• prepar•4 tro• uranJ.wa sample• 

con taWnc abo\l' SO~ u235. 

~eta1le4 1Ave1it«&iion. on th• structur• of the epeotra were c~rte4 

ou• a \ 20~1 the temperature of 11qu14 hJdrogea. In this conneottoa 1 t 

14.50 

~ 



1faa ful.17 appnolated that. n117 la~c• scale proce11 which mtgh- be 

teaalble to• photochellioal geparation of uraniWI i1otop•• ~ould la 

all probab111 '7 have to be carried out e.\ a high-.• teaperatv•. 

The earl7 r•1•arch ot th9 proJeot waa grea,17 aided. bJ a• ot a 

colleot1oa ot v~ou. u.raD¥1 compOUJld1 in 071tal11ne tol'JI ~htch hacl 

be•n prepAr•d at Cornell Univer•~'J more thaa twen\7 7ear1 pr9Tiou1l7. 

Hovevei1
, 1t 1.~aa neo• .. U7 that c171tal.1 uaecl in the laUel' pal'\ of the 

vork be l!rova on th• apot. 7ao:l11 U•• tor thle were set. up a' Oolwabia 

t1D1Yerai Q" prlo_. to termlnatloa ot the proJ•o• work. 

S-). InTeetl1atl91 Re1ult1 an4 fend.llatloa of Vo~k, . ~ dltterenc•• la 

the s;pM•ra ot urui'WI ealta where 0231 wa1 ~•i>l•oecl b7 U235 t.ter• con-

pla\el7 sol'Yecl for \w coapound.a, aa tar na wave ten.1th ehlfta are coa­

cep-4. The re1ult1 on 1ntena1t7 olwlc••• howne•• required. tu.rt.be• atu.47 

and. ve,e no' conolual••· :Seoauat of iJieoaplet. knowledge ot th• ttmda­

mentai st¥'Uoture ot. th• apeotra ot the1• compound.a a detinlte enewe• to 

the queetloA ot how othe~ u.rantua compound• vaul4 bthaTe under 110\oplo 

aubaUtuttone wae no• obtained. 

Rvea though detinlt• anaver• 'o all que•'lon1 were lacklnc. th• 

rteult1 of the project 1nYeat1gat1on1 w~r• auoh a1 to permit a statemen' 

on the te ... 1btlit7 ot a photoohemical separa\ioa of u.rantum 11otope1. If 

the two compc>~• ill'feeUsated in deta11 n:te tr,ptc&l ot other ure.n.!ua 

co11pounda, the chanc•• !n the abtorp,lo~ apeotra ot uranium compound• 

when U238 1• replace4 b7 U2J5 ar• too emal.1 to make a photochemloal pro• 

ces• ut111slnc th••• d1tterence1 praottcable. 

~ :yrtce41na h ·a sho:r\ summat;7 tro11 a final repor• made of the 

photochemical inY•ttlgatlon. 7or detail• of the problema ~hloh ex11ted, 
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the lnTeatlgaUona mad• :Jlld th• reeutte e.tta1ne4 on thie proJeot the 

read•Jll h retene4 to that report (App. 3-27) . 

~. Per1onne11 Sclentitlo pereonnel pro.tuat 1.a. ihe proJeot b1Tea\l• 

gatton• w~r• rua tollov11 

II. O. Uref dlreote4 tM proJeot throupout 1 h extetanoe·. 

The selnlatraUve aupenilloa waa oarrlM out ._ lf. o. Cliet 

durlq the earl7 stao, nn4 'b7 M. Ulpatriok dvtnc the later pqt of 

the wos. 

Dlreotioa of oertdn ot the explorato17 work oa t.h9 pho\oohealoal 

,Pl'OC9H va8 aaau.met bJ G. I. Hnriolr, J-.. 
A..3.7. Janean NMl s.- Jfreecl dlreote4 \he •xplorfttOfJ' apeotrotoop!e 

~ort at Columbia UJl1Yere1t,. 

The apeotito1copla work at Johzae H'opklnt t1n1•era1 '7 wa1 und•J' tU 

dlreot!on of G. a. Diet•. 

S"141' of molecule atno\ure• ~• deitlTed t~• the 1pectra thq pro­

~iuce4 ~,aa ocmduGtecl br l~. M. <J. ~{a,ett. 

1-ton 1A ob\ainlnc the 0171\al a truotur• ol a uraidma ao11poun4 waa 

done bi' J~ L. 3oar4 at Corn.ell trn1T•J'•1t7. it., o •. Gibb• coope~ted. ia 

me.kine the Cornell collectloe. of uraa,1 compouisda 1n 017s~a111n• tor11 · 

~T~1lable to-, pl'OJeot studl'~· 

Colwab1a taoillt1ea to~ th• preparatto~ of c17a'41.1 ~are unde• the 

d.1reot1on ot r.. Gllbertao•t s. 7ree4 And :I~ . 84. 'l'a~.lor• .' 



J. 

1. 

s. 

9. 
( 

-8E8REf-

JOOK l · - fl~~ 

VOLtJMI 4 - AUXILIARY .\CTllI!l?.I 

ClW'fEB llti - UITTS'?IOA'rIOlfS OJ MI SC3LT...ACOU8 PnoClS:J!S 

0., SRPABA':'IOll 01 tJRAIIUM ISC'lt\PIS 

A!'PDDIX A .. .OOCUMimf 8 

Repor\ • 437 Dr. z. a. nntacll (repu\ la unaloa"4 bu.' ou\hor 
1• ldcUftecl bJ oorft1Poad.enat not 1nolud•cl a;aonc . tollovll*C 
doouaeatt) • !!etez·• \o ur11nlua hexafluoride a.a teecl r.m\ertal 
tor oeairituc• prooeaa plaat. 

Repor\ - 'Jq DI'. z. G. Deutaoh (ldeaUt1catloa ot au~o• ae 
ahowa tor l t•• 1) • '?9acrl~a pl'opote4 produ.oUoa plan\ tor 
aeparatloa of ~WI isotoPff b7 c.a\rt"1ge methc>A. 

Dedp Propo•al - Ou'11ne ot ~· aAntrifuge plaat~ \o operate 
be\we•A concentratioJi 1nelt of 36~ rwl ~"'· tow produoUoa 
ot 1 ra/da:, ot 1D6&tertal • dated. 15 l.tarch 194J~ .· 

Le Uta-· - :rroa ~. 1. V. m1rph:ree to mea'ber• of S-1 Co•t tiee, 
6 December 19~' - Re•levs gaa ceii,rttage pllo\ plant procre••· 

t.•Uer - J'roa Dr. B. O. u:r., to General r.. R. OztOY••t 7 December 
194) - ProTldea oomp~t1T• t1.ru.r•• on ga1 centrifuge and gaa 
d!ttuaf.oa pJtOJ eota •. 

L•\te .. - Fro• Dr. 11. o. ur., to Dr. J • .a. Conant• 11 Decambe• 
1943 - Requaet1 tha' 1nTeottgat1oa be made of centrlftlc• 
me\hod. 

te,ter - ho• General r.. !. Grove• to Dr. J. :a. lcou.at, 11 
December 1943 - ~•qUABta view, tro• solentltlo sMuadpolAt, on 
teae1billt7 of centrituc• proJeot. · 

L•Ueia - J'.roa Dr. ll. c. Tolmaa to General L. 3 .. ~·:-0Te1 1 
20 Deoembe• 1943 - Ratert to 1nepeot1o• of !&JVS, Plant and 
diaoussee merit ot centritucal method. 

tetter - ?.ro• Dr. ~. v. Murph!'•• to Dr. J. 3. Conant, 22 December 
1943 - 3ougb. time achedule tor conetruotlon and operation ot 
can,rttuge plant• tor produotlon. 
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Letteii - ho• Dr. ~. 'f . ~·!ur.phJ:"e• to 'Jr. J • .3. Coaall'• 
22 DecubeJl 1943 - CuU1ne ot exptl:rimental prograa based 
upoa favorable consideration ot cm1Unuatlon ot cen\ri~ 
pnJ eo' dnalopmen '· 

Letter - :n-oa JJit. J. 3. Conan\ to General r... Il. <lrol'ee, 
2S Decem'bo• !~43 - 1x;r~S~$1 unla7orab1• Yiav toward cora­
UnuaUoa ot cen\rif\lce program. 

r .. ette• - ho• !>.r. 1. V. ;.furphree '° Geaeral r.. B. Gro•••• 
31 D•o•b•• 1943 - Jua••t• appo1Atment ot comml\\ff t• pro•lcl• 
reoomendaUoa recard.1nc conUnuanoe ot ceatrU'uc• pro'"9. 

~e,te• - 1roa DI'. 1. O. L&Vl'enoe te Oeneral L. R. GroT••• 
1 Juu:q 19" • Reooamencla termtnaUoa o~ the centi-lfuce 
procram. 

t.ette• - J'roa ~. It. O. tJrq to ~. J. ll. Oonaat, 3 Jaau:q 
194)t • Ind1oa\ee faTon.bl• optnloa of centrltuc• method. 

te\hr .. Fro• DJt. ll. c. tJ.-q to Gaaral r.. I. GroYeat 
J Juuaq l~ • Recomend• .9-ppolatmea• of • ooll1dtt .. e t4l 
atudJ tbe centrt.luct raetho4. · 

Le\•er .. ?roa Dr. L. J. :JJi.6p to Oenel'&l L. I. Gm••• 
J Jaauaq 19~ - Recoamen4• coutlzra.a•1o• ot th• ceat'ltace 
pro«•• be depMAeat u;pon the ;probaDl• dUJ-atloa of th• war. 

!1•tter - h• D:r. A. l!. Comptoa to Dr. J. ». Ooaaat, 12 JUA'WJU7 
1944 • ~r••• optatu th.a' C$ntrifuc• prod.uottoa plAI&\ ahoulcl 
no\ b• 'W!d.•r'at•"• 

t.•tt•• - lro• General ~. R. Oro••• to Dr. J. P. CGUAt, 
19 Ja~ 19~ • lJld.ioa\ee no turth•~ exiensloa ot the 
cen,rttage proJ•o• ta JuUttecl 

aepOI'\ BM Yol. lY Par' IU Chapt.I' I - 31 J. Sleptaa - The 
Ionia Oeavtrug., Work on aa !Ueo~Uo I1otopto Sepa­
ra,or C.l\l"J'1e4 oA at the Un1vere1 t1 of California hdlaUoa 
La'boratoq, l JU'WJU7 1942 to 31 Decembe• 1942. 

. . 
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PART ~O. 1 

~A.CTlVI'?Y 

All <'l lveloprtent work, -:o•·a~ 11 1eA1gn ot plant ro-ia 
th~ ae·,aratlon ot our lAotope~ hAn v l f'ua11u1d "orlrlnll' with 
a tJlngle utortRl -- ur&n1WI hexafluor1d J.. A ;<aAeoue 
oatertal 1e f!ealrable tn order to hold t·1e pr'>ce•• 1nventor7 
to a mln!31um, A lo• prooose 1nventnr1 11 essentlal to earl7 
produotlon ot .. Material present in ~uob a rdn11te concentra­
tion. Uranlwa hA1 onlJ' two known oo:apound• wl th vapor pre ... 
sure hi,.m eno_~ to i)ftra1 t •o.por phaM h:u~l1n1t. One ot 
t!.•• ~ft• ~lsoover~d q\.lite recsnt:1. And lta ~rQ"Pertl••• 
tho•~ not ss 1et · "ell ,_,el 1nea te4, are pl'Obabl1' le1a favor­
able than tho a~ of t ;-: fJ hexatluorlde,. Th• hexatluorlt!e has 
the ad•antn11.e of bei~~ (JllaeouE ~t \ow operAt~n~ Qreaeurea 
ana. iJtoJerA te t~rK?eru t urea. The Pl'1nc1pll \ ob.1eot1on to 1 t 
1~ 1t~ extrame aha~1~el aot1Y1tJ. · 

It lo an e R~eo1~111 active tluo~nntor. It prob~blr · 
:1eaota in A tantly ·"1 t:1 111o~t ale cu, :le tP la, tor'Dt nP: tl'e te tnt 
vr J>f!nta t1uor1de or urnn1um r.n1 a rl.uorl<'• or the r:1et.--l 1n 
que ~ t1~n • . Some f1~o~1~ea (11ke ox1dae) form ~itrabl7 touflh 
~>rottJc t 1 ve t1 l:Dfl! · o:i the oetll le, thereby IP •1!'1P: ue eul table 
.Jatur!ala or conatruotlon. whtoh ~J11 be d11cuB•e4 be1ona. 
'1C'!'le ot ths oth~r ·ne tAl ftuor1~es are not «\urable, or are 
~Beoua: conaeqqan t1y; auoh fl6t4'l l -ire un,ul table &I etruc­
tcrnl .DA ter1A:?.s. 

Rex llk~wl~, reacts ~1th prRot1ortll1 all non-~et~l• 
tc tori tluoriiea. H1t!ro~n oontlt1n1nSJ: !Al t ~rlr.11.- Are par­
::tculRrl 1 re~'lt1ve, !ln4 the ~ uor1ne 1n hex will reotRce 

1ltht!r hs.loR'!n9 1n iAallJ' COrllf>OWldl• . 

. A unique 1hRraoter11t1o lf hex 1~ lta extreme re ~d1-
~•A• to re~ot Tl th 'Vtlter, forrttn~ uranium ox1f1uorl~e and 
ar ll Thi ~ m\x~1re lr ot oour•a re.1at1ve in 1tactlf, and "on­
~•Quuntl~ the oorr?~lve >roper t! o1 ot hex often start a 
'ieoo.-&dar:t o~ tert1~ry r.,not1on lf a ny "'•ter vn~or or hydrri ~n 
oontn1n1 nf' O<>t??OuM 18 :>resent. Je :t. <~ An not b• Rllowec! to 
\lCnte in contAot wl t1' orc11n11ry r 1r beora ttftt 1 t r18cta •1th 
subatnnti r.. lly :tll 'l f th !lt ~a te r vn .-or oontJlinad therein. j. 

ouolo toot ot or-"11 ng,ry atao~pi· cr1~1 A1r contA1n.i enou~h wP t ar 
VS.OOr to daetro7 About 7 ~9.3lR of h ttx. 'f'f'11A• \t only C'ne 
ou~1o toot ot •lr per hour lsnke~ i nto th~ otnln~ ~t the rn­
r!ohed " ri d of a ey st-Jm, aa mu"1' llS to;S or the !'Jrorluot c ou l d 
be loflt. 
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On the soraen 14 aho.-n 11 chArt p:lv1n~ the ftf')t>rort-
11At• relat1onRh1p of vapor ore~~ure t~ te-.n~rRture. It will 
be not1oe4 t~at hex 1~ A sol1~ crJ8tR111ne ~Atertal at most 
rnom te11perature 001'141 t1on11. The oryatale .ttre ~nerallJ 
quite maaslve, are wt'lte, and ln ~ tftlrl1 f1ne1J ~tvtde4 oon­
~lt1on han a bulk ~en1lt1 or "bout 2_.2. At lo• nreat1 irea 
an4 ord1n&rJ roOll terr'!>enatures, thft ory11tRl • eubll~e <t!re'lt-
11 to the gaaeouA etAte. ·At 20°0. thla t"kee plnoe At 11bout 
S ora. ot wrcur~ abeol\lte pretRure. In the J>ron~•ed centr1-
tuge plaat•, l t 1• ex-peoted to t'amile the ~A·tert11l "' leas 
than 3 oa. abeolute 1n all ot the ploln~. In the oentr1fuP'9 
bowl1, the oentrt.fu1e&l aot1on 1noreaee8 the pre•umre to••"' 
the perlpbe17, the pressure ratto be1nf" about M:l. There­
fore, to ma1nta1n the uter1Al 1n the aeao.u1 aon~ltton. the 
oen,l'ltuRe bowla will have to be kept at an elewted te:v,>en.­
ture. The diagram 1ndlontes that th111 wlll be about 7t;.oo., and 
•' that le•el w11\ proTtde some taotor _ot BAfet1 to preTen' 
llqdetaot1on wtth1n the bowl. 

The Harlha• Clie11lo11l Comp•fl7 t)f OlevelAl'd, Chlo, ha1 
:aanutaoturecl so••""1n)7( over 350 pounda or hex b7. the ••tt!od 
wh1oh la deaorlbecl be7ond. The1i- Qpera,1on 1'AB batoh-w11e, .... 
and now after bAY1n« e1tablt 1hed the •Xno,,...How4', l t 1• M­
lleved to haft a aape~lt7 ot eomewhere between 10 M4 2t; 
pound• ot. hex per da7. The du.Pont Cotll)aft7, ln t~1• J11olt11011 . 
Laboratorl•• •' Deepwater, N. J ., ha•e unut11oture4 about 6'° 
P°"""' bt tne .... eroc••• ln flCmewhat bl~r 11-noerata• wttt 'oh 
~· -~ oa"8oltr of 25 ?Ound1 per dfll.• · 

The ~rooea11 ueect b7 bodt tirn• wat1 ~•Tel~ or DP. · 
Fowler ot John• Ropk1n• tfn1 Yerel ty. The w11nl'U11 oxide or 
oommrce, µ,.08, a ta1rlr pure orottuot, 1• re4uo .. 1• •talnl••• 
•Ceel equt~11t. '(1111,c b~rol'ett ~· t'rOll 07ttndere, •lntaln-
1"" a terapera'v. ot ~(,0000. by eleo,rlo heRtln«• The no2 re•ultlalf fl'Oll thl& coeracton 1e placed. tn tra7a tn a ntoke1 
or ooppez- reaotor and 11 oon"1erte4 into U'k b7 dlreot oontttot 
•l~ ~rou• hJdro~n nuarlde, matnta1nln" the '9werature 
a& al>out 550-0. Rext, the ur.... 1n the same or .. tm11aP ve111el1 
11 oon••rtet! 1nio hes bJ oontiot wt.th ttl~P1ental nuortn•• tbt 
produot paa"1nR ott ae a ~· from Ute reaot,on •' about 250-
Jt000a. aad 'belq oo11eote4 ln 0014 tN'PI• '"'• nuortn• le 
••nutao,ure4 b7 the eleo,rol11le ot !J'-HJ' ~1se4 eleo,ro!Jt•• 
The ttnal produo,, be1n• gas1ou•1 ... 1•. ta1r11 PW'e• The prl,... 
olpal 111pt11'1t1••· are H~ and molJl)Clelt\DI' ttuorl~•• Th••• latter 
two oan be re'IOve4 bJ a •ort ot traottonat1cn prooe•• tor ""loh 
both Harsha• ant1 4uPont are no• set up or A small eoala. 
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ror the 11roductlcn .>f nbout l, 9'oo pound• per 4A1. 
&Juoh •• 1• needed 1n A larrt:e plllnt, 1' ls pronoeed to de­
elRft a oont1napu" aoparatue baaed on the knowled,r:e Rained 
111 the batch apparatu•· . 

MJ.TYCR IAL8 OF OOffS~tJCTION 

8olN •tltla are qu1 te ree1e tont to hex. Aooordln« 
to our pre••n' knowlect«e. these Are ,1o1'ttl, alu.1m• an4 
cooper. The 1arll1ei oorroe1on teeta 1ndloAte4 that the 
hex waa ••17 aorro1lft, bu' 1t hAt ~duall1 beoa.e ••14ent 
-;hat iNob ot 1:?11• wa1 4~ to · the presenoe or Hr. ort."1nAll7 
1n the he• o• el•• tol'lle4 b7 the oorroeton or 4eoomoo•lt1on 
1n ihe pre .. noe of 1ome nan-oorroa1on re~1etan' ma'•~tAl, 
11uob •• ~NllM or 41rt on the ••"'1 1Mq>le1 or T>Art• of th• t••' equl1J119nl, euch •• lead gaeket1. llokel 18 probabl~ 
the 110•t oorroalon N1letAnt material, 11noe teat,1 lndloRte 
thet lt 1• reeletAnt 'o hex at hlarher tenaperature• thAn the 
oibel' utal1. 001)9>•• ·11 " oloee "eaand. Mone\ •tal, low 
iln 1-on•• aid be17111m oopper hltve been teated, an4 all 
appeo to i.. •tl•faoto17 when a lean eNaole • are aubJeote4 
~ PUft hex. •oat a1Ull1nwa allo1•. 1\IOh •• the DW'Rl•• are 
llked• flOOI. bu• apparen•11 begin co oorrod• . a.t eomewha' 
lo"r te11peraturee titan Ute aboYe two aae~t1. lwen wo. ~he 
·ra-. ot ·oonoelon oou't4•N4 tram " atruo,urwl arurte 111 
thour.ht to be ft1'J lGW1 althowdl OUP data ·~ ae J9t 1nOOtl­
plete. A few 11>901 .. n• ot aamae•lum a11011 """ been te•ted 
aftl .haq been toun4 to be re111iaac. 

lf1tal• abou• _.,loh w AN l••• sure •N a114 . 1teel, 
the a'81nl••• allo7e, an4 1011e nlotel ~lated etrorur •'••1• 
Mll4 •'••1 apparentlr re1l••• oo~lon reaeonabl.7 .. 11 1t 
metlouloualr oleane4 befOl'9 ooai.ot. HoweYer, the reeulta 
are eom.wha• errat1o. In '11• oentrlfUfN plant, ,fto •11c1 
ateel 1• expeote4 to be subJeote4 dlreo,17 to Ra• oontaot. 

The etalnl••• Allo1• •' ftrat aapearett 'o 1utfer 
trc• lntel'--orJ1tallln• attaok. The ~ta on the•• allo71 are 
aoea~r, our lateet 1uaple1 aho-111« u-p 0011al~•rab11 be'ter. 

'l'h• preaent plan 11 to make oentrt run ?)owl• out 
ut ~n alwa1nwa allo1 sn~n a• l~ sir, whl·Jh oont:Alne About 
Ji.4~ oopper, abouS .8~ •111oon, .~ man~eae, ·'- mAcne1l1111, 
11.nd ~he balanoe alualnlwa.. The 1tren«th o~er d•n•l tr ratlo 
ot th1s allo1 1a h1P.tter than all but the TeJ"1 atrnNPe•' ot 
allo:t 1teel1. It the atrcn'te•I allo1 steel• ooulcl be ueel. 
1n bowl1, a h1~•r speec! •. and aoneequent\J A oon•14erab17 
lowe~ plant 1nYeatment, m1~t be po8•lble. Th1ot niokel plat-
1n~ on auoh Atron• steel ml~ht perna1t 1t1 uae. t..borato17 
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:i-esulta hRYe not bef·n entirel1 eno:>uradn", b\lt " aln~l• •x­
µer1mental oentrlfuP,e bosl to taln~ lftllde. SOiie new N~. 
-11~18 '1ght be cn•pet1t1ve with 1~ 9T alJ111num. 

CertAln c1etale hAve been toun4 4et1n1tel7 to colTOlle 
too rao1417 to be or uae. The h1~ etlloon allo7• ftre 1n­
rer1or. Lea4 ta not ree1atant. A ~1Rh 1tr1nl'tt. eteel oon­
taln1n~ a aruall flm<>tmt ot mollb!enta NI• been f()und to be 
oontlderabl7 1nter1or 'o ~114 1teel. Brae1 (h1~ stno allo7) 
ha• al10 been tound to be lntertor. 

Amonp: the non-rietnla, the onlr th1111'8 whlotl are 
found to be thorou~l1 rea1atant Ar8 rtuorl~•• or o~letel1 

· tluor1Mied aompoun~a. A nuaber 13f nuol'OA!4bons """ been 
prep•red wh1a~ eeea to be ent1re11 realsi.tnt, but ~raotlcallr 
none ot these hae dea1rabl• atruotural orop•rtlee. 

Present oorroelon teats, be1tcte• betn" aimed "t ~1a­
oloe1nR' aore etructural aater1tlle, ttre beintr oonduoted to 
4etera1ne w1 ~ preo111on the rat• of dettruutlon ot hex . 
•hen 1n oontltct w1t~ the pretent •beat~ ~ter1Ala, l.e., 
Duralwa1n- copper, nlakel, e tc. 

. s -. ,. I _.,. 
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PA'RT NO~_l 

A.a Pre1ented to Exec•Jt1ve Oom;.i1 tr9e ~!_!.~n~ October 2l, 1'}112 

In a l•rF.e ~lant tor thtt sr.pArntton of the 1sot~• 
Of uranium, a no•,,.r <!1agrara in the! ord1Ritrf 1nduatr1al pla"1t 
eense 1a almost meAnlnglese. It ia expected. thAt the urA~-
1u:a hexafluoride w111 be made Rt thft Bl~•. and henoe the raw 
.nater'-Al• oo!l1n1t lnto the ~lftnt -..111 be O•)JU1erolal ur~niWI 
o~1de and h1~ro~n fluoride. 

The produot and the by-or..,auot are both t1rAnh• 
hoxatluor11lf, there ~tnA' tour pount'i" of :>roduot and 14oo 
pounds of by-prod.uot or ~aete. rhlA 11t1:t·!r will arobAblJ be 
dftOO!looaeci to rao111tate h&M11nt7 . nn.1 re-sold on the uem•l 
u.~1\n1 ;_,m--tlnl t market4t 

The lf\rge pl~nt nt pi-esf'nt v19ttA11ied 1~ intended 
to havo n CAnac1 t)' or 1 lg .. of 9tj" U23'\ 11.,tfll per 2- hour 
riR.J. C•lntli~erati onr hl\ve Mr!'owed ,i.o...,,. t() the use ot a 
e!.n17le ti!. ze of oentr l ru,~ hAvl n R n. cyl1ndrloftl bowl about ill• 
1n '11arnute~ and abou t 11' lora~. T~,18 rf'lat1onshl:> h-. 1 baen 
~d:lpted n. tter an a!Dount or ot t~dy conp.J.t!.ble wt th t"rte urRenor 
to tree~e to a sln1Zl., r11eoh.anl c11l dtl!oi ~ p.,.oblem. It la 'U1-
t!~lpated tnRt bo•lE w111 op.arntd at t per1pht!rRl velocity 
o-: 2 .. 7 x lO 0:1/eeo.·, or about 10 mil311/:111n. A.a axpl111n~d 
by Mr. SahaMaenn, trle vetoo1ty \.lRueea R centr1f1J~al atre:H 
-a~1ch cones t11lrly c lose to t '1e y1"ld oo1nt o f the etrong.u1t 
.Juralum1n. Unt11 tt<! pO~f'\b1 1 1 ': 'f or Ja~ n1~ ~speol11ll~ Atr11n" 
~lloy etsels le hett lr under11to0ll, ... e .ttuet tt. \) refore Jont"nt 
oureelvea •1th the above ..aent1on~d r1et-1phornl veloo1 ty. f!l 
~-e:taNJ 1. tla ~•e of UJry l.Jn~ bo"le r'!dt1oeff tl- 9 nuJnbe r or 
"lll~htnaa wh1oh must be driven, Rn<\ tha ueo of ver-1 AmAll t1 1a-

. aeter bo~l• reduoea the inventor:';' o ~ ~roo.'e" , . ~,.. ~()th J·: 
th~ a~ te~denoi•a Are ~e~1ntbl~ . 

However; ar?' lllar ~1A ~et r bo·.~lu to typer" te .qt tho 
111t.~e ptlrtµhe~l vel r..'3 tt1 raq•Jlrtt h1 f:ii tr ro~at1on1tl epded9 
"h Leh 1ntroduoe " oh.mloA 1 11 tf1\Jul t1 's and P:T8'1tly l.1ore11ae 
th 3 .1r!v ! ng .1ower. 

dowls oor. 31JerAbly l~ rgor 1n <! 1Arnetar th~n the ~ • 
.110 ·1ld w rkedly decre1cie t r '! p r.>~ (,r . cc n :mmp ~ lon ot a ul11 nt. 
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butthe7 11arkedl11~~reaee the inventor, ln prooe Re. We 
be11eYe thaC the present 11A~•ter ot about ~· 1~ near a 
talrlf flaC op'!mum, ~lthou"h a l l of the complex raotor4 
1nY01•e4 ln the problem have not: be1tn evnlUAted. ?he 
le"41tb ot· 132• 11 the inartmm llt. pre'lerat obta1n11ble ..i th 
~ern tor~"" and ~Ach1n1n' f~c111t1ee tor euoh strua­
turee. 

.., .. 

The plant 1.1aln" this 11&• aentrituge •111 r&Qul ?-8 
2d enrtohlftf' stlt"ea 1nvol•1n~ about 1,,0<)() 1n~l•1~wal 
uoh1n••· Two core •tAllee 1nvolnnw ~bout 1,000 "4tUtt~nal 
maoh1n•• are needed to atrtp the 1"leta iMtertal ~own to 
about two-thirds ot lta or1g1nal content ot the YAluable 
1aotope. On the 1lld• are tabulated the relevAnt raotor~ 
ot auoh a aaeoa4es the la•' ool,Jan to ~h• rtR"ht •"o•s the 
oonoentratlon eJtpeoted tor t~e valuable laotope tn eaoh 
~ ta"8. The 10Yentor7 ot :aat~rlAl 1n prooe1e la al10 •hown 
for eaoh 1taR9• On thla bnal~, the ,.~t·qted •lntmim tt 11e 
:or tile plan' to reaoh equ1 libr1 um, ,..1Bwa1n« a r1eth~toa l 
atartl~up prooedure t1'rnu1thout, ~ould be about s5 dar,1. 

PLANT.ARRAMat:HEMT - 9LIDI NO. J 

A prao,1aal plant for th• accommodaclon of a oaw48 
ot 17.000 unit• a1 Jut deaorlbtd calla tor a elte wlttt tlte 
•aeual topolJ'&Qhloal requl•"amenta, except th• t tran9P0rta,lon 
ot raw material and t1n11hed produot la ~ubetant1al1J abHft' 
"' a taotor. A. larg. aouroe ot ~hettp eleotrlo power, anti a 
ta1r1' large •our.oe ot ooo11n~ water are the pr1nolpal re­
qulre•nt1. the a:T&nge11eni ot th• ,Mveral pr1notpal b\dltl­
tnp ana neo••Nr1 aallla17 etruo•ure• thue requtN oni, 
tha• the ellope an4 Mnloe• be rea•cmabl7 ••11 oentraltc.a, 
an4 '1sa' the bu1141n~ to~ the oentrltuRe• be ta1,11 oloM to 
th• .... 1 ... 1. . 

Thi oeatrltu~a w11l ocoun1 a bu1la1nR Apace total­
ing abou' 15 aoN•· Ttil• le be1e4 . .,n 11 5' 1paotn" troa 
aohln• '° •ohlne tn eaoh dlreot1on wt.th ron ot 5 lln••• 
eaoh 1e"1oe4 b7 a el11Pl• trawllnR orane. I' la poR•lble 
that ln the pilot plant a apaoln" ot le•• than· 51 111~• be 
toun4 to be praoiseal, lt not 1n both 4lreotton• then po•~lbl~ 
1n one ol the two 4lnotlon11. !' rauat b' reNtabered that 
there are a. tot-"l ot about 4o olpeflt ~ube• OZ' wlree oonneotln" 
to e1aob .ml'• and that th.9 !lan1tol4ln.c ot t:ie1~ aoMeotlona 
reqtJ1,.. nWleroua apeo1t1cat1onR to be •et. 

The uohtne• will beet bit ArN.nl('9d la ••narate RJ'OUT>• 
ot ~ulld1nga. Oft 9114• ·•0• ~ 1• •~own a propollal tor 1uoh an 
arr~nRWroent, •h1ah ~o•• out ot ~o pr1no1pal requtre~•n'•• 



A.. T~ t>on .tt truotton ot such a large plant requlre• 
a aet1'-od1oal sohe4ule to penslt pro~e1t111ve mAnUfaa,ure an4 
enot1on ot t;he lar"8 rumaber ot unl t3, e!'\d a 'lro~""l•• 
i-.aQlnR tor operation. Actual OpfJNttton ot f'.rat 1tAp:ee 
oan preoede erection or h1pt1er dta~e. 

B. A total ot 15 aorea ot nearl.1 nat land would 'be 
needed ln order to put all maott1ne1 '1nder a alnJrle root. If 
grouped ~1th eo•• reference to ata«fn,, ti will be ooe-lble 
to pena1 t s ·mrlll t1on 1n le•el frOll •trOUt> to fVO\q) pl'OTt.494 
1 i 11 h•ld w1 thln due bounds. 

3llde Mo. ~ aho•a atr1pp1DR, all to be done 1n one 
b.a1141n~, and uo to the tlftn stage the maoh1ne1 ln each bullc1-
1n~ all operate at the s .. e ooncentratlon level. rra. t~en on 
uo, the 'laohln•• oorreepondlnv to two or 11ore 8t1tf1.9• Are housed 
1n • 11n"l• build1n~. 

Wlth1n each bulldln~, .uachlnee will be d1•14e4 lnto 
blook.. It le neoe1RAJ7 to Atart bloc~• of the tllllOhlne1, ~• 
toi- •Jfal9Pla, 25, 50 o• 100 &t a ttrae, 10 aa to m1nlrai&e the · ··· .. 
eloot~1oal equ1peent needed tor tt'e1r aooelerat1~n an4 to 
reduoe ihe nu:aber ot 11•S toh••· L1kewl.9e, the meohanlcAl vnlrin'f • 
ot the prooeaa p:aa and aux111arr plpellne1 11 et10h that 1t "111 
be llUOb 1lore expedient to v11lve ott blooka of 25, 5() or 100 
rather than 1nd1Y1d~l uoh1nee. 

:n>e stertln~ or aoaeloratlnR ot th••• 'Ill.in unlt• r-e­
quire• tl\9 u1e ot rather epeolal aocel•rat1n" motor Reneratln• 
••••• Ia order to aY014 operat1nR the dJ'l Y1ftR :aotore tor 
each oea,rlfu"9 at l1gh' And 1netf1oteni load when at tull 
ape-«• the aeoeleratlon wlll neceeaar111 hftY• to take a lona 
t12e. Oon-.quent17, A tA1r11 lars- nu•ber of aooelerat1n« 
motor generator a1ta .aul~ be needecl it the Rl'OU'P• ot 
:aaohlaee start1n" to,,.~•r were too rHMll. 

On 911de No. ~ 11 " ronp,t\ 1nd1o. t' >n ot the loc•t1an 
ot the pr1no1pal sunltarlea to tll••• raa!n 'Wt• The 
eteotrloal auxtl1artea wtll probablr be ~outed ta a etn~le 
bull41n« eo a• to attortl adeqURte prot .. tlo• ani 111n11l11e one 
type of attendanoe. ·fhe :1eoha.1toal auxt llarl•• on t'he other 
hand 7111 probabl7 be ~1v1~ed, some ot '"-• belnR 11111841ate\7 
sdJaaenc to the maln lll11ta, · and other• betn~ oentrall&e4 
amcnR the centrl~Jl'f bu1ld1nR•• The ma!n plant 1erwloea, 
'hat 1• the power plant ror the generat1«Jn ot e11e..,.no7 eleo-· 
trlo }>O'trt'r. aux111At'J and hs~ttn~ stoam1 to"9th~r wlth the 
"'llter pU9tplnR l>l•nt &cl'! the ahopa, atore1, warehouse taotlJ tte1, 
tlf-tanfite rcome vxt the tlu, rill be looated to ault the topocrR­
phJ ot iha site eelt!otat!, with due ntRar4 to oe:.1tral.1ut1on 
ancl proteot1on. 



It 1• Ylsuallzed thAt the ~·~tlon of t~e oentr1-
tuRee would be aupervlsed by raen atAtloned 1n each of t~• 
bu1141nga. It 13 1ntende4 tt:~t each oentr1fup,e oaa1n'19 be 
atron~ enouoh to ~b sorb the entire onertr.1 lt a deteoilve 
bowl ahoul4 eXl)lode. Henoe no bArrleN bet .. en uo~1ne1 
are •lauallzed. The 'lperatln• etatlona will be ~rtnct~ll7 
at control l)onrda and amon« the auxlllar1e1 "'1toh NQ'JlN 
routine attendanoe. 311d• Mo• 6 1™'1oatea oro•• eectlona 
ttiro~ one ot the larp;er 11n1tle-11tafl','9 bulld1nfr8, tOfNth•r 
•1th ' plan· ot one corner of auoh a bull41fll'. Attenc!ance 

· a1•lea tor routine 1napeotlon ot the M3hlne• are Tleallsecl 
•• runnln« above and perhApa below the •CJht .ne•• In the 
ta1rly la~ &J>AO• ~•low the ~~ohtn•• will be plplnf' •i•l•• 
and some ot the mor_ scattered aux111Ar1ea. Around the 
periphery ot ~he buttd1ng w1ll ·be the 1nairument panels an4 
th• prlno1pal oontr~l stAtton~. The op4rattons to be oon­
cluoted b1 the attendlnP! per1onnel are beet Ylsua11&ed bJ a 
41aoua1lon ot the •~xtl18rlea to the ·matn unit• wt"loh are 
11eted on Slld• No. 7. 

AUXILL\RIP.8 

A. Lubrloat1ng 011 

. A lo• •1scoalty 1ubrtcftt1n~ oil wtll h~ve to he fed 
to a'bout 10 potnt11 ~n each 11ft0,.,1!le un~er talrty h!P'h r>retJ­
eure. A oont1nuous and untAllln~ supply ot th18 oil le ot 

··trewn4ous lllportAnoe, R.nd one ot the f)rtnatp~l dee1~ 
feature• ot this auxlllney la to pronde auoh oont1nultJ. 
rurthermore, 8ub11ta11tlall1 all of the oo••r oonf'umed lft the 
operation exh1blte 1t1elr a~ tefl':>erature rtee ln t~1~ oll. 
'f·heretore, r11ther ~xtenelq coolln" 1netttl lat1on,a w1tl be 
required, an" lt ts •le'J."ll1&ed that the•• will be aep•rate 
t~r re1Rt1vel~ s:Dl!l l bflnk• or oe~tr1fUl19a. The eeparAte 
~roupa ot machlnea tor the 1ubr1,at1nR oll are important 
bea&uae dnt1nage ot spent oll wlll pro~abtr baat be '~rou-" 
• g~Yity s1etem. I n the :naohlne, the oil form• a •aou1a 
eeal Bt several polnta, and 1t 1~ therefore neoeeear, thAt 
a thorou,;hl7 degaaasd oll be oh~"'94 lnto eAch BYAtem. I' 
aay .4lso be r:soeegar7 (althoi1sm 't present l t 11 not oonte11-
~ la ted) to de~erate 1orae of the ~11 oont1nuouel7. In an7 
c" ae, deaerattncr equipment tor the lnltlal oh4rP:e and •ke­
~P oharn;es will havtt 'o be proyl,1ed a1 par' ot t-~e lubricAt-
1ng oll AJetem. Al"o" oonttnuo11• ;>urlt1oat1on •1,.tea tor 
ro.uovlng torelRn bodlee, produote or "1"t<l,JA1 1eoocmo•l t1on, 
e ·to., will hRve to be pro•lded, 11.;nllar to those tn turbtne 

• )~ -.:J r p lAnts. · 
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B. Ca1lng T8!l!f)!At\u'! Control 

A• 1n41oated 1n the tlret paper preeente4 ta4AJ, 
hex will hll•e to be kept Abowe 75~c. at the l)erlt>he17 of 
aaoh oen\rl~ bowl to preYenl l'• 11quetaotlon. It 1t 
eboul4 11Quef1 w1 \hln Ute bowl, now would eoon be lnterrupe­
el, an4 enouldl •1 aao\lrlulate to bur1t the bowl. A•1de tl'om 
the danl'Jfr ot l1quehot1on, a oon .. ~nt and preo1•11 ooa­
trolle4 te19perature 1• ot exire11e l3)>ortanoe eo •• to preftft• 
•111 101• of eeparatl" work "1rou~ theNal turbulenoe. lfhe 
oaaln« ot eaoh -.oh1ne wtl.1 be eq1.1l"ped •ith a aoll "'roa.dl 
wblob water will be olroulahd 1a ord•• to 1uppl~ tbe hea• ot 
r.41at1on and .. tntaln the unsrorm oondltlon1 de•orlbed aboYe. 
Por eaoh bull41JS«, 1 t l• oontet8j>la'9d thft' water .oulcl be · 
olroulate4 at about 2500 Al••f111n. to and tram • '"-mo•'-tl­
oall1 oontrolled re1er'ft>lr. The reaerT01r would· ha•• the 
crtple f\mot1on of prorldln" " lal'K9 bo47 of te11oar.-ture­
oon@tan\ water, regulatlns the Taake-up of heai alkl the Mke­
up ot tre1h water. Pur1t1oat1on ot the nter ••1 be either 
pertodlo or oont1nuoU8. 

C. H,Jd rogeq . 

The epaoe between tha ro~atlntr bowl an4 the 1tatloa­
•r7 oaetnR cauet 09 O°P'lrate4 at " fa1rl1 hlR,h vaouwa. An 
extreme vaouum 1a not teaa1ble b9Cauae ot the neo•••1t1 of 
ma1ntaln1n~ te~oerature oontrol through the oon~uotlon ot 
heat from the oa•ln~ to tha bowl. To tao1\1tate t~le heat 
tranetes- end yet mln1"•• the wlndaRe, l t if' planned to tee4 
eaoh oa11n" w1 th h1droRttn 11.t abou't 1 om. H~. abeotute prea­
~ure. It wlll be nec1e1ar7 to keo~ A Allftll flow ~t hf'1ro~en 
thro~ eaoh bowl eo a• to eweeo out lub~1oat1n~ ~11 T8nora. 
It 1e an t lolpated thAt the h7dt-0"9n wlll be generntad ln a · 
1tncl• oontral bu1ld1~~, · probao11 b7 eleotrol111a at •Ater ft 
The hydroRen ~• will ~e ~r1ed Rt atmoapherlo pressure an4 
ted to each msohlna, probabl7 ne&J' the oenter of the OA~ln«, 
ln • oontlnuouR atre~~ ooatrolle4 bJ ~•An• ot An aoou•tla 
tub• or ortrtoe. 0Utlet1 tor each OA11ng will be at tr• two 
~rtde ot the Mohtne aonneotln1t to a oom11<>n -nan1 tolt! and 
&•PJl!rRte vaouu~ ma1 nta1n1nR C01tl>Z'91Ror 11ete~. Rlooks ot one 
or t~o hundre4 '1aohlne1 ~11\ probebly be hRndled on ae~sr~t• 
oaaln~ vaouum e~ste~a wlth oroae-oYere tor 'mer~noy nnd 
1Gand-b7 servlce. 

D. 0.1 fU!p sn4 MgJor Qoollng 

.\a Yr. Scharmann has 1zplA1r. 9f1. s ~llflll Rl\8 oom­
pre 11or or oontrt.tu~ pumo ls locAted 1n eaoh end or eaoh 
centrifuge . 'l'he eleotrlo dr1vs ~otor ls located At one end. 
A e:.aall part or the total ~8At '1h1oh mu 1t be d11~1J)ftte~ frex9 
thee• plant~ ~uat be taken fro~ tteae th ree un1tA. A bullt-
1n 0011 •111 b~ 011 9&oh unit, 3rrr.n~f\ t o tRk~ .tt Anl'l l tlow 
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ot o~l1ng •atsr. T1mpera tur t o(mtrol 19 n.Jt :>r µrlille \1l­
~ortAnoe here, ~nd eo the ttire~ oolla will be ,pentted. in 
qe~l•a to s1,pl1fy otp1nR· ~e ~ate r •111 oo~e d1reoi11 
trna the source ot cold water tor the entire ptAnt, ~ t~e 
ou~let •nter ~tll go ~lrectly to ~he sewer. 

E. N! trose'l 
Aa dxplalned ln ~'.r. Soh srirr1tnn's d1~CU~Alon or th• 

:1&oh1nd. n1trogen ~e le red t~ twc no1nt8 at ;he to~ An4 
two point• at :he bottom or e&oh !ViOhine. In ~n1•r to 
a•o14 all po~e1b111ty of reaotlon •1th the pr0\~888 P!f18, th1• 
n1trofr.1n will hA~e to be reAacnnbly pure nnd perteotlJ 4rJ. 
I t la at pre~ent pl"nned to µr-,?Rre n1 tMF?en b:r fnt'3tf,>nal 
d1st1l!fttlon or llou1~ alr. Further P.tujy MUlY R~O• that • 
cha aper- eour~e of 1nert ~& 1d~t be ·;as qcleoUAte. In anr 
ca~a. ~he t1nRl butt~r vae w1 l l proonbly hnve to be atorad 
eo aa to proth\a the a"'•~n,..11ge-. of an ct.OJtL11ula t or ln m1t1n­
ta1n1n~ the enpeolally ure~i~e prea9ure lontrol """1oh "111 
be required. ~ At•;>-wlae pree~ur~ reduotion to a preo1ael1 
contro~led teed rtaa..9\1 Cold p l·es•u re 1 s ooateamlA ted. The 
awsouat1tln o f the n1 trogen tl'keA olace t~iroua:h the prooeaa 
KB• reoovery equ1p~ent deaortte1 1n the next aeotlon. 

?. Sep1rat1on ot Na rrom Leak-or: 1JA• 

Two ~mall ~trea2e Of process ~B ~1xe~ W1,h n1iro­
gen w111 leak oft trom the too. an~ two more fro• the bott')9 
ot eaah .naohlne. Theee atrea~• ~unt be ~andled ••PArntely 
for eaoh stap,e in order io avoid Any loan ot eeparatlYa 1Mrk· 
In the lower atftReft and ln the atrlppere , t~lA 1nvol•ee & 
t•lrl1 large number ot recovery un1tn tor eAoh •t•"8. perhA~s 
one tor e&oh 50 mAoh1nee. In the rioheat 9ta~1. 911Al1er 
reoower7 un1te are oontemplated. The reuovery ~•t~~ '' 
preeen' appearln~ ~o•t teae1bla 1e thftt ot ob11111'1f or the 
gae atrea.11 wt th oont1nuoua traoplng out ot the hex enow 
roru4. and 1ta oontl:iuou• re-sYRporatlon 1nto the 4'J'Stem. 
Other aeparatlon aeth i'Xle hnve been at•Jd1e4, " tew d1so1trded 
aa lmpraot1oal: 1ome are atlll betn~ ~nat1zad aa alternate 
poA.i1b111 ties. Araong thoae are mentioned aolvent e:xtraot1nft 
r~o~ nltroR9n with s Qarbotluor1de, Afld the u1e ot A oarbo­
tluor14f butter gas l~etea4 ot nl'ro~en, trv>m the mixture of 
•hlah tmot1onA1 '111t1 l lntlnn :lepftrR tlonE. fdt7,ht be Wide. 

In all ot thera, the ws.1tt1 n1 tror,en or buffer PA• or 
aolT9nt auat be stripped to euah nn aztreraely l~w hex oon­
oentratlon A• to ~--~e an7 ot the A9parat1one 41tt1oult tor 
th1 A reaaon alon'1 .. 

The r!fr1gerntlon aeoAratlon see~~ to otter th• 
raoat prolliAe, ~eoau11 a eRtel7 low td~per~ture tor thoroU«h 

·~· 
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Htr1p~1ng o: N2 1 a iaoderately eaAJ ot 'lttA111ritent thro\.Ulh 
thtt uee ot ethylen~ retrtgernnt .. '!'he 1ev1ce at preaen• 
beln~ bu1lt ror ~hl~ re0Jver1 1n the pllot plRnt 11 a 
haat lnterchan11:9r ~hoee inner aldea Are oont1nuoua1J 
eora;>ed. rh• teak-otf ga&11 betn~ cooled 1n lt1 P••tiJ•~ 
d•?O~lta 1011d hex on the oh1lle~ ·A"Alla. The hex ""°" 
d 1 a l,>d.f,'94 by the 11c rape ra 1 e oolleo tecl 1n the · bo'tOll of 
the <!evloe where A powd"r 1eAl re .~ovea 1 t oontlnuou1lr 
t o A heateu a~Am~er below. frefl the heated ~~amber, the 
vaporized hex returne to the &Jetem. The oh1lled 
nltro«en tram the top of the ool~ t,rAp ~oe8 d1reotl7 to 
th• ?aouum P\.l.llJ>~ _.,\ch proY1de the preaRure oontrol on 
the entire oentr1tuge-B~att aeal e1ate2. 

G. ?reeeure Chan&! 

7 • 

Aa !lenttoned prttT1 oualy, 1n omf'r to· obtain a 
ta1rl1 lo• plllnt aqu1llb~ u" tlllle, 1 t ls oonter.tpla ted 
tba' m1tohlnea ln the r1oher •t.Ree w1ll be Operftte4 wt th 
.S o~. sbsolute preeeure at the axta ratt\er thnn the 1.6 
o•· tor the lcwttr etAp,ea and atrlr>per. It "11 ot the 
.nach1ne1 trn~ the 12th eta~ up to the rlohest sta1N will 
be opeNted at re4uoed pren~ure, the oontent ot eaah 
bowl up ln the r1oher etane "111 be about: helt that ln 
eaob bowl below th11 point. Thia will reou1re ~erelJ 
the 1ntro4uotton of ~ preae~r9 aontrnl throCtllnR de•1oe 
tor the enr1ohed s t ream, and B ?re 8~ure booatln~ pump 
tor the reflux straaa. 

H. Raw Xater1al freparatl:in 

It 1a ent1 o1pated that the te<¥.1i Atock ot uranl\a 
hexailuorlde ' woul~ l>e prepAntd a t the ~lant from the 
coromerolal uranlu;a oxltle •:id c0imero11tl hJdro~n nuorl"•· 
Approxl111Atel1 llt-Oofe/da1 or r~e4 atook .. 111 be renu1re4 lft 
R 1 k«· plant. Th~ ateµa of re4uot1on, tluorlnAtlon &n4 
p•rtluorinatlon cAn no doubt be oarr1ed out ln oonttnuoua 
rotar1 appnratus s1 m11Ar to tlult At present ueed on man7 
analogous ron st1 n~ opert'tlone. 91noe 411 of the teed 
etock •111 be uAed 1n the t1~at 3tatl.'9 bu1ld1nR, 1t ta 
oonterapl~tod i"ult th1A oper~tlon ~1 11 he 1amed1ate11 ad­
Jaoent t o ~~ 3 QAC~lnee tor.l1n~ th~ flr~t AtnP'9• 

I. Waate Hand11rlg 

Substttntlally Ra ,auah ~ex la d1aolinrfl94 oont1nu­
ou~l~ rrnm the atrlpper atAP'& &A 1s fed to t~e t1r•t et~Re~ 
Th1a :uat~r1al ooul~ be hftndled ant\ eh1npe4 awa7 ln 
evne1w.t~d and re-pre~eured 07llndera, nn~ A• auoh aoes not 

, represant Rn1 speo1al problem, there b~1n~ abnut ten 50f 

' ,/ , ; t.42' 
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druae to fill hnd .hrntil8 por e1P!tlt-ho'1r ehltt. Howe .. r, 
lt 1e 11kaly t~at l t woul1 be better to convert the 
aaterlftl to B ~ore caetl1 httndle~ pr~uo' tor sale to 
present oonl'JTere or ur9n1 W1 ~•l ta •. 

The de11re4 end-prod.uo' tro~ a l k/(./da1 plAn' 
t1e1gh1 le•• thAll lf.f, o.n4 aan th•retore be •~lpptd eaoh 4•1 
1n a eiuall nltroft&n reprea1n1re4 0711nder ~tthout the neect 
ot an7 1pao1al aux11lArJ equ1patent~ 

J. Frequencz C90?1r11on 

somewhat ln exoaaa ot !io.ooo XVA ot eleoirta l>O"• 
•111 be abaorbed ln operatlnat the 17,000 Mia Moh1n••• 
Thl• powei- 1houl4 1.1Moubte4l7 be puroha1ed a• l\l«h ten1lon 
6o 0101• alternatinR current. It 1e ant1ol~atec1 ~' l' 
tdll be etepped aown to the 6,6oo volt ran~ •. Al euah, 1t 
1t01ud be tee! to the raotor end ot the h1"1 trequeno1 
generators. At the "9nerator end, 4ao 07ole 01Jrren' would 
be 1t9neratad 9' ~,160 Yalta tor dlei~1but1on to the oen­
trl~ bu1ld\nR"• l,000 IVA trnnafor91ra to 1teo down to 
the volt ·11otor111 would be pro•lded tore perhap• each 
4oo aenir!tugea. LI., 000 n MO net• 1tppeAr to be the e1Ee 
wh1oh •• ard 11kelt to use. Therefore, an 111PortAnt 
aux111~!7 ~111 be Qna bu11d1n~ houe1n~ ~om• 15 5,000 HP VG 
Aete whloh Ar~ cnlle~ the •M.P1111n"• un1t•. The •RtartlnR• 
un1ta •~1oh oonAl~t of ~ os1r of v~r1Able 1oeetl MB aeta, 
~1~h R rotatrol ror c onAt~nt torque Rocelertttlon, will more 
l1k.el1 be olo.1er to the oentr1 tuf(e!. 

OAPI'l'l.L COS! - 91.,IDE NO. 14 

It ahoul1 be ft '>r>llrent by now th"t many 1~ortRnt 
deole1onft regi.rd1ng A 11trf(9 r>lnnt euoh ae I have been 
deaor1blng art> 7et t~ be nAde. The generl'l "''ture ot the 
plant hAa been fA1rly well v1au"l1zed, and prel1111nar7 
dee1~• ma4•· Conse~uentl7, ~'Ir ~ettmAte of CRnlt..1 oo•t 
1e neceeellrlly 11 ver;; apprortmnte oncJ, intended J)r1notP1tll7 
to eJ"ow the ~oope ot the proJeot. On the e11~e A~ three 
eeta ot t l v.urea. ThJ t1rnt repre~ent" the ·totals of 
C'l&terlnl1 w'11~h wt 11 be reQu1red 1n their x·nw Atate for the 
construotlon. For exa11oltt, tt.• 10,000 ton,. ot 1tl11•l"'.11 
re presents the q\J;ht; of the rou~ exti-OOed tubes an4 un­
:nach1ned tor~1np:11 w~loh wtll hAve to be BhlDpe~ to the 
fabr1ontor ot the c~ntr1l'u~-ea. 

1'he ceonn,, ~ot or t1~1re11 p:l YeR tt-e rou~l7 eatl­
ma·tad dollor CQat of the pro.teot uo to the po1n t when all 
eq'1lp-r.ent shm~·n on the aeei~ '1rAw1 nv.A wt 11 hnve. been ••' 
up ln pl3oe. ' 

I 
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T'hc trlro .. et ~ f t1 vu~ lJ ~pre~ent R n.n ~X"fleci;e'1 
cl>!)e1ld l tu ra c ~ f!Xtr.1 opf:r1tt1nP; !lP.::·n'r.ne11ut-1nsr the final 
f.t 0 "dn ,. ~ o.matruc t ' on! on tl"~ ~-XP'lnnnble rJAterl1tla, 
S!;~uuo,.. ant~ }>ow4'r •tae<1 e:rt to ~~t t°t'a ">\Arlt 1nto oper-t ~ic·m, 
t~1,et· .. . e r .. ,1 '-h extrri ord1 nnry !neo'" rtn 1n!lll ~~ electrtau 
o~~n ~ a ~r 1 .Jh m~y bf! recp11red. 

911tl 1 11\l. :7 tA perl-np~ Aelf-eX"ll~nator7. It aho•11 
t~.a n u·1t>er <>f pe\.,Pl" •l"'loh w111 pror.1tbl1 be required to run 
s ~oh n n ope~A t 1 on 11 11 -.e v1 e u1"11 t e 1 At l.JP st <!urin~ 1 ts t1 r·et 
Yt a~. It 1 q· 08l 1ev~d t~nt t~~ c•n"unrptlons of ooerattn~ 
1 ;.ucr, pc~e re , eto. l'AVe t .. 11 ~otuf est1~te~ con11t•rTlltlYelJ 
L , the 11 ~' t ?f o1Jr 1~oo~plat8 M.na 1ys1 ". 

In cono 1.us:. on, I -.1,.h to po int out that :\lt,.,nuph the 
f i.: !-egtJ 1 rl~ t ?1 ~ 1 ·'lP. te" an e =ttenri 1 ve op~ r111t1 on, reaul r1 n1t 
~- t!cal.,u~ !'".:·" tn J. ttt oonatru~tlon nrui control, Pnd utt11&• 
1 11.< e ~;tenA1 .,e :.ia tt>r · a l,_ of oon.-truotlon, 1 t 1 n not .i tl'lout 
u ~ uo p reoe~ lnt in r. ~~rn ln~u~trlnl pra~t1c o. It 11 no 
d t; ubt tr~JC: ··ti·1 t ti-.eA·3 ls hnro ly any pre'lr:.,e nt ro r B prottuo­
t 1on (!Oct o'! the or ?'r or r.16,.JOO/lo. ?orl1a-p~ 35 !l11e• ot 
" · !!''l : n~· bot:l ':ril\:i 11 >pear 1no~t1Mte tar rny ourpo~e . Rut 
1. ~ ~tUmy pl1mt1J , <Jq u~pe1ent or 1uoh aetronom!ot\l na.l\m11tt.lde lo 
t o ba r ounft Cone1der, fo r &:<'A'1H)le, 8. typ1onl r~1on YRrn 
fq,otor1 .. A ~(Jd e:-t.tB slied pll"nt will h 1·1~ perhftp8 400 !JO-­
o .... llod splnn1ri" ~c.fr,1ne t' , ~nch or thee s '1lnoh2 nea haa but l t 
11ta 1 t "1 bout 120 t. · t(h-epeed oentr1fu179 c; nnk 1r;~ oor"'noA 
5•: 1 (.,()() con t .. ·~ fUg'ef . n ~ COO."'&On rayon plaht e .!.. t 1e tr1.1e 
t ··r-\t thll e t· r J c 'lr. e .:.~\orubl y ~rnller thn1 th~ cn ntr1fur(ea :1e 
<' onter1l')l , t 4', :.>ut 1 t 1'1 al Ao tttue t'i.ct t f 1>r" e~ch o'ln trlf'tii:a 
t: iore i. ~ n ..- 1·.., ooae tolut1on pu."11J> r,:,cu1rtnP" ,,hi no~~nr.l prc­
ct s tcn 1.: 1 •n Pfrt C' onti PfJ rfor:nl'nce . Tl1era 1r 11l so, fo r 
~ -'i Oh , r t~~ ~, , 000 ·entr·1 fuP:t8- fl ;>l.~t in·..11! spl!".nar'!': P1 th 
Ii ~ u·r.lly c a ; 1 J ~: lnu ~a r.clttfl' 1n 1t . OthH" cult-9 -lJ:.t!Clul 
a 1 l e: .. ~v:.,1''.~ ur·.-t t: n~o c~ra·"lonµlAoa . 'l'> ~ !1n t1 r•• sp lnn1.1~ 
11 • .JL1 ne 1 ::) er .. ~ t M•1.; v:i "'i' 1 l l'd nnd p-l n a ~ ~ n~ ,.. pe o l !'t l 
r>·H'•..; c 1 ~ ln r; r ) ln t ! r . :ll r,j l"t a' nn<' jt' t l t r r(Y.htce s Ii I~ te r1 '\ l 
b.?t'~~e;i c·it -,. 1 ~nt ·ool 1 n .. ,Aluo ~ 'i'he ~y ~n !ni\~rn,..,..:, 1n 
1 t~ C• r} t: ~l ~ 0 ~ ~ 1 tlrtl;or J'N>:">d nn~ lO ft.f to t!.O · 1rur r)f'e<l 

o 1ntr.L r ' "e }1 · nt . '"-:t lculour Ot'irc •. n t.· ,,. nr~rJ.·-t r•t t ~on o,· 
t~ie 1n 1 .. l ~1 r .>lu~~ · •: ln ~ho ~1vo \.cl.11r!0'3 01 conta m1. n :~t \ on by ' : 
nny n'!mCt "' ').i te~~l lian• rlt1es (e np-:! 01A.1.1 y tit'y 11 1 :-6 b•Jhhl~ f') 
1 ., .' Ju .. ;-ide~ 'le~"Y ·, rdo l s\J oontrol o f t•l~i)f"rAhll1-dO .q~ cnn · 
c ·Jn': ... ·•: tl "nr , ~·P. nce r1a t\ t}"lrou~hout, Thtt t·s.·yf>n lni •J rtry hpg 
f 1Jund rJ~nnf _: c~rero om1t"~ all fl'UCh obe't·tal P.r: , Rn11. 1 A nbla 
t odt<f t') CC.. 't • ·o l J t , 1 r. n t& wj. t°t" 0 ro \ llQr)' lr he. 1' ~ tt.-!'h , A 0 ,\l n 
b~ rcc.c J, t;c<·t "&. r:: <JO~ntr7 . 
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C:NRICHI~G 3ECTI ' N 

Sta~ 

~' 0. ---
l 
2. 

4 
~ 
7 
lt 
9 

10 
11 
12 

~' ~2 
17 
18 . 
19 

. 20 
21 
22 

~~ 
~t 
27 
28 
29 

I 

ST~IPPINO 

l 
2 

~o . 'Allchlnf'te 
_ Jn Stas-

2 , 900 
2 . 2c'lQ 
l, ~40 
l, 4 ')0 
1, l ')0 

900 
710 

~~ 
360 
290 
230 
l~~ 
150 
l?O 
96 
77 
63 

~~ 
34 
28 
24 
20 
17 
13 
10 
7 
4 ---

l'l, O<J l 

~ECTION --
? ,020 
~-'1~Q 
2,"140 

~:.r~i .su. ? -
TMH..f~ "JO. l - .. --
.; '"' 'f~Tt: •lTPA TI ,. ~ i?AI; a:NT ~ N ~ASCADE -

Hold - Up r co,poe1t1on or 
Lt~.t 9tr•AJJ L1 ¢\ t 9 tnul:n 

Kg. i 

t. l' 00.~l 
2.~o 01.02 
4.11 01.2"' 
~-13 01. ~l 

. os; 02.oc; 
6. 74 02.60 
7.10 01.26 
7.65 04.11 
~.10 o~.1~ 
~.27 0 .4~ 
~.46 o~.1~ 

~. 60 10.2 
~ .. 77 12. 7 
9.20 16.~ 
9.04 iq.q 
tL 7'i ?~.6 

~-50 2~.8 

~- l2 l4.2 
7. ~4 Clo. 1 
7. s; 46.~ 
6.92 r; J. 
6.39 ~9. 
6.05 c;. 
5.50 10.5 
').00 7s;.; 
4.o~ ~o. 
1.2 ~i-5 
2.34 ~ . 
1. 3~ "'~· 5 

l ~J. 00 

0.5 (outlet) 

~OT~: :he @lqu1librh111 t i rr.• e qui v'llf"nt t., th,. hold-up tabulat.ftd 
ah~ve 11 124 day•. If enr1c~1np •t~~· 12 to 29 1nclu11ve 
ar~ op~rA te~ ~t httlf pr~1sure. the hol1-up w111 be l~~ k'·· 
And the eq u 111~r1 ~ ~ time wll ~ be 8~ d~y•. -

-·· 
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. I I GUARD t . 0 DAOMIN. ' ~ 

9 ~ D'LREFRl~TION ~ --- 1 11 
HYDROGEN NITROGEN PLANT ·L. - CHANGE ll :c 1 

PLANT PL.ANT HOUSE . 

l I I 
I ' L _ _ _ ·. 

FENCED AREA 3,000' x 4,0001 (275 ACRES) 
_,.._ --- - - --- . - _ ,,.... ---~ - - .. ........-· .. ---
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lu~ldlD& Stace• To\&l lo. •22ros. 9'l114l!I Sl1•• 
lo. lncloaed ~eot.r1f~•• Qi~a~OD_a "'00~ .,. .. 

l Sl - S2 2,940 2CjO•al~' 96.ooo -..r,. 
2 Kl 2,900 290'&3)0' 96.ooo 

' 12 2.290 290'x270' 7!,00CJ 
4 I} l, sa.o 290'&?~· 65,000 
5 14 l,&650 290'd85' 54.ooo 
t> W5-lb 2.~ 290'x255' 74.000 
1 17-M l,2IO 290'd85' ~.ooo 
LS 19-1.ll l,110 165'•215' 47,000 
9 U2- Zl~ 566 90· ··3}0' }0,000 

10 il5-i20 ~8 qo•.330• • JO, 000 
11 L:>l -~9 i~z 9C' :1H0 1 ,0,000 

1/.0 31 654,000 (15. 0 Acree) 

r -~~·---- - ---- --~.-- -~--- ---
18SO I 
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BUILDING NO . .J 
STA6£ £-2 

SLIDE. NO. S 

ARRANGEMENT OF AUXILIARlt-5 
l!f_ _ 

CE.NTRIFUGE ~£A 

r------ - - - -- -----, DRVMS A' PUMPS FOR -
1 1 Cl I I Cl I I D I ...._ luBRICATING Oli.. SYSTEM 
L- - - - - .- - - - - - - - - _ ..J COOJ..JNG 1"VAT£R SYSTEM 

}IOr JA~Ke"I WAreR. SYSTEM 

COOLING raw£R 
(COILS IN BASIN) 

I -~---

... - -------. .-.~-------... -----~, 
C t::l CJ I 

I 
l 

r-o - - -e:r --
-=:i I ) I ) I .... ._.. - - _.., .- ... - - ----- .. -"' 

• I 1 I I C 
L - - - - ---. -

"!-

f 

BUILDING NO. JO 8UILDIN6 N0. 9 

NOTE -
.·ALL COLD TRAPS_, £JECTORSJ OIL TRAPS ANO 
OTHER . SERVICES , FOR l!{DIYIDUAL ,Q:)WS OF CENrR1FUG£5 
ARE TO BE INSTAL'l.£D IN THE C£NTRIFIJ6E 8UILDIN6S 
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CRAN£ 
RAIL\ ,____ ---- --- - -- ----~"".:. ___ - - -- - _,. T/fAl'5 

CENTRIFUGE:· F?zs;_._..,.,..~zszszs'ee~:::;e"t lj ere. 

SUPPORI ---? 
lEN~/11 rOR L----
SO MACHINeS 

CE!YTRIFV6E. 
Sl.JPFORr 

Pl..llr 
·~ so CEtVrA'IF_V~S -~ti~ I'~. 

I l ii : I jji I • 
l~- -- I I I I I ' '1u-L .L L - -

. SECTIONAL ELEVATION {SIDE) ~l, 7/ft:.NCH 

WIDTH FOR CRAN£ 

.S 7Ao::_£s -~ -JH~ - ·1 I t 
I ' : t / I /-- - ' 

I t 

. I 

I I I · 
I I l 

I t I I I t 
I I I ' ~ 

+t+t+ ~tt't' llti' 
~~~~"o -~/i2flr 1 t t I 

I I 

i i i i 111 Ii ! l ! It 
... . .. -~ -~~- J1 

SECTIONAL £LE.VAT/ON fENP) 

I 

~ 
' Sl.Jj)E HO~ 

OP£.81f[ING 
STATIONS --=----=--=--...,--~ u -RATFDRM:;;;"' --- - -- -~-=-

-~ - I 
A1AIN 

-----------------~-----~/~ CONTROL LJC¥1H~ 

• 

'? 



3L D ! !-10 . 1 

( 

. AU l l L l 1 i 1 ES 

A. LUBilCATl~M 
1H<1 Control 
Cool t n« 
:lea• rat 1nc 

ll CASlN .i n;MP-:P.ATURS CO!rl'ROL -· 
c. HlJBOGU 

Qenerat 1on 
reed C:i ntrol 
hAcuat.ton 

D. CINTRirUGI CCCLINr, 
1 .. Pump1 
Motor Stat.or 

!. UTRC\IU 
~neratl on 

:>eyinc 
reed CcintMl 
hacuaUoD 

r. Llil -crr 
freeeure C'"J Dt.rol 
Separat.1.;n 
Ret~rn 

Evacu.a t 1 )D 

Ci . P~ISS1JBI CHA!IGI. 11th STAGE 

ii. RAW ,..ATIFtlA.L f Rf..PlHA'I lOJI 
0 11d• 
Acid and a.a 

1. 'tASTI AID PRODUCT riANDLUG 

J. 1R~~CY CJ NVEP.SlOh 
Startlng Unit• 
Runn1~ Unit• 



S l'RL'CT' YRAL 3TCEL 
MACH1~~BY STltl A,D IRCM 
ALt'MIIUM ( PFH ~CrPA.I.LT 14 sr llT~'.'S! ~s ANO rcRGINGS) 
!JlCl lL ( ?C~GI~G3 .\!<10 tJll!iG J 
CC Pf I& 

fRlRClfAlLT TU!I~ 
I" 11.ECTRICAL FARTS lM~ MAC~lNIRl 

CIMUT 
STCN~ . G!UV!L 4 ' 'j SASJ I ro· N~fl '-'~· C()A~. !TC.) 
LU~Bil 

UN! ll!ATI~ 
r; ~IQSOTI T!i&A Tit 

BR1CIS 

lMlTlAL CLMSTHUCTI I 
L.UD ----

eu l TAJ. COST 

TARI) tORI 
uTlll?llS , S~OPS, l..AB. 
Cl?l1'11 rJGJS 
Ont lit fRCCSS~ ~IJlPMllT 
PIPING 
BU1LD11GS 
El&CTRlC POW~ SY3TIM 

CvllTISGUCJ 

'l'OIAL 

STAiTl»O .UP &IllHSI 
:401-RICtJiiRUG ~LU~ICAL SIRVICIS 
IXTRA OPlltAT !SG .uro flCHJfl CAL SlRVICIS 
iXPL~~LK MAflRI.lLS 
COH!l!iGINCT 

TOTAL 

'~· m 4'),000 
10,00fl 

l .100 

;>. ';00 
59'0 

42,0t)O 
~oo. noo 

· 770 M M • Pt. 
70 !f Bel . Pt. 

.IJ,~'X> M 

t l t)Q, 000 
1,()()() .• 000 
4,000,00.'1 

C? ' • 000 • ()()') 
10,000,000 
20.000.000 

8 • 000. (Jl)I", 

.._7 ' 000 L 'Yf!' 
11.1 oo.oon 

z,300,000 .,n, 4m, ())(', 

t 1 "II'\() ()(VI • "JV • 
400, (}1() 

1 Qt) • 000 
?,200, ')()('> 

S I~ , 000, 00' 
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>. STUP A!ID ATT&lrnAJCI 
1. Shlt\ Labor - All cl&•••• e%~~pt 

~alot.enaoce a~ Lab,,rat ory 
c?c?' pe,,ple l •hUt. 
(915 people on pa1roll) 

2. Repair and Malo\enance 
to\al •a, u4 •htf' pe '.>ph 300 
• Material• Yal\18 

J. Laboraio17 &ad c~a\rol - ~o peo~l · 

4. Local .. Ma~••n' - Dtrec~ Cwerhead - 120 pe"ple 

a. f'CWll 
Mala Unit• • 2.~ · xv ••. • 40.soo 1v 
Au.x111arl•• ~.~ 

Ls. i6o IW • S6 '• 

C. ~W MADll&LI . 
1. Olll'• • $)'11t. 95• 7leld 

Acid e 164~1•. 5~ 11el4 

2. Coal, Lub. 0\1, Suppll•• 

O. PACl.&GIS 

TOTAL 

J 

3 LI : ¥ NO • 
---· -~ 

Do l l Ar~ 1:.av --- ~ __ ...... _ . ....__ 

6. 7 ~0 

11. ~QI) 

l . t')OO 

1,750 
22.soo 

1.000 

4.200 

l ,IOD • . . 
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lor.lf ~,,,f:, 110 -,r-
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~r. A. 
Dr. J. 
~r . f .• 
r.r. r • 

P. r 

OFFICE. FO!f. £VE.A.CF.IV.('( .'1fANACE..WWT 

OFFICE OF SCIENTIFIC RE.SEARCH AND DEvf.LOPMENT , ..... . 

J . 
, 
~ 

F\ . 
c. 

c> r1 11 

t,;omptof'I 
eon,,,t 
~'l'Nncf9 
Urey 

mo P STRF..ET NW. 

WASHINGTON. 0. C. 

,.,. r11~•,y 

flt.,, "r< •. f' · ' · 
•rJ ~""'"" '!'r f ~ \ 

. , .. - .. ~, ! j 

l ~ • t rn n F .. 1 t t 1 n t',., r H'> Jr \ ,, fl"" ~·· ~ t t ~ r. 1 1 • t t _. r 
tro'I ' r. P'lul i. A.uhl •1 t•1 •use,,' .. f!ny1"· ~ .-·:'\r' n '.i,., hy ·-- ·•rtt. 
~ • l ~ • n , P.u P !' e 11 ·' n l \ • ; \l 1 .- ~ '? 1 " , ,. ""' ' 1 r. ,. t ~ • " "'"' r~ " • t ~ , t h"' JI! 

~ftn ... 1.1. ln the ~· · Cf9,,tr1 fu.r4 o\lnt ."l !Hit . 

?•o f'.,~11 Oe1\tr1ft .. we"' hw1,, .... V'-tnoh ~~14" htv• t\@f!n 
~p•rate~ •t t.he p ll~t plint. T~ ~ f1r•t · ~~nh1n- ni", which~~~ 
"°"••h•t ot "" 1 .. 1>rt"tY1~•~ jt>h , h •~ t•o n!')~r'tt1·"';f .. ,_r1~,," -
~n• ~t 1' day• ~n~ ~~e ~r 1~ '~Y~. ·~~tn~ ~ ~~~~' ""' ,~ ~~y~. 
Th• flrft' operttlrg perlo~ *q~ t~r~\n~t~~ t~ rr~ ~r t~ ~~k~ 
o•rt~ln ch~ng•~ ln ih• 1n't~J·•nt~: thP ~Po~~i ~ ~~r, ~1" ~ v~rln~ 
.,. terrelr.at•~ tf) ln•t1ll th~ ~~coni1 :it"~nrt ~.,,.1 ~oh\f'!,. .,,h1ch 
oont•ln•d o•r'•l.'!'\ 11eohRn1c .. 1 1~ n rClv~'..'!l!,.,t~. 'Jr1ru tn,. "11trlii'1 
ot 1} '1•7• ()f -aeoh•Hl1011l ~nttr~tt!'ln ...,r ';?"~ c .. ntrlf'·r:,., nN'C fl'~P 
.is• watt run throUflh the tto', l n~ t':>r '\ ~nt."'1. "'r l t , ·t .V!!! . 

'nl• 1ec:ond ~hort l)()1:1l .,. ... ~ lnft •'l1 p· .. t 1!'1 t>p-"r•tlt)n )' 
Oo\ober 9 and•-• run fQr 17 ~*1~, ~t Tht~~ t\ ~~ th, run ~~­
teraln•t•d :tu•· to t t'~ul t7 v'lYtt l•all1ng "1r 1nto th• ea"l"~ 
of '1t•· oen\rlfuge rblch o•u-•d ~n oYerl~•d 1n t~~ dr1v1nK 
110tor. ·nie ••oon4 operaC.1ng p•rlod on th1 fl :1tnir1tu •. a ot l? 
·1•1• •a• t•nlnat•<t.· du• to the lo•t-r K~ • !)u"'tf' ~1 th .. r e" l"tt 
1111tro~erlT lr.t•l11ll•'5 or l'l 1P?1 n~ 1ur1,,S( 'H'•r,t1on -w~,toh rll'-
sul\e<! ln !tel1ur• ot thfl pu!'lp . fhts p•..t.rno .,.~~ ~Htl~ by " 
trlotlon deY1a• •nd th• on!lflltructlnn h•r1t o'n \Jn !"•>bt.,ily be 
l:wproYed. ?he thlrd oo~r~t l~n ~ ~rt~!. wt!oh lo ~tlll o~n-
tlnu1n~. h•• no• ext~n ~ e , oY•r 21 dl7~. On th~ ~~c~n' ~~chtn~ 
the p e?91"d o t ~era t lr>n on pri:>tlP. .- " ~·u 111 :v'>• 1~'J t '': thy-,.. 

S.r>'\rmt l~n r•e·Jlt~ oht-.~n .. 1 """ ~ !" .. CP-:tr-trJ ... ~P '°'\YA 
__ __...,...,.. n V • r1 !It 'l t 1 -' f '\ 0 i (, rJ, q e ~UC• <1 • e f ~ 1 0 ~ f' 'l O V f'\ ,. f M ... 7 ~ - ]''"l ' 

n~ de~on ~tr•t~d. JJ o~•c~~~ pff1ot•~c 1 1~ hPr~ -~•"t th~ 
"'r-. t 1 v ~ ·,yo r k • o t ·.11111 y ob t , 1 n ed b 1 tr. ~ ct" ,, t r 1 t-q ,;- ,. c,, ., n r .- ,.., 
th• th~'lretl\J~l f)~UJOCu!'t:. ~-ri ,.e"' on t ,. a~..., r"tl~n ,,.r~tc1.-r.oy 
ql~~d 1t t, ~ 4 tl • ste~ th~t ft t~r~• nl~nt t~ ~rn~ioe 1 k\l~­
:'I P .. r tjl\1 0 f l l ;ht :.'\JI \"rl d fJ f ~()i .'f?11 r1 t y \ l l. r'l:C :J 1 r~ 

.. ~-..111994 ~h tl.Y 'lYe r ?1,noo lon ;- bo•l ., _oh 1,,~ .4 ln t~t ~'1r1ch l ntt 
tt~ot\nn. /\~or,.,~ 1 -,,t ttl7 7J>OO :"t~·H tl on~l ~~ch1ri . •111 ,.. ~ 

r·-75~3 '?w 
2 

1 

/"" 



. ( 

• 

( ~•ou1r•d 1n t ~.- 11trl ""' 1n..; eoUtln t" o ~t 1fn '}0 r~o,,••r1 !4tf llght 
J,t•rlt.l. 1'h .. "" .. . ,. C""lil)'jJJpti">ra .. ~ th~ M \.t. ""11 ?~,000 M "l OhlP1 ·•~ 1• 
1t~tl• :t te'1 t!l r: tt u-oun.1 l".0 , 0l)) kll~ .- •tt•. 

tJ~ to ... eoe'lber l " t ~ t a. l "'' ' no lb.- . ,, r !)r~'l ••-- ~·· h•• 
been hl\n'1led b7 t h., oer.tr1f•a.; fl"· ~ t ih1• ?'! st•r1d ttMut ~lb•. 
hAt been ~ l1ah,~ed ft~ w •t• ~h1 ch ~~' bA en d ~~l ted ln the llght•r 
0011ponent b7 Mul(hlJ l • Th • rer-1alnlrw 1 0<> t'b tt. h41 b••ft 11tt- -
charged 4• r, ro'1uo i •l t n '" \Vflrr!\.(ft ttt "r1 oh..,ttnt nf ca~ut 1, ~ . 

r~. ?1lot pl~~t 18 o ~•r•t•1 •1\h thr4• n~n·teohntoal 
o~•r•tora oer •h1ti, th~ ~\ 1n •~rk 1n•~ly~d heln~ 1l~pl7 handlln« 
~t ool~ 'rape f~r th• pro~••• ~~~· Th• 1 ~ ~• ~ roup un~nubtedl1 
oou14 han~le • 2uah 14 r8•~ nuaber ~r •~chln••· ~n~ it trs~• •r• 
~••4 no' requlrlnf( l~bor f!tr h4rM11"~ ·~.,• o~•nior ooulc! rua tbe 
•bel• plan• .•1th • oont11.•r•b11 ..- re~t•r "''•b•r nt centrltu._. •• than •r• n~• lnal•lled. 

· U'ftl••• •• •re "d•l••~ :,th.-rw1•• b7 " · ., . ~ . "'·., ••. •r• _, 
pn•ea' ~lunln-r . ,,, (Uaoontln~• onerat1on '\f the Dtlot ,1.nl 
De•••~•• 31, 19ij1. AotuallJ '' wlll be n•0411ar7 to 1rart shuCtln~ 
4owa a t•• 4&1• before thlo \1~•. It 1• t•\' i~~\ th• oentrltu~• 
09• ... 'lo• loe&1 ••lre~•lJ ~~•1•111 '"~ 1t \1 ~ur '••lln~ '~' lt 
wo.i• be ·~•• tor lh• ~•••lop••nt to ~ oo~tlnu•~. If 11 l• 
eon•lRue4. hoW-9•r, l' l• t•l' th•t •~rk •h~~ld ~Kaln be ln!tl•'-d 
•• tabrloa'l~• ~t • lo~-ho•l o•ntrtf\J~• ,. •uch • .. ~oh1ne •llt be 
~utre4 tor l•rs• ~o~l• ~~pltoatton ~t th• ~~o••~~ 

Tbe •rl ier t • no' f'l'llll •r •l th rttoent ~•• •lo.,rw•"t ·• on 
th• dtftualo- proJ•o\ lN' 1\ 1• und•r•t~n1 th~i 1ttrtauitt•• ot ~ 
raU11r t~nda..~•n,•1 ~'r~~t•r are belnq ~noountere~. rr. u,.., 'r •r. l•l '~ ou '1ft'1oub,• 117 to1rn1 "h ':h• oo-. ., l tt•• f\artb•r lnf~M•tlon 
lf 'h•J ~ ~••1r• . . 

"'1• to ~h• 3~n•1~•r~bl• ~~~r-•• 'h~' h•• been ~·~• on 
th• o•n•rlf\IC• ~•••l~~a•nt, ind th• ~•ttnlt• ·~•rl~4fttAl !.-on­
aira•loa ~t th• t•~•1bllltJ ~t '~1• o,•r•tlon, \i 11 felt \ha' th• 
pr->J•o• •ho~ l 01rtt..all1 bt rev1t••d -07 •1 thttr • 3 • .- . D. '>r u~ ·• 
A"J ;>rlor to 1 i• bel~ •bant\on•~. I' l• •·ucK••t•1 'hA' r1•. 
Conitn' ... , •l•h to rtt•r Ch1• ~u••l1oft ,,, <>en•r'l flra•••· 

Ver1 tr~17 y~ure, 

P. u . 

F. . 'I. MUJtPHF F, 
i V I ,: >" 
J::n ~l_,1ur• 
Cop7 1n .· rt '{ . <l4'n. J.e1ll• ? . Grf)Yf!a J 

.. 
I f ; i 

I .. . ' 

,_• 
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:>r. JfLJO • n. C0t~ant, 
Chai~, S•l ~ocaittee, 

1538 p ~V.•t ••• 
: uhiac\•, D. c. 

A• 70" mow I haT• rooctl.7 rea1wcl a m.mber. Off 
lettera trca :y. unr ~n tilhlon he npreaaed hi• rl•• u ~• 
t.h9 val• ot th• uenvi~ •thod. ill rt- ot th9 &ot.• ti.~1 

a. '?be .J-1 ~a.Ii tt.- ~-• nawl' reoca .. nd.ed. that 
thi• t:iath"'1 be carrled ror.rda 

b. It would appear to be 111poc•1ble to ~l•'- 'he 
engluMi-1~ and oonnruottcm 1D tim to be ot wal~ 1a th.la ...r, 

o. ~ haw al r~ aabarlotd ~ :aore tJwua l'.llW •thod 
ot pr0duo1nc t.ne eu•n~ial 1u.t.dalJ 

I Ui «.luuO'\l\.l ot tl• 1ou.QdneH c! his :onoluaio&u. I would ap­
;>re<li&1ae it it 1~ ~oW.d ~" ::. yr:>.&r vlow• ca tn. leaa1b111V 
rr~ a •uieutiflo s~.andpoint ot thia aet!locl. 

L • R. 'RCV'.:S , 
l!rlt&dl•r ~ .. 1~r&l, c. E. 













OFFICE FO/t £MERCl:NCY MANAGEMENT 

OFFICE OF SCIENTIFIC RESEARQ-I AND DEVFLOPMENi 

Or. J • B. Con' n t 
15JO P ~treet, NJ 
Y•eh1n~ton ~s , D. c. 

mo P STR£Er NW. 

WASHINGTON, 0. C. ?F> Arr>~'1 •1lY 
New Y~rk 4, ~ew Yn rk 
De o_.11hf' r ..,~, 1 ii•n 

In •Ooord-noe •1th your letter nf D•c•~ber ~' •• h•Y• 
pr•l>,r•d a rnu~h tl•• 1chedul• tor lArge 01tntr1 fu~tiP pl ,nt1. 
Two Alt•~ of pl~ni1 ha•~ been oon1111re~: on~ tn orn~u oe 1 kg./ 
da7 ~f/11gh' ~•t•rlal ot q~ o~noentrat1on ~n~ the other ~ro­
duce halt thl1 ~•ount. In 'both oat•• lt h~- beAn ••-ume4 th•' 
the llKh' 11ater1al reooYered •oul~ be 5o< nr that ore1ent 1n 
th• 1n1,1al teed. Th• number of oentrltuge1 require~ 11 
roughl1 J0.000 ln the tlr•' oa1• •n4 l~,ooo 1n the teoon4 
eaae. Th••• are long bowl oentrltuge1. It h& 11 been 1t•au•ect 
tha' • good prlor1i1 corre1pond1ng to th~t belng obt•ln•f 
on al•llar proJeo\1 •111 be to~ll•d to th11 Job. 

Tbe •aJor equ1paent lnTolYed, whloh 1~ oon1ld1.-.d 
_or1t1oal fro• a tl•• 1tan4po1nt, are the oentrltuR•• th .. ••lYea, 
th• elto,rtoal eq\llJ>l'•n' required to ~rlY ,• the oentrlf\agee, 
anti •••1 g•• reo0Yer7 equlpaen,. Th• 1fea,1npoua• ll•o'rl• 
il••aior ~ompanf- ~ •• S.-4• a ta1r11 oaretul ••u47 of 'h• pro­
dGo•lon or th• on~ bo•l oen,rltuc••· eo th• tlgur•• gl••n 
tor th• p01a1b1• pro4ue,1on ~ai11 ~t th••• oentrltug•• 11 1n 
no 1en1• a 1\1•••· The ••••ln1bou1• tl•etr1a • Vamatao'1artnc 

· Coap-"7 ha• lnT••'1gai•4 \he ,rodaotlon ot th·• eleo,rloal 
equlpaen• tor 4rl•lnc ihe oen,rlt\a«•• an4 th• flll&J'•• llY•• 
an na1onal»l7 rellabl•. Th• ~amafaoture ot ••d P• 
reone17 ..-1.-.at hae beea dnelope• •l'h Clark lrother• 
•h• ha•• fabrtoat•4 experl••ntal ~utp1eft' tor ue. · Re,. 
ac&l• " belln• 'h• ftgure 11Yen •• to •l9• l• na.Oaa•lJ' ••a.a .. ••· A 411ou11loa ot •h••• ••rtou1 ,110•• ~t equlp11ent 
folleW•I 

cenin !lac•• 
Tbe 1'•et1ft8hoUll Eleotrlo n 1•a\or Co8'pen7 haYe 

prepan4 a '1•• •oh•d1Jltt tor o.,ntrilug•• ba1•4 on 1n•'•lllnff 
,__ __ _..,.~ol11'1•• 'bal •111 \ll'l~atel1 produo• 1,000 oen,rltu1•• 

IC10IY • : ... ,~ea '1l• b••l • of i hl. 1ohedul• thetr •••l••'* 
!!~ ea11• tor procluo•lon ot doo 1J•ntrltur•• ln 1 J •on'h• .. ia at'•• wa.-. l• te1Yen to tt:o 11.htad. ~o•' ot 'hl• ,1 .. l•, 

.• :' of oour••. ·~•n• ln th• deYelo,.eent and ereo\lon of 
ftUIH ••lblfaetu•tna t•o11lt1•~ . Att•r ih s lJ·W>n'b perto4 



.. .. · -. -· ~ ..... " . 
oentrlfug•• ..,u11 be pro~"1084 at t .he r~'tt '·"lr r .ooo o~r "".14'nth. Th• 
l,,Yt4t11•n' tor oentrtt•1g e ~!'tnuf'-o tu r1:i~ r~o111tl• • on th1111 •oale' 
would be roughl1 tJ,000,°'1') snd th • "11\-..~p~wer r~u1r11'4 tn t helr 
tab r 1 ,_.,a t 1 on ·•ou l '1 ~ s '" u t l , ~00. Tl":• e ! t 1 "'• t ed o" 1 t o t pro-
i!uo t lo n ot th• oftntr1 tug•• •1 th~·u t ~f'Y l "fo~t on th.- t'ab r1oat1 on 
plan' 11 l~,100 ~ sr ~•ohln•. Th \8 lnclu~eA th • eleotric •o,or 
tor dr1Yln« 1,. It 1• p1otur9d t h-t th~ a~~tr1tu~ • t1 h rtoai1on 
taoll1 t1••, exoel)\ f or • nrk t h._ t o" ~• tu'b-oontrt\cte.1, uld b 
ereottd •1th ~oYern~~n' •one7. It •oul~ un~oubtedly b- ~ea1r,bl• 
to ln1tall the oen,rl tug e ••~••blJ pl-nt, 1noluded ln th• aboY• 
lnT18t••n', at th- ~antrltu~ • ~l ant elte 10 th~t thl• e'tUlptaeni 
oan be u1ed tor lltA1nttna.noe ot the ~•ablnea. Th e 10&1• ot pro­
duotlon ot oen,rlt~g•B oan be sult1pl1•4 •1\h a oorr•9J)ond1ng 
1nor•••• ln raie ot pro1uoi1on. l'hA' 1• 1 'hrough 1 n~ tall •'lon 
of -.. ot th• ~n1tt oont~11plated bJ ~•1t1nghouae the pro<baot1on 
ot aen,r1tu1•• la th• f1rat l J Pa0nth1' p•rlo4 oould b• lnor••••d 
to l,6oo 2aoh1ne1, .n~ rate or produotloft the.-.atier 2,000 
••ohln•• pt .. r1onth. F1tJUr•• g 1Y•n on ih• t1a,e sohet1tal• tor 
oen,rltu~• ·produo,1on a11u~• \h8 suco•••ful ooapleilon ot 'h• 
dtYelop••n' work on lon~ bowl o•ntrlfu«•• bf th• ~tsglnthou•• 
RtRearoh La~ratory 1n ~ix ~onths. 1'h1• 1• d11ous1•4 ln a 
••par•t• letttl'. 

~•olr\oa\ r:au1p••n' 
~u~h plan\ la1outa 1nd1oat• 1 t u1 'be ,1. ,11 rabl • to 

grou~ th~ o~ntr1fug11 1n ln•l•ldu-1 b\11ld1nc•, eaoh bu1141n1· 
oonta1n1ng about J,000 o•ntrltu~e•. ror s J,000 oen,r1tu«• 
grtlup, S 'IOtor ~·n•M}tor ••t• Y111 be r•q~lr•4 d~r~,000 lfA 
caJ)aoltJ to oonY•r' 60 01•1• curr•n' io 480 0101• ourr•n'. ror 
a 1 tg./4a7 plant SO 1uob •o,or 11nera,or ••'• •111 b• ..... 1re4. 
•••'ln1hou1• eetl••'•• tha• th• tlret unlt oan be ~•11Yere4 \n 
'hlrt1 •••k• tro• date ot order, •n4 'h*t on• •4dt,lonal ~aohln• 
o~n be dell••re~ eaoh •••k thereafter. Th• toisl ~rog191 •o\ll.4 
require ~6 mon,h• tor th• l &1,/da7 plan,. I' ~••~• 11k•17 th•t 
.ltnJ•I' un1t• ot 11.,ooo r.VA oan be mpplled, •h\oh •ould Ht!uo• 
th• total ma•b•r ot un1•1· tor • lar1• plan' to 6o. Oft 'h1 :1 baal• 
'8.el1•dflAICl~"1• nt0tor .r•n•rator a•t• •01114 be GO•Pl•t•d ln 21 
'IOnthe. ·rn either aa••, the tAOtor ~1nera•or ••'• •lll be aTall­
•bl • -bea4 f>f th• oen,i-1 f\IC•• tb•J a..- io ••"'· · Other •l•otrloal 
equ1p1ent ·euoh a1 ABOelerati"g mo,or ~enera,or• tor •tarting the 
oentrttus••· trtUt•for9•r•, 1•1loh•1, an~ wlrl~ o~n be obtaln•4 
well ah••4 ot th• oentrl~•• fol' •hlob th•F •oul~ be require~. 
Eltotr1oal equ1P"I•"' l• therefor• not 1l•1'1nc. 

3eal G11 R•oo••rx F:gulpa•n\ 

fh• ~·· oentr1tug• a1 no• 4•••loped la not baaed on 
~•1nta1nlnc partlo~lar17 'llht ••al• betw••n proo••• , •• and 

. nitro~en uted tor purging Pur?O•••· At a re1\llt there 1• • oon-
81 ·Jerab1• ~moun' t>t ••al ga1 OO!l1ng ott •aoh 'l&oh1n• •hlob 1• 
• ~1xturt ot proo••• d•• ..nd nltro~en. lt \a n1oe1ParJ to 
reeo•er t h• prooe1s ~· fro• thl• 1tre ... ,nd return 11 to th• 
o•n trltug• 1tag• troa •hlob 1t oorae1. In h• l'11o t pl .•nt .,., 
i!ll1••1 col~ trap• •hlcb are o~erat•d on • batch be•l• are uee~ 
tor thl-. recoY•rf . A oont\nuou1 oald tr-p ha• bee.ft bull t tnd 
h~ s been reoentlJ operated ~~ ly. Tb14 ~ont 1nuou1 

'" 
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trap •~•~~ to funot1o ~ ~11 r 1Kn t 8 lthou~h 1ts oao•o1t7 hae not 
bePn ,,eterm1n,. <1. It 1 A Pt11 t 1 ·l .\ t ed th~ t f'lr • l kg./da7 t>l11nt 
~o oont1nuo u ~ t rap s o f the ~11.ft n~• being te't~ at ~*Y••1 •111 
be r • q u 1 re ,., . I t 1 q nn t re l t t ~ . .-. t <U r ~ 1 cul t y • 111 b" e roe rte no e d 
1n a:ett1n~ tnflil• t l"l"" 1n '~ e '1u •t• t1 ·ie t o 'ne9t tn~ '3Pntr1tu~• 
111ohedul ~ . 

R•~!1nder ~t Equ1ryment 

?h • re :n I\ 1 n de r or tt . e e <Ju 1 p"H n t • 111 o~ n e 1 1 t o t 
bu1ld1ng1, •~ouum pu~~•, p1p1n ~ -n1 ~1•ce1laneoua equ1p••nt. 
It 11 bell•••d that sll t h18 mster1•1 oan be fabrlaated an~ 
ereot•d to ~e•t th8 1oh~~ul• on t he o~ntr1tuge8. It le ·there­
fore felt t1"t the 11m1i1ng 1te~ 1eterm1n1ng pl•nt oompletlon 
date 11 the fabr1est1"n ,.,, th11 o ~ ntr1tu ;r ee. 

TIME SCHE !?!}LI 

Aa broug~t nut sboYe, 1n c~mputlng a ti~• aahedul• 
t•o ~11•• ot plant• ~r• b•l~g onn~1~•r•~: one to produoe l/? kg./ 
4a7 or ll~ht material 1n ~o:.r oono•ntrat1on, ~nd \he other to 
produoe 1 tg./da7. ror th• •~•ller o-•• th• tlm• 1ohe4ul• 
ha• been baaed on oentrlfuge tabr1oat1on r,o111tle• whloh, 1n 
full OJ)erat1on, would produoe Oftntrltuge1 ,at the r•'• ot 1,000 
per aonth. r~r th• lar~• plant the oentrltuge tabr1oat1on 
Wilt• ha•• been ~oubled, ao thst •h•n 1n full operation they 
•~uld pro4uae aentrltuge1 •t the rate or 2,000 ~•ohln•• per 
llOft,h. !n aon•1der1ng t he time 1ahtdule 1t wo\lld •••• d•-
1trabl• for •lth•r th• 1mall or th~ large plan.t io erect th• 
plan' •• tl•• separate unlte. On th1a ba111 the lndlYldual 
Wtl\• tor the •••ller oa•• would haYt a o•paoltJ ot 100 ''rfJ•/ 
da7 of ll~h' material, ~nd t~r the lArger oa1e 2oo ·gra.m1 4a7 
ot ll~ht ~•t•rlal. 15,000 oentr1tugea •o~l~ be r•~ulr•d tor 
th• amall•r o•••, and J0,000 tor the l•r«•r. The tn~1Yl4aal 
unit• tor tht suller oa1e woulc! conal•t ot ),000 raaohln••, 
and tor the larg•r o••• 6,ooo Naoh1n••· Tb11 arreng•••n' 
ha• lh• •d•antage th~' an7 trouble• ·~•r1enoe4 ln one \lftl\ 
would not be retlea,•4 1n the other unit•. Th• equillbrlu• 
tl•• tor the 1n41•14ual uni'• would be tour moaili•; Uw' t1, 
produoc cou14 be taken ott at th• ••t1aate4 4••1~n ra'• 
tour 90n,h1 after th• •Jn1i ••• p\I' 1n oompleie opera,lon. 
87 bulld1nc the plan' •• 1nd1•1dua1 un1t ,•, proc!uo' "•14 be 
obt-.1ne4 woh earll•r ihan •oul4 be ihe o-•• lt th• plan,,• 
•tNt built •• on• ooaplete unlt. 

Tl•• 1ohed"1•1 ha•• been '-••d on \he aaau11ptloft 'hat 
1eals1on to ~o ahead •lib th• proJ•o' wou14 be ~•4• Januarr 1, 
1q4-. Th• aohedul• o•n he a4Ju1ted for a later deot ·1101t 4at•. 
On the bs1l1 of thl• date, lt 1• tst!t1attd tha• con•truotlon 
ot on• unlt tor •lther th• l•rc• or ... 11 plant •0\114 be 
oo•pl•C•d April 15 19~5, ~nd tha' ihe plan• wo~l4 be 1n t\tll 
operation !Aa7 15, {q4'), an4' •oul4 be prodlaolng proc!uo' •t 4••lgn 
r•t• Sept••b•r 15, 1945. A' th1• ~ate, 4ei>•ft4lng on whether 
the lar~• or s~all plant ••• bu11t, the produoiton rate •oul~ 
either be 100 ~r•~8 or 200 gram• p•r ~•1 of light ••t•r1al 1n 

• 



Or. J. 3. Conant 

90 aono•n'ra'lon. A<t41,1ena1 ual '• ot oerre1pon41"« oapaol ' ' 
wo~l~ 1tari pro~uol"C pro4uot ln eooordanet •1'21 the tollo•l"I 
1ohe4ultr 

~n4 Ual' 
Jr4 Ual' ''h Unl' 
5th and final Unlt -

co ST or PUJfT 

De ... 'b .. l!b\9''5 ••nil 15, 1 " Jue 15, 1 
lept .. hr 15. 19~ 

Ia oonneeil•• •l'h ihe tl•• •'u41•• \ha' ha•• b••a ._4e, 
oot1tt f)f o•r,&1n •4~1pment bat 'beea 4•••1ope4. ~•• 001t1 are 
Al follOWI ~-·are ba1e(oa a 1 &c./4a7· ual,. 

aentrlt\ag• tabrloatlen fael11'1•• •••• 
J0,000 Cen•rltuge• • tl,100 ••eb .... 
tlto,rloal equ1p••nt 1aeludln1 

•lre and lnaitllalton • . . • • • . . 

t 6,000.000 
6J. (')00, 000 

. n,000,000 

ror a halt kc./4A1 plan• th••• tlgure, w"ul.4 be rou1hl1 "' ln 
halt. All •1tl•••• t>f th• ooel of th• 0~91tl•t• plan' h•• not 
been u4• la th• 1'"••nt atlldJ 4'Je to 'h• f ,aot 'M' 'ht• r•allJ 
hat •• b9 dnelop .. ln 4eta11. 

Ia or••• to ~·' a rouab pleture ,,f th• po11lbl• to,al 
plan\ 001' aa ••'1••'- ••1 be ~•ed .tlloh ••• ~re~are4 ao•• '1•• 
... b7 The 1•11•• Cerpora,loa for o••'rlfu«•• te ,ak,• om<tuot · ot reulblr l'-' oo••••'ra'l•• frota the cllffta 1alo11 i>lant ·\IP to 
9~ oono•n•ra,lo•. Tb11 plant lnYol•e4 &1- lon~ bo•l o•n'rt-
f\a,.1 an• 'h• OO•t ot the plan' wttbe•' off•l•• taollltl•• 
••• •••l••'•• al t•,,71 ooo. Pre-ratlng thl1 \IP to a 10,000 
oen\rl""• plaa' on a direo• ba1l1 weuld cl•• an lnY••ta•at ot 
th• •rd•• of t200,ooo,ooo. Por ~tfalt• taollltl•• eueh •• 
eoollnc •ater, ,, ... , abope, laboratGPl•• and the 11••, but not 
lno1u4lnc •l•••rto po••r 1•~•ra,lon, tt 11 •U«l••t•4 'h• abo•• 
tlpn be lnore•t•cl bf abo\lt )~, •hloh "o•lt st•• •• o••rall 
lftYl1'8ent Gf 1160,000,000. r~r a half kC./da;/ plant &h1a 
wo•14 be rouct1l1 ou• la halt. I' •ho•l4 be appreol•'•a th•' 
ihl1 flpN repH••n•• a Yer7 lar1• extra.,olatloa ot ih• 
•••laat• ,rep.,..4 br tb• fell•• Corpora,lo• an4 lt 1l&J' be 'hat 
th• ••'11•1 oo•t, 4epen46nc on th• orlglnal aooura•1 or \he ••'1••••, woula be Mmewhat lower t!u• ,., the larger eoal•. 

Io~ •111 •PPr•ola•• tb.al th• 'l•• aehedul• a• well •• 
the produotlon froa the plant •111 4ep•n• oa 'h• ,auooe11ful 
oo•pletloa ot an exper1aenial progra11 oa ihe oentrltu1• orooe1a, 
wbloh 1• oo••re4 ln a ••par•'• l••C•r ot tbe •••• dale. Ia or4er 
'• ~·•• th• 'l•• aohtd\ll•• ou,11n•4 1' •111 be neo••••rr \o o&ITJ 
out th• 4•Y•lopaeni ~ro«ram alone wtth 'h• plant oone•ru•tloa 
pro41ra•. '!'bl• 11, ot cour1•, tatlng •h• •••• tort ot • ohano• o• the proJ•o' •• 11 belnc iaken on ·other prGjeoia of 1lmllar •n•, •here, 1t untor•••n ~1ftlo\l~tl•~ are •XJ)•l'l•noeft onn11'1e~b1• 
.one,. •AT be •••t•d. · · ~ ._. ~ 
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I •111 be 11•4 '° •''••pt t'o """11 an1 tlarther lntenae­
tl~• 1~• .. , •l•b oa the '1•• 1oh•d1ile to• a large olaa,. 

Y•r'I 'NlF JO\lre, 

EYll18P 
t. v. am~~w. eo,, to Dr. L. J. arta• 

Dr. •• H. ~ ... 
Dr. I. o. Lawrenoe 
Dr. H. a. u .. ~ 
Brt1. Gea. Le111e a. OroTe• V" 
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.OFFICE FOR £.WE.RCJ.tiCY .\ltfNACEMENT 

OFFICE OF SCIENTIFIC Rf.SEARCH AND DEVELOPMENT 
mo P STREET r-..'W. 

v~.vu AOSH 
o.. .. 

Dr • · J • n • ~on t n t. 
15~0 ? Street, NN 
N,1hlngton 25, D. C. 

Dear Dr. Con,nt: 

WASHI NGTON, D. C. ..,6 ~ro~,,••.Y 
New 'lnrk ~. ~. Y. 
Ceo~•b•r ??, lq41 

I ~2 wr1t1n~ to outline ~n exper1~-ni4l ?ro~r .. 
•h1oh , ln ~ur op1n1on, ahnuld be ~n~er,aken tt ~erlou1 oon­
sl~er•tlon 1s tn b~ ~1Yen to furtl'..er d•Y•\oo~•nt ~f the 
o.,~trl fUK• nroJ~ot. aet~r• ~o1nK lnt~h• ~rn1r1111 I 'lft>Ul~ 
llk~ t~ outlln• the present ~tatu1 of th• c~ntrlruge ~roo•••. 

Jhor' Bowl Centrlfyg•• 

·the 1Jn l ••r•1 ty o t V1 n11n1a ha• operated a 11hon 
bowl o~ntr1 tu~~ · •1th PM>C4tat1 ga1 to obt41n enr1oh11•n' t1ata. 
Th1P pa rt1 cu1ar centr1tu~~ •&• not d•v~loped ~echanloal.11 t~ 
t h • no1nt • here lt o~ul rt b• use~ tor large pl•nt o~eratlon. 
Enr1ch~~nt ~~ta, how•••r, -hould be r•••on~bl1 rell*ble. Th~ 
reeul t" ? b talr.ed at the l'n1v•r,.1t7 nt V1rttln1• 1n'11a•t• a 
oa~o~~ ~ 8ffl o leno7, ~• compared •1th a theoretlo•llJ ~rteet 
o•ntrltu~• operatln~ un~•r the\r oondltlon•, nf about 6~. 
The ~ ·--·~roh l. t1bnrator7 ,,r th-. if••ttnghou 11• n.o,r1G 'n«t 
\t ~nuf,otur1n~ Co!11 p , ·ny hJt s con1truoted ·~ori bowl oentrtfu~•· 
of ' trn• ~h1ch ~r• b~lt~··~ ~•oh~nloally 'Nltebl• r~r l•r«• 
ol~nt o~•rat1~n ~n~ th ~1• ~~chln•• h~ve be~n op•r~ted bJ the 
ft t•n~•rd 011 ~v~loo~•nt c~~~·n1 to ~bt~ln d•t• on ~nr1oh~8nt 
with ~Mor~ ~ g' "· A r•Y\ft• " ' ·th,. r ... 1ult·• ".>b ta1n•'1 b7 th• 
?tan~•rd 011 Dev•loprn e nt C~•r,n7 ••• tr~ns~1tted to the 
oo~•ltt•• by ~Y lett•r ~ r ~•o~absr 6, }q4J. o~ th• •hot~ 
th• o~•rat1ng •xperleno• ha8 b4en qult• 1at1st•otory. ~•ohan1-
otl operAtlon ln v~rlo~ • ~Jns ht• been carrlftd out tor • total 
~ r 101 day1, ~r •n1oh 75 Jaye hsY• been on orno••~ g~•. The 
ll•t run, wh 1oh 11 still ~o1n ~ on, h• • now oo••red ' to\tl 
unlnterrupttd operati ng per1o1 of lq d•7•, ~ t • htoh l8 da18 
h &Yt been on p rfl0•9• ~ '· · Enrlohllent1 ~bts1ned tn th• 
st-n~-rd n 11 C•••lop~-nt c~~P'"' ~ tl o t , 1.nt hAY~ been -~~­
• hat better than o bt~l ned •' the U"1Y8r•1ty ot V 1r~1n1~. 
probably ~ue to be t t•r o~ nt ~l nr o o •r~t1n~ vtr1 ~hl~~. ~ 

,.--~~.-..•de •tf1o1enc1 , b•-•~ on ~ th eo r•t l o~l centrifuge 
oeratln;r \Jn~•r t h tt ~-.:z• oiindlt\on,., of -Mun<1 7')-!0.1 ha~ 
een obtt1n•~. On the bA 'l~ nr t h19 ett1o18noy, 
xtr11polate".'t t n a l o n~ ~•1 c•ntrl.tuge. •hout 10 , 000 9,J()h 

tohln•tt woul 1 ~ .. r ttq •1l r•<l fr> r • ol4nt to n .rn c1 uc• 1 kJt. /ttsy 
r 11..:h t ·~•terl -tl 1n l}O'' purity ""d to r•ooYer ;o• of the 

G-...-.--- 1 ~h t ~ ~ t er1~1 t n t h ~ fee~. In oo nneot1~n ~1 th o,_o-~• ~ 

~ 



~· 
•tflal•no1, 1t ahoul1 ~- ~~~ 1n ~1 n1 th•' tr~ t~ •~ry ~~ •· nnt 
A] l,, • tor rad 1•1 n ow 1n ibt O~ntr1f~1.J'• whtrtt•U flO t U11 ll 7, i1u • 
to r> r•••ur• drof' requ1,-.! r,,r flt>• f'Jf ;(Ra U~Mu~b tt.ttt c titn,.-1-
flJ1t•. li l• 1lk•17 ~--· ,.,,.,,!Jl n~- 1~ 9ft ocour. It tl': • t h enrY 
•llow•~ for tb1a t•o• Ch8 ~r~ ~ lot~~ r• ,ult~ •~u11 ~rnb4bly -
o~~• quit• 0101• lo .th • •o'u•l . 

I:cJns ~·\ C•nic1tur~ 
the aho"' bo•l O•ntrlfUl8 ha 1 • l8ngth o f ~bout ~6 

lnob•• wt:er941 th• l•n1'h or th• lon~ ~•1 oent rlfu~• 1• 
abo\l\ 132 lnob••· fhe ;>rt~ar1 ~ntference bet•••" ~ht .. hnrt 
1n~ ton~ bnwl oen,rlt\1111"• l!t th .. , 1n t h • thnr' ~wl ·att..:h lne 
iht bo•l lt~•lt 1• nn' "'-lbJ•ot \~ orlil~•l v1 hra ~1~~'• ·~ •r•~• 
la ~,,. l one b09l een,rlf\Ut• l c 1•. Ift ~o ln4 f rot1 ' l'l".o rt ~•1 '° ' lon• bo•\ o•"'rlf\lge 1' 1• therefore n•o•1•cr1 t., •all • 
·~~l11oaa1 pro•l•l•a- f~• ~ .. ~tng te t~• up tb ... ner~~ lftYOlY•d 
ln ' b• Tlb,..tton ot th• bo•l a1 '' ~0•1 tbrou~ 1'1 arlt1oal 
•p~@.~ tt. Th• 7.•t PUtl?t, .c•• jlt•al a, and th• 1 1 (• ' re 1de nt1 o~l 
t~r th• 1~~ ,~4 •hGr• he•l ~•ohln•a. 'l'h• ~•••loo••n\ '*"rt tn 
~' 1" ~ .,~ t~e lo"« bowl e•ohlne l• '~•r.tn.-. prt'3rll7 c~noerne~ 
• 1 t~ th• ~••ping prGbt .. , and •~Yant•I• ~•ft be C*k•n or all 
th• ~e~•lo'P'l•ftta th~' h••• blt•n ,.~. tn 'h• •h~r' bo•1 ~-oh1n• 
ln ~•i~r1 t~ ot~•r t•~'ur••· 

111• t1n1••r11t1'1 ,,, Yt~lftl• ha• h\111' •nd op•rat•d a 
lon~ bo•l ~•ohln~ of t~• 4l•••••• ~nt•~l•C-4 tor l•Mr• planl 
\It•. In i h • l"rrtt pt"'"' l\ \4 ~lann•d ,,, ol)•Ni• -tlte o•n, .. 1_ 
rur.c• at i,71 'lP!·. ""• l)crel 'lt• 'hatYeritl ' ' ot Vl "11111• ha• l• 
• ff)J-gM bowl ra\her \h•UI 1'1' •"'""•d bowt, tft4 •• a oon-
11e~u•1u1a 11 11 "°' 11ftnftlt1•ried ••t• 'o Go•r-'• l t •' U.1 hll 
.,te<l {)f •n a.~~ . tft \he r>•P,lO!J\-r ••flhln• '' '"• U•l•w•t•r 
ot 'ltiirlnl• tb•J h••• beea up to • •c•-4 of a. ,o ~!11 lNt ihl• It 
~u1 ,. 0101• '• • '>1'1,l•'1 •lb"''•• 91'••~ t•t •••11• •' ;rs ~s 
end ·•• ·' ·>on1equt11.)e r"""••att '" u"d•·•' rebl • nera •t"C ooln•. 
,,... 'b• e\re1111lh ,,, \b• l>o•l l' .... net t•••ll•l• i• p .. 11 •bo•• 'h• ••l'l .. l 9'•et an4 •o ~ •• , •tftlJ 'Gelo• lt "'• •••!lln• 
ha• b••• o~erat~ at 150 ~~'· ~ft1er 'b••• oondt\ton• •h• lORC 
bowl o•ntrt.f'cac• · ?!•• tiY•" • oe1o•ff• •ff1•1-•r ~-' •.-Odt ri,t 
of tha• , retttot•4 t~r 1 'tteo.-.tlo•l oett,Plttll'•" O"»•r•'lfte iii \h• 
•~•• ... ,. Tt.t rttult• aa th• 1otH( ~.i '"'rltuf• at tit• 
Ual~•r•l'1 ,, Ylr~lal• tberetor• ~h••~ 4Yl'• ••1 •lilt 'b• 
r••&11 t1 on 'ti• 1hort be•l: e•wlrl hp •• il•JW•1· tber• 1• no 
ln~loatlon 'hal 'h•r• "111 be • dltterenoe ln ••~•r•Clon •ork 
p•r too' at l••ctll ln "°'"It fro• • •ho•• blld to a lone bo•l 
-w•ab1n•. 

Th• Rt1•1.reb labo ... to17 ,, , tf\• 'le1tlftfi(how•• tleotr\o 
utd !:.ar"at•oturlns 0oe))an1 ha• • ~n•r"•' ,~,. 4tT•loptaen' of • 
lone bo•l o• ... rl tu(• .tllob ••• t•mSnat•4' att•r tbt ~ptaa~r 
a~•'l"4 ot 'h• e~ftlllittt• •' kRe .. 111•. At that ''c• con­
•l~•r•bl• proKr•8• had be•" ••4• 1~ •11141tn1 'b• ••rlo~• 
tsotor• 1~•o1••4 l• 'h• lo"~ bowl G•ntrtf\.I«•. A~4 ~•rtl0\lltrl7 
ft•tlrpo-J'" tttl' th1tt h•*' .,,,rte .. ~ out tn• t!a•olng ? rebl•. 
After 'h• JMrk -..~ t•~lnaie~ ffefftln~o1H• ••"' dt•a-t a• th•lr 
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( 

~ .. -... -~, 
o•a ••p•n•• ant! oarr\•cl \h• 1•••ior'\eS'\t further ,,, bull.!lnf • 
lORC bo•l ••n,rlf\age •htoh o~nialn•~ •11 nt '~• feature• n••••­••rJ rnr 1tya7ln~ ih• 4Jfta•l•• ~t t~1. ~••hl~•. fh1• ~•ohla• 
•ould o~•~•'• no,...all7 at • •r••d ~t about ~7? '.'.P~ . Jn ce\•lnc 
up '~\R ·~••4 •h• -.ohln• ~o• • 'hrouch t~u~ orltlo•l ep••aa1 
t he flr•' ~ln~ 4t •t•~t 17 al>5, th• ••oon~ al"eu• 1' ?P~, the 
thl rd sbeuC 100 HI , and t h• tour•h an~ la•t •' about lOO ~P•. 
Th• ~•ahln• ••~• UD 1Uoo•1~tull7 tb,-.,u;h •11 th••• erl\leal 
•P••tl• ~u'd o~•r• t.•1 1ul t• 111ootb11 ,,, 1A~ N'S. Ottfl0\11 i1 
•o~l~ noi ne •Y?~o '•~ ln olnc ~P to th• ~p•railnc •P••d ~r 
47! ~PS a~• to th• tao' \haa no further orl,lo•l• •re 
•no~~ntere4. Th• mae!iJ.ne p~t to1ether ·~• oen1ld•r•bl7 ou' 
&t belan•• an4 ,. •''.-P' ••• &a4• io balance 1 \ d"• to 'h• 
tao' that ••tln'lft•••• •labe~ to obteln ••;•rl•"o• oa bo• ll 
•ollld op•rs'• la uftb•l•~o•d oondl\lon. oa brlnslnc \he ••ohln• 
40•11 there •• • • t•ll11 re 1• coln1 \llro~b \he JOO ~P s orl tloal. 
l'h• •ban pull•tl an1 tro• U'• bowl, proh abl1 be .. 111• 'h• 
t••'•RlftC ••• "°' •tron, enoU«}\ •nd 'h• ~•elt1n• ••• •reok•~. 
I' la ••••lnsho•••'• t••lln1 no• iha' be\i•r batanotnc woYld be 
r.._ulred tor a "-•blne •ft4 'h•7 •re q~ll• ~ftf1~•"' thai th•J 
••• 4eT•lop • •a•hln• \hal •lll gl•• ••'l•fao\1Jr1 ••ehantoal 
Ol)•r.•lon. 

~•oo'•rt ~r ~ •• 1 1•1 
In bolh \he •twtr• •n4 l•tta bo•l o•ntrltuc•• t• 1• 

plauecl to "''• drr ftltro1•• 1~1 it•• to k•etJ pro•••• et•• •••1 
, ... ell. "'••• ,, • falr ••••C.Cd ne• ot , •• 'hrou~h th• 
1ea11 an• one ~t 'h• ••a11ftl CA• tt.rea•• · ff!!\• a •a•hlnc f)('nt•ln• • al•'\I" ot ftl•rog ... --4 pro•••• P•· I• l• n•o11•••rJ to 
r•OOY•• 'h• pro•••• gae from •bl• 1trea• •n~ returft l' to \h• .... ••ac• 111 '11• •••Md• tre• •biota l' ~··•· ~11• l\ ••1 b• 
pe1•l~l• \e ,. ... ihl• reao••r7 •ltll neraal ool~ \rape, whloh are 
e,eratet O~ a ba•oh ball•, l• 11 tel• ae1l .... ~le to UI• OOftllnueu1 
're»• .... •• haY• 4•••lepet Noll a tnp d••lca•4 to ttl•• ••w-1 lo• 
bel~ en4 4••1K••• .. Sha• all oenll"C eurt,••• are aora,-4 .. . 
that adequa'• heal Cr•n1ter oan ee ob,alned. A 904•1 '"'~ ha1 M•• ~ll• a.1 Glu&. •~•h•n anti ha• rMerat11 M•• ooera•ed •• 
.. ,..., • . A tier 11to•• lal i1a1 4'lttle..1 tt•• th• , ... , u• cl••• «t•l , ,. 
••tl•f••••FT opera•l•• \Mal l•• eape•l'J ha• ae• ltee•· !•••"la_.. 
I• l• felt tba• t\ar'll•• d•••lo911"' wo~ •111 be "•••••arr Gft 
""''IT ot .,,.. •••• P• tre• \h• ... 11 .. c· etrea•, al,bOugll l' 11 
telt fro• •!\a' •• &no• no• ,., th• oo••ln.eu• '"' •111 ntfttr • 
.. ,1,t,oae17 1olutleft. 

PNRO••• E91rl!•1!tl Pn•n• 
rro• 'h• aM•• bacaroua• 1ne toll••l"" prot1ru t• 

~ropo••fi on lb• ba•l• t.n•• \' 11 ~••lrabl• t-s P'lllll Che o•n'rt­
t.ce proJ•ot •• r•pl~lt •• l• oo"•t••••• •1'b tte'''"4 r•ll•til• 
latonailaa. Th• Yarle.ae partt of thl • ,roOft••t ~rocr"' ...... ,. 
tollo••• 

\\ 
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:, •• ,.1 o pm• :ii n f Long Jo•l ~•n' r1 tu -i• 1 . . . .. ~ ~o , ooo 

Tl-, • R•~~•roh Labor•tOrJ ~t the ~••tln~­
hous• ~l •otrlo & ~ an~t~ot~rlng ~o•~nJ 
••l1 ~~,•~ th~t •1• ~on\ht •111 b• ~qulre4 
to 0 . .,..,1,. te ~h• 1.•••lop••n• of a lon'( bowl 
o~ftlr1fu~•, a~ th•' 'h• oo•' nt thl• 1•­
••1np•ent •111 ~• t6o,ooo. ln addltlnn to 
th1 • th•r• a..- o•r••ln a\h•r •tudl•s oon­
neot•d •lth b••~lngt and ~..,~l•~eni ~t • 
•l"gle rwotar f'Jr t h e loftg ba•l o•n•r1'11i• 
thA\ •re •4tl~ate~ to ""•' •20,000, •skln« 
• to'al ~f .M, '>00. I• l• . f•l t ••17 
1troftftlJ Uw' t.hl • ••rk f'houle ·J• ah•'• 
lt th• oen,rl~• ~rel••' 11 tn ~ oarrled 
an1 fur'h•r 'ha• -a\ """"'· 

Con1tnaotto• o t tA>n~ 'ilt•l C•Rtr-t tu«•• fttP 
~••1 _,1 lo• Pl .. ni • • , • - • • • • • • . • 

~,._.on 'h• ~••eloJ••n' ~"~•r lt•• (\) 
the '!f'••tlngho••• fle~titlo ll••a\n r ~111>•n1 
•~u\~ oanairuo\ •-.o l~n~ bow\ o•n,t-\tu~•• 
tot' onentlon •' 'h• !'!qwsJ ptln' pl•"'· 

. . 

The tfe•tlncho~•· neotrt• n ••• ,,,r c.,_,,.", 
•~tl••'•• 'hat i"• flr•' ~aohl"• oan b• 
oo..,\e\et ftY• ~niha 'tt•r ih•t "o•lT" 
~•'•rial; •nd ~h• 1eonnd 1•ahln• el~ ~onth• •t'•r r•c~lp\ ~t ~~'•rl-1. lf '"'lll>t ••'1~~ 
la taken \' '•1 b• ~o~~lOl• to ~htaln 
~•'•rlu ln 'hr•• :io?l,h4, wttloh •olll" 'lean 
tha• th• tlr•' ~•obln• •~1114 be 'Y411~b\• 
ln •l-lh' -.onth1 •n~ 'h• ... ooR~ 1n nln• 'onth•. 

Oper•\loR ~t Loni( Ja•l C•n,rltu~e st th• 
Unl••r"\'7 ~t Vlrgln1• .••••••••• 

I' •lll oe d••lrabl• '° ~·' tur\her.1n-
1'•"•'1on on "'• •nrlohtlent ~at •111' "9 
ob,aln•d uft~•r ••rrlng oondltloft• •llh 'h• 
lone bo•l oen,rlf\I~• •' \he ·rnt•enl'J ot 
Ylrglnla. '' ••1 el~o h• d••lra-1• •~ 
pro•l~• th• Unl••rtli1 ot V1~1n1a •l'b ~n 
•~'rl~•~ bo•l Whlob •~• ~• o~era&•d at 
~•·l ~n 10••4. l'h• .aoun\ ~11o••d tor w-oul~ 
oo••r •l• aoft,h•' ooe ... ,lo• iR 19-•. 

. . 

50,000 

50, 000 

( ••> 9 44'11,lonal Shor' ~wt Cn,rltuc•• .... 100,000 

It \h• o•"trltuc• :'l"OJ••• 1• to b9 ~u•b•d 
1 t \' tel t ,!••li-.~l• to bull 1 • •••o•d• t>f 
l ~hor• bo•l a•n,rtt\ac•• to obi•tn •Xl)•rl•n•• 
on ~•,o•d• ~p•r•'loft. ?h• o•ntrltwre• ~~ 
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d••1'1t•-t are 1elt- 11e,•rlnc aa to oroo• ,•• 
, •• and \h• ~p•r•'1~• ot th• oa1o&d• •111 
11•'•N1n• bow re.,re1uo1 'bl• th• t1. o• o t 
~·••• i•• thro~~b •ft ln41•1dual ~•ohl n e 
•111 be. 1' 1• o~"i .. plaie4 'h•' tn. o~ •­
oed• •111 be O?trate4 •lib ooQ,lnuou• t rap ,• 
an4 tuo~ an o,erailon •lll •llo• ·~•r1 A~o • 
on th1t ttature. t• lt ••'l••'•d tha' th• 
9 ahorl bo•l otft,rl~c•aoan be p rod~o•~ bJ 
~e •tt"~bou1• 11.eo,rl• • Wan~t~o,~rtn1 Co•oanr 
ln nln• w>R'h• •tt•r reo•lpt ot ar-'•r. 

(; ) Inetalla,lon ~f Lone Bo•l and AddlClonal 
~ort Bo•l Cealrltu1•• • . . • . . . • . 

Tbl• l '• aoye·r. \~.e t"•'•l l a,1on t:tf th• 
l~nc bo•t oen,rlf\Jc•• .n4 ibe oa1oed• of 
9 •'bo•' bowl o•"'rlt\ac•• a• th• Barwa1 
~llo' plan,. Ow \h• bs•l• ot 1tar,lng 
JdUrf 1, 1~ l' l• • ..,.ote4 th•' opere­
•to• ot \he pllo' 9lant oa bo'h 'h• l~n1 
bowl ••••nt\ap• ••• o• ih• •••••t!• oo•.ald 
eiart OoiGWI' 15, 19"1'. 

• tl00,000 

( ~ ) Opera•lo• ~ t 3~ r t1ot P\ant •......• 315,000 

Th• o~eratlnc o~ra11 te r U\ t 3a1••1 
pllet p\•~' 11 t•••4 on oon,ln~l r11f ~p•r•­'1•• o t 4 ehor\ •wt o•ntrl tu1t• Ul) to t~• 
,, •• -.h.ea lone '°91 o••\rl ru,.. aft• •·id1-
'lO••l · 1hert bo•l oentrl t\11•• tor • o• •••<!• 
aH •••llaltl•. ?bl• •0\114 ooT•• & nln• 
"°"~'' o•rl.C •' aa ••1laattd ~·' of 
J25,ooo ,.. eoatla. U'•r th• 1h0r' •nd 
lone •"1 ••n•rltuc•• .,.. •••1le.bl ·• 1' 11 
••ttutecl ch• op•ratlnc oo•' •tll be 
tJ0,000 pep ... ,11,a .. \be.-e wou14 be lhr• .. 
ll08'2l• la 1~ at '111• 001,, wh1eh •d98 t h A 
c.'81 Cl•• abn•. th• ol)•N'lo11 tJ t ih• · 
•ho•t IMtWl oealrlfu«• "'1U14 proYld• ad~ l ­
•loaal tzperteno• on •arlob••n• en4 
aeoh.aloal rellablll'' ~f 'h11 ~•oh1n•. 

( 7) De••lopweat ot Seal G• • A•ooY• r1 D11t•~ . 

Thl • .rork 110\ll ~ 't;• oarrled nu \ b7 th• 
n'an4ard 011 teYelop••n' CospanJ •nd •t'.Nl ~ 
lnYol•• d•••lop••D' ~t • ~•110n1trai•d 
1Atl1ffl•'°IT •t•nt ot reoo••rJ ttt 9rooe1-. 
ga • l ft the ae.i !(a• t~• U\ • o f'n 'rl ''' ~· •. 

50,000 

The ?l'OKr .. •• ou,ltn•d abo•• lnTolY•• '" ex~endl tu r• 
at •1-5,000 t or re1earob '"~ ~ •••lor••nt ·~r~, •lon~ • 1th 941u1,­••n• req~lred tor 19_.. I\ 1• l1k• 1 th•t ~~~ltt~n•\ o~•ratlon 

d . , '. t <. ·~'--· '.·· ~ - .. -- ,~·· .,., a 
• I -~ 

\ 
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Dr. J • J . Conan \ . '>. . .... -..... . , 

ot th• ~11ot pl~nt 1n \l'~~~ •,,ul~ b • 1••1r'lb1• lt " l•rK• Ot'!l••Hlal 
untt 11 to ~ 1n•tall•d, ~r ">"4~ l h17 t~r ~o•pleilon ~r the ~ ... 1.,._ 
'l•nt ln MJ o•••· It \t 111 " 4-.1r•~ to .. r"o••d purel7 oa 'h• 
fl•••lOPlt•"' t1f t~ • f'\~ o••• • 1 th'lu' Jlo lnc ahead •1 tb •r••''"• (') r • 
larc•~•"'• 1t t • pe1t11bl• th•C •ro•n~1,\lr•• on11li1 ,,_ ~ur,all•t 
•o•••h• • al\hou,h nol • re•' ~ tal. I' l• t•l' that •ort Oft th• 
1~n« bowl a•nir1tu,. •h$u\d oon\ln~• ln •"1 ••~•. J' ""ul~ be 
po• •l~l• to •ll•lnat• •~rk '' 'h• ftlY•r•ltr ~t f1 ~1nla, ln­
?ol•lnc ~A · ~•ndlture ot ~O,O()(), and '' 11 ~·•lbl• '.ha' lh• 
o,era,lon ,, a oa10•~• ~t Abort bowl ••n,rtt.ce• 1• not enclrel7 
n•o•••an, alUio•«b thl• 11 qa••'tonab11. Tll1• woul4 reihaM \he 
oo•t br a t\lrth•r •~. ooo. II 1• 1• 4t•lret •lwrplr '• aoll•lau• •h• operalloa of \l':a •bert 'bo•l •••'rl'-1• ao• la1tall•• •' 
3arwu "1\bwt alq .. ,,hlnc turtber, Ul1 11 ... be oo••lhe4 •• 
•• •••laa1•4 ••• •t •'5 000 ••• ••Ill. Pl'Oll •"r ••• ,1-...,.1•• •• _,.. "°' .pU'tlftlartr la&•·rea, .. l• thl1 .... '*' •• rill .... _ 
'lnue 'h• 01>•f'all•• 11 '·a. a. I. 4••lre•. 

111 ••41 •l•• - lM abo•• l , ... la th• procn•, t • .., 
lie dealralal• fe• lh• Al.Sau• ~ of All•Pl .. to ••nT "' to•• ..... .,. 'ne ••r-.t)a •I estNal••• iba' will ~ ••• tor 
boYl tabrl•t1M, pertl•l••ll t.- lb• ,.....,_,.,of •••1111 lf 
.. \erlal• of l~• .. 1tl'9~ .. 1• be ••t•l•9t wtllo»& ...i• 
alto• \M ••l••• le .,.,.,. et 11a1wlaat lllell .. •P••••· tile 
ne1e11ltJ ... oeet et •t.11 l'NCN9 llllYe M' -.,... el•arlJ • ._ 
ta'bl lall••· 

It ·,._ haTe U1 411eetl••• l• ncaN le aa,- of tbe 
aa'•rlal ff1••• la '"' let••• J "111 "'- 11 .. t4t ,., to •*''"• , ..... 

Yef"I 1N1J IMH, 

J;VM I BP I. f. MUflPHllt 
Ce9r te t>r. r.. '· •rt.11• 

DP. A. 11. Ooeou• 
Dr. '· "· Latrn11ee 
Dra K. O. Ure1 Jro••• I. s .. 1c. a .... L••ll• R. 
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OFFICE. FO~ Df£RG£N<. l' MANACf-VF-\'T -

OFFICE OF SCIENTIFIC RESEAROI A.'ID DEVELOPMENT 
mo p 5 rRf.ET MY. 

Tf'A5HIN~TON. D. C. 
\' 4H€V All IU'11 

0-.. 

Jris'..!Ciier ~em .. ra.J. : • • :.·c ves 
ctt1 ;e ( r tt .. e ·~i •. ~ !' .f .u ... ~nc~rs 

i>•'- • Jc:t 261J 
·-1asi.in{;tcn, : • ..; . 

near 1enera.J. .iroves z 

.:,.., t r .. , 

(1) T~rl.3 is i!l re_,l_ b ,."J"Ur lctt. .r _£ ~< ,,;4!.r L.r l , lJl.2 . "J.o~ 
a8~ ·t:.e S-1 CO!.Littee to < ivc ta·~i.· vi .ts .~n t1oiP. !'~a~i:..L..:t~t ~r--,J:-:. a 
S':iC!lt.if:!. .: St.A.'1t.bO!..'"lt of tho ~entrif"fC -.etj•oO • :t i s r:<..1t !)OS~ible 
to ·.;~nve::.c the ;01.r:itt•e L'1 ~ne: snort t :...e avuutlu , for: know 
t!.cre u-e 11~ ~cr.t r~s )?18 1'ft;:t -.~ sh .,.~L~ ;...,r..e to a -!c·~isi n in ti. !.s 
:-atter i~ t,~f .. :!c.ct •• .i .mck8 . !.:t.. .r::1e rc~ci·1ed :.:oi-'iE;s ~r trrc lott.!rs 
from Dr. l6':tr .ree :·v:r.. t?:c ~::i5cnt ~~ .... -... !3 r • .. ~1C re:JC.lr"};l ~ro.·rar.: 

.:.U1d the est i :--- 1.tC!i Of t.:1e ~0115 t.ru ::ti•.:m ' !" "• •r.ir • • Ot~ ~ t. ":crs ~ .. e C.1 ~od 
r:-Je:er.iber 22 . 'r~e se le~~cr~ !" ... Vt'' l:ke-Ki~c· ~,.J~1C t; c ._ .. ~~1 r.CJ!'~)(tr c! t::.e 
~ -1 Gonr.i tteP. "1~ have .. ·' r:> ·r1_ s~ re :~ .. ~ ..: t• .. ed •· ~ve:; bcr 2 , !:ovom~r 10 
J.nd De.1~b!'r 7. 7!.f' r .et.Lo:·!: o~ t,; c :o:i-:-. .:. U .. eJ t: .~re:or~ iw.Yc !lll th~ 
µertir.ent. fa.~t£ t.t t:.~ .. ~r rl!.=:;..,:$.:1 . ~ \.~ l:Jk:Lt': ca.:'l !:Lrber oft.he C~-
r. i ttee t o wri tc ycu a:J ~ .-':"r. :i~ • csJ!..l lc : • .:.s a•.'":'l -:·i~·~r ~o thllJ q 1cstion 
wili.Jh iOC have r:ils~~ . I . feel th.~ ·ou ,; :Jl :it r··1idAd ht!ttcr b7 t,heee 
se,ardte r~ lle:1 tr ... "\.11 by ·in:1 !'err.a~ vote .-r..:\Jh r ~~-ht n01'1 Le t ~ ... kan b/ 
the C~.ittee after d~.sc· ... ssion. 

?er th.e sake ot tte record, I u ... ~!1-.; los :~ ~ ·:c;i:," or a. 
cart.ion o! the last ~inut.es 0£ thf:· ~-1 ;cn:iittco at whi:h tX.s :-..1.ttlr 
·:taa d: ~..:...;..ucd , .ai<:h rill shvw 70u. t.h.e ~-.:.nl.;n 04.· tile Cor.lr.dttes at th..t.t 
tme . As you know, however, .mtle :lC!!i.;ers >t the ;oauttee n~·1e re­
·:.,rsed their view in the r..ear.t:tmo because ot the ex~ellent results ob-
t . linod ~t ~' T.li~ -.ore nut a ~rise t.o_r,:t ~UL.v.lalJD¥s 
'13 ~"..:r.ed th• L'Utrtr.ent. f«.>uld .rork ml :.t the 11~:1 :is ha.s been dtr.on!Jtr..£ted. 

(l) ~'Y "''" Oj)i1llon is as tollolf8e I t.tJlleve t:Ut it !.:s ·evident. 
:ru;.: the t~e s~ule given in Or. l.'Urphree•s lotter or De~ber i2 
th3t it is J.mp0$Sible for the centri!\l~e ::-lthod to be orou.~ht into tne 
~re~f'nt, pr~~Ml: except .u an additlOM.l. L""WUr..&ni.:C Cllaillst th¥ t 1ilure 
er the preseut. three uethods whio:l .::ire now being )UShed . I havd every 

':.~e :-iet~~ tha a:.'l one1-'it SUJCeDs£u 1 • ""e in rroou~tion at 
rt:as 0r1 to belie. ft~rom :q -:onUct rlt!l tht~~ :rl..itua ol these 

the r 1te or C·ne . OcirNn 3~ont.~a before the ':O!ltt-if ..ige )!.lilt ~ould 

co:ie .L"l :it t?l" 3X;e r:ite. y~;t_~~~iu.;,i~e tinite<l .:;tates JoVlJ:~·'ent 

,:; 
, 

v 1 -."' ..... 
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£ri.: . Jc...1 . : • • t . }roves - 2 De~eaber 28 , l?lJ 

is n01r sn~nuin~ s..lJ. the tr.v:lf!Y , ti=e iad r.:atur!.U on this ~o~am th.at 
! s ~ust:!.!ied J.:~l tl1'"lt :m addlti~ ~.:us tor inaur&nce, ?&rl1'1ularly 
.:.nsura.."1..:e r. J.~ · r'!.ug ~t suc.h. a law d .te ·,'fcu.1'1 be entirely unju•ti.tied. 
~ shvul1 not .,ant ~JO take t.'l8 re9Pons i 1.rl.llty therefore ot rec~ 
a.v ex:~:iui tur., o! :Junoy on this ,r<>er:m, evan making the ::iost f:\vor-
aLl ~~ n.ssur.-~1 . tlon3 as to the tuture reaear<!it, Je"Yelo!1'1ellt and construction. 

[y thi& sar:lt t ken, wea3 ;/OU am t!'l" !..illtary Poli~ Cm­
!"it t '!O trirmld t!tlaide' U t-.l:e U!> this i'rOf'r&m and inoorpcrate it. 1ft 
:~om• -rerk , ! do not foel th.at t:"?e S-.l .;O!!:".ittee should oc11tir.ue .to. 
:J:,cnd ::...;v . 't1rlh"r m.or.e:' "' · rcse:L...-ch or develo,t"'ent • 

• a.!1 t o t1\0 frasi l> ~ lity or t..~e ~ent-ri.!"·.it:e method tr~ a .scien­
ti fi e s t t:ad.'oint , i t. !:tJe.,;.1 ~le.1r fro!! the ~v-.J..dence 1n-eeented to date 
that tr.·~ -~~thod l «J 3 favor~~le cm~ Md th-:it there is ever/ rea:son t,o 
L·Jlic \"A ~:i;i.t t !iu ti.=le sc~.e-1:J.l.e aJ1U c-stlx:lates ~ve.'1 b7 Dr. ~.~hz-ee 
CJ\Ald l•f'? nalized . 'l'h e~fc.re, one ;an 'JAY there is· 3 strt>ng :1J'Obabilit7 
o! 3h:ccss , b·t rr·_ti r.y ~c.:n~ ~·· V!cnr no ~ore c@lrtainty th'l..., 11 nowr 
pres -::--.: .. cc! t ·· !,.1~ clec~ror:.:iL-notio, the ;;r~phite pile or the dit.t.ision 
?rt'cesc . . 

... .. Jr • ~ .... 
Dr . 
Dr. 
Ur . 
Dr. 
!lr. 

:... J • a.M,~(-: s 
A.· •! . Cot1pton 
E. "' . l.awrence 
! • ·;. ~. ur1i'iree 
' · ~ . 'rey 
!mn Stew4rt 

'~ 8. (1J--'j";; J-. . .;oaan t 
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OFF/C,6)J)t;~ £.,bfdN~:~ ,\IA \' . .fGF .. WVt'T 

OFFICE OF SCJE..'ITIFIC RESEARCH AND DE\'FJ..ClPME~T 
mo p SllU:ET NW. 

W'ASHl~CTON. 0. C. 

Brl~. Gen. Le~11e · R. Grove~ 
B"x '.?610 
~Aeh1n~ton 25, D. C. 

De~r GenPrAl Groves: 

In ~ocor~ance ~1th Dr. Cor.~r.t•~ letter o~ Dee~mber 
2~ I 'rn •r1t1 n~ to ~1v~ my vlr~A rel~t1ve to ·~~t ~ot1on 
eht"\u ld be t~k c.r. on the "f"n t r1 ''u .. ·p ·ir~ ~ e·c ~. C!1 ~~ 4 ~ ~ T'f'\: ect 
I hRve ~lven cons1derAt1on tn thr~~ methods or procedure: 

(1) To croce~~ a~ r~p 1 d ly na noq~l ob ~ wit ~ the 
con~tr·l~tlon 'lf :t l~rre rlitnt tf) c r'>duc~ 
0 . ~ to 1 k~./~~l ~f ll~ht ~Rtertal. 

( ~) '!'o f1~1~h t !"~ :1P\"Cl·:rn11~'i.t ·•0rk to t he r:i~1rt 
~~ere o~n~tr~ct1o~ ~r a ol qnt c~n tP ~t3rted 
at ~ny t1~e b~t wlt h the. ~Fner~l t~nu~t t th~t 
n~ 1tt ~mc t ~o~ld be nn~e tn ~only the ~Pthod 
tr. U .1s ·war. 

( ' ) 

Iri rr : qr~ to Ite r.i e ( ?~ ttn,\ (,) , wl 1ch c'ln tc <11P­
po~ed nr e<iAlt:st, an exper1-cent.~1 ·~ ro. ram w~R n11~ 11r.ed 1r 11y 
J f' t ter to Dr. Conant or r::~cc'!lber 2?. ·rii ~ e: =" r"'• rcim C'lllej fo1· 
an .,,,.rendlt1n~ 1., f S74:J , OOO !',... r· the ,~P'ir 11'"144, ·1nrl thPre m1 ,r.ht 
te fJrt tfl r PX~f'r.'11turet11 du.-.. to f X~f'r1-Tt·nt •l W'">rl<. riJ ,, '1 1n.: 1r.t" 
1 Q4..:; . I t h lr.k thfl bu~t 11ay t'> l~'l.K :1~ th1s '.tl'.) ·11.:-- te ·Hl 
8Xpend\.tJ r~ O f n,(•()0, 000 to CO~':')le tP t '.'"-1:> f'\rO,'ec t 4"ro m t h e 
Ata~jcolr.t ">f devPlor>rJt'.'nt ·work r ~q11rP d. It Mb'ht hf' oo~P!b1 r 
to s~11le rto':'fr. t~1~ n ro ~ r~r:'! tJOr:.~ ·1. :-.'l t hy Pl1-1r.'ltir ... · tre· 1r.­
~t~l1~~1n~ nr q A~~ 11 cq~~~de or Ahnrt hn~l ~ac~!rc~. Ir 
t !°'.1P ~! rise t=-:c exr-endltures fo r 1 <144 ·wo1.il 1 l f> rn'J,·!-ly ··:r'' , '()0 
a~~ rurt~er •nrk requ lr~d 1~ 1Q4~ ml~~t q~1 ~ ~oo , ncn t~ • 1vP 
a total nf, ~ !l Y, .•soo,000. I !"".llvr. Aome ~·i. r.ttnn fl~ ~~ t r-. P 
W1!' r! Om _"\f cont1nu1:l,....; 11CVt-l;)pment '4''1 l'K l f t ~.f' r.r_,,CP P~ ~ ~ "l"'>t 

1(,.onl to t e u ~eti tn tt: 1~ w1tr, alttt">u~h I ""11bt if I r ,.,.e !'urf'1c1Pnt 
B~Y h~c~~ro~n1 t~ P'ss ·on tt 1~ n~eetlon • 
. ····· I • 1,6T at 

WAR. I 
"' n~ i 

- -~ 

r :ie StandArd 0 11 Levelor.rte ~ t .,;omo.qr.y wo11ld "nly WHnt 
to cont 1n·te ':. iv~ d~vt>lou.ur.t ·•or~ 1f 1t w-t:- ff-1t t ~ . ..,t ~ re11l 
~erv1 ce ·•oulr\ °tP rf'r. -i " :-t•d to the · ··o-vernrit:-nt, ot !': tir..rlFP lt 
wo u:!.J bP. pr~fc:rable to p·..i~ t ?'Ie ?:'" lr'lo lv ~ <i rm other •cirk ~D 
th~t l ~ 0r l~cort~nc e t ~ ~~c w3r. 

\ 
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Br11J. J.en . L~~11~ R. Grovt s 

• The de~ 1 rs ~11 1~y 6 ' · r'.l~t'edt r?.; · r.n • w1t r. ~o nAtr ·l ct1on 
work on ~ lar~e o~~tr-1ru e nl~ .... , · lt: P~'°l~ l'lr>:~l.v 1'n t r; _, atat·) s 
•nd !) ro111 pec t ,- o!' <S! t t:r:~t:tU ·.: -:-r•:"l~ ,.... "!' 'H! ' 11Tnl 1r !": 1n~ tr.P ~~me 
end•. At t he o r t: PC'."l t t1 rr.e 'lt 1"''I' " \ ~ r nl=--. ql':~ad rAt"idly on t ~ e 
1l1ctroma~ot l c a nd d 1 ff~~ 1~n ,r01~c tP . I n ~P.ne rs l , 1t would 
seea that t wo ~ rc cH~tJ Pe ~ frir ~'arr:; t :i ... 0· ... t t:.~ ot· l\ r~ t 1 o n involved 
(wtich t ~ At r 1otly ~ nr.y~1cA1 qt ~ ~rAt1 0n) 1 ~ ~bout ~11 th~t ~ ro­
Y1e1on shoul rl t e rn.adt- 1"or . Tte n Je~t1nn t .ererore 1 ~ •~et!;E' r 
tt.e centr1 tu,.e p ro jcct "'· 0·1.Jld o~'~r 11 t:P.t t '-~r rnean A fl~ car ry i ng 
out the a ~p"rst 1~ n t ""' -t n t~r t~,, · r,....~f·crnf."lr. now be l ntl' worked on. 
An important rac t ir l s:. "~f' t~.t!r rcol~~~~Pn t o r o ne cf the . ~ x11t -
1ng two ~l' tr.ods by t h"' centrlt'".J··e· ~e t :.ti'1 1Mul d reA·1l t 1n '\er1o us 
loa• ln \l me t~ rore n rr, duott o n l.!0 '..41~ be e t ll r t erl . From •l': .ttt 
baokgrnund I have, w~1ch 1R no t too r~ ~~n t , tnP elec trom~~et 1~ 
proJeot 1M too tar alon~ to •arran t ·conn!derat 1on ~ e1 n~ ~1v~n to 
lt1 replacement. Tr.e que stion, I th i nk , tr. "refor- tt, 1A •t:ether 
1 \ 1• d.e11:-able t o r eplace the lH rt-.Js1on proj ec t •1t h tr.fl centrl­
t~1• projeoi. If th11 •ere done , presu~• bly ' th~ en; 1ne er1 ng work 
oo\114 be ~arr1ed ou t by r~llex ' nd the ooer~t1on by C~rb1de, &A 
1• now ~lanned f or t he ~ 1 ffuA1o n oro jeot . 

I do not reel th;i t I i:sv e ~nough 1n!ormat1on Qft the · 
preaenl statue nr the d1tfus1on p ro ject t o make ,ny 1ntell1gent 
reoo!lll8D~t1on &! to •~ether 1t ough t to be replaced by th• 
oenir1~Jg• pro j eot. 'ro~ what 1nforrn• t 1on I hAve, I bel1•v• 
U.at th~ ~•ntr1t\l~• 9ro j ect has ~1ven a b~tter demon~trat1on ot 
the fea11h111t7 or carr71r.g out t h e aeparAtlon t r. ~n hae ~o tar 
beea obta1ne4 on :h .. · d1ttue1on oro j eot. I turth~ r under1tan4 
that oone1derab1• dlttlcult7 1~ heln~ e~erl•nced w1th certain 
phaaea Gt the dlttustoa pro Jeot. I ~o not know ho• aer1oua theae 
11ft1aulttea are. Fro• th• standpoint ot t1me, I under1tana 1' 
le now eat1 .. te4 that a large 11rtu11on plant •111 be .ready to 
o~erat• Jul7 1, 19~5. Thia plant pre~umabl7 would have capso1t7 
to pro<b.loe 1 tg./4A7 ot light u ·ter1al ln about 36% concentrat1on. 
I further Wlder1tan4 'hat enrichment abo•• th11 aa1 be obtained 
bJ •h• e,1.e1•ro11agnat1o prooe•8. OD the ba11• ot t he plant being ..._., 'o •tart J~l7 1 191'.5, I would thlnk the eArl1e~t date thai 
pl94uet:.on woul4 be •'ta1ne4 would be tour !'tCnths ther~~fter, 
wh1ob •ouJ.4 be NOYember 1, 1945. On t he t1ae achtdule •h1oh I 
gaye io »•. Conant ln •1 lett•~ ~t December 22, which sdm1ttedl7 
1• ro~1. the oentrituce plant. would be oro~uol~g st the rate of 
About o.~ k~./4a.7 ln 9(le oonaentra,1on b7 Decemb~r 15, 1~~5. On 
paper the d1ttu-1on proJ•ol wo\ll.4 be producing at & higher r&te 
b7 ~h• flrat ot 1946 than the oentr1tu~e pro,, ect but the oentr1-
tuge ~roJeot woul4 1tart produotlon aooner. I think there 18 
eome que1tion 1t replaoe•en• ot the d1ffus1on 9roJect by t h e 
centrltuge proJeat •111 cauee a117 great dela7 in t he -c roduct1on 
ot material. Thia, ot course. depends on ho• Buecesstul the 
deTelopment work 1a on 1he two proJeota. 

I think lt •111 be Yor7 d1ff1cult for the S-1 Coom1tt•• 
to reall7 glv• a 1ound reao~endat1on ae to what ~u~h t to he ~one 
unle•• a ••rr thorough re•le• 1• .. de of . the 9reeent st~t u e ~t t he 
d1ft\a•lon and oentrltu~• proJeote. I believe lt •ould be 
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prt.~e~q,ble for yoJ t,, apno1nt q " "'-r.-nt·t..,t. !o r tr1F, t!':P O('J"".1tttt­
to ~e Cl">~OOA e"\ Of Ot'O'('lle W~,O '1r\. r ·,:n 1'!.1~!" f'r~Ud1 'f!.t.h t~~ two 
oro }Pct£ to .. :,, 1nt? t}-.Pm 1n fV>':"~ · 1ctq1}. Tht~ c"'rinll tteft could 
tr.en .. ·1vr .,,!-Rt Ar. :H~li 1 e qciJr.•1 r• ~"'~·····r-:·-i ~lnr.n g~ to what s~oul~ 
te do r.f . I thl nk. thP o ·~ f' 9t1 ~ n ~ C'" () r ~·_J fr 1c1 .. nt 1'llport:ince from 
a n~tlonAl ~tandoo1nt t~ wqrr~~~ s~~h a cn~~1tt~~ 1nv~At1~~t1on. 

EV-..!: B:' 
Copy to Dr. . J . ~. 

Dr. A. H. 
Dr. J . ~ ..... . 
Dr. W. o. 
Dr. H. ~ 

"'· 

orl~~ s 
~~mot~n 
Conan t 
Lawrflnc f 
'Jtty 

f ;y SJ 

t ¢ .... 

Ver:; t r-.il v yo'4rR, 

Cl u . LV----
( E • V • MU?.Fi-:?.::: 

.. . 

F 

• I 



&Eenti 
In~: ~: :~:;? :CIT&I11 3 PjQIS. 

tnis rs ccpy_J._o•~· 

R.\OUTIO~ LUOIUTOR'\" 

lt[Rk.ELEY, C\U flJ ISIA 

Zon., 4 

UNIVERSITY OF CALIFORNIA 

lrtaeAl•r GeDlr•l L. ll. ~oft• 
War Deput.-t. 
ott1o• or tbe Chief ot ZrWt&eere 
p. ti• lo• ~10 
VuhJ natllD 2', I>. C. 

!39rtee A 

. .._..... . 

Dr. COOAnt bu ••kff 'M sa • ~r ot tll• S-1 ocmattt.H to wrtt.. 
10fi rq •1.,,. ~ t.bt o•t.~1~ ,~. Aa 10. mov, I Jaa" ra~l"94 Cart'l­
tna tonaN t.b• _,eot.rl ~ ,... .. r-o\ aarl S.'NloJMA\, h\ .aw 1\ .... olMr 
to • that th• r.~ 1bo\lll ,,. ~ • ..tnat.t. >Cl ,...,,..,. ror t.hle "~luton 
&N &a rolloWI 

1. Jch•4'1lee. Th• ll• 80M4\ll• O\ltll1*l la nr. ~·· let.i.r 
ot 1>9Ceaber ~ !Dli~alea that wtt1l ell th• luck la tile wor\4 ID th• •xtn.lft 
"•Mre~ .-.nd 4e••1~t ""rk t.h4t e\111 lt•• ah .. 4 tor e\llOh a proJMt, a 
.1.atrlf'\d9 9le.1t oo\ll4 .. , ~ "Gllt. ..a ~\ tnt.o o~nt.t<.e ,,oan ~. It 
1• too f&r ~htnd. the ~phlt• ~ll• 904 el.ot.~~\lo progw, an& ta UJ 
:aM ~~-! not ~ r-.aq to-r tb l 1 ftr • 

~. ~" lot.ital 01\ t~t.e Yelu. ot t.ht ~eotrl 
r1•k ot 0t'JQn7tn& -.. t11pl'M1lon o. PN ll Jota J-.i t., l eh 4 Uh to •s· 
pr-•• Q P•recn&l op1atoo, ~tc~ t• ehu.4 lt7 PTot'Meor OHpUDt, that the 
.,ltiet~~•t.lo •1•t• h ,oteatlalls llON eo.::eoaloal thaa t.be o•tl1~. 
T\lo , .. r• '801 9n4 ,.rbap• ~..., • 1.u aco, 1 t. ¥9• ~-.relt, felt that t.he 
et.et~CPMt.lo •~ho4 vu thl •tW 6f t~!9D07, t!l• "Mtl1eet, ~wt tlut 
1JW'ff\ and t~• qutek .. t, 9%14 UM\ .tt1-t.l7 lt w\ll~ ~ 1u,_~ .. ,,7 the 
-..cb 1110re eec~teal CMltrl ru. or Uthe ton plan\t. I a\laPff\ that thh 
aotlr.:a 11tll1 p.retat., en! t.h4at. Ue.~ le aot. • Ml ... preotat.tat ta al\ 
tt..a.&rt4r-m of hov ~r tbe electrt .. gnetto 4•••1o~~ baN et'IM· 'l'o pu\ the 
•tt.r ln Jooc .... t. t.;,., at th• pH.-a\ ti• t .. h• 009t. ••\ t•t•• r<YP t!l• 
Al;Pa ' eleot~eUo ;>lent sn GOt ~•tll ln n.~ ... ot tM oiarr..' ·e.at.t­
Mt..• ot ~· 4«\trt~ an4 dtNU•l~ l•ry• ec•'• pl-.ote, an4 ._,. .e• w!lere 
na.rtJMr dilnlo~h ln the near t'ttture wtll 1Dl3r.&a• · O'.ltput, ree\llt!n« tn 
011\\lq U.e o~rall Oc,.te o! tte eleot~•ito pl.ante at leaat to oo•-halt, 
ao4 poe.lbl.7 t.o (.Die·tuart.r. 1'h• U.ee, Uj•retOft, that tll• •leot~tlo 
•1•tea l• Mt oc.rpeUthe tn t"'• 1~~ -"'0!9 t'ltv 1• .tl\ten.abl•; rather, the 
r9ftn• 1e tn.e. 
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'· I-~. I ebouid l Pee t1> t J!lke tbh "C! ·~u!on t(I "•t d .. "" 'V preeent 

Y! •v• <Al f.h " .<·:'5 '.lt'\'1Je..:t, Y.~:clt I h&r.- ' ndtc~ •. _. 4.. r'8CeDtl.7 !Q -.e,.•ral cJn••re•· 
\.l co• v: t.h 1011: r or .. b • • ,, ~., ~-.a r:~. :u r'\t,..:'9rd to th• ·!ettt r l~ ~p;1l1 hen 
v ~ + .. ~ ~-~ t~ ... " •· I t.htnit -a 1 ~ v t 11 "(~ .that '-' R004 "H• "1111 Mie a tttar ago 
ror go1n« a.'leatl 1 ifte4 t at•l.1 tt ! th l'l ~• ror 4t tt\a11an plant oonatNOt.ton 'before 
!llt f'&ftd&:Mnt.81 1al»<,nt.or1 p~,l> l .._. '1'l4 b•en .ol••~, 11ot.bl7 tbe 4!eCOftJ'7 ot 
a uttabte .,_'bratle. Qn the b.tl•t• or wt.a\.,. w,.. toH, \he 09t tahtte hopea 
or th• labor-•t.or"7 pe~lp 1• on th -- -a• han4 u4 th• •••\lr&DO• OQ the r•rt at Mr. 
letth or the Xello~ C m;>•ll1 ttat the ~b~ pro\1 .. ~ prao\1ca111 eol••4, 
tt ..... 4 t.o be a good. g•bl• to go ahea4 wtth "11.-o.at plct uftlG~t. At 
t.hle potnt I 1 ~0\.lH ltk• to ,..,..t t.h.at l t'lke ort fA1 W.\ to 700 tt'tP th• "oe~ 
A.A! Y1gor vlth vbtoh t.he teo1f110ft va" lMh and ~H been f11pl...at.4. TlteN 1e 
no i:>a. who A,P~l•t•• s..~r. than I t?iat vl~hout 1~ur r1ne 1~•11t1•• or lea4er­
•h1p, "1•4£8 . an4 oo\lrae•, th• \:>Nrall pr~~- V"">\.ll4 not. haft b•n ot aJl1' pnc\teal 
1tp1t1oance. Vitia \bh N•:>eot tor TOV Jad6JMDt, l ala0\ll4 like now to .nap 
t~t, a• Prorea1or ur.1 hse ...C•Dtt., 1 n4icate~, th• x-~ p~ la •Y9'D behind 
the r;ent.rt~ 4e-..lopeent, An4 tbererore lt sbo&lll M l-4tatelJ' eat baot, ft 
not teratnat.4 alt.opt.Iler. I • no lonpr •••n .nthuetaet1o •l>ollt con\lnufns 
reMaroh ua th• a1rtuton .. tlac-4, beea\le• aeatn I t••l th• el.otrceepet1o 
•1•t.ea vlll ultl .. t.el.1 tar o~tatrlp 1\. 

This 11 23 cone14•re4 optn1oa, althoqh I • eoneotoua ot the tao\ 
that l :ta:/ AOt know t.be vt.ole ator1, but tr the faota a\ at 4f8poaal gf4t9 
HMntt •111 th• tr• ptctu ... , I t .. 1 nf't!of •nt.lt t\IN ot . ., yfeye to iarge 
th• to rcu. 

Apart tl-r.a ~nenl an• ObT1ou. reaeona tor etopptac a T .. t cme\no\!OD 
pro.gr• ti.. tnat..eu~ lte \llt.t-te u1et\ll.nffa 1·• no loaser apparent, I • i.e-

. 4tat•17 ca.cerne4 Yl\la 1t• •ttH\ oa the l\rosna ot tt. graplal\e pl1• ui 
electrc•8S119tlo progrw. n l• clear that •ltatnatlnc the llttu.loa ... ontrt• 
tup proJecte woul4 rr.. a B"•t llU1 racll! t.1•• vhl•ll "°"11 ebortea t.M \!m 
•~i.1•1• ot th• to...w. Tba\ applte• aot oalt \o ocmtr•'1• an4 019ftt.l•, 
luat alao to Naearoll u4 &nelopment. Then la, tor eDllfl•, _.ll \llat tM 
Col-'1• grov.pe ooal• UAUrtab t ... 4taw1J t.ha\ voal• aooelente t1ae eleotaio­
-anet10 proJeOt, ••1*'1•111 la oonneo\J m w1t1a U.. le\a proo_, -4 I bw 
t.hat .io,,.._ of the 1·2' p~ woal• .a&e l\ pon!\1• tttr t.M ~tMt••n 
to ,,., moll more •nclwr!nc tal•' sa the .. 1"1881D« ant 4-ftloimn' PI08I• 
ot t.M eleot.roM..,.tf o plaa'- la t.M -.,. ....... 

I J&aw bl ,.,_i.4 M•VtlDO .. , u 4oubtleea 1CN haft 'bat, traa all 
cODM~ Wit.la t•• Pft8\lcal ••Pfft• ot the eleotroeep=t1• pleat. -· S"*t • 
W•\•ter, Oeael•l -1eo\r1o, All1e-C1'al.mn, VeatlncM•• a4 tl• Tew• ... 
la•tam Corpontloa -- that ~. eleot~so plaa' MW -.. owtnet.ton 
1• operable. ht l\ 1• aleo abUDUnt~ ol•r tha\ J-.ro...ate o• be mete 
wtlJo!a vlll Jno ...... tM Oftnll plant o•tpt • .-. N4Wte 099ra11 eoeta, ••­
peo1all.7 Sn opentt111 penoMel. l'be opport•1 t.7 tor turthn •D8iDMr1Ds a.­
hgiq aD4 4"elopMB' le ~t, aD4 arq ulo\Ult or a441\1~1 eG«iAHr!DS ad. 
.o!en\ltto tal•t ca be 1..ed1atel7 pu' to etteotl•• u• ln the 4q8 an4 
llODt~ abed. 
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I t .. t .. rer· ~ hope nry au.ch 1 t v111 be 1our dee!" :·c. to ~bft04tAl t.he 
K· ~5 pro.,~aa, bu t. ~u ,.Tent ycur dechh'ln ! • oth•rvhtt, 7ou u.1 re•t ".-81u-.cl 
I v tl l ~ph7 l:"ll · .. I ehe ll •HUM ~-hat. r ~o not la&Ye all the !'act.• l-er()re 
.. "r. t! t ha t 1c .J l':a'f"9 good N'lfh"\11a fc• r cont•nul~. 

S 1nr.~l'"'f'11 ]C'uN, 

~ 
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( -,;---9"4r-n 

c~ 
n.m .. . . , - .... - ... ·~ . . ..... .. - ..... .... · • .-............-

CC 1>18. L. J. frl&;• 
Dr. A. B. C(91>t~'tft 

Dr ••• "· *1-phrM 
DP. B • C • tJre7 
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DIVl810N 01' WAii llC8UltCH 
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Br1 g. Gf!ne rel. L. R. G-r!JV~ s 
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.·1e~e r.1 "".r t ~n , 1. ~. 

D~ul' a.en .. ral &roves : 

Flle ll . 2 

Rl,.LY TO THI UNC>l"a10 ... IO 

HA't&Ml•I• HAl L 

Co1o..1.1t1•1a u .. "''-"" 
.'90AOWAY Af tt•T" STIUIT 

,_.,._YO•• l1 "' \' 

In ac "· ,_·d;Hl,~.: "'·1 th Jr. j m'1r. t • . t • :· ~ J ~f ~be r s 
o~ tr.e 3-1 0 J~1tt~'" , 1:. -..,hlci: :·.c.; : ... r.l~s; .. ttJ ~"J .. r _ t~ £ r t -: 
r.l~ ~e.1.atlve to r. · 4 .... tt t:r whlc .• l !.ave wr!. tt. n ~J you 1r, ra ­

. ,sard t~ t~r. ~t:n:r1f~~.e ,.etr.vd, r .:c~: ~.:, ~ ...... f(t'"I th~ ~o:~J-~ng 
o .JC'.men t s : 

l. You asked ro1 ~r. ,: .. ~f:--t ' s v le.-s on t.~ f~a e1b1-
llty of the Oc-,~tr1!u~t1 J..ro ceJ r frJ 9 5Cl t~!".tlflc st r1 nJ.p c l :. t, 
and Dr. Cor,a.1 t h.as Sf !':. dd tr.c rr•r .. b~rf 'J: :he c ctr.m1tte! t o~~­
prt>f' c t heir .i;.. lnl )ns to YJi,; . rr.e tD., .. r 1 .. :lt.S ~·:mi:uct11H\ at 
the l'n lv ~ rslty 1J; Vlr~~· : a and at 2ay wey, shcu t ha t 3QC , O'JO 
t"thtt •J: cen~rlfu _t.: ·); t:~t. t:: re ustt1. u t t·1Pr-e labo r~tn·1da , 

"1ll. se~arate one k1l"~ ram t)f 2:; 1 n 'C;' c(1:i~en~~t 1 '" per 
J.41, and will rft·~ct "~"n!ur.i [r x w~:~:"l La lf f)f the 25 ha2 
teen rftm()v~d. ·.:~ r:.~ I t! e;q,rr-~ ed. o~ 1 n1Jr B 1:. r H, n l-d to vc:irl ~u s 
phae~.- of t•~lfl pr:JJ~, .. t. o~ r.·~u.~1 ~1 .. eb , ~:·. 0 ~ per~P'Yll the 1:n­
pre ~ p1on nae ... :aen glven t.t1et · r.r r~ \et ncv - r a itru~nst- re.ble 
sc1ent1:tle f Act 111 conne~t11n ~., l t :-i tl:e w:1ol~ , ~ ., _ m:.:'!. I 
1e.1eve the stat~m0 nt ab~ve 1A a ecl~nt1 f 1u .eot ~ n3t ~as 
been demons tre ted , o;.d 1 ~ n) 1 0n-:~ r c' .. ~ Jee~ to opinion. 

The prvbit!:r. s .'Jf the c~r. t!'lfu . . e Rre en ~ 1n 9ertng 
.,nes . ~an ?{.: , 000 te1.-!' 1Jot b~'w..1. ~ ~P. ~'n~tr'.J"':t f; .ttnc\ 'lpP rnted? 
In ho• 1 mg a tl mQ ca.~ t:11& .... e C. 1Jr.e ? A:lJ c. t ii ~t c~o t and 
wlth #hat 'L.BnnJw~r ? Tne ~.:e .t' n~h' 1~e en.->tne rs w1th t!'lel r 
lo~ expe rience lr. ::.anut at:-tur1!" hlrh q"'?e( . c·~hlne ry wh~oh 
:uc t run st er..:11 iJ t. ~ i .rP L. tAl.:y s: . .1 .,; :! : c gt .e ~;o ftii.:3W9r 
thebd queAtl .. r.H . 

2. I ·"'~ ul. t c -: , _ ~ ~ 1 t ~ .l r. .., · a:.. ~ r 4: "' t ,.'.) :nc n t. ~ ( a ) 
n:.c.l (~) of : <.1 •• l •t • !' to J 1 . - • P.... . .' .r:! .. ~t t ~ t t.:.c- J -l 
C ~ m;a 1 t t t! e h !i! ·~•ff r rr · c : ' . -· ~ :-d t ~ t. \.. c -. ~ ... ~ · l ~ i . n ) t a J.. ') !> 1 -
tlv~ 11•-:>c; f t .rt :~tj : •. u:l. ~ :. · ~.~ ... r.!t:J l t, or t r.a t 
they Sh)\1:__. 11Jt ,. J &;IJ nr:;1. rt: .. ,,.._' .11 1 .~ 1 •r. t ;.n t :>Ul1 CJ:::1l t~ t1 e 
ha s .... e v t> r t l ... ~ 3 c " •• · • ' " • ' • ,.. 1 ' - <r· ~ .. ,., • l • t · , l •· • ex · . ., " , ,. •• • -· • -•~.Ji.~ .. v••- l\ - ..,;....; J' t --~ ~ "'.,.., -"'• 

a t an l ~ l ~ e ~ ~ 1 t. •• r ~ ..., t' c n ,, f t .1 · c e ,. : ., · 1 f •..a. • :- :> : ... c t • I t e 11 ~ v e 
tne .C". t1S .... ~ ·, "'0· · - • ~ t-!'t' .• . ~· l c J. ... ... ~~ . :·_:t-: .~: .. "': ~· :.,t.~~o "J."' th~ 
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~v~1 . ':~: b ... ~ r1•.l :c).1 · ·T -L-4-7 :> 
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ent~ifu~e wert ~c r:~~t~y cl ~~ n- c~ t &~~ de!ln~ t e !rJm th~ 
vr:trj' bec.1.·1'•1:-.b • T r.~..1 n~rti ~'tv1 ..... uf ~') UtJ a ~~, a:-.J w~ t hv '°'t 
e!ln1te ane~o1er.: Jn ~ he reasllJ~.ll~ J' ·>f ap1.u1lni t he centr1tu~e 

and of a.a1nt sl::L.~ ti.·· ..:ol.i.n t c:r ~tl ·:'· .. "':t :10v ;"'r,r:. the ~ ntrltl.i15tJ, 
no d ..-!'1n1 t e r ·c J.:.u ~.m .~ t 1 .. }r. w~s 1 1etd h..:e U;> to ~r.~ ;!'effl~nt th: ~. 
Ho....-evtr, t !!• c1111trlfu ~t" l.i;t; r:o·t'i l":e~ .,~f:· r!!lt ,1 f~J~CP s sfullJ 
~f.d its pr-Jblen. s 0..,.11 tr tJ ce no e:reste r t:~an tGey d ld t·~o 
1 ears ago. Cn t ne ~t ::, r .. < ~ ! , v: ~~ r :r.ie t h )Cl·~ •• r-. Vt: r9YP•l~d 
theme•l •tHt to be f8.r :r.or·c .c~r ... ~lex ani d t: f 1oul t t ha.n they wt re 
thour;nt to be tn~n . 

I do !"10 t, reoall that I h DVe f!V e r l f·'"• r ne d ~that y ~u r­
ti~e J. t,,.\t for !ll•:J 'Jf t:-.cse : t')j~~ts ~a:r cc . !(J own id~ & · 
has been tr.at ut'vtr.lr.e= r.u~ ~1r'l(~t...c 1,..t: ?5 by the Bt;tumn o~ 1345 
1s of l ltt'!.t- 1.nt~ rest !'o r tne J. reJ:Jellt v~r. It ~1ottld seem to 
:u that S'l ~e-. ') c0t4J,, t P ; roiluce 1 by the cffntrltu~ plant bJ 
that tlf:) ~ , • nd tl'll.t t he ';1rr.t! P~t;l ar. iite9 on ~he eentr1~uge plant 
OM b~ u.6d a wl th !A.r .i:ure <' or:tuer. !e thl'n c nn MY su~h eit1-
l1~tea !'O'!' the d1ffus1~n plan t. H~·--e~er, the rmly ~1ortho1htle 
or.1n1~n al~nc trla line crml:l C€ rr.Pde by A (!t) TJ"1 1 ttt!e aft.Pr 
lt had ~tud!. e :i all time sc~1-J1..il(·A mJ1·~ o ~r· f1J:ly . 

3. I Jan thlr.A 1!' tne rollowl11g cour~ee or M ti'Jn 
1 n r ei' :1 rd to t~,a ce1! ~r .l! UF."... 1e 11t.J •> pmttn t: 

•• Tee cer.tr1fu,.. e c 'JU-·..!. 3 use0 fo.,. th ~ tov or a 
coLnblr:atlun dlffuALm-ce:-. ~z · !t'Uf!,d pl1t.nt. I do not 
~uhscribe tJ thts b~J~e s tlon • . 

b. The ce:i trl!~~-IJ • :an t :.! )u.: 1 be l't.. il q_R another und~r· 
tu1ng und or nsnhf.t.tt:.n Dlstrl~t. ;:a rallel Wi th 9reeent .• 
~roJects. I would not be 1n tav )r ~f th is. 

c. The oentr1fuge 1'- lu::t c x li ~t: a:~tstliutP.d r"r the 
d.1ftus1on or ~l eit~"o:i..ae!i,ttc ~:c:t~ t~. I b e l tt:1e I 
.. well ef£vugh 1ntorm.ed l n reearn i~ the elsctro -
auagnd tl ~ p l An t to o ~nc l ude that 1 t ' h ':>uld go f ·.H'Wl'rd 
and b• o ?mp! t: t - J . 'The , t) ~ i 0:1 t ~j· w1..1.oh I Jo see 
1.a the 111bat1 t\1 t1 :Jn 'Jf th c .:!1 t .·~!'l.t.e lJ.lant t 01' the 
d1t!cs1Jl'l :.)la.r:t. I td• ·,' ·!. J 1 1.ke to ot.fle ot that a 
oom!U t tect be al!i.ed t1 at t..~· ttl s p<;aa ·- 't,111 t:1. Al s ·~ , 
I ~ocld suggeet tha~ t~ co~~1tt~e · lnclu~e 1n 1te 
•a~berah1p the pr1nc1pala ot all the preeent sepera­
t1on proJe;Jta. P11rt1ou.1.~r1~. tii1"' oor~tltte~ Eti:.:.>uld 
atud7 crl t 1~~~1. thic e c~el\ule s "'o .... the X-~5 ' r?ject 
as oomp11re4 with 1uch schedule s fa."' the centrifuge 
plar.I. !hi• oom:!i1ttee enou:.1 ale•l e":tta:rtE: the 
ett•o' ~ pO!l!!31.'bl s dlff1~u!t1es ahEa<l on. iue ~ t1n~ ttme 
•che'1"1lo• tor bC' t;h J 1la!1 ta . ~l t30 t~a, p1J!' 3 1 b111 ty ot 
using th.-1 f~o1l 1tle u b:>~ ?'! o: tnc J.'3:11Jfr.-c tur1ng and 
plant el tea al 1':J aJ1 bull t :.>r .ie alt. n ed · t 
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··!th: i:~:~ er s ~ ... : es >f • .... :e--.tr~·- ..... ·e ~ 10.1-· the lln~s 
.... l • ~ ~ • • e.... l' ·,. ..; r • . . • : r : • :- e e . : f ~ L .; ' ~ ~ ,_,. e r :. s :1 o , 1 :i 
o~ :. er _ ·11::.rdr -~ :ro .J. ~: ... ·1k ~~,. t t\..d w ... r ~·: l_ . ~ )·1er t e-
!' o re --~ 2- f~ ~ t - t d . P .• e ~ .. c : ~ ':.: • l d e . r ' • ·· "'· t : ~Ho "J ro :!u c t 1 on 1 

:r .. en : · •. > .1·.J t s e~ o"- :- .. 1 ! - rec : . ''e ... :i.:. e·r ...-:! 1c~. you 8r9 
~o r~:-i·- ,. ) ..il ' 'i !:r:' · ny !'Jrt~.er e:wt~ 1til'.:>.~ ')f ~r.e centr1-

.. t .le;e pr,, ~e.! t ~ t'"~rs ~1!: !. 

Ly:. n J. ~rl · s, Dlrec:or . ~· .. • 1 
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A DDltUS lt9:"'- 't TO WAR DEPARTMENT 

CHIU M ENGINUAS U S •IUO 

WUHtlltGTO-. D. C 01",,ICI: 0,. THE CHIEI" Of' ENGIN1:£JltS 

'NASM INGTON 

,._, •• TOP'IU Ne 

:..r • Ja; ~ • • (, ~"tMJl t ' 
' tt.1.r ~ • l CCIW!!.\h .. 
l .JO ;.· ~ t.J'~,, .f. ., 
a» ~ ~ . ~c~ , • • c. 

1 ~Y'1t ~ r..e.; .. ~ 1.-..t-lA fr1 • ~.•~ c.r \.. ... ,. ~ 
Q/ \he ... -1 Co.11St.'4-e ••··rMt9JJl4 t~lr Yi ... , ~ t.'\e 'it.UU'J"'tf' 
r(l,.;ru.. t .. .. l"14ftal ti"~ ot \l .. 11 1t.a1...,...,,eta ~. . \ ~1 \e 

'-l •>01' \ ,,\ '·J1d•• 4l.6P \iU•t•"• ~ tt.v"\hd' ext.Mt• ~ th• 
c•ntrlf,\&• . r<t .. ~\ t• JU\ifl·ld •' t:"d• tJ.ne. · ~· J~r·~• ..net 
··r. Cu. 't\.'A ...... ~ •• ,._j_ l~~ clt:&l'\r"tl' ~ .. tit ~ • •UICt.9\108 
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