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Vol1.m1e I p.-01ents an aooount or K•%5 re•earoh and clewlopmnt ao­

ti TitS..1, exaludlng work: oonneotod with t.he apeola.1 ohemlsle 4ewlop­

mant program. whloh la eowred in Book VII. TM pUl"p08•• aAzn!nj •• 

trat1on, oontl"aot\al and pnen.1 theo'7 are dS.oW1aod, 

and an aooount la prc.aeWd ot th• 4ew1opmnt ot 41ttualon barrier• 

•peol&l pump•• o.nd •peo1a1 !mtrument.. 1hl• 11 toll.oftd by a de­

•orlption or pilot plant work, ohemloa1 and phfaloal •tuc.U••• u.t•ty 

and •eourlty upeota, ooeta, O!'ganisatlon, and peracmnol. other pbuea 

ot the K-26 Projeot are dealt with in •epara'9 wlumea ot Book n u 

t'ollona 

Volw. 1 • Oitmw.1 Peaturea 
Vo1w. I • De1lgii 
Volwm • • OODltruatiOD 
Vol,.. 6 • Operaticm 

AottY!tS.ea 4esaribect extend traa the e&J"lleat OORD oontreata, 

in Ju]¥ 1.Ml, tor the •tud.7 ot the 4lttua1on prooea•, to 

81 Dffember 19'6, by whioh time the buio K-16 naea!90h progam had 

been emapi.ted, a:ad adndnt1tratS.w n•pona1bll1t7 puaed hOl!l the 

JSnhAttan Dhtrlot to the tJnited Atoldo P'.-Pr:J OG!Jld••lcm• 

A n-1>er or appendioe• are atiaohe4 to l11mvate the text by ll9&D8 

of tabulatloms, charts, photographa, file reterenoea, docnDl!lntuy a• 

hibita. and a r,loa•&J"Y• Re.torencezi indioo.ted by parontheoeo, aa (App. 

Bl), (App. Cl2), eto., 'N!ter to Ito:m 1 or Appendix D, I.te:ci U o.r 

.lr.ppendix c, etc. AsteriakB 1'8t•r to the Gloaaaey, Appemix F. 

The S\DllU"Y oont.ain& an abatra.ot or ewey mjor aubj9ot tnatod 
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1n Volume 2., Parar.niph in the 9\lll!ary oorroapom to aoct1on 

nur.nbero 1n the min t.xt. 
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SUMMARY 

l. Introduction. - Re•earoh and development aotiviti•• directed 

toward the aolut.ion of problema encountered in the conoent.ration of 

Uranium-23S b7 the at.hod ot aa•eoua clittuaion, oompri•ed 

the choioe ot a euitable teed material, the dnelo..-nt. ot d1£tua1on 

barrier•, process pumps, eeals, and control 1Dlltl"WD811ta, and the adap­

tion ot t.hi• equipment. t.o u.ee in the preeenoe ot proc••• gaa. Research 

progrua ••r• oentced in a number ot wdnr•it..1 and industrial labora­

t.oria under oont.raot.s adminiatered principal.l.J b7 the Columbia Area 

logineer. , 

2. Contractual Arrw!!!ftta• - The dittud.on aet.hod •&• tirat. 

aer1oua]¥ comsidered. at Columbia Uniwersit.7 in 1940. ColWllbia waa ·· 

nbeequenU, awarded oont.ract OEMsr-106 b7 the Ottio• ot Scientitic 

Research aad Development, oowering the pco1od ot 1 JuJ.7 1941 to 30 June 

1942, the work to be directed bJ Dr. J. R, I>wming. Contract. OE.Mar-412 

authorised an expanded JrO&ram under the direction ot Dr. H. c. Ure7 

trom 1 December 1941 to .30 April 1943· Etteot.iw l Mq 1943, the 

Columbia dittuaiM •t.udiee were placed under Manhattan Di•trict contract. 

W-740S-eng-SO, and the labarat.oriu came to be known by the code name 

ot "SAil Laborat.ori••." Tbeae contract.a called tor reaearcb and dewel.op­

aent. work toward the de.Jign, oonstnaotion, and operation ot a 

product.ion plant., and ev&l.uat.1.on ot the clittuaion met.hod in oompariaon 

•1th altemat.e i•ot.ope eeparat.ion mtha:ls, In tultillment or t.heir 

ajor comnit.aent.a, it. waa neceasar7 tor The JL. ti . Kellogg Compa.r17 and 

the lellu Corporation alao t.o engage in considerable research and 

Sl 

t ' ··-· ' 
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dnelopant work on IUah 1ubjeota u barrier manufacture and propert.iea, 

001T0non, apecial chemica.Ja, pwnpe, v&lvea, and control inatl'Wllent.a. 

Ia diaaharging ita reapoaaib1.U.t7 u operating contractor tor the 1-2s 

plant, the Carbide and Carbon Cbemioah Oorporat.ian aponaored. a aumber 

of ·research aotiYit.iee at the Linde Air Produat.a Campan.r, Bakelite Corp­

oration, Union Carbide and Corpcration, Ket.ala Diaintegrat.iag 

Compaq, and the Starpl• OorpcratJ.on. Etteotiv• 1 Flbruar7 1945, the 

buio dittueion proo•• ruearoh prograa wu tranaterred froc Colwabia 

UniYeNit.J to ·carbide under oontraot. W-7405-ac-26. other pl"inoipal. 

pr1u oontn.otora include the Bell Telephone Laboratoriea, Princeton 

Un1Yera1tr, Ohio State Call.foraia Imtit.ut. ot Teobnolo11, . . 
and the Interchemical. Ccrparatian • 

. '· Q!n!l'al. Th!ou of tbt Gv!OU• pittwiion Proo•••• - "1.n the . . 
" 

the JJapartance ot aeparat.!Jg it. from. the non-tiaaionable Uruiua-Z38 , 
beau• &pp&l"Mt.. A group of at Columbia UnlYer•it,y a tt.aoked 

th• probl.m b7 the mtbod ot g&aeoWI d1ttua1on. The buio working 

prinaiple of 1aaeoua ... di_•cOYered b,y T. Graham in l.829, 'but. 

t.he k-25 plant r•sr••ent.• it.a tirat cwinercial applioation. The lwid&­

aental theo17 tor a praot.iael ditfullian Hparation plant. wae worked out 

b7 larl Cohen at Col.wabi•, l! a mixture ot two gues 1e placed in a 
. . 

aontainlll" whoe• wan. oontd.n a large number of •all perfol"&tiona, and 

the Y•••el 1• aw-rounded b7 an evacuated apace, the respect.in rate• ot 

escape ot the two oamponent.• 1l1ll be in proportion to the reapeot.ive 

ooncentratione, and i11Yer•ely in proportion to the equare root• ot t.he 

reapeotive 1110lecular weight.a. 'l'hua, the dit!uaate will be richer 1n 

<) component than or.1g1nal ge.a. In arder to prevent the building 
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up ot a back preeaure ill the outer apace, and the contJ.nuoua dacrea•• 

of llght CIOllpOftent concentration and total pre•aure wit.bin t.he oont.ainer, 

a •t•ad.rs.tat.e _, b• aaint.ained b7 oontiamoual.J withdrawing enriched 

dltfuaat• troa the out.er apaoe,Uld partJ.•117 depleted reaiclue tJoaa the 

cootain.r, and oont.inuoual.J .upplJrin.g the container 111.t.h trellh teed • 

.. I The 1-25 ca8C&de ia a repeat.in& nr1•• ot equipMnt. duplloatiag tbi• 

procedure contimloul.J, 24 hour• a dq. Tb• "out.er apaoe" ia enclo•ed 

bJ a d1ttU8.r, or "oonY•rter." Th• pertcrat.ed wall i• referred to u 

"barrier." A YalY• and two gaa JJU11P8 are prodded to regulate 

&u n.w aod pre1wre, and a cooler re.cw•• the beat. ot puaping. The•• 

are th• eleMata ot a praot.ioal "•t.as•f "· Thi l-2S ouoade oont&ina 

2892 auah •t.aseea t.h• 1-:tl oa•oad• contd.a• an &ddit.1onal 540. In order 

to preyent ordin&rT, non-aeparat.1Y• ••• fl.ow ot gu, U. ah• ot the 

barrier aperture• •hould preterablT be below t.be uan frH pat.h ot t.be 

Pl'OO••• gu molecule•, or oa t.tw ord• or O.OOOOOOI. illob. 
---··· .. DELETED ;fiit.ora t.o·----vo6) 
recluoe the ... .. cWl\ulian ot dittuaat.e, h {'5 
•jo•t.l.i:fts" (lnt.n.-apert.ure col.l.hlona in wld.ah lJcbt., taat-mvina .mole­

oul .. are retarded b7 at.rild.og be&YJ .mleaul••), non-•eparatJ.ya ri.acoua 
.! 

now, •urtaoe tQ. flow, •'zing iMttiaienq (taration ot depleted 
' . 

region• haect1.at.el,y adjacent to t.be up-atnaa barrier taoe), piobol .. 

and leaka, and variationa in b&'l'l'i_. ,,._ah1J it.7. The gueoua clittua-
•· 

ion reeearoh prograa wae expanded in December 1942, at whioh tiat the 

Manhattan District requested t.he M. w. Kellogg Com.pans (whiob was work­
' 1ne under OSRD contract OEllar-406) to continue !ta reaearch work and 

undert.ake the iamediate design of a l kilogram per day 90 per cent U-235 



( : 

\. 

gaeeoue ditfu•ion plant.. The lCellex Corporat.ion •ubaid1.ar7 wu created 

t.o p!"Osecute this work. Fundamental research was to be done at Columbia 

unier Dr. H. C. Urey, with special stud1e1 carriod on at t.he Bell Tele­

phone Lab<ratories. Princeton University, BtX1 t.he Jaree7 City Laborator-

1•• 0£ the Kellogg In early 1942 diecuesione were held with a 

group of Britiah investigatcre regarding t'urliamental alternatiY• plant 

deaigna. 

4. Dnelop!!!!nt ot Diffusion Barrim.s. - In t.he latter part of 

1941. the a.arch wa.a begun tor a barrier material ot tbs requ.11'9d poroua 

at.ruct.ure. and r:ith suit.able reaiat.ance to corrosion b7 UF 6• The tirat 

orude Nmple• were teat.ed wit.h UF6 in 1942, and a aet.hod ot rout.in• 

barrier t.e11ting waa the developed baaed on the uae ot aixt.ure• ot 

helium and carbon dioxide as a working aublt.anoe. The separation fact.or 

ia defined as the rat.10 ot relative conomt.rat.ion ot ded.r.cl cCMipOnent. 

a.rt.er proceseing, t.o 1te relative concentration betore pE"oceeeing. 

Relative concentration ia the JDOlecular ratio ot to uZ3S,6 present. 

in the proceea 111ater1al.. Frcm Grahall'• lu, the ideal aingle at.age ••P­
arat.ion tact.or is -/352/349 = 1.0043. The actual separation factor 1a an 

incre&sing !unction ot fineoeae and poroait.7 ot barrier aperturea. The 

poroBit1 of barriers is rated b7 de.tiniftg a 11permeabilit1" concept aa the 

ratio of actual now through t.he barrier, ua!er apecitied teet cond1tioms. 

t.o the !low which would occur b1 D>lecu.lar etfu11on 1! t.he barrier were 

not. present.. Permeabillt.1 ie dependent upon pressure•• in­

creasing as the ditf erence between tore pressure and back pressure is 

increased. It. is also an increasing function ot the number and eize 

or barrier apertures per unit. area. Important chemi.cal properties or 

S4 
.. 

I . ! ' . . 
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burler include it• pluging characteri11tlc1 (teodeney of perm-

abilit7 to decrealO "1th use •11 a result ot UF6 oorroaion products 

lodging in the apertures) and it• can1W11pU.on rate (tendenq to 

react. wit.h and conlNM the n.luable but corroaiye proces1 fluid.) 
-·--- . -- ----

DELETED 

- ............. · -· · 
..._____..-/ --- call tof' a . cont.1nuoU9]¥ decreaain& 

aia• of d1ttuaer tl'Oll the teed point to t.ho .nda ot the cascade. 

{) Pn.ct.ical plant. d••icn required at.and.ardisat.ion ot a small muaber __ _ 

) 
j 

t 

' 
' 

ot eqa.ipment dsea. 

DELETED 

' ..... _ ... .-_- ... -.. ... . ... '• • .• . .1.'">1• _..._,,.....,.,__T_ .. ..._.. ____ ,._ . 

' I 
I 

I 
,·De;e 

Prior to 191.3 MOT pra1ild.DarJ t,1P8• of barri.r were teated 

at Columbia. When t.be wdyeralt.1 ••• a1BJ'd4d aont.raat. W-7405-eot-SO, 

a diviaion ot th'i SAK taboratoriea wa• oatabliehtld tor the epecitic 

purpooe of atudJinB an Mrriere • 

.. 

' DELETED 

__________ ,,_ .,. - .. --- ·· /• " 

·-··------ ---·-- --

) 1'hesc barriore ,.,,r" brittle,, 

Q.oe 
.; ... 

' .· :;, 1 1:; t-:.::i r 
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. - . -

dittiault. to handle and manutacture, and poor in re11et.ance t.o corro11on. 

OELETED 

.J tact.or. I DELETED . ......_ ____________________ 
Suple• exand ned bf Kell.ex showed good procu• properties and lair 

/ 
•ohlnical •t.reft&t.h• / 

- -----

. - ·-----t< 

/lellex cooperated, and uodert.ootl a •urn1 

ot 1ndwst.r7 t.o tind a t.o handle ultiaate -.nutaot.ure. 
···-·--··------.. 

DELETED 

' • : ,.. .-·.•-. . .,r . ·-·· ·..., 

A GUllber ot other contract• were awarded to out•Ul• agencies tor •pecial 
. t 

developnent ot critical items. 

s6 
;· ·· t••;.. ,-- .... .-: _..,,. ' 
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.. .... _...._., ..... _.. .. . 

DELETED 

. --- -- - - - -

_____ __ J In Jan\W7 194), a oantJ.Auoua iro-

duotion pilot. pl.ant wu deaiped at. the Colwlbia 8chCW"born Labora• . 

. . tol'T• Duriag the l'WM'"'er ot t.bat ,.ar, a 1t.ead7 illpl'OYaent. ill tbl 
J 
· propvU.a ot A barrier wu ettect.ed, but 1n .Jaa11&17 1911+, at a ••t.1.nc 

ot Jlanhat.t.u D1atr1ot. o1't1aial.a with HOtJ1atlle-Her1bq, l•llex, Carbide, 

aad SAK repreHDt.aUT•, plaa9 nre ad• tor the Sm•'iate OODYC"llion 

ot the lfo.z1a111 e-Her.tier pllftt, troa A barrier production t.o 1-1 (lat.er 

imo. a• DA) barrier aiumtaotve. Tm A barrier wu aband•ed becaue 

ot uaat.iatactorr aechaAlall propet.ie1, and dittlaul.t -.aulact.uriq 

At. th11 U.. relp0ul1JU.1t.7 tor ooorcU.at.ioft of All tu.tun 

burier reH&rOh wu uaiptld. t.o CarbiA•• 
- -- .. --- •. ,,_,_ - ·-""--··- -1 

--· 

J 'iba Mt-hod procluc9d Aapl.M which •bowed 

--- ""'--- -- ·-·----" 

DELETED 

..... -- .. - ··-

The DA barrier wu atddied b,r E. o. liorrie and w. F. L1bb7 

at Columbia dur1ne -the period 11her. emphaaia wae being placed on A barrier 

-. - [ -. . . . . ! 
_ .: .-.: . '· i I '· . r 
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__ .... _..._...__._.;._ -··. - ......... ...;_..,.:.- ... 

dnelo..-at. It wu alao •t,udied bJ' the Bell Telepbou Ind t.be 

Kell.ex Corporation • .. 
------- - ---' 

DELETED 

). 

'.'. · formed illt.o aheet.e b7 p&1M1• t.brou&h a oalmd.-. TbS.a moh ot the 
J 

DELETED 

"' 

.! 

.. 
. ... --.. .. ... __ ,...______ .. ... -... ---·--

uterlal •hows ucellent OOl'l'O•ion reeiet.anoe attor tlllor.ln&Uan and 

expowre to UF6, IUperi.or ••Jfaratia& ettiaieney, and good mecl'wA1cal 

at.ab411V• Moreover, t.he muwtaot.urinE; Jl"Oceea iB comparat.ivel.y afaple. 

• 
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\ 
I 
I 
' 

II barri .. exbibita a greater plugtag tendenq than DA, but. 11 oapable 

ot ••r1 •aU.taotor1 r.oondit.t.oid.iw. Product.ion wa1 carried oat bl t.he 

Lin:I• Air Procluot.1 Oaeptn,y trom Jama&17 191.' until llaroh 1946 • . 

DELETED 

----
-·· ·---- ---

}Thi aajol'it.J' ot th• •t.11•• ot th• 1-as ea8oade are tit.t.ed 

with l>A baniArJ D ha• been Uled. in about 50 llta&••· ··-

DELETED 
, '>· · 

( - ettort.;;er• 

mad• to utili•• domestic powd4\1"a, and two &CC•ptable Yarietie1 

nent.uall.T developed, one manufactured b,y l.nt.srnational IUckel at 
' 

Hunt1ngtor1, Wut Virginia, and by t.he llet.alsDinint.ograting Comparl¥ at 

i 
i 

"'()) 
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E.Uaabeth, In and the ot.h_. at t.h• El.i&abeth plant uliq 

Dlakal oxide obtained trom the Lind• Air P.roduot1 Coap&DJ at fonawanda, 

I• tort. A tb1rd tJPe ·wu mbaeqwmt.J..r d9"1.oped and produced bT Uade, 

uaiag an prooe11 whlch &r•t.17 inareaaed t.h• rat.• ot prod1lctioa. 
------ ---------

DELETED 

,.... 
1 It. •• aarmtact.ured b,r 

W 1!'11 .# Lt!Jd$d. l!H.,... P f W « 

Lind• tor aneral 11ant.ba, and will be t.•sted b,r in•t.allat.ion in aneral 

,1"".".,. •ta&• ot' the 1-:tl oucade. 

\ 

s. pm1op!!9t ot Sp1c!1J fneP', - It. waa re&l.iaed 1a t.be eari, 

at.ages ot t.ba proo .. • pwap dnelopllitft\ pl"OS1'Ul that. a utiataetcr7 

at.age pup would haY• t.o haT• abmolut.e]T GO lo•• ot proc••• cu, "fflf7 

Ut.Ue 1nlulca&• ot inert PH•, GO 1111.akal• of oil or conden•able 

npor,.··mtni•1• holdup wluM, high reliat.ance to oorroaion, a wide 

raqe ot oapacit.J and OC9pl"ead.o.o ratio, ab111t.7 to handle TG"¥ dma• 

1aa, and high -'r1c1en01 ot 'lbeee nquiruant1 could best 
' 

be Mt b7 dneloi:-nt ot a cmtritu&al t.1P1 Ultiu.t.e cholce wu 

aade ot a single Jt.Ap arrangemmt with overhung llhatt, a 11ngl.e t.ripltat 

seal, and a compr•aaion ratio o! about 311. Ae produced b7 the Allia­

Cha.lma-11 M&nutacturing Compallf, the jmpo]Jer is built up b7 welding 

tf'OIA plat.ea, rings, and blades ot aheet. mo.nel,and con1iat.a ot 20 equal.l.J 
I 

apaced blades whioh are curved with a backward B':'f11tep. The front 

SlO 
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--·---·- ·- -- ··---·----- .. __.....-.:-. --·· ....... - .... --.··--'•;.. . ·--- · 

\ 
\ 

baok plat•• are cold torud 1n ti h.J'drulio r-" •••. The aoroU and 

d1ttu1er are ude ot illternallJ' id.Gkel-olad . •t.••l, and all oulrlg 

Joint.• are welded. 

Earl.f pmp ital 1tudi• at. Colullbia Uld.Teraly .... 

around tbne u1n t.JPU, uaiq, napeoU"1J, gu, 1peo1al lubrt-. 
:jaiinl oU..1 aad poeiUYe ooat.U\ nurooarboa pol.Jur' IMl'"I rq1. 

' Th• gaaeou1 Hal •bowed grut.eet proalae, and wu ultiu.t•l.J aelected. 
' . 

AA iAl•ld.ng arr&Dl•MAt-. oboam, 1"&\h• than an outJ.•ldn1, tor 

reum1 ot relative d11plioit., ot oaut.rwstioA, &Yo.tdanoe ot rejeot.lan 

or r.....-, prooe•••• t• out.l•'dn1 proo•• au, ucl aYOidaao• ot the 

lnheNllt. 1Aettioieoo7 ot lllxlng ou\l.llldnc proo••• au at.l"llM ot 

different. aoaoentrationa.) 
---- -. DELETED 

_,. ..• - ... 
/Yui.ou ...,hataioal arraapmnt,a wre 1tud1.S at the 

laborat.ori .. ot t.he Collpe.n,, .. SAK, ml_ DoE ) 
------- · ..... -- b(3 

I DELETED ____ . __ _ 

__ _ _ ) I.at.er t.eetJ.Ac and dneloi-nt. . W'ii'" 

ourl.ed Gilt at. the SAK l.lbont,arlea. 

DIL!TED 

• 

Sll 
c , .. \.' •j --

,._ . \; i 1i- ,, ... ! 
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I 

I 
I 
I 
I 

DELETED 

Simltaneoua]J with the dnelopmnt ot OJ*'-mt.OI' aent,ritugal 

pu11p1, •ariou1 di&pbrllll tne• were ianatiptecl 1n ard81' to prcrd.de a 

•eal-lA1a de11gn in th• ••ent of unaat18faotor7 perfonaano• ot th• 

nitrogen-aealecl ll&Cbine1. l diaphrap 1JW11> ae wo coMidered as 

1pect 1 117 mit.ed tor UM ill t.be oonte.plated upper aeot.ione ot tt. 

plant. Ou ba.r1ng blower dnelopment. wu pro.eouted 'bl ••tJ.nabouae 
and b7 o.n.r&l. si.otria 1ft 'alo9• aaeoolat.Sm with lel.la aad SAK. 

Variou1 dedgna were 1t.udied. imolYing a thlA mtallla diaphnp ill 

U. air gap of the mtor. BearJ.nga nN ld>rioated b.r aeana of 

@ proa••• gu, the aotOZo ran in noraal atmepmre, and no •Ml wu 

Aeo••Al"J• A t.ot.all.J mcloaecl \IJM wu al8o a\ucUed, iA wtd.ah neit.her 

a aeal nor a diapbrap aa requiNdJ all part.a ran in proo••• pa. 

Thi• t.JPe required 1pec1al inert, oil and mtor inlUl&U.on. 

The dmait.J of the au hudled 1n the JNI"&• oucade ftl"i• 

marked.17 fl"CID point. to point. Deoreaaing tbe denait.7 of gu han4J.ed 

b.r oent.ritupl pampa deor ... ea their oapaolt,. Poai.U•• d11plaot•lllt 

pumpa, hcmmlr>-'Oaft bandle sue• ot dittennt. den•it.i.•• without. th1e 
I . 

d.11advant.age. Shaker, paddle, rot.arJ, and -anet.1o deaip1 •W• 
atudied, !Nt. a r•ciprocat.ing t71>9 wu ulU-tel7 aalected tor purge 

cucade aerrl.oe. A bellows •eal wu dedgaed w1t.h a t.m inch it.rake 

d1at.r1buted lll)llg •ix bellows. unit•, •ach indepttlldentJs aupport.ed and 

OM•trained by a ntuy·Jack," which waa lubriaated with tluoritl&ted oil. 
I 

The pi•ton 1e lubricated by the process gas, and pwnp Talvea eonaiat.. ot 

Sl2 
t 
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light. aheet; metal apringa. The JJUl"I• pwnpa were llllWi'act.ured b7 the 

Valle7 Iron Worlca. 

Material.a of oonatract.ion aut.table tor procesa p.ampe were 

uaed for t.he ooaditJ.oning pupa, but. tbe l.ight.ne•• ot t.be aondit.1.oidng 

gu requi.red a ftJ7 high peripheral apeecl. Special mtor• were devel­

oped b7 W..tiaghouae tor 14,400 llPK aerviae. Tbe pumps were proYidecl 

wit.b t,.,...t.age illpellera and ·a diac aeal. 

For aenioe with prooNe ooollAt, a yertiaal pwap was dnel­

opecl, to be aount.ed at. t.be bot,tac of a nrge dnaa. PwlJ> bear.lop are 

lubr.loat.ed by t.he ooolaat.. Tt. pump abaft paa1e1 up t.hrouah a tube 

rumdag t.o t.he t.op ot t.be t.Mk, wb_.. a •eal. p ...S.t• out.lakage ot 

nitrogen oontined. u a blanket- gu under e11gbt pruaure &boYe the 

lJ.qa1d nrtaoe inaide t.be tank. 

larll' in 1944, Kell.ex aad t.be Beach-Rua• CompanJ at.art.eel 

d8ftloJm1nt ot a •peoial rot.ar7, oil-...i.t •chln1cal ncuua pump tor 

proo••• gas, ot welded oonat.ructiOA and with a •pecial aeal. ao u to 

pron.de a nr,. low leakage rat.e. A oil 1•"1 indic&t.or wu 

dneloped, Md, tor eaa7 acoeaa to the !&erior, welded T&CUUl1 JoSAt.8 

wre deaigned. ao t.hat. theJ could be •cbined or ""1dsd with relatiYe 

A. quadnlpu llhatt aul •• irOYidect, a.ad tluarinated •Al 

oil uaed. A beating ayat.• waa 1Aoorporat.ed fat' aontrol ot oil da­

ooait.7, and a oooling •78t• tor uae at. at.ad,y operating apeeda. 

Worlc ne undertaken earl_y in 191.4 b7 the F. J. Stokes 

Kacbine CanpanJ' to develop a apecial, rot.a17, oil-aealed, aechanical 

yacuum JJWDI> av.it.able tor fluorine a.rrice, and ••ting requir•ent.e 

- .., a1milar to those tor the proce1a gaa ncuwc pumps. Some ditficultf 

Sl" o' t •• ,. • 
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•• experienced with t.he unit• ·developed 1n t.h&t the ee&l oil reacted 

with h1shl1 ooncent.rated tluo:rine. Oft the bui.8 ot a 1eriea ot JCella: 

te1ta, an operating procedure was worked out in 1uoh a ny a1 to obw'iate 

thi• diaadn.nt.age. 

The l-2S hi&h Yaouwa pw11p1 1111t Met requireaent• tor b1gh 

•p•d, high capacit7 1 and extl"Wl.7 hi&h Yacwm. The s,.t.u final l 7 

dneloped call.a tor aonnect.lftl eqa1)8Mt to be •Yaou&t.ed to a priar7 

pwap 11hiah di1cbarp1 t.o a booatc- pump, both ot wbloh are ot oil dit-

1Ua1ora dedgn. The gu t.ben tlo• iato a rotar7 pi1t.oa, •iql. .... iap, 

b1gh ftCWlll 1 011 ... eal.ed tore pump. A ntriceratld npor trap h in­

et.alled ahead ot ttw pria17 pup. work aa oarried oo 

at the Jfational leaearoh coz-poNtloll1 l'eat.inghouae, Diat.W.ation 

Product.1, IM., aad JCellex 1ab0ratcr1 ... 

@ 6. pevelopment ot Special WtnMlt•, - 'the l-2S in.truct 

p:rograa wu ooapl s oated b7 nab apeoial oondit.ianll •• the uo .. llit.T 

for deteraS.ninl prooe11 purit1 at lnm11"«1• or poia&.a, the aub-&ta>a­

ph9l"io aature ot operat.iona, the oorroaiYme•• of ur,, U:ae need tor 

iaotopio u•&J work, and the ultr.....W.U:dt.7 ot the dittmion procu1 

· to •teadr •tate d11turbanoe1. The mu1 lipeot.rometer principle toru 

the bad.a ot a murl>er ot t.be more import.ant inltru..n te in uee at, 1-as. 

It 1•, it..elt, baac on tti. ooncept. ot 1oaiaat1on ot ga ... b7 electron 

bollbard..nt., torat.ion ot aooelerated. ion rq• b7 eleotrio&l ti.U., 

deflection ot these 1"&78 b1 a perpendicular agnetic tield, and d.itt...­

enti&l bending ot the pat.he ot ion• ot ditteri.rg 11&81ea. Ttie line re­

corder, worid.Dg on the maaa apeotroater pl'inciple, records the cone M­

t.ration ot Aitl'cg9n, oxnea, b_ydrog91 ; fluoride, pertluorod1Mt.h.Ylc7clo­

bexane, and COa-120. Numoroua accesaoriea inclme a .Pirani gage tor 

S-14 
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lal:lpl.e tlo1! muurement., an leak" tor extre.me]3 lm&ll. flow 

control, a ohcioal trap tor UF 6 l'UDYal, a clu• t.rap tor remftl. of 

mrcurt troai the dittueion Y&OUWll pump, and an ionisation pge 

tor pre1SUN •anrement.. UMd in routine te1t1ng ot all pr0oe•• 

•Q\d.s-nt prior to plao1ni on .tram, the leak detector prod.de• a 

Mane for rapldl.J locating &DI and all "1'1 mall ftOUWll leak•• The 

..thod inTOl•• p1q1ng a j.t. ot heU.u Jll"0\19 gu OYC" a aupeoted 

nrtaoe wbUe the equipunt. 1a under high Taowa, and detect.J.ng the 

preecoe ot the probe pa in a ae• 1peotroaetC" t)'P8 indioator. The 

aaaq Mahi ae 1• a mditiod _.. 1peotromter med tor det.erld.aJ.ag 

i•otopio oonomt.rat.ion ot proo•• •terial aupl.•• 

The ti•.S.on ooum..-work8 b7 laclu0Sn1 tia•lon 1n a 1'11ple 

· f¢ ot proou• aat.er.lal bT ..ana ot uutron bollbardaent trca a radiua-

If<. , 
\Q.)J 

b917JUum •ouroe. The renl.tant. 1purt1 ot pod.tin iw are detected 

b7 oolleotion at a arOWld.ed electrode, and al't9 proportional, in mteber 1 

t.o .th• u-,a,s oonoctration ot 1uple. Deeiped tor w1.p1a ot 

gu oontaining rel.&ts.ftl.7 high proport.1008 ot llilpuri.t1e1 (u in 

the purge oaaoad.e) 1 the 1·paae nocrder etteot.a •aaureaent. ot tot.al 

a.1pba emt.aalon, b¥ electrical ooUeot.ion ot reau.ltant 1ueoua 1oA1. 

Camining thia Wonnat.ion with the known iaotoplo oompo•1t.1.ml ot t.he 

uraniWD. F••ent, the tot.al UF6 oano .. traU.on iA a adxture ot unud.um 

baatluor1de am light diluent.• oan be OQllplted. The therml oonduct-

diluent• in ' ldxt.urea ot UP'61 nltrocen, arri mrnen. It i• baaed on the 

pr1nciple that an electric cnuTent paaaing through a wire 1.nor ... ea 

its temperature, and that. the clU'terenoe 1n temperature bet.ween the 
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wire and the gas aurrounding it rea.che1 an equW.brium yalue, which ie 

dependent on the percent.age com,poaition ot the gaa. Since electrical 

reailltance of the wire 1a a funct.1on of it• temperature, maaaur.-nt 

ot th11 resistance indicate• it• temperature, and thereby, the gu oon­

oentration. 

Uaed in the purge ouoade, the acouatio anal.J'&er determ.inee, 

indicate•, and reoord• the volumetric oonoentration of light diluent• 1n 

the prooea11 stream, and actuates a control aechaniam llO u to prevent 

enc-loading of the purge oelh because or 1.ncreued UF6 oonoeatration 

in the prooe•• atreu tecl to a purge bullcling. Tbe pr1-z7 al.­

wit oanaiata of a re80BUlce tube oontaj 0 1na a diapbrap at each end. 

One dilphrap ie aaited b7 an el.ct.raupetio ooil, and aenda 80\IDd 

Q •n• throuah the ga1 ohUber lid.ch ex.cite the aecond diapbrap and 

oauee it to induce a Yoltage in a aecond ooll. The aound 1ntena1t7, 

and, hence, the volt.ge induced la greatest. at the natural trequeno7 

of ra1onance ot t.he chamber, wh1oh 1n tum ia a lunation ot the 0Qlllp0-

ait1on ot tha prooeaa aampl.e gaa within tbe chamber. The HF Mal.Jser 

utUi&ea a viaooait.,r bridge whlch is anal.ogoue t,o an electr1oal lbeat.-

c 

atone bridge. Long Mt.al oap111•ries are used as the tour rea1at.ancee, 

proceaa gaa paaaing through two parallel pair• ot •reaietor••" A 

di.tterential preal\D'e tramunitter and recorder 1a connected betwMn 

1111.dpointa of the bridge anu to indicate wmalanoe. A 10dium tluoride 

trap, which remove• HF, ia inserted between t.he two oapUlariea ot one 

branch. Thia rellll.t.a 1n a d1 m1 niehed now through the 1eoom leg of 

that branch, and unbalancing ot t.he bridge. The degree or unbalance 

a.ttorda an indication ot the HF conccitrat1on ot the eample SU• 

Sl6 
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Capable of detect.ing utremeJ.r low UF6 oancentrat.iana, 

t.raoe indioatcr• were dnelopod to provide & •ane tor maaitoring 

W 6 oonoct.ratiooa in t.he atmaphe", vent. gua; eul exhauet. llnee, 

and pureed oella. Trace iod.icat.ore work 'bl' ezpo81ng oerta1n oh&ical 

reagent• to •uepeot.ed guea, the presence ot UF6 being indicated b,y a 

oharaoter1Bt.1o oolcrat.loo. Thi •mlSitiYe element aq oonai•t. ot •ali-

07lio acid Ol"J"8t.ala, er Abaort>tnt tilter paper. The latter tTP- 11 

periodiaall.T checked bT ob9n1cal. wit.h potu•iu.m 

It. aq be arranged to irovid• oantinuoua and au.tomatJ.c trace indication . . 
b,r •tting up a mring tape iqrepat.ed with potu•iua terrooJUd,de, 

and allo1dn& a beu ot to 11&•• throv&h the tape and t.!ten actuate 

a pbotooell oonilected t.o a 111.ol'OUlleter llhich ....urea 1ntea1it7 ot 

lilht tranudaaioft. Th9 intra-Nd ab9orpt1on ..t.er S.. a pol"table leak 

detector ot •peoial design uHd tor obeold.Dg coolant. llnea, ooolant 

t.aaa, and proo•• ooolera. Air umpl• fl'Oll t.be Y101n1t7 ot 1111speoted 

coolant 1-.k• are pmtped through a te•t chamber, through which two intra­

nd are puaed. One ot theM beau ia alAo pu•ed through a 
• 

lltbiam. fluoride tilter which abeorba all intra-rad radie.tlon. The 

intenait.7 o1 this bum will there.tore be iodeplftdeot o t the coolant 

oonoentratian in the ohambc"J that ot the othC" will n.rr with t.hia 

aonaent.ration. The two bellU are toouaed, re•pectiYel.1, on nch ot a 

pair ot reaietanoe tbC"lllOmet.ara connect.eel into a "1.atatona bridge cir­

cuit. A dittereno• in t.empiarature between the two th...,_t.era reeulta 

trom. the ditterenoe 1n 1Jitma1ty of impiagant radiation, and cauaea a 

Muur&ble dit'!erenoe in electrical reaiatan.ce. The dew poiftt recordC" 

(:_,:i wae designed to maitor the plant. aupplies ot drJ" air and nitrogen, and 

Sl7 
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t.o nm ot ace111ve amunt1 ot •ter vapar in tha &••· Intena1t7 ot a 

retlected beam of light tram a cold mirror i• d1 -ed b1 ooodenaatiao of 

t.o prnent d1 ming ot t.h• retlect.«t rq irovidea in:UcatJ.on ot t.be dn 

point ot the •ample gaa. The ditterenUal pre111U'e ind.ioa.tor wu 

1peoiall.7 dnel.oped to •anr• t.he e.xtre.i, ...U flow of eealant. nit.ro­

gen ga• t.o the proceaa pump •eale. It. det.ermlae• the gu tlo• b1 al.ea­

t.riaall.7 MUur1ng t.be pa pre1aure acroa• an oritio• ot 

knolal dtmeaaiona. VariatioA ot the d1tterent1al pream"ea 1tl 001Wert.ed, 

b7 •aria ot a b.:Llon arrangeMDt., to a mew.ant. ot the iron aore ot an 
f 

al.eat.J"Ollqftet., t.hereb7 inducing YOltage ah&ns•• which are a fwlat.ion ot 

the ditterential pre11U1"8, and tbu1 ot tbe gu tl.ow, to be det.endned. 

Wo\ Plant DneloPftl!nt, • 
f 

I DELETED I --- . . . __ .:. __ _ 
/ _ ____ _ - __ A nuaber ot pilot. plant. wen nb-

'"iec;U""'"entl.7 contt.ruoted at. Col.Wlbia Un1ftl'ait7 tor tart.her atud7 ot the 

process. Pilot Plant. 11 initbllT operated in Oot.ober 19421 a1 

UTanged as a t.weln-•t.ac• tot.al retlmt oa•'*1•· It. wu nin tor OTer 

33'0 hours, 7ield•d data pert.asasng t.o oaaoade behavior with A, nA, aad 

'fiB barriers, and operating axper1eace with nriou• t7J>el ot 

proce111 equipment and in•tMIMftt•. 

()'I 10 llal 19441 Pilot. Plant llo. 2 waa plae-1 in operation, 

cond.ating ot a •ix-•t.as• tot.al ranux cuaade uaing reoiproo11t.ing pwapa. 

It attarded. the t1r•t opportunft.7 t.o etudJ t.he behanor ot control in­

am tubular and flat. pl.ate designs ot A, DA• Md Tm barrier• 

sis 

I' ' • . ' (... . ·.o.... ,.,, 
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under cotldit.iou approacbing thoee ant.1.oipat.ecl 1n a tul.1 aoale produat.1oA 

pl.&At.. 

Pilot, Plant. !lo. 3 •• erected and operated b7 SAK per90nnel1 
., 

Jtellcx turni•h•d daign, proCNl'uent., and 1upeni•or7 ••nice1. An eight,-

.•t.a&• oaaoade •&• aet. up, udag lf••t.ia&boul• cu beariq bl.oar• and d\Wlllf' 

J dittuera. Operation on C7Fl6 .. bepn on 15 June 1944. The irust.llllatiGA 

wu found t.o be hJdrodlrauio..U., lt.aJ)le and •abJeot t.o aaU.tactor7 prooe•• 

oaat.rol, and Yacnaua-t.••t.in& and ••ldjnc teolmiqu•• .... dneloped. Studl•• 

ot proc ••• pa oom1111pt.S.on and blower pertor.noe were t.hen llld•, u1Dg , --------- ... 

of oit.l'OI• am ur 6•. } 

DELETED 

In ordll" t.o obt.a1A perf•Mao• data tor aingle-9tage blower 

os-rat.iOA, a ••Un&boua• 1u beariai blow• aa Uled at. the SAK Labara­

tori•• in t.be --.r ot 1944 t.o oiraulat.e J*"OC••• au through a aet. ot 

4S tub•'•r d1ttuaera. Tba uperlalnt.1 Jll'OYided 11pit1aut. dat.& perta!A­

lng t.o bl.ow_. beb&Yi•, ocrroaioa, ald barrier Plu&sinl• 

8•" £hlai!tr1 and Phr!101 of th! Dit1\p1on )(et.hod, - Fl'Olll 1940 to 

1942 ut.uaiye etlcrt.a were p&t. fOl"t.h at. Iowa St.ate Colle1e, t.he Ua1"1' ... 

it..r of Chiaaco, ind t.he laboratcri•• ot the Caz-poration, t.o prepare 
' 

an organic urW.ua oompowul nit.able ttr ••a• a gueCNS ditf\181on 

working aubataaoe,.. bu.t. no 1at.iltact.oey aubatit.ut• tor the ccrroa1Y• 

uraai.um hexanuoride ••• touad. The ocrroeion and ot.her chemical 

i:robleu antici:pat.ed with th• pa• ot UF6 lid to t.b• eet.abll1hment. ot a 

chemical 1ection at. t.he ·SAM 1.aboratoriea. Study ot th• JJhl•iao-oh.S.Cal 
I 

1,6) 

t ... ,1 propert.1e1 ot UF 6 •aa beau 1n 1940, inYolving methods ot handlin8 t.h• 
·,_/ 
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gu, and naw •&¥• ot pr•l*rina it. for chemical analJaie. other ohemi­

cal.11 1t.w11.ed 1Acludecl A1okel and n1okel carbonate, barrler •t.•riala, 

and uranhaa aompoanda other than ur 6• 

The ..Cbanio&l. pl'opert.ie• ot barrier• have been 1t.udled bt· 

aeana ot bmc11ng, t.eneile at.renatJi, rolUns, tatiga, and nut.ter teat• . . 
! • 

J 1nY01Ying thouund• ot routine ex••'nat.1.ona which wi-e necea1ar7 iA the 

aourH ot the barriC" dnelopMCt, prograa. The ban-l•r ch..Ut.r,r re­

•earoh procraa iAolwled t.h• d.nelopmnt. at nuor.t.aat-lq, or oondit.ioning, 

1'r0oedurea, and •t.udT ot •t.bed• ot 11hd""11a& prooeu au oonaupt.ion 

DELETED 

I..___ .... _ .. 
-- . .. -----

_ ... ..... #41'.ZQ ..... ...... "' .. ... . 

. J/ The t.edud.que1 wre extended t.o incl.ad• 

M&nr•ent• ol barri.9r poroa1t..r, and were &110 moditied t.o •PPlT t.o 

tutial •r aurpl. ... 

9. SaltV 1A4 S19;i£U1. - Features ot the ColuMSa Area utet7 

propul included a u.t•t..r depart.ment. and a ..U.ofll. cliru1oa 1et up b7 

t.he SAK Laboratorioa, Mld a :tatet.7 Addao17 Oomit.t .. 1'1.tb reapan81-

bU1t.,r tor anU.oipat.1.aa and copiag with •pectld utet,7 probl- ariaiag. 

The Colwnbia Area aupeniaod ooat.raotor Hfet7 p-ograma, 

aa.intaill.t wit.h the Distriot Jledlcal and Satet.7 Seot.iOftl. A 

Columbia ArM S.curit.,r •a• aleo 1nat,1t.uted. 1A acaol"Clanoe with 

atandard Manhattan .D1atr1ct. polloi••· .. 
10. Coste, - The t.ot.al cost of the Jt-25 research program •• 

114,07) 1004 a& ot t.he end o1' the tiamU. Tea.r 1946, at whieb tll1e th• 

' 
••ti.mated tot.al tor completion ot oontract.• •a.• tlS,Sll,663. 

S.20 
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11. Oroaj.&e.tion and Per•GMtl· - In anUcipaU.on ot the awardiag 

ot contract. W-74°'-eng-50 to Colwzi>ia UA1Tarait7, Major 2. t. Rough, Jr. 

waa deaigna ted Columbia Area Enginesr in tt.e apria£ ot 1943. lie was 

wcoeeded ill Januar7 1944 bf C&pt.ain L. L. Grot.Jan. The war re•earch 

activit.id in nu.cl.au ptqaic• at. Columia Univerait,1 nrc organised under 

the name ot s..ua Laborat.or1••· By F•brua1'7 1945, t.h• work and equipment 

had been transterrecl to the laU.x luh labora.toriM. Oa tbat dat.e re­

apaDaj.b1llt.7 wu aaauud b7 the Carbid• ud Chamicala Corporat.lan. 

SAM act1ri.tJ.u were directed 141t.lall.7 b1 Dr. H. c. Urq, and, after 

FebruarJ 19451 b7 Dr. a. H. Criat.. Dr. Ure7 ••• a1d.ed b7 A••ociate 

Directora, Dr. L. ll. Currie, and Dr. H. s. Ta,ylor. Dr. J. R. Dann1ag 

direct.eel ruearch and developllmt 1n mchardcal •n&in••l'inl probl_., 

Q pilot pl.ante, proc••• operationa, · and iaotoplc &Hll.J •tboda. J. H. 

( '! 
/ 

Al-Dold direct.eel lel.lu re•earob and dnel.opMGt, and Dr. 11.aMon Benedict. 

had oharge of proc••• de•ign, and planned experi.Mntal corroaion atudie• 

and at.udiea o! bani.era, cold trapa, &nd other equ1.p1111nt,. Oth.r kq re­

aearoh peraannal include Dr. Jt. II. Burna (Bell Telephone Laborat.oriea,) 

Dra. Ii. S. Tqlor and G. G. Jori.a (Princeton On1Tenit1), Dra. A • .&. 

Gaal.er and Di IL Gana (IAt.ercbt..al.oal Coz-pon.Uon) I Dr. a ••• !Adger 

(Calitomia lmUtu" ot 'lechnoloa), and Dr. A. L. Benne (Ohio St.ate 

Uni.T•r•it.7). 
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DOOR II - DIF'FlKiIOtS (K-25) PROJi!CT 

VOWIE 2 • TITTSF.A.1'\Cll 

1 • l li'l'RODUCTIO?J 

1-1. Pur-:>ooe. • K•25 reoearoh am dow lopDent aot1 v1 tieo wero 

d1No'bed 'tx>M\rd 'tho solution of probleua enoountared 1n tho aepNQt1on 

or UN.n!'l.lll>-2:56 tl"om mturo.1 uranim:: by t!w ntthod or diN'uslo.n. 

s!!?P!• • Thia wlum tNata or tunda.rn!tntnl or ?ure roDefU"Gh 

ancJ usootated laboratory dewlopment •Q\d.rmtnt. llnd 

prooe1oes utlli1ed by other branches ot the Jr•25 Projoot in the deoi{11• 

oonatruotion. and ope:ratlon or tho dittuaion plan1>. ll.eaoaroh inol• 

C9 &tntnl to · tt.. pol"formnoe ot theH other tunoidona• as ditterentiA'tE-i<l 

.from bu1o 1'9Geal'Oht la d1eowsoo4 ln Vol1r11t z. The t'un4amntnl reseru-oh 

aotiv1tiea 00t1pr1sed tho cbo1oo or a suitable feod nater1al• the 

dewloprent of dltt'ua1on battiel'll and aUldU.ary equipnont auoh ao 

pum;>a• een.ls am oontrol b:lstruDonto. e.nd the adaptation thill equ1p­

T.19nt to use in tho preaenoe or the prooeaa t'U• It 11nG neoeasa.ey to 

oolw wry ewlous oorroaion T>roblona. and to dewlop a nutr .. bor or 

apooial ohomioalo. '1'1e halllU"d o!' ool"l'oolon lay not only 1n tho obvious 

poaa1b1Uty or equiprmont dotori()l"f,..tion,. but in tho 1%1¥Jh r:x>.re detrit10ntnl 

ettect ot product which ocoura in ewn c!ld tol"'rJD or 

conooaion do not naoh destruoti"«J intenei\y. 1be rooee.rci1 and 

dewlornnent l'J'Of',l'\'.l.Jll tor apeoial ohetrl.cala required by the K-25 Projoct 

to doacribod in Book VII. 

1-&. 1,uthorico.tion. .. Authorbrlt ion of rooeo.roh ' '.ue 

. . . 
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a!milnrq to othor phnsoa of the Jt-25 11-ojoot ao inontiomd Sn Voluco 

l o1' th1e book, nm c!esoribed mre in Volum 1 ot Book l. 

1-G. MnSn1atro.t1on. • Reoec.u-oh progl"UIJ were oentered tn a 

mnber or un1wntv1 an! lndmtrial laborai:xJriea, mder oontnot to 

the ODWrmmit. In aooOl"danoo \'11th esiabliahed llmhattan Dlatrlot 

practice, oontl'Qoto (App. DOl) 11ere adndnbtDJ"Od. by apeol.tlod ANu 

or tho Dl.ntriat. Mmtn••tratlon or the 1111jort.• or the ocmtracrta 

dee.UDr. with ttl!)!Sammal K-25 Naoaroh am dowlopamt (aoludlng 

WOJ"k on speotal ohemloals) · waa tho ot the Coliai>ia 

Area Bng1mer, w1 th the NZ&1nder under tho jur1ad.1ot1on ot the New 

York Area Engtneor (App. Bl). A ro•um 01' reae&l'Oh and dnelopmnt 

oontraota i• preHntoct ln ApPfmUz A. 

1.2 
.. -. -r...· .i 
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Columbia Un1vorc1tv. -
a. Sel&etion D.nd m.sto17 o!' norat1at1one .. - Tho dif'­

tuaion tethod wa.s acrloualy cons1dorcd t'irat b-,r Be f. Rooth, A. Von 

tntsao, o.nc1 J. n. of Colucbk t'ni voroi ty in Since thin 

tTOU? all'Mdy was directly oonoenied t.1.th the d1tfua1on prooeas, 1t 

wuo deeidod to e.:r>and ltts prof;l'UDl under a aor!ea or contrncts. 

varsity to COTOr the period 1 .July 194.l to Juno 19'2. the work to 

be done tilde!" the d1.reot1on ot Dre J• P.• Dutmin.e• Con.tract Of·!Har-412 

pwm!ttGd an expanded mder- the direction or Dr. n. c. Uroy to 

be oan"ied on at the tron 1 Deoedlor to 30 April 1943. 

F..f'f'eotiTe 1 :.hy 194.S, the dittualon •'tudle• at th!.& tn.etl.tut!on WOl'8 

embodied in D1atl"iot Contra.ct W-7405-enc-50 1 tho 110rk to be 

directed b:,r nr. uroy. The kboratorloa at Coll.l:ilia OAmC to be Jmawn 

be ftoape or Contre.ets. • The above contra.eta provided 

neeeose.r.{ f'or tho desir;i, co::ctruction, c.oc oriorut1cx1 or the dirfuaion 

(K-25) -pmnt, and continue cxperi!::entc. to o. point tvhcre cortnfa 

a.lterr.nto scno.rat1cn ncthoda could ';)Et ew.lw.ted. Tho Uni• 
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&DI cal'1Mm Chealaal.8 COl'poiaid.on oaataet ..S.1' 8upp1-nt 

uo. t. 1he ... •so l&boat;o..sea• wa Ntalm4 by tbla orgazlf 

@ 11hloh ocmtSIW94 ltil work Pl'OCNll mtd.118 *Nb IMS, at wblab tim U• 

taollitl•• an4 lta 1 rtntng •rk 0'0'1P9 eqap4 lD pl'Ob1- ot a oon­

t!au1nr; •ture, _,.. _.... to the WI plant at Oak U4ge, flliDDH••• 
· Me Bell f91!Pbom !eboratort.1 (W..tln Eleetrlo Cai\'St2• 

a. sei.otton an4 Blatez ot Beeot:Sattonil. • Coratrut 

wu mgotd&W ill Auguat 19'1 to oomoUdaw and .tend, 
,.,. .. 

un4er th• Mulba ... Diliriot, law•U.tlcml cm teatlllg, 

&114 banhr wre be1Dg ooa4uoW uniter <mm. 

· be few- or Work. -

.. 
DELETED 
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2-6. Pr1noeton Mwre!tr. 

a.. Coleot1on and IH.•tor;r ot trerpt!.atlcna. • Thia c<r.ltl'ao• 

top "81 aaleo'b:Jd becauee ot tho a:rper1once ot Dr. n. s. who 

directiod the projoot work, and booause at the adatonco ot certain ta-

011\tit}I not aw.ilable at Co1unb1a Unlvenltq at th• th.a or ttl8 

' J t!aid.oru1e Teohnloo.1 ••peots ct thl) ocmtraot were d!acuaaed by 

Dr. Taylor :u-.4 Dr. 'le c. Urey or 16 r-.y 194!• an.4 the oontra.ot (t'i-1'°5-

ent-OB) a11 mgot!atect on a JmJ.e 194.!e 

h. !!OJ! ot Work. • n. ?rtnoetan ecmtraot NCtuired 1:19.t 

mthoda at ?rot:re&t:ln.g niokel barrien, to lnduoe m1lon rH11tanoe 
• 

to ?J'OM•• be boaaw•, at th• ti.ml rr!.metDn be,_ 

lta work, aw.flable Worsts.on !'2"9-1"'1r01mtio11 o.nd pre-
·- ·---·· -·-

t1ucrina.t1on as 4eeU.edly hiadoqw.to• 
( 

DELETED 

a.. Intonhmloe.l Co!"RO!!=ti2E:t • t.Dler oontraot r-1•01-

enr.-zs, t.:1e Corporr.t1on _. enraged 'to ctnelo? mt.hods 

t.'ie production ot niokol powtlera tor use in the ?!h :io.. · 

derod nio!:el barrior. A pilot plant 1'1nl · .. .) .:roduac ?(JWl:erc 

in twnty.t1YO pod be.tohea tor t.oot1n .: Wld reoarch ;>U199o:ioa. 'lht7 

pirntri t plAnt to produce "Ml99 'ton!J o!: niokol pOMtler p8l" r.x>nth .. 
- . -- .. .. -- -- ...... -.... .... __ ... ......... 4 _ _ _ .. __ ... _______ • .,.. .... ,. .. .. .. _.. ............... ..._ __ 

DELETED 
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b. £!!!2.. State Un1Ter•ity, - Th• thre• principal problw 

./ a;i•isned to Ohio .Stat.e Uni.,•r•it.7 under t.he .&lanhattan Di•t.riot. contract. 

{1i-749S-•ng-9S) were: (1) Purilic:ation ot n-perlluorohopt.ane (Vol. .3), 

t.o be u•ecl u a •t.andard in ••t.abllabin1 1pt1cif1oat.ion• tor in•rt.n••• ot 
""' 

tluol'Octarbon1 t.o prooe11 1u; (2) fnpal"at.ion ot lluoroohloro compoanda 

t.o Hne ae a 1t.art.1ng aat.erlal tor t.he preparat.ion ot pol71Mrio 

•\•rial• inert. t.o pJ'Oo••• IUJ and (l) Inw1\i1ation ot Po•aibl• 

pr.pant.ion ot organio liquid• •hicb would d1180lft proc••• P8 and 

@) ooW.cl be cooled t.o tora ala111e1, th••• gla•••• 1A tum to be u•d tor 

' _..., 
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s-1. !ri!story or DU'1'uaion 1'hoer:• 

&.e Il:?.ioM:e.nef> or u-235. • atter tho d!aoowry 

ar ::iuolee.r t1a11on• 1n uranim by the iel'!all o. f-!e.hn. and 

r. {App. Dl) ln neod>or 19:m. the eN'eot wns con!'lr'IDd by 

ac!.entlata in _,.s.ouaa Jabot11tor1oa. AIDrle thoSc to 4o 

ao '• Re Dmn!nr: and hb oollaborat.en (App. D8) 1n 19!9, 

at OolumbJ.a Tlntftnlty. 9-t.nen th1a tim and. !ilroh 1910, 'tbro.,1ete4 
/ 

ancl'Ql roeea.rah atudi.01 11h1oh oontnbutod to an urxtoratandS.ne or the / 

ocmpla ;>ben<nma bnol'f'Cd in nuclear tlu!on. On tflo Jattel" dl.te, 

they experiaDnt.al endPl'l'lOe (App. D3) estubliah!nr, o. ta.ct 

a.ir-dy pre•!lcted (App• D4) an theOJ'9 .t1a&l cround•1 mmaly, . that nuclear 

fbalon aria• from presence of th• uran .ii= iaoto·e having an 

nl:itt or 235 caa1only called In their po:r­

toraed with tho &id or A. o. ltlor at tho UnlTer•lv ot they 

had BtMtOeedod in aeparattnr DL"lU'fif m:aounts or tl-235 htom mtmally 

oocnarring uron1tae S!:aoe th1a !sotope 1a preaent onliY to the aztent 

o.n JMI' omit 1n mtural And it:s tbBy oonolmed .that 

Further con!'ll"St1on or their roaul= 1'D.S lhortly obta1nod .rroo expart• 

ant:i por!'orcod at the 'Jni"IO:rlity or Colt.alls. U:.rl.vers1f\y 

{App. !>5), anc1 the Genoral F.lootrio at (App. D6). 

b. I•oto+>e fle'illro.l;ion W D1f'1"\.•!on. • '!he invcatl;ti.toro Clt 

Colucblr.. !°)rocoed?c! t.o oonaS.cfor •:n: o!' eopnrntin r; thr.. urruliur: iootopeo 

., 



) 

. I I . . .... , . 

pl.a!Jt 1s !t:J !'1zoat OOl'!DCJ"Cial ap:;ilioelti.on. Thia he.d bocn Cr.10 of the 

mthods for other "lemente by Aeton with ?&rtial 

operr.'°: lr in these O.f\.oca1 e.nd 1 t 'MlG beliey ::d · 1 t could o.lso be 

reo.otiollf', mde it tlat tho theory or t.ho zmt;;od 

('') bo rci.-axaci."lcde Thia •a do::1e by Cohot: and othoro at Coltr.bU.., 
I 

·, 

n ""·.seOU!J di!'fusio:; plant. Tills })(ls been uar:d, ocacmtia.lly 

unchan•·cd, in tho dcsi·n or t.110 K·'.?5 pl'Oduction 7ilant 11.'.; Clinton 

.. '!'heo!"Ot!.o::.i.1 ;•rirtoi»lco · f):icrr..tion. - . 

f 
\ '.: ..... 
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) tre.v('lo a.t lii;:h a:-o.ed· !n r. ,,tre.1(jtt lino until 1t collides 

qua.r:tity of £L• wit!1it. the container er.no wouJ.d be. evidencod by 11 dro;1 

1n the preaaure within the oontainer. It !.he a:perincnt ia 

with a or great.er dena1t)" (higher moleculetr wc1,:ht) , t."u.> rc3ult 

-.Ill be th" -.., exeopt th&t t.be J'Qte or will be olwer. 

ta1uroment 1n •ah of tho tllo CJllaec would al.cw the.t tte rate:i are. 

or the two OOz:J;>otmda. The two auat bo run at identica.I '°'Ol'{l91"• 

atul·ea• · thder auch a coadition the . ::inetic ·Theory aU.tos thll.t the 

· avcl'6 f':e kinetio enerrY or inciitldtal wlcci..loc e>qt:al in each 

..... . Slnoe lcinotio rt:JIJl"[7 1a equal to or.e !-Alt the i='tod.UOt or nASG 

t1Ill';la aqU11.rc or 'ltlloolty , the follow1nr equ::4tio:i c::m Le 

i SJ Ti! : i 

fillGJ"t'I .... reprttsants &"f"Ot'Cr,IJ colocular Tttloe:tf:\y, and m reprneente 
. . 

mlBoulnr m:ss. The rnt1o o:r mleculnr wloc-tt1eo · le t.1\o aa:-·o e.e tho 

!'et1o or off'u•1o:i. mteo, and tho l'&ti.o or r.Vll()oullu• ra:ssoe 1a tho 
' 

er s..oleoulnr weir,tita. Thia thei-efore 1 e. rothor:ntioe.l 

ror-·ule.tion or tb.G u:icrlmlntally A third o.r>0r1• , 

cfl};'.!t -cay n<m 'tao v181X.liacd 1:1 which a mi:r:turo of d'.\f'.forinr:: 

e.rei usode rc.t.cc o!' cnoa:1c Trill loc!eo.lly b" 

·; ; . f . I 
" - ,. , "\.,, -' I , ,,.._ I· 
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1n 71rop:>rt1on f!l"3t to concentrat!ona, and oeoond to 

tho S-C:J?actiw awrc.: -e mleoular wlooi tiCJa, hence to th-, 

oqwrc roots ot the molflcular we1r,hta. 

be Continuoua 0pcJ"l.t1on. - Aa the prooe•• or eftwliO!l 

tnkes plar.e, tno ctllr,goa oocur. F1r:st t! le eaao.piu· -. 5.r..to the 

oulos baok thP;.;u.-·h t.:c parforr.ted mllc ·inw tho S!noe tho 

gaa wtioh br.n passed the oonta!nor (di!"f'uaa.te) 18 riobcr 

1n 11'.'.hteza tmn tho ata.rtin"' td.xture w1th1n ttae container, 

tho erreet 1a rl1ae.d•u1:agoows bc."Oeuae a r-ro-r:orts.on of 

r.111 Oo:'lClst or t..hc:i decirod li;ht oell?Qlont tt>.nn 

11UUld. be tho cc.ao 1t this iU oaly tho oonoontra.t1'1n or 
. . 

1'h1oh enetco in too mxt-ure. 1'1-.is 1.ll 1n 

l ·' 

aocord with the &t'911ed wtwJ'e respl'lotl"O'f; eN'Usion • 

v1cnalucd in t6 raaprctive oonorntrc.t1one• 

1bG cecond i;;laoe as tho rizaooee• tooa on 1£. a dJ'op ln 

4!h1a 1a ucdea1n...blo lt 1a ili!a so-oe.llod "roro pre;.;ouro" 

which 111>tiw.te:1 tho be.tile prooa1a, torc!nr 'tx> !'lc:xr throu;.b 

dlad'm!lta , --co-Ja bcMuso ,aa t1nf) th., or 

11cht.er oo::-..pono:Jt docra:.oco within t?-.o ocmta1ner, and, 1n ?rc>portion• 

'l'h&se d1.aad•n'bl.:·o'?' my !:.e. 01Jvia't;o;'....d bj• NSort1n:· to ccmtinuo\ti 

Ct,)OJ"Otione A G'bi» " ia· oet b;.• eu· ?lylne raD to the 

027 f P JS .. Jiiit .. 



ear !FIB EJ .• J .a I t8 

in order W koep faot<n'111 8UOh &I ®DCO';J.tl"e.tiou of 

·. S:lmle.rly ba'Jk prt;ooure 1• mSnirdsod• 
.J 

Ce J'l"Q.ctionl Applloa t1ant • 1hc !we.rt or the r•25 1.11.ant 

1a the dif':t't.ution ••ea.de, 11f.11oh ii 011ent!ally a rope& tinr, •n"ion ?t 

equip:.:xr:it dup11catinr OODUJ1UD1111y, boun a SYt tM . 

r.rooed.UN diaew11oct abovo• ?he •contalmr" 1• called a 

ditt'ueor or oonvcrtore ?he •pertoratt.id lllall" !a rcl"crred t.o u.a 

barric1·. A oor trol valvo and raa e.ro prori.ded to reGUla.to flow 

t:0 and preauure 01 .. the f1d• and a. cooler prevont:l tho ho:.lt ot t'\U!a.11.nt. · 

trom ... 111nr · the teq:>oraturc or Oi)ero.tion. !i:oaet are ele=nt8 

I 
' 

or a. ;"l'l!.ctical •ctt.r:e•. dif'tt:i:!on atr. ;--PD ?rovlc!ed tbe 

din cancade at K-25. The r-21 ta.c1l!t;r ;>rc>Tldee an a.ddittonal 640• 

An !mporto.n.t oonoideration !JI the •iae or the apertureo !n the 1-ITiere 

It b &i-..,reront tbit "holf'e" 17111 :"Jt>rmit ordlmey msn flow 

or mixod ' ;:-e.a throu7i the tmbro.ne, withciut tlie d••ired 118='1l"1tift 

ettoct. It la nootlasar-1 to !c<.ep the Jmll bo1ow tho lcn ·th 

ot tho 0 man rrc-o ra.t':" of' '."'J'OOC8C ·ti.a r..Olncules. ThiG fo tho 

d1stanoo bj· a..,, L ... mloc\llc tizo aucccaG1TC 

oolliaiona with nolf,bbor1n :-; mloculoo. A Vor"'J barrier 

woul4 haft an aperture of OeOOOOCY.>4 

f 
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d. Paotora Tor.din·· to .:lcduoo the Ftfieicnoy Sop!.l"n tloo. 

(1) Do.cl:: Dlr.tuaion. • Aa disouaood abovo, the buck 

praaaure o.."l the downot.rem:l aide tile barrier be lwld o.t a low 

•luc 1n order to i::.ci.W.ai&lll diftuaion or dU"fUSAte oock t:brou;:b 

med>ro.nc to tho upstream aido, reaultinr 1n serarntion 1n thr.; wronr. 

dlr0ot1on. 

(2) "Joatl1nr.", - lney oo111a1one occ.ur bGtwoen 

llrjit end hoa"7 mlCJOuloa while they are p&lidnr throu·:h tho bD.rl'ier 

O?en!n£.'ll• On tho •cale ot J:l)leoulo.r •1'1itu!oa, thoao opclnr,& •hould 

bo v1evtid as -;aosaie-ya Ulrourj1 tho thick 111C.ll or the 

b&nt1or. 11.rht: flow faster tbQn heaT.f ·mloouloa• 

ooll1a1oos L"l whioll a 1S.7)lt h1ta a hea.V'J ono troc behind aro 

mrc trequont tll1n thoae 1n whioh a heav,1 raoleoule l:S.t:a a. 11Ght mlo-

aule behind• A1 a .reauJ,t, hlc"t'Y mo_leoulea (u23S, 6) an, on the 

&Wl"aLP 1 tt:? by with 11::-ht mlooulDs (u23S.-6), arlcl 

•lmllarly the llr:ht mleculea a.re The oftoot or thia 

"joatlint_;'1 1B t.o J"edUOO tho flow of detill"Od COl.'lpOCODtt and increo.ae 

the flaw of undeoirod tbl"OUr.h the &::">eriurea• ni.e 

•eral"'lt1on is OOJ"raepond1ni:;ly roduocd. !he 1net't!o1enoy 1s lees 

prooounood with amllor ratio or holo oiao to DlG.n froe · path of the 
. . 

m>leculca. Tho eop&l'Cltion .ft:.otor therefore 2D;:J".01"a c..t lowr 

oporatt.nc proaauroe. a1noe wxler tide condition tl!o i:aoc.n .froo p&th is 

groc.ter. This joatlinr. ei'feot .lo oppoooc1 by tho bo.ok_ d!truaion 

er root, WM.oh roduooa tho prepondol'Bllc& or 00111e1ona or 11 ii t mle-

oules arc.inst heaV'J mloculeo rror. bohind ·over the reverse t:,.']'l8 or 

colliGion. 

s.c 
..... .... ... ...... 



fl.ow ooouz-s w1 th my :iraetieo.1 hole . a1ae. 

(4) Surf'a.oe Flow. • A wriUco t'low aometiloos occurc 

alonr: the £'11.m or mleouleo W.itcb are adaorbod er.. tho ·.m.lla of tho 

holce. Vlaooua tlow and aUJ"tace flow are mt.nor etteota. 

( 5) Inett1o1eneye • AIJ 1n a>lt oaao1 or 

tlui\! flow •• ··tacrant rllm tanda to toft'l !n ao=iil>.ct with the 

_.,.35 
proasurc 1idc of mttiore Th.ii bcOOllllll depletod ot l.r F6• Ad• 

cUtional rl-36 r8 l!llll!lt difi'Uae t.hrou:-h this tiln botoro puaing tbl"ourb 

the baJT1er. 1he re1ult !a a Ntal'd1n;9 ot tho eeparat!w &<'.'tione 'lhe 

ef'toot · 1a rd.rd•!ae4 by m1nc hl{;h ·11L• w1oo1tlca oo th&t the reault1nr.; 

turbulence w111 the th!oJ:nea• or tho 1'llm. 

(G) r'lnholcs am Leake • . • . !'1.nholoa ln ba.tti"I'" 
. . 

( J en<! l8Aka in t.tio ocn·tTOrier aaambly rotiult 1n non-aepu&l.tiw tlow trom. 

'tT" ' \;..,1 

PJ"GS•uro to the low pna8Ul'e sane. taoh eonwMicl" 5.n the 

x-25 plant bas boen t eatsd to keep th1a leek tlov below 2 per cont of' 

·tho total tlow 1n the "'A" atream. 

('I) Variation 1n Permoal>S.lity. • ·Variation 1n 

permoablllty tron P?ht to poit!t in the bw..rri1.1r <:11uaes 1n.ett'iclency 

bea&Ule ot inequality or Oet°)l1J"::t1on. Tho 'farm per.:iea.bil1ty retera to 

etuie with which the OQ.:l penetl'llteo tho barrier under . 

oondit!ms or rore )'IJ"eC&UJ"O &nd back ?J"98::ture. Y..&llex Corporation 

••lunted thia Snet1'1oier.ay 1n July 1944 in tel'llll of tho 

•:-'llitudo of tho "Val'!At1o:l8. 'fbc theOl"':f mo uacd t.o aot upooifications 

tor tolerable der,rect ot 1n ba!Tier pcrmonb111ty. For Zh<>ro 

41aouoaion or mlecukr e!'tuoion and rrinc1.ploa, 

rotorenco ahould be r::ndc to the i:ollox Roriort, ii;eotion 
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)-). r:ork on F DeTclo;.ment.. - Prior to the grant.ing ot 

OORD contract• at. Columbia, and during the earlier period of these 
• 

eJq>eriment.al work continued, in addition to tu.rt.her theo­

retical atudiea. The experimental progress i• deacribed 1n lat.er 

aect.iona of tJd• Yoluae. It. aq be atat.ed brie.tl.1' t.hAt •,,hanical. 

de'ficea and material were in the Ye'rT earl7 at.ages ot deTelop111mt, 

wit.h &arJT of the detail• under inveet.igat.ion. Theoretical conaider-

at.ion• bad reached a at.age •here deaign, conatruoticm, and operation 
... 

o! a plant could be tull7 enruaged. Thia at:ite ot att&ira led to the 

ooncluion that th• proooaa appeared \.o be Ye'rT promiaing and capable 

ol beins operated suoceaatu117, and tbat .t'W"tber research and denlop­

aent ahould be puraued vigoroualy • 
-

a. ix;panded fieaearch f'rogrlill. - The inoent.ive tor tbi• 

continued dnelopment came in December 1942, •hen the Department., 

represented b7 the Manbat.t.an Diatrict., requeat.ed The M. '\'. Kellogg 

C.pall7, •hi.ah wa• working under OSRI> aont.ract. O&Kar-406, to continue 

it.a reaearch work and t.o undertake t.be ilnediat.e deaign of a dif!ueion 

pl&nt tor t.be product.ion ot one kilogru per dq of U-2J5 at a ooacen­

t.ra t.ion ol 90 per cent. A aubsid1a17 tirm, the Kellex Corporation, was 

to undert.ake t.hi• work (App. D8). reeearch wae 

t.o be done at Columbia Un1Yera1t7 (App. D9) under the direction ot 

Dr. H. C. Ure7 (App. D93) with a01Do atudT ot ·•pecial problems at other 

place• aucb u .Bell Telephone Labor&t.oriea (App. DlO), J·rincot.on Un1nr­

ait7 (App. Dll), and th• Jerae7 Cit.7 Laboratories of The ll. Kellogg 

Compan7. At thie t.iale, the eas di!tueion work at. ColwrJrl.a wai- beinf 

).8 r, t• •. , • • 
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Oft.rr,ec'.'! on under 03R:.., conti-. _ot but ner:otlationa tor trn.."'181'or 

or t .bci work t:<l tho 'IP'i;;Z-O in pl"O '.'?t:BD• l..a W.buht.tod 

by it -.c rcco ;ni&ad tbo.t the Projelot involvoda 

1. 'lhe doci r,r.L or a pla."lt utilis1n:r a :irooe•• never bo!'orc; 

o.ttm!l'tod on othor than "" laboJ"AtOZ':f aoalo and tor 

whloh t'Ve:l lira.boro.tcn"y do.to. ••O . 
2. Tho 4an(':inecr1nr or Ill oporv..:le dU'f'uaion caaOEl.de 

which mdo 1t a,]aJ"ellt tt.t i11r1ortant deolaiona would 

3e Tho oonatruotion ot e. plant ot wu.m1*1. oiae and cam-

@ pla:i ty larre que.nti tie a of apcc!Al equip. 

ment • the reaultln: lnatallation havin!j to be f'or all 

intent.a ?.nd ti rht a.m clomi. 

4. The enr;ln0t,nnr. and cor.• t:ruotion of extenaiw 

au:xilJary t'acl11t1cs and ut111tloe. 

s. Tho devolapmnt c.nrl t1on or eevera.1 tdlliOna or 

&QULl"O toet or • a totally nowl and 

apeo!Al !Jl torial. 

1. The and fabrlci.ticm ur six or 

highly aipoai&l '!'\Ill- . aes.Hr:r deviooa. 

6e The development, fc.bl"ioatiO' .: an(! &Hecbly Of OOWJ"C.l 

a,ji;, p .. 
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of' ri:1c v..na other proccso qubr.xmt. 

o!' lenk ton tin ·· 

12. 'nle ancl p:roduction of a1&0'4blo qw.ntitlcs 

of & nuobor ot ap."loSnl of hi[h purity. 

lf e The solution of lJn?l"OOodontoQ ee>rl"Oa1on probleat. 

!')OW'CJ' o:r ul tra-d(lf'e:-.rle.bil1 t ;;. 

3-4e lioairn or lAJ" !-C Sac.le •.(lift111&1n r: thu theory 
. . .I- ... · 

,,.... .... , :ed. b:,1 C:ohon1 v.ncl tLG o. Msul t or furthr.r tudi"!& b · · i t1> or;o 

•nc1noera, i:;h:; corpo:-o.t1on, 1'1!()J"d.n ·· under 08Rn co!ltr: .ot, ::e.cio a 

eaacade opernt·on f:\.:J 1n "o.?"tt·rn1h 01• Volur.10 l. Co:xDro­

bens1w :1rocco.s t.c:i!rn 'IJUS inalo:!etl !'or- a larr-o DOflle dli'tusioral 

''"'6 pUl'f) 1 from 2100 per ®.y or feed o. 71 cent l' ... J r6• 

Dosi 'n or auzilie.ry- C(]Ui:m2.'1t ••o nlso pre:3ontrJd i:-1 \. ,,,__ .. 
____ z-v_r:_j_ 6!mzc i.wJ: or 

104.'2, a t:rou:• oi' I·.nrliah ocientiots. :1uisrr:. i'i• A. Akers and 

'-l·r· -'-' ·;_..,1•·r 01'"' r ·..-.!onh ( '" . , .: .· ! . .. to r-t r, ·, 'I., 
\,jltl•.JV ' ' .. !. •·<· "1/, ·· --' ._..., \. ,,..,...1,""'i.., ... 
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h1f.l1 '"C.8 ';'rcoaurc, e.:1d. concH tionfj of turbulent · • 

1t wao also !'or UD.:-r:lcr nrr>C. holdup t.nd cquiUbriuo 

tine. '.i'!10 io the of' diffucinr: retoric.l • .ich it tab,:; 

to Pill u:-i the t;lnflt, or tJiat· :rcr.nins in t."ic nle.nt nnc cannot bo Y:ith• 
• 

drnr.:1 product. :'ho equ111br1w.. tine ir, th&i t i:rnrioe C.urir: ;·· 

tho :;lAnt ru.wt e.t totnl rcoirculatio!l hoi'ore a product or 

requisite r,urity tty bo obto.1Lcde l!' the hi:.ld.Ui) ia decrcnocC:, the 

equH1brlur1 Uno o.loo de>0rco.ae1. The plant, .im& 

aUl"'Oa thn.n th(' Aoeriocm plant. mine th<'!re are advo.nta : ·e:J 'bJ botl) . 
ochcnea, tho Jllleriocm en rojectad t.hc Il?-lt1.sh pri:;arily 

() a.ltcrnativo British were COl!Di.d(Jrod '.'.ut they too wore 

· rejooted beoo.use or the le.r i::c :itmning load.IS and cor:r>liCll tod cqui"."nant 

rcqu!rcd. B.J"e deaeribed 1n dc·ta11 in !3r1 tbh publ1oat1onc 

otho:- nem'bc!"ll or n Br1 tiah ;-rou;i, altor:no.t1vc pl.ox. t deoi,nD YJ'O!'°(' n -r.i::. 

d1aot.Waod. n.r:.d sic.11.nr conoluaionD woro rooohec1 by the 111• 

Tt!Otir,a.tora (Apir. f'urtiler disouoci«i or Dr'itish &G31stnnce 

con..'"lf'Ctio:-i "With c1co1 n ia 1!1 Voltn>e s. Seo ti on lS. 

\ 

\ 
I 

\ 
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--·· .. ·-- . ' l£tcr Work o:u ; }n::t - Tho theoroticc.l r:rou:i nt -.... 

to:lti on bobr, : oetly ro riroblcr.i.:; or control end stnbility of 
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Early Studie•.!. • In the latter part or 1941 the lt"fl.J'Ch T!!18 

'b•l"\Ul tor .. barrler •terial or the required p«)l"OU8 etructure an.d with 

•nHable reel1tanoe to ool'"l"Oa!.on 'b7 uranium ho:xatluoridf'e iihen tho 

tlret orude 1'91"0 teetect with UF6 in 1941. the separatin::; et• 

tlolenay ob•ened lett mioh to be de1!recS. Slno9 Tef'1 little work l&d 

been clono on r:a•eo• dltf'ullon t!tf!Ol'y' l'J"iOl" to Uie ,.-26 Project, the 

pbenwl'a tmo1ft4 were not well un.de"too4. It -.a not kn01111 'llbethor 

t.he inef'ttolmoy or ih• early 1ep&Ntlona obtable4 -. due prbarlly to 

f"t:mdaamtal eharaoterlatlo• or the 111>1-oular ettuaion prooeaa, or to 

blpertect 'cteelr,n and omu1tziouotlcm ot ibo bamen employed. To aw14 

1 
-) th• dltftaultl•• and lDoonTeld.enoe ot h&n4llllf t1Fe• S.t-.. decided to 

•"7 on routlnB barrier taatln'.!' with a wrktnr, nbatanoe oonaiat!.n.r or 

a alzture of helium and carbon d1as14e. It then l»eoamtt nece11&17 to 

4*t.ndne the relationship "9tawen the npe..s.m.ntal naulta obtained 

with a p&rtieular baaTler when uparatinrr, ballum trom oart»on 41orlde 1· 

and tho .. pe.ratin •ttlolencsy whioh would mn been obtained with the 

-- MJlrier w.t.er the -- ocm41t1ona• but miar. tJle 1-26 workinr 
. 

hb81anoe, s. ••• , .. m1rtuN or u-235 119-.t'luoride and U-238 hnatluorlde. 

Dlaoourar,S.nr.:17 alow pro:"J"8•• n• ade ln wol'"ldnr. out auoh a •thod or 

OOJTelat1on. &I well U in t.he dnolopa:it ot & bu1o underatandinr; Of 

pbenomma tmol't'ed. In the tall ot 1"2. when tho tint pl.ant dea1;:n 

•loulatlone wen •d.•• burl.er dnelopment bad been 1n pro:;r .. • at 

Columla Un1"n1ty tor ner a year under OSRD oontraata. It as oleo.r 

that ooneidol"G-ble bprovemont 1n bo.rrier properties was to bo CJX?ectoo. 



i 

but, iu order to prooeed with plait deaicn, it wa1 n•o•••&rJ to tlx, at 

that tiae, oertaia 1pea1tioaticma (App. DK) tor the barrier. Subaequat 

deYelopaent wa• thlD 41reoted toward .. •ting or exoeeding th••• apeoiti-

eationa. 

•·I• Jamer Properti••• 

•• Prooe•• PrOJ>•rti••· 

(1) Separati5 Etti•i••!J• • Tu aoat illportaat 

property ot tile barrier, a1 tar aa plut de1ip ia oaaoerned, i• the 

aeparatlq ettioiaq, the etteotiTen•H ot •t1ltre.t1•• ot ull& r8 

110l•nlea troa proo••• uter1al. The •aeparaU• i• ·c1.etiaed aa 

the ratio ot the relatiY• eanoezatration ot deaired eaap-..ent at'ter 

proo•••iac to it• relatiY• ooao .. tratioa before pr ... BJ relati.e 

o•••atration 1• .. at th• ot u216 r8 to ull8 ·, 9 pr•••t la 

the proo••• atr••• TU •1insl• 1tac• 1eparatiaa taetor" would be llu•d 

cm th• ratio ot the ocoatration ot A 1treaa leaung a o•.erter to 

th• o••entratioa la the •t•rial atreaa •applied to th• eonnrtor. Th• 

• •••rall plat 1eparation ta.tor" would be 'baaed cm the ratio ot ocmoen• 

tratie ot tbe pro4•°' to ti.. 01DO•trati• er tee4 aatorial 

111ppliod. to the plant. It tollm tr• 8ra!aaa•1 la, that th• i4•&1 

••paratloa taotor tor • •ingl• ca••ou• diftualoa •tat• i• the aq11&re 

root ot th• ratio ot the aoleoular weight or ullB Pe '\o the aoleoular · 

•lcbt or ul16 181 

Ill praoti••, with other auoh aa operatillc proaauro and teaper• 
. . 

ature tind, the actual aiagle atag• aeparatlon i• a f'uilotlon or 
' 

f •{'/ ,;·-, ........ 

'· ! .! ' a . , , . ;, 



'• 
\, barrier atruotur•, inorea•int 1dth the tillene•• and un1forn:1ty of the 

aperture•• It the ••paration taotor realised with the actual barrier 

.1• lo.er thllJl that ohoaen for plant deaign, either th• deaired produot 

ocmoentration oamiot be reaohed, or a lower output will han to ·be 

aooepted. To produoe •• tilo,r• per cla7 or vaai• at a ••oen• 

trati• ot 90 per •ent ot the light iaotope, aa orig11lal11 plumed, the 

••paraticm taetor would ha-Ye to efiu&l or exoeed that apeoitiecl. In 

Jwa• 19" a 111.nbma aeparation taotor ot 2.S •• apeoitied wbOD te1ting 

with a aizture ot heliua and oerbcm d1oz14e, at a tore preHUN ot IO 

entbet•r• and a 'beok pre1aure ot ' oeatt.nera ot MrOUJ7. It •• 

not until .1wle 19", b7 whioh ti• t)ae ereotion ot pro•••• 'tndldiac• 

at tM 1-16 plant alw wa• halt oompleted, aad the inatallation of 

C:) 9q,UpMDt .. 11 11Dder •1. that a aatiataotoey th•ol"J' of ottualonal aepa­

rati• waa O"tol•ed, together with a aati•taotory Mtbo4 ot • ..,.""raion 

tra helia-oarbcm clioxicle to '01'1 aepuat1aa taotora. Thia data oame 
al a reault ot iatODaitled and ••blD84 ettorta ot th• SAM, !!ritiah, and 

lellex r,roupa, aa well a• the California lll1titute ot Teobnol0e7. 

(Z) Poroai t7. - The aezt aoat important property ot 

the barrier 1• lt• poroait7. ot all the gu •triking the 

aurtaoe or a barrier at a si•en instant, cml7 a portion p••••• 

through to the 9ther aide. The traotion. ot total 1mp1ag1ng aoleoule1 

whloh ·auoo•ed•·i.ll penetrating the barrier wall will depend. upon a 

number or ftr'ia'ble• including the tore preHure, baok: preaeure, nature 

ot the proo••• gaa, ed atruoture ot th• barrier. It 1• important to 

••tabli•h a poro1it7 ocmoept wbioh will haTe a det1Dit• 11atheaatioal 

whloh 11111 be OCl'lv•nient to aeaaure, &Dd whioh 'Will be readily 

\' ., :"' " 
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reproduoibl• under 1peoif1ed teat oond1tion1. Suoh a ooncept ia neoea-

aary in order nuaerioal oompari1tcm1 may be made between Tarioua 

typee or barrier under oonaideration. and 10 that the flow rate• and 

pre11ure drop• to be expeoted ill a plant de1igaed to uae a partioular 

type will be aubjeot to nuaierioal predioticm.. In the early 1tage1 ot 

barrier d.-w·elopment. 1 t •• ou1tmary to rate th• tlow ohar&oteriltic1 

of experimental barrier• in terme of the • apeoitio tlow" • whioh n.a 

oalculate4 bJ 41Yidizl& th• obaerted tlow rate per unit area bJ the 

prHaure clltterential lt. A si'ffll Da!Ti•r apeoiaen:.would ahow 

widel7 ditterent apeoitlo tlows llhen teated with ditterent ga•••• 

Further, th• apeoitio tlow had to be e:icpre11ed in a oomplioated unit 

euoh aa oubio eentiutera per ••oond per •Ciuar• oent111eter per oeati• 

meter or .. r•W7• To oorrelat• data obtained la clitferent laboratori••• 

1 t wa1 11eoea1ar7 to ••••ri all Talua reported to tk• .... 1y1tn ot 

wrl ta• A aore oonTenient oonoept •• later eatabl11hed b;y uoorporatillg 

into the 1peoiflo tlow a taotor ocmta1ning th• aoleoular weight and 

ab1olute temperature. Th• n...- quantity n1 tenaed •permeability", and 

oan be of u th• ratio or actUAl tlow to the tlow whioh would 

ooour b1 aoleoular ettuaian it the barrier wre aot pr•aent. It ii a 

diaenaionle11 quautityJ the nuaerioal Talue i• independent of the units 

employed tor flow and preeaure 10 lan.g a1 tbe 1y1tem i• ooneiatent. A 

further adTantage in the YI• ot the peraeability ocmoept lnateftd ot the 

apeoitio flow i• the ti.at that it• awmerioal Yalu• ii m.uoh leu dependent 

upon the nature ot tbll prooe11 ge1 uaed, partloularly at low preaaurea. 

FiDa.lly, the penn.eabilit)r as aboTe defined haa a theo.retioal bad• ill 

aiaple 11oleoular •ffueicm theory. F'or these reaaon1, the permeability. 



-) dHignated by °Y 1 WH generally adopted the Project for 
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(" 
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oorrelatint: barrier poro11ti••• Further atudi•• •ht"Wed that th• pera•­

abili ty of battier ii made up ot two part•. On• part ( ro ) 11 nearl7 

independent ot the ga• ueed, and .the teat oonditiona or pr•••ur• and , 

tmnperature. The ••oond part la detlnlt•lJ a tunotian of the•• Tl.l"i&bl••• 

·Thu•, it .... touad that· llh• eb•erT•4 penaeability n• plotted acainat 
J 

"prea1ure eua" (tore prea1ur• plu1 baok pre11ure), a 

line we.a obtalaecl llbioh oovld 'be repr•Hn'ed b7 the equation 1 

in whioh1 

Y' -:: Oo (J-t S (f'i. t f'o"J 

r • penaeablUty 
Pl • tore pr••IUI"• 
Po : ,,_ok pr•••u.re 
t 0 • extrapolat.• nluo ot penaea'b111 tJ •t aero 

pre11ure •• 
s : the •elope taetor• 

Th• poroaity proportl•• ot a barrier ONl be apeoltled b)' gt.inc value• 

-for and s. / 

DELETED 

.. 

·.·--·----
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DELETED 
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P•r11eability i• dependent upon th• operatirlt; preeaur•• lnor•••int in . 

aagnitude aa th• ditterenoe between twe preaaure and baok preaaure 1• 

idor•••ed• Peraeability ia •l•o a tunot1cm ot barrier 1truoture, in• 

orea,dns both with th• n\laber end aiae ot the holH. A 'barrier ot a 

oertain pel"lleabiltty with a large number of tine aperture• will •hO. a 

greater aeplll'atlcn taator than one "1th a ... ller nuaber or laJ"ger • 
hole•• It 1• neo•••arr to 1peoU) both upper and lower liai ta for 

perm9abilit1. •inoe it the pel'lleabllit7 riaea ·abo•• tb9 upper 11a1t. 

or fall• below lower t ohoa• tor plut deaiga• proo••• pump 

, ett1o1..w7 deorea•••• Proo••• pump• beoaae \lllatable it their latake 

tall• below a •p•oit1ed limit. and •• permeability iaorea1e1, either 

th• hor1epower of the proo••• pUJlll>• au1t inore•••• or the total prea1iare 

•t th9 plant lllllt 4eorea••• 

be Cb9a1oal Prop•rti••• 

(1) Pluggin§ Obaraotert•tio1. • Tb9 barrier au1t be 
: . 9 

oh..S.oally 1urt to unDiua a "'1'1 agreaaiTe au'Ntanoe. 
. 

, Reaotion aaterial with prooe•• gaa ou to 1eriou1 

r•duGtion'in pe .... ability ·'by growth ot reaotiOD produota within the 

por••• Moreonr. oorrodon e.t other polnta in the prooe•a a7lttmi oan 

form aolid procb1ot• °*1oh aay lod ;;• in the apertvoa and produo• th8 

•ame reeulte Sino• lb: •oath• wu om1iderad to th• mini.lmal alln· 

' . life trOlll the point or or replaoei:ient and'plant rnaintenCUloe. 

a tolerable plilgging r•te ror barrier ... •et at o.1s pef emit day. 

-

.. ,_, ·····- -
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(I) Proee11 Oa• Con•umpticm. - A ••oond aepeot ot 

aorroa1T• aot1on 1• it• illberent ooneW11pt1on ot "f't.luabl• prooe11 aaterial. 

Thil be partleularl7 UDde•1rable ln the higher •eotionl ot 

plant, and oan1t1tute1 a •••cind rea1on for deYelopint a barrier whl•b . 11 
-----· --- --·- - __ _ 

/ 

I ' ___ _ 
11eobaa1•al, 

DELETED 

I ;'it 1• Wno.it to _..;t;,.;, u4 Ht 

DELETED 

•• -
., withla the aaterial durtag opwati•• 'Ht 4n.lop ... t 1Wdi•1 U.•• 

,_ 

•hon that tb• ••'-•tlaa•• 1d.ll ..,. 1utt1e1en11 "''" it it •• " 

Q dellgaed aJld ta'brleate4 1a •u•h • •1 a1 te wi tutaat tlMt rather ••nre 

I . , I ...__. 

•tr••••• t.poe" dviag aaa•ta•t11r• aa4 laatallauoa. Th• ..... ot 
barrier required r .. ti&• plant .... ••tlaated t• " tlw tdllt.• •q•ar• 

feet. It wu thlla appar .. t tlaat tile ta'2"1••ti• et barrier ealled tor 

a •t•l1.a1 wbi•h n\llcl be \toth aw.lla'ble la auttaltle •omit•, and 

•••bl• to aa 11mpl• a proo..Sve u p•••11»1e &!eh wou14 
.·• · - --·-------

---- ---· ·--· 

DELETED 

'-'• larrter 811• ud Shap!• • tu l•eal plut •• 4..anded br 
.. 

theory eaaaot \t• realla .. ia praotle•o In aueh a pluat, tor ezampl• • 
• 

41ttu1•r1, p1111p•. aal ether equlpaeat theoretloallJ •••r•••• ill 

' 111• oont1nuou•l1 t'l'Clll the teed point to th• end• ot the oa1oade. 

Practioal plant .. nta oalled tor a a111all nuaber or equip-
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aent 111•·1, ad 1 ... ,, po11l'bl• plant 001t with re1peat to th11 taotor 

and otb.er n.r1alal••• !b• 411trilntt10A ot 'barrl•r 1urtaoe throvcbout 

the plant 1• de1or1'be4 in Yolme I. 

- . , --- ........ _ - ... 

) ?a _.4•r te ••trol tM tuallt7 

ot .-;-;;,..,. hb•• 11 •-• ..... , a •1eat 

n .. ten• ..... 4n1•• la 'llhloh repr•••tatln t•'-•• ••l••t•• at 

raa4• an· pl•••• ill a 1peolal teat ao)d.u aa4 nltjffte4 to iatenaal 

air pre11ve. De pr••nr• 1• &tJuW till tM rate et tlw et ail' 

dlthllDc tllrqll tile b&n"1er 11 100 •llbl• eaU.eter• per man.. an4 

DELETED 

'-'• larrlor !Jp!1 • .. 
work a' Oolmb1a (prior to lMI) propoaa11 I• bu'l'lar1 wn la• 

DELETED 

·· J ..._ _ w-1•01-eac...lo 'Mow 

etteotlw, a •1n11m ot tha SAM Laboratories •• e1t1.\U1Md tor tbe 

' 1pooitl• pvpo•• ot ltm)'iq new 'arrler1. Durillg th11 p•riOd, an7 

--

attraot1•• pro4uot1 •re 4nelop•d, 10• tc a greater eztent t* otbari. 

\ . ' 

•• 8 
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It aoon bto... apparent that th•r• .. r• llAl1J' proal•lng barri1r1 whith 

4ea•n•d exploitation. 'but 1hortac•• ot uaponr, dittioulU•• ill pro-

aurn•zit ot at•ri&l•. tia. •••••1it7 tor rapid 4nelopMDt, aa4 •lailar 

taotor• 4etendll•4 ti.. partieular '1fe• to \1 11110\14 ter r.rtia.r 
- - ·- - --------

DELETED 

__________ - ·-

_]'""' properti•• ot , .. ot tia9 

•re Tery prcm11inc, Ht llOlt Wre lftllhall7 41ttariecl tor rlUCllll te 

- •1tect. ·'"'' 

b. Prlaoipal !zp•• Couldend. • Ia tll• origiul plant 
.! 

d••icn report Dl2), tbr" prilaoipal typo• ot bUTi•r• wre 11114•1" 

ean114eraUcm (App. J>lT)e f .. 

DELETED 
.. 

_ _ •••1Tt 41eouae1cm of barrier 

11 gi-..n ill the Jelltx CC11pltt1aa Report, Stotion III, (T).· 

(1) ,• DELETED 
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) Thie work •• •'t•rted m4er ------- ._... ...... .._.. ... -···· -
osnn oantraot <IDl•r-1 lZ& (App. Dl I)• amt emtin••d acter oontraot w-T•Ol-

•ng·l•Z (App. t>IO). ,--

DELETED 

(I) 

) 
) Sapl•• by l•lln per.cmnel toward th• end ot 

that fear lbOWd roocl prOOeH prepertle1 Qld fail" aeohaaioal 1trength • 
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DELETED 

Th• ,•1 lex Corporat101l oooperated tffimio&l 

peraonnel for tbia lnatallatian. l•ll•z &lao undertook a aurvey of 

1nduatry_ .. to ti.Jld • oaapany to handle tU ultiute of thi• 

barrier. On. 1 April 19-tl th• Houdaill•-H•r•he)" Corporation waa ap-
.! 

proaohed b7 Army repreaentati•••: 

IOELETED 
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/ It •• decided to bulld a new plant adjacent to the 
- ··--- · . ' Oak•• Pl"oduota Pluit 1D PeoatuJt, Ill1Do11. A reaearoh 

laboretory 'W&I &110 Orr,eni&ed in part Of the Clalces building to euprle• 

-· '· .,.- :' 

. I . ' 
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DELETED 

. _ __) A number ot ocmtraota •r• a"RJ"ded. to outlid.e 

agenoiH t;;·1tud7 of··-· ot th• aore Oritioal 
_ ___.__ ... ,,,.,.,. 

DELETED 
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DELETED ) Thi•. ln turn, wa1 

b)' the DA Hn'1er oe11•4 1•1) wb1oh n1 aotual17 

u1ed in th• 1-ZI procluotlon plant. r _ ................. .... - ...... - .• ---, 

DELETED 

Q \ nperS..Oata wn -· b 

\ .,._ .· 

th• c. o • .r.111tt lla11t••tv1Dc C.paa1 •der ••••tr••t 111.1•e t. 

ocntraet Olll1r-tl! (App. A) • 

. DELETED 
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(2) J·roaot.ion. - Laborat.o17 prodnation ot thi8 

barrier in ai.••• up t.o 8 by 14 inch••• and in amount11 up t.o liti.7 eqUAre 

teet per weu, wu obtain•cf 1n the Pupin Laboratory of Columbia Un1T8re1ty 
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du.ring the latter part or 19•1 11.Dd th• earl1 part ot 19'3. In Januarr 

1843. 1tep1 let.ding to the oontinuou1 procluotion ot thi• aaterial wn 

taken by planninc tor pilot plant procluotion iD th• Saberaerhorn 

Lab•ato17 at Coluabi& UniT•rlity. Tha deaip u4 oonatn.otiaa ot 

n•o•11ary ••hill•• •• \llUlel"taken b7 tu I•• Jer•flJ Vaohiae Caapany 

D21 ). with tile oooper1tion ot engiaffr• tr• ta l•llex Corpo• 

r·atiGAe Coaatruotioa ot th• ... hh•• begq ia Fe'bnla.17 194.I, and 19 

· l lMI. ia1tallation a4 erectica of tbl pilot plat wa1 wll aader 

11af• Initial operatica ot tk• -ahlua-. 1tanecl in M7 lHI. u4 

DELETED 
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) 

I 

.. I ,-, -· ------­the 

t • ra iD at 1 oa ot ocmtraat Ollf1r-t12 (30 April 194.3), it 

' appeared likely that thi• barrier oou14 be produced ln 

1u1tabl• end quality. Simultaneously 

. '. \ ·, . 
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with the o_..truotion ot th• Soberurhol'D. Pilot Plant. 

beoavH ot th• urgao7 ot th• Projeot. 4el1gn and ooD-

w4!.Y'C.. 
atruotim ot 11&ohin•• tor large aoale produotion ..a 

oarried. t.....,.d at the Ga.rf1•14 DlYi•i.a. ffoudalll•­

H•r•h•7 Corperat1oa, Deoatlll', 1111.Jloi• (App. D21). Cle .. 

oooperatlca 'betwwea the groap1 at Deoatar and th• Colvabia 

ia'Hlti&ator1 -· •1Dtaia•4 during w. p•r1o4. 

(I) Jleobualoal Pr.,.ni••• • !hire •• • 1tead7 

illpronaea'\ ill the prop•rtl•• or tbl .& 'M.rner ••• ,..1.117 charing th• 

latter part of 19'1. BetNT•r• 1t1 .. ollaaioal propert1•• were d1tt1oult 

to ocmtrol. and oaa1i4erabl• r•••&roh cm tlae•• prebl ... waa undertaktlll. 

DELETED 

---report GD the A barrier "bf ldant wut, .Jr. (.App. D21) prn14•• ooapl•t• 

detaill ot th8 pro4uot u ftaall7 obV.1ae4 • 
r 

. ·· 

DELETED 
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,J Th• latter 11 de1oribed 1D 1uoe .. ding paragraph•• 
.. 

(•) Abandonment ot A Barrier. • At a ••ting held at 

Deeatur, Illinoia,on le Januarr 1946, attended bf repre1entatiTe1 ot the 
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Va.nhattan Di1tr1ot, the Bou4a1ll••Her1h•7 Corporation, the k•llex Corpo• 

ration, ·the Carbide ud Carbon Chemiaab Corporation, and the 
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ooul.4 1M utl1t.ae4. OD the 1a118 ot thel• eoa11deratlolll, •jor ..,but.8 

at the SAU !Abol'atort .. aa s-.dlateq ahf.tW to DA. barl'ler, an4 

N...,..h on A ._. OG111pletll1)' dlaocmtlnulct wtthla a tew montblle 

It_. alH Ual4e4 at th11 ••ting to u1tga owra11 N•poulbllity tor 
..... 

•upenial• am CH>Ordlmisloa r4 all tuture ban-S.r ,....,.. am dewlop-

. CUbld•• ot pro4uatloa aar! ooratrol at t>eeatm-aa 

w•W tn· an eagS..r on 1an trora th• Bab1lte COJ1p9ratian. A 11.ahon 

group or O&rb1d• teohni•l •n ._. u1lgud to the X.11.a ottloe ln In 

York. 1hl• group rft! ... d &11 nport1 cm barrl•r dewl.opment mterlall 

propot1ed tor -.nutaoture at Deoatw, ud .. Naponaible tot' 4Midlng 

11bloh •terlala . ahould go lnt.o tlio Deoai:uP plant tor prooeeaizlg, whioh 

WN unsuitable, and Whloh ahould be tUl'ther dew1oped. 
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'(Z) Pro4uot1cm. - A• 1.Ddioatecl prmouely, in the 
• 

earl1 par' ot 19", work cm th• A barrier at th• SAii Laboratorie1 wa• 
Jtend.natecl,, alld. th• t•o111U•• and per1onnel aTailabl• .ere 41T•rl•4 to 

atud7 ot th• DA lwT1er. TM Pilot Plant- •' Columbia •• 

altered to pr .. •oe DA -terlal, u.d an iatftdTe ltw!7 opt11N1l 

1tandard 11ADutaot111'bag prooe1 .. 1 and eTal11&tl .. ot pr .. ••• Tal'iabl•• 

wu illitiaW. Te. ezpedit• progr•••• th• lella Corp••ticm U.kni•• 

operated a pilot plant at the Waah !•lldhg 1a Iew York tor r••••roh oa 
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' 3f.,OOO tub•• of DA barrier. 
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, ot barrier. In u.iD x-ia oa•oa4•• plain DA 'bUTier ha• 'hen 
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uttl th• plant •• plaoed ln •tand•b7 ocmditicm ••••ral 111onthe later. 
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6 • :DEV ELOPACENT <I SPIOUL PUMPS 

6•1. Proo••• Pu!p•• - ot the ba11o •l1111e11t1 or a ditfu1ian 

1tage 1• a 1uitable plllp or puap•. With the 101• exoeptioa or the 

barrier denlopau.t progra, the deoi1ioo1 ude in oonnection with the 

ohoio• and e'Yolut1on ot proo••• pump •1••• and oharaoteri1tio1 had a 

greater ettect en th• 1hapiag or 1·26 oaeoade de1ign than any other 

a1ngl• faotw. All .n-.1-.e treataut ot tile ••••lopment ct papa tor 

proo••• u•• &Ad ether purpoa•• •an be teuad ia S.Otion III, (8)ot the 

l•llex Completion Report. 

a.. lequirwt•. - Ia lMl E. J... loor•• prepared a paper 

di1ou111zag the , ... ral probl•a ot ga1eou. 4ltfua1on plant ·pu.p• 

D2Tj. It ... , reoopiaed that the tollewag requiraent• had to be 
' 

le !here auet be etteot1Te1J DO 1011 of prooe11 r,ae fror:t 

the 171t... the •olum ot gu to be han4le4 by th• 

aoat ot whioh 1• repeate4ly reo7oled thr0uthout 

the plant, 1• ••'rf lar1• 1n oa.parl•cm with the rate of 

r .. 4 to the oa1oade or the rate ot product •ithdrawal. 

Th• amall••t traotion&l. 1••• or the proa••• •treas a1 

autleatai• would con1ti tute a ·w-ery Hriou1 1011 1n terme 

ot teed or product. 

2. lAl•akag• auat be 11a1t•d to a -.ery low tolerance •et 

by ocmsi4erat1on• or end produot 1011 ud purging 

.•ap•oity. 

3. Ther• auit be •b•olutely no or oil fO( or 

l:L. ;. ·.L _.:. .. .. - i.1 .1, .•• 
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0. iateriala Cl!' oonatruotlon must be particularly l"Oalatant 

to manim booaueo parta are 

to higher ;"&ll a1'lt'! nloaltioa tt-an an7 other 

part of the plant. Co!"P0111on will l-.a.r.iten t&il\11'6 ot 

thin metal partm au"h a.a a bcillowa, and aolld OOJ"l'Oei.an 

prodooi;a with proper per.f'onanoe of' pr .. 

,,-·-, 
\ _) oicion 

6e A wide ranre or aapao!ty and oompresaioo ratio 1c 

l'(lqui.Jocd. 

1. 'J.ho p_, !Ult be oare.ble Qf l-.ndl1n!!' a p.• nf unuam.11,y 

hly. a>loOulAi- weirhtJ tlte dcnolty cf t'Fc 1a about 

brulTC t1JDOS tlW.. t of' l\U• 

· Q• Etf'!olencr; or b ded.rablc in ordel-

(AP?• Dl2) th&.t 8'!.tiat10<'! th61.e .-J"eQu!Jim9nta tt1re::: 

oomplotely t.han e:-.y othel" but be 11<1"8-at"tl led- tlr. r 
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J vantages ot a centrifugal machine oyer a positive type are: 

l. It can be built in larger capacitiea• 

2. Holdup volume ia lower per unit capacity. 

). It can operate at lower suction preseurea. 

4. The centrifugal. pump bas no valves and present• lewer 

111echan1cal problems. 

s. Del1Te17 ol a centritu,gal pump ia non-pulsing. 

Howner, the oentri.t'ugal puap al•o posseaae• certain di•ad•ant.age11 

.. 

1. Preasure deliTered and pumping capacit7 'f&r7 with ga• 

denait7, and t.herelore with the 0011poait1on, pN••ure, 

and 't.eaperAture of the process • 

2. Thero 111 a pumping lla1t 1 or .miniawa •uction 'n>lUDLe 1 

below which inatabllit7 or aurgi.ng develop•. 

process gaa acouring of the impeller and casing. 

4. The pump io attected by amall change1 in apeed. 

s. A compreaeion ratio unueual.17 high tor oentritugal 

J1UllPS 1• required. 

heciprocating pump• 001.iaidered deair&bl• in t.h• upper ••ct.ions ot 

the oaacade because ol the low pumping •peed• required, and prior to 

the •ucceaatul de••loi:aent ot an external seal tor centrifugal pumpa, 

or alternatel7, intenial motor bear11l8• and ••al, reciprocating pump 

developcent was bolieved nec•••aJ7". &8 insurance against. possible 

failure ot the cent.riluaal pump progrU1. Considerable work was t,be:N-
, 

tore done on reciprocating pump development (App. ·028, 029), but, since the 

decision was later made to cancel plana tor the conatniction o! the upper 
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· '· •ectiona, and aince the centrifugal pumµ J,>rogrhlll pro"Yed highly 

this type Of pump Will!! nenr uaed in the z::ia1n C&OO&de. Ho"ever, a recipro­

cating t)"J>• W31 uaed tor the purge cascade { S-5). 

c. Centrifty:al hllip De'felopnent.. - The work was di"fided 

into t.wo port.ion•: th• design or t.he pump proper (impeller, ditiuaer, 

and oaaing) 1 and the design ot either a ehatt seal suitable tor use 

. ,. / 

with the ueual . separate motor, or the design ot a motor to be enclosed 

within th• pwap caad.ng and ol •uch nature aa to with.tand expo11ure to 

the process •terial. · Ult.iaate choice was made ot the •pecial •cal 

rather than tbe totally enclosed arrangement. Thie decision was baaed 

on auch diaadTant.agee inherent in the olo••d t7po a• larger •ice, 

complexit7, and neaeasit.7 ot aux1lia1'7 piecea euch ae an oil pump, 

cooling tan, and internal aeal. Ditticult.7 11'1&• alao experienced with 

t.be dewlopaent ot •pecial iruNlJlt.1011 1md lubrioatin& oil. l''urt.hermore, 

delln17 schedules 1·or the manutaetured it.8U were aland.AglJ long. In 

( \ 

the earlf st.age• ot the proaeas pump prograa the deci•ion was made t.o 

limit. the-number ot abaft ••al• to one per unit, thereb7 epecit)1ing an 
• 

overhung •hatt.. It waa ai.o decided t.o use a aingle •tage pu.aip design. 

Thie :required a compreHion ratio o! t'ro;:i 2 • .3 1 l to .).2 i l - extremel.7 

high tor a centritugal pump. This dJciaion also made neceeaary the uae 
. 

o! peripheral impeller Telocities in excese t.e t.he 'Hlocity o! aound. As 

linal.17 manutactured (App. D.)6) b7 the thousand at l!ilwaukee, 1\'iscorusin, by 

the illla-Cbnlmers Manu!acturing Compan7 1), the pump inoludee an 

open-tJJ>e electric motor, and a triple-di•c eeal. The development o! 

the aeal la diacuued · in 1:aragraph 5-2. The impeller ia built up b7 

welding t rom plates, rines, end blades o! sheet ruonel. The !ront and 

,... ' .. 



' ' ·, 

... (' '· ; ... I - t ·'f 
fl#' u. \' .,I , 

) baot plate• are oold tol'Md ill a hf'lrau11o prH1. Th• blade• are 

prO"lided with •de• tongue• whioh project into hol•• ill tk• plat••• 

Enept ill tb• 1100 nbio toot per idllute 11&•, tour "•qual111nt; tube•" 

pu1 through tbe lapeller to 'balance th• pre11ar• cm both ddH 1on4 

•liainate •D4 thnaat. The impeller ocm1l1t1 ot twenty equall7 1paoed 

Jb1adea ot 1/8 iaoh aon•l 1heet. The blade• are ourTe4, ·and are ••••bled 

aa th• 1.llpeller wb••l witk a 'baotward •••P• The)r are eaolo1ed at baot 

and troat 'bf aanel h'Gb aad oner di101. Th• baolcw&N 1weep teature ot 

th• blade• giTe1 a 1teep pre1nn•Yolm19 obaruteri•ti•, lowr1 the 

pampillg lWt, •Dd prntdea a naa-cwerlodiag pcnrer-iapllt oharaoter11tlo. 

The 1oroll &Ad dittuaer are aade ot laternall7 alokel-olad 1teel. All 

eulJ:i& joint• are wldedJ all bolt•, 1ta71, eto. are prortded ritb 

0; wlded or aoldered ••al oa.p1. Bearing• U'e •l••T• tn•. 'babbitt-lined, 
·'.Ir.....-

ted with ectlaana nowiq ltabrloaat fl"• a ••tral qat-. At the 

aotor end ot the drin abaft tM.-e 1• a tlezi'bl• ooup11Dg, with a 

r•cwa.1'1• apaoer l•c •oach penalt reaniq ta.. •••1 oartricl&• 

without dia\urbbg tM abatt or aotor. .A •blnout preTenter• (uaed 

ml7 4'1r1ag ••al aal.atmuoe) 11 pron4e4 to preTeat leakage ot air lllto 
... .. 

the puap wh11• obaaglag tJae ••• 1. ••arl1 eooo th••• p1111p1 ar• 
t 

, 1natalled lll tile oaaoade 179t••• 

. Catrlh§•l Pmp Seale. · 

•• !arlt 8tl14l••• - Tb9 Col111tb1a 1nTe1tlgator1 deToted 
.. 

0C111114erhble ettort to the deTelopment or oeiatrltugal puap 1eal1 and, 

•• aaaari&ed ill F•bnarf _lHS (.App. Dal), three ll&ia ur1et1•• nre 

' 
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DELETED 
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(I) Prewmlon ot 8•1 Rmt!nl• • 9da mw H&1 aa 

a gpat n.p t--.r«, lt .. aot the tim.1 ...... to P1lllP .. 1 wouJa. 
OrlgSm.1 lblpmnta et wll WN tom! to be l'UIW on &l'ri-1 at th• 

.) pJant 11l'9• 8tM!7 W .&a of thJa probJ.n 'by illlll-aha]•N and 

C&l"bl4-. Attar a md>or ot attlillpta 1 a •olutlcm-. WWb4 en ao u 

to PftWDt UI ... ricft.tlaa ot the ._1 betlsllD ilbe tlm it Jaft tbe 

U11 arrl•l a' the WI plazrb. ,.._ .... i. _,. 

tor llhlp:nt, ..., Wft owmc' to apt90Stioatlom am paoJllt4 ID 

a!liaa get. Sn aa a-.phnie ot dr/ a!ta-ogeza, aid tM !DU...t4al om­

tatmn ••W• as.a ms.. ti. l'Ult 4lt.tlcnaltr• In addlid.oa. tht at!N 

-lwaa·ehlpptMI.., a OU'trUge• I.DIS-. ao Jllpt mtll *-41' bW 

, . 

: . l) .. 

- & P111P• 

(S) !s>ro._.n or a.al CM!e't • 'l'IWble wlilb .. i. 

ln tM planil oons.m.4 to be the •jolt aa•e ot M11 

tM ot tile 308 SeoUcm, &Id tor 1om tSm du:rbg the opee. 

.. uon ot t:hat MOtt-. •3or pllaH or the probla .. l'llll dOllll .... .. 

1:t' t.he Opel'&t!Olll '9ob"'•l •' tM A _.... ot i.lal 1lhSab 
.! . 

, lla4 be9n to .. i. wre tom! to be to 1tle ,,..,__ •ed cm 

th• •al.8, am not to the ••1 ltm•Jt• A DIW .. tet dewloped 1'T Qutbtdlt 

at SAM haa •1!zdnaW thle troubJ.• !hls mw part b a rubber r1l2C .. 
suat and ta z:mre toGPCld.oal to -=raoture and to ..... 

(4) S.1 tw h 108 leottcm. .. Socm 

' aHeP th• aoe Seotion wnt on ••11• !t 'DODI• app&l'at tlat Hal 

l'alluro• were a.t euob & hldi J"Ato u to a-.c!uoe tho ettect1wne•a 

' ... 



(' ,- ... , . -· -
4.!JL .. 

' -· ) 
· ,,, ot the u:?Pel" part ot th• ouoacle to a d&ngerom m1D1mume Open. tion ot . . 

l
,..- ·, 

I 

. ) 

th• whole ••ca.de with rwuom.ble or production requ!Hcl ut1• 
i 

llatlcm ot the SOEI Section. but •• , tat1UN• iD .... ot 200 pel" 

mnth pme4 a ••l'iOtJI probla. . 

DELETED 

-·- ...... 

/ '!be• 1tu!le• .... uiw s.n th• proctuott= _______ ____,.,,,) .... 

ot a aAl 4eatpW u L-7, wht• atl.ataotori]T ••allot th• requl .... 

•nt:a tor •111 tn the 108 se.tlm. UWr tbelr lmta11atlon. an 

blne41&te drop ot twqmnoy ot .. 1 tat1 .... 1 .. now, am th• n.te ...... 

DELETED 

a 
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(8) . X-27 Stall. • 

DELETED 

--··--- ... - .... ·-·· .... 
They wre "ftJf7 i»•te4 by the group at SAJC betore being 

lmtallact. the •uaoe11 ot tM• ••la ll witnaaNCl by th• laot that 

J the rate or aal tallure tn 1-27 1tanda at a 10lr lno!4no•• TM 

operatinc •tr•ua •ttloi•DD1 ot tbl ouaade bu been owr D9 per oent, 

· u oppoaed to th• 87 per omb orlglm.11)' p"4SoW Sn 4••!.p. In 

Jars- -11ure th1a blgb •ttloienay la 4• to the w17 thorougta N•earoh 

and teatSng oarrie4 M by thl carblc!e S-.1 Dnllopment <hup at &Alie 
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j Diaphragm PUlllP8 NquiN DO ... i., 11.1141 tt.nra..., mt.hr a 
.. ' ·- - . . 

.J ••1 P.:&• qatem nor a ••1 w.oum •111tm. At the aame tm, the J11Dtcr 

windlnr,11 aan 'be a1ta'94 la tat. a111D9phere, M that OGDWnidom&l 

tmuJatlon C!&D b9 11M4./ 
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DELETED 

.,,,;,....,....__._ ... .. 

a.t. totap;r BDoloM4 ........ hW. • .. !IPe Cl4 pmp 

.. ,... • ..w a eall wtaU, wloeee -..-.. lfeatingbome d•lgn with 

a ol11*1oa"4 beal'lDg and an oll .. 1, !h9 rotatSng ei..ldll wN 

aoaaW cm a •lJlgle a!aGril rlcld ahtft. "1e oou14 be lbort>-

ooapW and aD4 requSre4 rao ban pJat.e or tomda1d.OD9• 

It 414 apeotal •• Smulat4• a-c•iailult to pNOeU ,,.,., 

.. 
,•· . 
'· _, 

and a •peol&l ur,- ... latant labrtattac 011. 1• ai.o NCJ1dN4 a 

oooling tan aat a 9P90Sal tf'P9 &0••"'7 oll pmp. Serloal Uttt.oultS.911 

W1'W enoounteN4 with th• oll aad. lmul&Uon. &Dd with tba di81lpatlcm 

ot h•t• Dnwlopmtnt ot wloM4 mtar 4-lp _. dlaacmtllluM with 
·'"'" 

.! ' 

w. Pm-mp-•• n. •7 be oomS.cleNct u an 

atiemlazi thl •ln proou1 ••aa&t• Jallt4 .. 1a;t cUttmloml M;:I&• 

ration la eanU4 out 1D .tbla aectton 'baaed upon the 11U11 p.HO\IS cHt• 
( . 

. halon u In tb• re1t; ot th• plant. 1'be P'fO.• at th!I 

point, ha.wr, S.. not to etteet the •9PAl'tlaa ot 4ltterani: llotJoplo 
f 

wrtetl•• or ura.nlm heat111D191de, but rather to NmOW .. ll&tit 

dlluenta wh1ph •Y haw tound their •y Into tho prooeas 1trean. The 

5.10 
. .... ( - . ,. ·' ? 

. 'fi . \,, · · .. L f 

\ 
! 



r 
I 

\ 

density ot the r,u handled !n tho purge ouoade w.rle11 &or. 

point to point. 'Dle moleouJAr n1£1it WJ'lo8 tJ"an that o!' nitrogen 

(28). to that ot uru!Wll hnaf'luor!de (852). Deo ..... lng the dena!ty or· 

handlAld b)' 4eol'MH• the dSaoharp preaeuro, and 

th•n'bf the oapaotty. !hi• n•u1'8 tn the requS.roment ot bipr 

larger more ••ea•• the•• requtrect o!araowrl.lltloa 

tram ••r:e i:o ••SI• Poalttw U.pJaowtat pucpa, on the other ha.n4, 

oan ban!le ot .clltt•nnt c!._lU.1 without a cletrimnial •tteot 

on the oamp ..... t.an ratio. 1hl prooui 11htoh aa un4•nakell to 4ewJ.op 

th• -.ohlae• whiab would be neo•••r:r ill• purge _.oad•• an&! 'llhloh 

might alao Hnat. .• aooeptabl9 altermtu tor the •ln ouoe.de 1n oaae 

a •uitable oentrU-U,,.1 pUIZ;) oould mt ba tom! tw t!at appU..tt.on. 

w.a omoernod with the pl'Oblw ot lntel'D&l imrt!a 1P9e4 pmpe. 

and mntmtu.tlon ot holdup -..,1,... 

•• Alt.1'!11tie ?:pee ccma1de"4. • nrs.t 4eacsrlp.t1on ta 

P"HDW4 tour •1D alt.natl VP-• ot po11ltlw 4Saplaoemnt . . 

whlah wre atwUed tor applioatlon 111 the pUPge .. ae.48. none 

ot tS-14' oboaen tort.be ..-.ona not.4 belos• 

(l) ShaJats- f:?f• • !he •habr pmp, tmaatlgaW at 

uuaaobU1etta Imt!tute ot feohnology, 8hawed -.rlJ' prmdu. tt ooD­

•!Jlt.4 or a ioo.e platon lm14• a oyllllr'.er 11hioh oeo1Ua1*:! Sn an 

u:ll.1 41J'eot!on. '1he Nqub-9d no liquid lubl'l•tlon, and no eeala, 

· •lnoo there 1IOft DO p1aixm ro4a. but it did requlro f'laibla #'JLD .lnlet 

and outlet eonmot!oaa. Sha.Jalr p1.1n:1 wo.e abandaned when lt 

-.i dealcSed that the •DY problems lnwlwd would Nqu1re an lnord!• 

zately lonr. ttno tor aolut:1cm. 1'hc lntel"l'Olationahip between piDton 



:· ,i) wlf1it an:1 1trolm, 1peed, and. work dom made proper oontrol tar 

oond1t1cma quite dlttioult. 'n1t1 w.lw lnortia problem -.a alao aerioua. 

) 

(Z) Paddle r9. • work in the paddlo type 

mahln11 -.. 4om br tlie AmWlean l"ch!ne DetenH CorpOl'Qt10D (App. A) 

und•r 1uboontraot with Co1mb1a Ull.lwnlty• 1'he pumpa oonsi1ted ot 

an o.ol11atlnt pa&lle trawlllnt; on a ourwc! oylln!ere pe.&tle-.. 

IDDUDte4 an ai:lel'Dl1 truaJon1, and the pa4d1e rod-.. ••led by am• 
• 

talllo be11-lle the pad4J.. cU4 not haw iao roly upon preaaure . &OltnR 

OJ'11D4er •U. a Jal-. plrion 4lap2ae&aezrts oou14 be 

obtatmd ... 11 'bellowa 4.efleot!on, and be11on lit• -.a lcmet 

but t.hl mtt •• ••ia and .-qub94 •Piom 1-.rtnga, oranbt oon­

•ct!ng rod.a, rooJmr11, 1he paddle -.. deformed by large tD.rt!a 

) toroe•• .l wunt or ctewlopment "* would law been 

to adapt thla pmp to Jarge ••le ••• 
(a) notarz C!=F!••or• • h •Roots Blower" 18 a 

mctltled .....,. oOl:p'9••0J" with at.rml gean am &Di tao 

· figure •8" l=pellen. :rro tnt.rral lubrloe.t1on 111 llM4e4, •lm• t:bere 

are no rd>blng •urt&oe•• IaJage 1• not objeotlozabla thD 

t .. thomamtha ot an Smh olearanoe betv:aen oac am houet.ne beol.UM 

pN88\Jl"Q handled aN gemft11y low. The P0iar7 

occpre110P retains the adw.ntagee ot tho ttoots type, but baa gntlt.r 

ettlolmmy booaua• oCIDpl'eaa1on .ta moN nearly adSab&tloe Bel!oal 

are provided, and am lnlet parts are at oppoaite 

ends of' the oaetng. tn bly 19'4 the Elliott Comp&z\Y -.a ubd to ile­

t.erm!m the teulbillty or a 600 aubio toot pep minute mo4e1. niat 

oompany proposed eaPbon belloma .. u;n>orted aoo.la to be ooolec1 

"' . , . '. 



(, \ 

with nitrogen. ho ••la wre to be U1ed at eaoh em ot the rotor, the 

apaoe betlloen belng tillod with 1eo.l 1'&•• 011 1eala nrw to bo pl"OTS4ed 

at the g9&1" oulngli. Further won on the roiaey oanpreaaor 'llDD d!a• 

oontinmd in Augmt 19'4 beaauae ot euah 4t..d•ni11Lgea aa the require­

•nt or tov:r ••la, am th• long Um D80e•a&ry tor a oczplete 4ewlop­

•nt• PurtblJ1111DN, at ihta ttme taie etatm or reoiproo&tl.nr; pm:p 

dew1oi-nt _. •'f'l4•nt1T 

(•) lilptlo P1!Dpe • tbl1 a 4.,.lop­

ment ot a l'041N1 plaiml pmp ot the 

A •ptlo platxm, noued wt thin a JMDl!rlaptto 1 cryllD!•r• 

-· m4e to aeol1Jate bJ' .... ot an ut.rral whani•llT oeot11at.4 

•1"'""'-cm-t. U. PWIP r.quired mlther aeale nor tlaxlbJ. Jada. 

probi.. hnolwd W to d.o wlth ot a 1ut.table 

•Dl9t. bWrral lubrloatlon, and eqall•ticm ot •gmtlo •Sd• pull 

on the pl8ton. In order to p!'O'T14e sae tl1m lubrtaatlon. a . 
motion_. ctwn to the platon bT a thJ'M ,pha .. tmuotlon llD'bo .. 

1ection at tihe top ot the platon. An expv!mnia1 llOCtel -.. built at . . . 

. . 
Olm:ral E1-otrlo Ccqanye Testa ahOW9d that at .00 RP?l Snert1a toroea 

pulled tho platon ••Y t'rOll the mgmt and onmed !t to atria the 

oylln4ctr beadae Dewlopmnt 1'll8 4laoontlnued, ataoo lt ,.. telt the.t 

the pmp waa too in relation to !ta oapaolt)'. 

be Choloe am Dewlopl!lent or Reoi,Proo&t!.&, Pmp. • lftlo 

reo!prooat!ng type pump waa oho.en tor uae ln tlie pur£9 

oe.•oad•• Or1g!no.1 as done by th• Amffloan :..Ohine Defense 

Co!'pOn.tion, &DC! produotlon na handled by t;hc! Valloy Iron l'lo..ku. 132 

,. --:... ' . . . 
....... i,. ., . 
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reolproonting ltage pm:p1 are imta.lle4 1n the purge oa1oade. Thia P\lllP 

poaHfled ad1'11Dtage1 Oftr the type• aentien.d abon in addition to the 

relatift stmpliolty and ea1e or oonatnu:stion. The amount ot denlcip-

ment work required to work wt the detailed design we.a conaiderably 

le11 than wo\lld h•Te been required 'With cme ot the acre speeialiled 

t,pe1. The entire pump 4e1ign (Pig. 8) w.1 w17 greatly intluenoed 

by the tn>• of Hal choeen. 

(1) Seal. • A bellow1 t)1>e 1eal wa1 Hleoted. other 

aethod.1 were oond.4ered 8UOh •• the UH or a long. straight. 

rubber tube. The only rubber which ahond a poadbility ot bei?Jg 

euttioiently reebtant to attack wae butyl rubber, but it1 mechanical 

properties were entirely U118&tistaotory. A oarhoa 1eal wa.1 develq>ed . 

u 
whioh called & boz Of muoh ampler deligD than the bellOlrl 

arrangement. · The 8'1&11.ng material waa oanpolmded tran. oarban and a 

apeoia.l higily nuorinated arge.nic pol)'IUlre The material •s !'ound t<i 

be aeriously aubjeot to ohemiaal attaolc by prooe11 ga.1, but might be 

suitable tor uae at conoentratiom below cue aol per cent ot tJF6• 

Interest in the carbon seal waa greatly diminimed when it waa tound 

that by reducing the design speed tram. 1000 to 750 RPM. the lite ot the 

bellows seal would be 10 greatly increased that seal replacement would 

no longer be n great problflll. To insure a reasonable length of life. 

the stroke was limited to 1/3 of on inch per bellow1 unit. i'he maximum 

tolernble unsupported lent;th of piston red was te.lcen fl.s 24 inches. which 

allowed the uae or 11.x bellow• units. The tote.l pump stroke was there-

tore set at two inches. To counteract.the destructive tc:rcec set up by 

inertitl. \•;1.;.vo:::. et'.ch bellov:v unit war, nrn:.ncC'cl to b(· 
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1upported &rd oonetrained to taOVO a cUatt.noe meaiu or a 

pant;ograph or "lair .Jt.ot"e To awld tbe poaoS.bilitq of reaotlon ot 

prooeaa lfL• with oil, • tlUOl"lnated ol1 (C-21'4•) •• med to luhri.• 

oat. th4t laay jaoJt. The bellO. WON -.de of' phoapbor 'bNni•• 
(I) 1alw1. • large •lw area aD! U.ght •1• 

aotlon WN required tor aatllfl.otarry ettloler.lq. I.Mt 

-.1 .... wre oh01e11 ocmasatsna ot llf11t •Melt mia1 ltpl'Snp at 

mi. end and ... ting "91' •iott.4 .iw parta. 

· (I) Lubrla&tlOA• • Prooeea IJlll 18"91 U luhztloant• 

ro_mn'•I• leaJlage or gaa paat a oi-..m• ot 0.00& 

obotleD and prow4 1&t1afaotor7• 

. w. Comltlcminr; P!:f!• • tbll oaniHt!oning panpa (Pig. •) ...... 
. . 

med to oboulate Dltrogin-tl...sm ldsturea etw.ted -.....hre 
throu@Jl "1• prtOI" to Mawriala oomtrUDts.cm 

1u1tab1- hi- prooe1a pmpa -re alao med tor the ecm4lt10Dlng pmpa. 

,,.a SJI -..oh U(flter th&n prooeaa,.,.., am a perS.pMrt.1 

1pee4 -.. NCZ'llN4 tu in aoe•• ot b.t . •u1tl>.1>1e tot' pJIOWll puaipa. 

Two ••ce blpellen wre --•llU"J'• both ••sa• being equtrJMt4 wtth 

dlttue•rs• A rotary apeec! ot 1'1400 RPt! •a apeottl-4, am apeo1a1 

motciN wre dewloped by tor I pbue, 240 oyole o\ft"etlt. 

A diao aeal. 111 provl4ecl 1 but at.me lab.gw Nquiremnt;a are i.u 1ewre 

than with the prooe•a cmJ¥ om rotar,y am two etatlomry 

WN moeuary. flghtnl•• •• attalmcl tbrout11 th• .. oonatrmtlon 

tealm1qua med ela .. here at l•Zti• No h\lMbge aa perm!.aalble 1 but 

outle&Jc:aee •?Oo!.tiont1cma woro leac •trlngont thlu1 in the oaae or 

prooeao ;,umpa. 'l'he •re 11anutaotured by tho Elliott Comput1 • 

• , •• ... ? 

•" •. ·• :" I i..;.. 

N 'w 
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&-7 • · Coolant • A P\llt' ii requ1re4 to olroula to the 

•peolal proooas oooJant, pertluorodlmltfWlo7olobeana, through tho 

ooolfJIG 1711tml ot -.oh 1tx-etap oell throughout the prooeaa ouoa.de. 

About TOO 1\IOh P'WllP• &n inatnlled In alaea w.r,ylng from 6 to ·660 CFl! 

UDC!er hM4a ot 12 to 176 t"t• Hon•pc:Mllr ..ariea tl'Cllll 2 '° 160. SSnoe 

th• ooolant Sa apenalw, lt 11 to mSnS•SM lnwntoey and 

1 .... by 1-b. •• .... loped (Fig. 6) la ot the wrll•l inet 

U liiOUDW th9 bottaa of' a •urge dPma, and take• ••t1on 4ireotl1' 

fltat h bott. hN4 ot tibl t.aaJc. .... 1ubr1.o&W by ilae 

oooknt. n.. abaft puaea vp thJ"Wdl a tube rvnn•ng to the top of' th• 

1a!1k. A a.al 11 plaoec1 at th• upper end. to p..-..nt outlalap ot Dltrogen 

•tntas-4 ma.- pn••W"e in ti. top ot ti. tank. b mtor I.I --w 
on top ot '21• ian1c. Jn thla W¥ no liqui.4 ou be loat i:laroudl the •-1 

eMep'fj the .. 11 UDunt whf.oh aight WpoP!u Into tl_ie Ditl'opn. 111.paw 

•ed, am the pmpa wre anutaoiNred by Putts.a Pampa, Ino. 

J 

a.a. Prooeaa Qu Yaouua P91. 

&. !5u!l'ementa. • !beH tor •1&0!'1lti?C-PJI009A 
. .-- .. 

.- trom ec;uti-nt prior to eto. tbeNION, ttw now 

tudllar apeottloatdon · ot no &DJ ·wry little tnJ•bge w.a 

-.uary. 1'h8nu an ordirarT W.OUWll p\IDp poaH•••• a 1-llage rate of 

about 601 000 lllol'on oUblo feet per hour, a rate or 1400 llliol"OD oubio 

l'Mt per hour w.a the •·dJD\1:1 perad1a1ble tor a prooeaa t!IL• W.OU\ln 

Welded ocmatruotion am a 1peo1al aeal wre DtO••laJ7• All organlo •• 

imtlala Wl"8 ruJ.e4 out to pNWllt Ot prooeaa pa, 

b. Dne!opmtmt. • krly in 19441 Kellex ab:! the Beaoh• 

Rma at.J-ted dewlopmant o!' e. epeo1al rotary, 011 ... ee.lad •ahani• 

· f'-• f'""' !°'I Ftp 
., I I 

' .... . ' 
_.......-- , - •• " • t, 
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oat •oUUtJ pump tOf' p!'ooeaa A l&f:Dl'tlo 011 lewl lndioatOl" !al8 

d•wlop94 to replaoet the oonwntloml g)Aas •ldit uaWLl oaet 

iron was replaoed bf a •terl&l 1t111Uar to bl'ODle• am b1' 1°" 

oarbcm ••1• For -.q •oo••• to the laterior. w14ed wouum job.ta 

wen 4••lpd ao tmt thty oould '- -.ohlmd or ...,...1d•4 with roJAti,., 

a!a:ry1lo1'1• A 'mdruple ah&tt ••1 ·._. pl"OdW. and apeol&l 

tluorimW4 inert Ml oll w.a \llede F.leotrlo Maten •n 1mta1W to 

•tntatn an et..W taperatuN 11hlle the J'WIP• ,..... not P\IDD1Dg, tor 

the p_,,Me ot redm1ng lubrloazrt ..S..00.tty, &a Wll U to pNWnt 

eon4ematlon ot the P'J"O"•• .... HORWI', at a'-dy operating apee4 1 

hat gemra.a· s.a morw than euttlolent to •1n't».!n proper 1ubr1oant 

Tlaeoalty and kMp the prooeas p.e In tho w.por .tr.tee A ooollnc •tor 

.,_ta tbentoN had to be lnl1alle4, a.DJ Nqld.Nct a 4ouble •t&l ••I*• 
rating 111l11 • •lbd.119.1- NIY ponlblllty ot ,.._. tla!tng lta w.y I.nix> 

the tJF6 atream. Copper tublnr; wa1 wappe4 tM ahell ot the pmp 

and eolden4 tao obtain r;oo4 bat tn.mr.r. rtgun 6 abm9 the tlml. 

4H!gn. . 

M. nuortne V&oum Pl!f•• • !heae pm;>a &N tor •Wtlng 

oon:lltlozd.Dg g&• traa prooeH equlpmnt. a.cimr.-nta an atwSJar 1;o 

thoee tor the prooe•• gam pmi;>a exoeptt that the outl--.tJt 

apeos.tloatiom ean be •omwl•t leae anere. Tklrk w.e 

in 19'4 by tho P'e Je St0Jo11 lkoh!.ne to 4ew1op a epeo!&11 l'Cttal7• 

011 ... 194, mohanloal wouum p1.IJIP to h6ndl8 tluorime Qi.akat e.1¥! 

flange de•lc;m wrie eomplnel7 re..Ued to un a11111n'11l and •nr1ts.ah 

PoJ"mU1& Rubber"• A rota.z-y Bhatt aeo.1 ,_.. Jade 1J1J of a•l"Sala ,..•ietant 
( . 

to tlue>rlnoe C.at!nt;a WJ"8 rigidly imJpected to el!tdmto a poaaiblo 



aouro• of lealaage due tao poroalty. M in the prooeo• ca• ftOU\11:1 puz!\)at 

t. •p901al ••1 011,.. med, .-qU1Jt1ng an ei.otrS.o hw.t1ng ay11W.. 

opeN.tlon, •-r ooollnc-.. requlred. 1'11a •• pl'O"t'We4 by mans 

of oopper tubing ln the oooling ap&ooe 1.'olten 1-4 •a out arcnnS the 

oo11a. the 1-.d the moeaso.17 double •111 am ao"4 u a h9at 

traneter- ..a!u:s. Ylith th• oil UHdt whtoh oontaimd oona1den.b1-

h1dr'ogen, -.. ht.sh• 'l'hla led to an ot 

oil or ta. 011, au! oooulosl 'buralnc tho Pal;' 

•1"8•• A •erl•• of te1ta -. rm !n the r.Ua IALboratorSut obioulating 

a1ataNa th• pUllpC ot ab: and Miit-, per oent tluoriat 1n 

ntwogen. On th• bull or tmH t.•ta• an operational Jll'ooedwe-.. 

outllm4 ....... 1.Ung the tlmrlme OCIDIHtntl'atlon t..S to tshe PUl:IPt am 

@ the upp9at lbdt •• ••t at ten per oeat. 1'h!8 4i4 not Smpoe• aewN 

re•1:r1etiou oontUtlon!ng 1diloh f.molwd. the me ot 

i:ba•• f"'P•• IP9 tl•l U.lp 1tl •hcMD lD Figure f. 

r 

&-10. Hi&" VUU\lll ns!• • h•• ptll!pl are m-4 in oar.moots.on 

with a.a• apeotrclllltalJ' 1-k 4eileotlon work (Par. M) to pmp 9quipmnt 

to high wou-. !bA9.7' hllnr!.1- as.r• require no 1peoi&l •teJ'Sala, and 

pre8ftt no apeota1 problemle B0519Wr1 they JllUlt met apeoltSc requ!N• 

•nt. ot hS.&h •?Md• hidi oapaotty•an:i "1'817 hlc;h n.ouurn ( 1r to io-'I an. 

or .. roury). It ia al.lo requ1Nd that nam.t ot th•H unite be rugged but . . . . 

porta.blli. Jn the aya.ta (Flge a), the equipmnt to bo ••omt.cl 

la oozr»e11e4 to a "Prilal'y Pmp• · ('1g. 9) 11hioh dleohars-• to th• 

•Booater Pmp" (Fig, 10). Theao are both o!.1 d!rtuaion '1lOU\a'l plql11. 

!he fll& then tlQl.'IS into a mohanioa.1 W.OUU'!? punp 1'4lich ls a Baa!1-.:'1uiu1 
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prevent 011 •!>01'" tr'Otl dittuoin& or tlawtng be.ok into tho &1pl\ce belnc 

ew.cnatad, a retrlgeJ"Atod •por t!"np 11 lnata11od ahAc1 or the prima.r:f 

P\l:lp• 1hle trap la oooled by a mohanioal retrlr;en.ting 

unit. To 4ewlop th• oil ctlttu.lon pmpa, pror;rama wre lnltt.ated at 

HILt1oml Rnearoh Corporation, the Elect:rlo and l&mt­

ta.oturlnc CO!'pOJOat!.on, Dht1llat1on PJ'Oduota, Ina., a.ntl the X.llex luh 

l&bore.tol"lea,. The oil u h•ted eleotrloalq. 011 w.por r!a•a in an 

inn91" ohulber, and 11 ctlreotied dlaoha.rging through 1-» annular 

DDlll•• into the •paoe MWHJl the 1JmeJ- ohad>er am tM •hell. Copper 

oooling •tor tub1ng ll wound al"Olmd th• 1halll and 4taoh&rce oanD110tton 

to oon4enae tile 011 w.pme whS.Oh then runa baok dOll!l 1nto the oil N••r­

wir. A tluid 1-g beW..n the l.nmr obaaber and 1hell •11' P""fttAta 

a mole tlow ot •pOr• For me throuehoUt the proMH &D! oo::ad1t1onizlg 

areaa at .r.25 1 a tota.1 ot about 186 unlta..,. ordered trom 

1n 2000 o.nd •ooo cubS.C toot per m1nuto ala••• Six un1tl 

,.. .. bought hall Ht.tioml Rea•roh tor •• at th• Y.elln Jeraey 01'1 

'teat P'loor (Vol. 8) and ln the labol'atoriu• l"iw 'mllta WS"8 puroohaaed 

tl'olll Dlat1llatlon Prod\Mtta tor \lie 1n tentlnc w.lw1 JSnut'&otured 

at the plant or the Cro.m (Vol• • 

. -; . 





P"Cncn.11:,r "rovldod fii-at for tl10 rurpoac ot detorttlnln : tine 

nnd uey:Jico-charJicul rro;'.orti.'1c of t.h c prvoosa c.nd 

nooon.<l tar '.:;he pur;:,ose of eoni7olliz:. ;· the.r;;e '1llrlables o1 tlwr tanua.lly 

01· autm.:nt1.C1!.lly. SU')orirlpoaoo upon the um.al problomc tnhorent 1n the 

tation 1 t'.-!f>:ro is at the plAnt a nut1bcr of unwnnl 

quirononta and co:lditions which nece•aitu.tod a -.ot Dl'Of"'aO of ro•ae.POh 

L'1d aovclop: 1ent; C)OM5idemt1oua, fOJ'!'Wlo.tion Cf 

requirctlCntli, of• f.LV'Lilb.blc dnvio t.s. ri.nd ori ··i.nD.tion or !:6\'lr 

-• 
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and fuo purr,e oasor .. de• 

2. prorrnur(l of th rt operc.t1n: : proot)a&. 

reaulta in the dantor, prr)•r.nt the pla.nt, o:r 

lnlee.Jm.r;e ot a.im)ophario G.ir, an oocrurrenoe which oannot 

be tolera too• 

3. 1Ii;::l«ly oorrosivc !Yi.turc o!' the procesa sterial. Urani'Lr.l 

hiaaf'luoride l"f.lkCta ld:th glaat, moat mtala, maieturo, 

'· Yleoee1dty tor iaotopic aa ... y toats.ng. wtJ"ummta oapcLble 

or d1at1nr,uiebing bet.r.:ian iaotopes of' .. p&.rtioular 

elOQtlllt arc veey ror. 1n m.r.t>or6 o.nd to date bQvo liB<1 wry 

Wrequent application tu induatl"lal problems of pl.Ant 

CO:ltrol. 

Rt.turcl or the mile-lon ;::. cll1"t"u81on r>roooes., which 

1e ultra-cona1t1ve to preaauro mvea and 

w.ri&tiona. A oont1nuoua cllttuaional prooea• 

rD.tivc p!"Oduction efticlenoy. 

s. ScTore coruioqucncco of vr..rlci.tio!l or opera.tins conditicm.r; 

frtt'"i :predeterr.ined 11&.luoa. An inloo.ka.r;e or alr or 

conUlminat!o:i at thllt !>Oint, 1t1ich bo;ins bt"\cdiately to 

be oorried 1ri both d1reot1oru3, t a."ld1n;- to aproad thl6ou:.tt-



.. 4 • • 

aa.;:'lt · dcai.t;n e.nrt arre.i.;,oz:iont tirally chosen t.o take adw.nti:.;:e of tlde 

prinoiple, r.nrl tho ult1re.ta evolved tor opo1'ting the uscriJled 

() lilulufs.:.otu:rcd b;r oollaborc. t1on o!' the J:ellez Corpors tian ri th the 

'f.lcctrlo (App. r7G, Ti17, t·"18). Con.s1dere.blo work •s t.leo done 

the }.bore Products (App. D76)- the lnai:rum:l.t 

(App. f '7n). e..n<1 tho Repwlic Flow ?°t?tcr (>.p;>. POO). '!he work 

done b/ these conoorno fall.a aost properly wdcr tha 

rosurved for Vol\rli..' s. J!l)ro dota.1lacl troo.Ule:lt or i»-rt1cu1Lr upecta 

of Vol\1!7.c !i)• 1'..nd to trcd.n1nr- J:ll.n\lhl[l of' t}V" Carbide L'1c1 C:c.rbo:i Char.lion.1£ 

COl"'nO!"f'. tion. 

r...:: .• 11.i.GZ Spcctrct :.ct -: r ... . &..:: t ... 
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of a number or tho DJro nur.191"0US n.nc m?•e s.n ·,orW.r.t inetrumc!'!".to ce­

peaSt.lly dov clopcd c.nd en r ioooi-00 to fit the 11.nc! 

or the '£sooua D!N'uniro Projuct. T!.ic t:cllcx Corporc.tion Wld 

the 'lcmeral rlectr1o worlted out tho deo!.;11 &.nc! r.L"luf'Q.etUrinr, 

prooedurea for t.1!1u equ1 ;n:)eat. 'l"oe taos or lt;a foro­

rwmel'B, boon kno\'11 for about thirty yo&rDe Ti1e hac 

provided a poweri'.11 tool ror wcri-:c::-1' 1n ntottlc rh:..-s1e:1, a.nu ht.n 

bMn •:>::>lioo to axalyti®l problem 1n ee"fCn..l f'1eld!J •uch a.is the 

petroleum and aynthDt1c Nb' ·'91" · UDQUe1t1ombly, !ta r,zocatost 

appliontion to de.to Ml been to at;u.y and production problen'J within 

K-25 e.nd other projects or the J.Mhattam Distrioi;. 'Alk!n• .. account ot 

the \llrt"orenooa 1n Nlat1vu lllJ.8• aa:mz tho YD.rlow 1ncliv1dw:..1 mlccular 

or atacio p&rtiolea preemrt in a casooua ciztuzoe• tho mua mpcotroiootcr 

ls eu1W. laoto?io u well a.a o11812i•l uay teatin;::, a1noe, by 

lt ia thia atom.o -.as which dist1."'.!f,Ulahou 1;b) eeverr.1 

iaoto?(ta or o. r;lwn element trom one another• 

a. iiiatorloal Sur'V'O'.'J'• - The orl:;in the · maa 

meter dates rron the 7o&r' 1000. when !:. ;Jcldetcln tirat obaicl"YC<l 

were called "C&ZJll l rays" (A.pp. DOO) • Theae were later totmd to OO..."'laia-t 

o!' • trca.na or loni•nd part1c lo::• i:.nd arc . now t::nomi as r.>e>a 1. t1 vc ion 

In 1890 r.. ttlon f'!rst auoo{:e<loo in produoine: doflect1on o!' 1or1 ro.ya b:-' 

of olBOtrlo and t1old.s (A?P• t:oo). r.o.rly work on di•• 

pe:-aioc or' poBiti..-c ia1 bcti.ne an.c tlono 1n by J. J. TllOWio:i (App. 

DlOC> ). IAtwr 'WOl"k by Thct:3Son 1n 101.S, 1.."'lwlvinr. atudS.eo o!' the 1,ohlvior 

or 11 :-aaea, cmabloc? F. i ; • .Ae1xm tx> announce thr:- discovery 

cf' t:-::o DCT'.'r£.'tv noon. ln l:ilG l .• J. f•cr.{lot •:.>r (Ap;: .• nlCl), 



r ? r Ttl £. · • '' _a,,i1 --
' .) den:lopet! e. direotlan-t'oouuinr: tcohniquo for noslt1w ray and 

ln 1910 r. r:. Aaton (App. 11100) dev1.aod o. velocity- tooua1nc r.;ethod. l.n 

1955 Aaton e. oonprffhana1n text on tho aubjeot of z:ass •pectro­

graphy1 and delOJ"lbed e.n of achanced desS.t;n (App. DlOS ). 

r:tth!rl tho l.anhatu.n tiatriot. the a;>eot1"amter z-eociTOd vigoroua 

&."ld 1fitana1 VO 8b:!y &nd dGVelop&Wm t Chiefly mdor the c11J'vCt10n of 

) 

) 

Dre A. o. c. ?ilor (A??• C29) firat nt tho Unlveraity of 

ao1a, and ttw Jtellex Col'pl):rationa For an extonatve hiatorioal 

treaiment . of the !nwntion, 4"'1l0';'1118nt. and &p;>11oo.t1on or r.aae 

eppotrometer, u weil cu1 tho etory 1te uo.e on e. [.ir;antio production 

scaler at T•l2 Projeot, the re&de'I" ia J"Oferrod to Book v. 
b. ?rincdplu of ogerattor.. • Sevol"(l.1 prino1plea 

arc e<mi>1ned to 1'oni tho bUis tol" tho operation or t.iw mas epootl"o• 

(1) Fon:ation of Flectron . ..._, - A o!' hi fjl 

"YOloc1ty electrons my be foJ"md by encloa!n:: w1th1n an ciio.c1.1Ltad 

a hot t1Jaaent o.nc, nt OCJr;ti dlamncc f'rot'l it, a poattivoly 

plato. h hot f'11atv.tt1t will cd t cloctrom, which will be a:ttrnctod. 

to the plate. The b9IU:l oe.n be &C('IUl'lltcly al11'led by inJ:>ressln r. f>. 

ie -:netio !'1cld 1n auob & tiilD.Y +-.hr• t 1 ts 11.noa or force e.re 0U0.llol to 

the ·'10.th the electron "1)"0• 

(2) Io:i!zc.tion of ·ll.IKiB• - A re.pldly tl"n"t"ClUnc 

electron strlkin ;:: 11. £11.S&OUS J:rJllilOule r'<>saoaaea thti to clialocl : e 

O!lo or 1r.0rc •leotrona !'r'Gr.1 the t:r:>locule, 1t to bcoame a 

positively ion. 

(Z) .Aocclo:ratio!1 o!' .:noeow :ronr.. • l'ocs1t5.w ;"\i.eeow 

,. r: 
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ions 'f;fti..vol to.rd the &lon · a rectilinoor path p&l'll.llcl to the 

lines or force: of the eleotr!o f kld bnoi.od. HOW'C'f'm", 1f a t.1l.1lBtic 

per;.>endicular to ·th& :r::at'LU"Ql ?&th of the it will tond to dofloet 

them from theil" atr&irht line path, and oe.uae th•.m to 1n circular 

aroe, thet runomit of' dat'leetian bein;-- r·or those ions of lmmst 

mas U). Ttat ts, the henvier iono will trnve:l a.lon :· arcs o!' 

f.:l"'e0t8!" racHua or cunature. l£ tho 1or..s wre permitted to etrlt:c Ii. 

•trike be d1st1not rrom one another,. and 1IOUld be &.IT'lU'l;'.ed 1n the 

(6) Dlacharr-0 or Ione.. - As the nod tivc ions 
' . 

atrlb tho relati-r.:ly ncr,c.tivo 'tar :-:ct t..'1cy Uike up oloct:ro:ui, 

beooclnr. electnoo.lly noutre.l. 1'111 resultn 1n the a.ttraotlon o!' J:r:)l'O 

electrons to plate fron thti circuit, 1.e., flow of oor1• 

vcnt1onal ourrent from th1:i platv. The er .r-urront 

per u':lit t1n :J e 1.f cv.iditions arc ao nrf,d the.t only the ions o.r 11. 

SpooU'ic DaSG ai•c &.11.cnmd to rot\ch tM.8 "collector ple. W" 1 J1iOtUtUrer.<mt 
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{fl) Tlt10 of' !'. U.tc. • '!"hi'- or·loctivo oonditi .0:1 Cf:.!'+ 

nnr.-<rif elit et the !'ocal r>oint o: 1one or ti"i6 &;JCci!'ic 1susa doo1ro.d. 

bflUJS by 1115.tu, tho aWlar oontrol of 11(',ht ba:l.!:JO b>J f:lAea lenaoo. 

(:-·') 1 ts '¥5\rJ.O"..&a Oo:tPO!lCnt Wl2. V()leneths by & t r ;lalSG prior.a QS 
'-...._ __ ,, 

... , • 

"· 

applied 1n the woll-l':Damn optioal G:''eetromoter. It ia fJ"Orl1 th!e &.."lll.loor 

e. typia&l tubo aM"&nr·()'l'JOnt no usod in tho ''Lina :Pecortlc:-'' 

to be doaor1bod bolcm, tho •ruouroo" and 1'; houa(id in a c;.w.cu• env»:;lope 

filo.sir.nt F am! electron oolloctor plntG Te 'i'ht• of nn Ll.nioo" 

r· ·-
· • · 
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\ . 1a 1Di10ll'boc.l I\. hoe.'IY dot lr.r-ed!atol,y abow tile slit in the •hiold s • 

J... 10?1.ee or slit !'lAw&. Jl, J2, J3. c.nd G £.ro provided, in line 

trith the oouroe. Jl J2 aro a. opl1t pc.U-, (t.W permit bolrinr; the 

beatl to ono side or t.he other oamporwato ror impor:feot!o -a in Align­

ment, as well ao for t'io slit!ht bondinr;: or 'tho ion bac.m produoe<l by 'tho 

agmtlo tlold fbr the elec1ron boam. 1!1e rezialndor or 

the plawa a "lem" whioh not o.uly 1noNG.ses thD tho 

ion beam enterinr. 1he •p'tio but also prownto a. dropplnr, 

Of"f' or ion lnimulity tOP all but the lawest enei-er 1ona. h bro plat.iea 

mrbJd Gare r;roundad 11.Icme with tbe -.gmtto houain:: to whloh 

they are Uod. 

d• Uethod ot Uoo. • 1bo •pootrameter tube 11 oont1nuousq 

ew.cna 1-d. by i:a.na or o. d!!'tus ion p\ll!Tt) and moabl.nlae.l t'ore pim;> · ayatarm. 

s.q,i. gu · 11 lntroduoed hltio the aOUJ"OO box &lld ion1&ed by t..'Ml elaotrcm 

beam. An la !'ormed tuk! aooeleJ"t:l.t.ad th1"out1l the tube •. 

'1be nlatiw &DOUD.t or a p&J'tioulAr aomtitiuient 11 d.ewl"Ci.Ded by 

....urine the oolloot.or plailt 01ll'Nnt with aooeloro.tinc w11iJ.go dif'f'wenoe 

tho poa1t1w eleetrod• a.nd ttAtt oollector plato ao adjuat.od u to 

oauae thia oonatltuont onq to roow: on tho ultt in the oolbtotor plnto 

ah1el4. Seleotion of the col!lpOmnt to bo ao mMJ.auriec! i• is.de by •uitable 
• 

ree:u)tltion or acoele!1ltinc einoo f'or a r;iwn field 

strength,, the .. or tho pci.th followeci by ee.oh ionic epecie1,; 11111 

1.nol'Oase u this wltEi.rP ia laworod. J.31 e.ltel"mtc nethotl or ion ae-

Jeetion oould be worlmd 1'Ut 1-.ffd upon the rer,ulation of tho J'll\mDtiO 

i'leld •ts-encth• l!tmDwr, the tint im·thol' is in raoe apeotro-
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maaa spectrometer princi;.ile artt preaenl.ed in t.ho next. three paragraphs. 

6-). - E1'1'ectivo operation ot the plant 
. 

requir•• that the chemical oomposit.ion ot the process stro&m be knonn 

at all ti••• and at. 111an7 point•. Thia 11 ne.ceeaary 1n order to df9-

termine proce•a cond1.tion1 and t.o detect varioua t.JP91 of leake a• aocti 

&l't.er !oraation aa poaaible. Continuous &naJ.7aea are run pri.uril.7 to 

detect. an abnormal. rate ot inleaka&e as aoon u it occurs ao that. it 

u. 18 aerioua, 1-ecl1at.• oorrect.ive action aa7 be taken. The line 

recorder t.hua aenea prillaril.7 to keep a contimoua graphio record ot 

t.he oonoent.ration ot Yarioue contaminating 1aaea, but &.lao present.a a 

mean• ol checking caaoade It. waa developed b7 t.be inet.l"Ument. 

department. ot the Kellu Corporation wit.h t.b• cooperation o! the General 

Electric Cor:.p&IV, who aanulact.ured the unit.a tn.ta.lled in the plant. 

a. Frinci,ele ot Operation. - The heart. o! the line 

recorder 1• a mH •peatrcaeter ot .moderate reaolving power. A muaber 

ot acceaaor7 part.• and auxiliary instnmente are nquired, and were 

eapec1all7 adapt.eel !or t.hie aemoe. The apeoial principle• inwlYed 

in the operation ot t.hoae item.a are deacribed below. 

b. Component. 1-'art.a. - The •chwt.ia tlow dia4:1":c lor t.he 

line recorder 1e depicted in Figure l) (lacing p. 6.8). Tbe"eleot.rical 

connections are r.preaent.ed in Figure 14. Fi£W"•.18 (taain& p. 6.13) 

•ho•• an isometric drawing ot the comple\e a1sembl1. 

(1) Maas Spectrometer. - The function and tinally 

adapted tabr1oat.i9ll detaila o! the ma.es •pect.rometer tube, or line 

recorder proper; have been described in 6-2, and are depict.ad 
• 

achemat.ioall7 in ¥1gure 12, tacing page 6.7. 

. , , -



81."lOC flo'w l'\>'\;n pl'"OSllUl"C o.f tho l!.rt: 1.ntcrdopondonttt lt 1s 
I 

l;i(..aoc u:;or, tl't..: tl!t4 t, ti:in the prcaaure run.cc i.nvolvvd, tho 

1&J DSUUJ"Od by %JDtinr; ita ohe.nre L"'l eJ.,,etriccl 

''°"Sinblc • It u necestlltr',r to 
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ent.ranoe and exit lines, n•pectiYel.J', tor the gas to be anal)'lled. Upon 

reaching the cold •pot, the mercury conden•es in •ul!icient quantitioa 

reduoe it.a pressure at t.h.1• po.int t.o ite WIUB.l yalue at the cold apot 

te11J>9rat.ure. The condenaed mercury then cont.imaea on, and react• 

campletel7 with t.be UF6 a abort. diat.ance up t.h• tube. 

quant.i.t1e• ot distilled uz-cuey aa7 drop back int.o the reaenoir, toget.her 
. -

•. with &JJ¥ :react.ion product.a which !lake o!! the wall.a ol the tube. To 

prey.,11t th••• react.ion product• troa "poi80lrl.n.c• th• llCll"CUJ7 nrtaoe, 

t.he nickel tubing 1• ext.ended below the avtao• eo that. the region below 

the bole• 1n the tu'b8• aat.1 u a t.rap. The cold 1pot. aontill•• the reaction 

region, and lia1t• the Mrcu1"1 preesure. To aab oert.ain t.h&t. the 

aorCU17 does not. aondenae be!on reaching the cold •pot., a u.ra:1ng tin 

i• att.ached. TM• alao an.r exce••iY• coollna ot t.he reae?"Y01r1 

and aHuree ample tlo• ot aero1J17 to t.b• aold apot.. Tb• low tmperature 

ot th• cold apot. i• a.d.nt.ained on each ot Ute two nickel tube• b7 

. .._. ol a copper linger aubmerge4 in a 1luab ot t.r1cbloreU17lene 
I • 

and dTJ ice. . The cloeed t.ube •hown in tbe .ti1'11"9, proJeat.ing Tert.ioalJ.T 

troa the reaenoir ohuber, 1a t.be •rourr line. 

(S) Glue Trap. - Ga••• lea'Yiac th• •peot.raaet.er 

tube p&•a through a gl&aa trap 1-eraod in liquid nitrogen. The 

o.t this trap 1• to treeao out aero1117 nr-or which .!Qi.ght. tind 

it• _,. int.o the etreaa from t.ho dittuaion pump. Th• trap alao 

pnYent.e tho upor preaaure from int.ertering liith th• ion gago reading, 

and el1•1nat.ea t.be po1aiblillt1 o! a.e1·au.ry vapor entering t.h• •pect.ro-

aeter tube • 

r 
6.11 
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(6) Ionisation Cage. - An ion gage tube (r'ig. 17) 

waa adapted nnd m&.nufactured by Distillation Products, Inc. It ie 

connected the glass trap inlet to measure spectrocueter tube 

pzaesaure at the pwap load. It 1• aet to abut it•el! and the spectrometer 

tube filament ott in oaae o! vacuum failure, ao u t.o avoid burning out of 

a filament.. It conaieta or a aource o! electrons which tall lhrough a 

potential drop ot lOO or JaOre TOlta, and a means ot collect.in£ the 

po•i ti Ye iona tol"lled trora the ga• b7 elect.ron boabardment. The ione 

toraed are collected by the negative plate. The reeultant plato current 

ia ••••ur•dJ tor a tixed electron emiaaion, it 1• proport,ional to the 

gu pnasure. 

(7) l'Wllpine; !lui:pnent, - A two •t.a.ge mercury 

dittuion pwnp ia prodded, having a capacit.7 or aix liter• per second at 

a preanre ot io- 6 &Uliaeten ot •rcur;y. It. .1• backed by a aecbanioal 

tore pump, and an oil trap ·1• ineert.ed between the two pwapa eo that, in 

oaae failure !J! the Mch&nical pump, it.a oil 1d.ll not be drawn into 

the dittwiion pump. Two thermocouple gages are proTided to aeuure the 

lore nouum. Similar to the l"irani gage, tbeae are al•o "bot wire gage•" 

and determine gu pnaaure troa wire temperature, but inatead ot M&auring 

the 1d.re r.:.aiat.a.nce, a t.hermocouple and mi.ill Tolt&eter are used to in­

dicate th• te.mperat.ur• ot the •ire directly. 

(8) High Voltage Supply. - 2500 vol.ta direct CUl"rent 

11 required tor the operation of the line recorder. 

( 9) Control l'anel. - Tho function o! the control 

panel ia to diYide up the high wltage ao that t.he proper acoelerat.1.ng 

volt.age appee.ra at the eource. 

6.12 
, .. ',. 
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(10) i-maeio:.1 Ho--ulawr. - An emiaaion rer,ulator is 

included in thc-1 &to1-n to f\u"rtfah volttl r,eo ror tho niz1ndor or the 

•ource, and ti> proridv eo ro{;uktod tlnt tho toi:x!.1 

eahaS.on ru:ains 

(11) Arr1'fl !::yet.em. • t:'GW'lS "'°re 0195.r,Snally providod 

tor tnu-oduo1nc a llllllil Ql.Bntit:y o!' ar;on into the l'llUI u a oall• 

ras to show cny cmncoo in eeno1t1vit" aauaftd by •t;!nr, or tho 
I . 

tube• 'nli• equ1primt 1a not med c.nd la r«:1>1'\Jd tl'OC1 tbB Um 

--: reoordftl"ll• Biandard UFfrCdt:rogen Dam:lleo are now 'Ullod ror aa11brat1on. 

,. 
t'. ·' 

(12) 'S!llrlont1on t;ynt&m. • 'lho and 

armU1'1er nerw the tunotiion or Zll'Qrrurin!; the !on ourrent. 

Currents law A6 1'J'912 D::l»l'e8 onn bo brou·-ht wt.thin a J"aOCLsura'.Jle 

or a two "°1 UB8tcr t.h Q hir;h roaiaU:Lnoo grid c1.rcu1 t. 

(13) Vol'txlr,o SU1b111aere • 'lho ·volitL:Y c'tabS.llaoJ" 18 

a oc:a.»l"Okl .nnbiU.inc unit whioh ia 1ntondod to atx>Oth out tluotlati01111 

1.n tho 11G volt alternatin · CJU1Tmt rron tho s1nB1 uno of ttite 

dovi.oe ml..'"&s it poadbi., tc? th1.1. doaS.tn o!' thu othci- aoocasoriea. 

Reool'dor. - Th• l'Uoordcr moohanim nitohoa the 

apeot:ror:aew ix> the v. lue rw each ion iX> bo 

IDOllaurocl, aoleota the aemi tivi or the recordG 

by l!JaCIJ1C or e. L&odt c.nc1 Uon!IJ"Ul-l rvoord1n.:- 1'-io 

diluont &re t.'n.lo i."1 .n pre&rrrui. t;ecl CJ.ld 

rapentod aequonov. !ho roault 1o Q oet of Om-Yl'S whioh [TQ.pblcc.lly 

·: 

.· . ··· ·.' .. 
a 
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tc tho auction of the About tl reo cubic oentimctorv (or 'O 

c4111r-ro.r11) nor dny o:' uTe is blod to th<- a;)()Otrozil>tcr tube lr/ moo.no of 

the ad.jw:Ul.ble J.ceY:e 'Itio ttt.Je OpOl"6.i;of. O.t to-£>. l<Y-1 millilmtol"B Of 

by moo.na or the Pl.rans. t•r·,,. t!}>-.6 ta ch•moall.v J"Omwd troom the 1troam 

bcrOl"'O it "8&Clw• the •pectrcnewr tme, o..'ld rca1d.t1E'.l ruaoa are mtJneJUft!d 

by moans or the spoctromtor. Sbtlten aro in.clmod on iho 

r>l"int!n;· dortoo whleh opora'flea oo a 0.4 mi.nu-tic cyolo. All "'9':1-m.lli>cred 

po1nta rooord tho oonoontrlition of nitzoorytn• 'ft:ioh in ordinarily the 
• 

a:>at prepcmdennt u.nd moat diluent. 1 Md 9 "oord 

axyr;en and point 5 ciYOa an 1ndioution or the pl"Honoa or 

eyd.1-o'."'.e:n. tluorlda. It 1a not poealble to aJC.su:t"e thf."? k 

11¥"1?'0 loom o1' an olod:rcm, i;ho CeFlG (toolN>ul.e.r ·a•drht 400) 1cr..!Jroe l::rj" 

olouw.rro or the.: =lcculc. Point 11> reoordt.t ood>ined co:1.09ntJ"11:.tion 

or ·oarbor. dia:dde 8.?ld nitr"ouo ad.do, 1'1h1.ch nJ.y f1ntl their 'M4y into the 

proooas -.y or loo.l:e 1n w.r1oue prooooc rt'lfrirera.nt . . 

(Vole 3)e tho ln.otrument oc.nnot dietir.eufeh botwoen IUlQ. NzO Gi.DO<'> 

' • , ._.... _...., ' 7-.· ,.. ..... 
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a.n &ll{llitier aero check. l'.F 6 conoentre.t1on 1s 4eton:d.noo by 

dit'ferenco. M an inhorc:lt oonaequenoe of a JDOthod ut11la1nr eubtre.ct1on 

ot the aoouraay or ut'e det.ornimt.ton c!Joop1 tr the 

line reoordor l8 uud whoro the amounts of n1troc:en or other dS.lucmta 

l'OCldinc• ur.6 oannot be cletercined its 

1e aa low u .., per oent. h UF6 oontent; -.mot b(t 41not1y 
. 

in the lln3 •1noo or the lmatluor1d• aha.rply 

11m1ta tho llte thD tube. A speoie.l l'R<'k SJI beln: .: de"l'eloped at 

wri tine-., and ia &pplioa.blo when tF 6 ocmoent:ation SJ:. ao 1ow aa t.o GD.\1919 

serious el"!"Or in the 41tfezeanoe mthode In th.18 dni" 'tho ehad•l . 

( , is Otlittod1 tJF6 and 1¢.ro r•n l'luoriee are determ1.ned tho 

mehl lite I.a . aubjoot to limUatlan by ant ool'l'Oa1on. 

!MJ lino reoorders aro 1nainllcd in eaah proCMo or purge bu1lcU.ng !n 

X-e5 end K..;?7• A eopper tubmr. zm.n.u-014 ayotc= 18 pl'O'ddecl llO tht.t 

e1th9r lino reoorder 1n o. :-:twn J!ll.Y be w.lTed to any oell hi. 

.. 

thn t building. Che 1e U9l&113 oomoctc,d to the acts." ooll 10 aa to 

111ml'bor tho lnlealsg-o to the buildine• !h1a 1• oallect b "prino!po..l• 

lino reoorder and q1ul tee a cot•r<"u1pond1nf'.' "alit.w" rooorder in the centl'Ql 

oontrol J"Ootu. In this roon & aurwy is oont1nuoWJly a.w.1l&b le ('f rirooean 

at:rea.m throur-hout tho '1'hc line l"C300l'"der is WI"'/ 

tloxibloJ frequency o!' A:'Jllyaio, AMlysod, l'Mr.&t a:icl 

preoiuion oa.n all be "fllri _cd aa deairod. Por non-routs.no work tho i-eoordar 

pro'"'Ttlr.l oan bo to atl.D.l)"Be f·or diffoi-c .nt or to r;ivo 

mro troquont u.: in.lysoe of u spoci1'1c oom:,onent. Thin b dono 1 £or 

c.1ri 

. i . -
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when !t S.1 denlrlld to tent to't' loai·a with carbon dioxide u a 

probe '.'t'Ge Suol1 a motiiod b:i.o bPen dewloped u an nlternate · to tho 

orictn&l w.own toatinr proccxture (r.r. r-4) \ihloh roqu.l!"oa ahutting 

dawn, and repeatudl,y tho 0011 1n question untll it 

lo tno of prooeus rtr-s, and than wi t.11 hollm.. !he carbon cll.mdde 

mthod r>on:d.te rrob1nr of •uapeotod &l"'eC18 without ahuttin;: dOW!l the oe111 

&nd wi .. 11e it ls 1n t'Ul.1 prooeaa op"1"f;l.tion• util1•1nr tho lino reoordar 

to tndlaate penetration ot throu.m a 1-k 1n the 8Y•toc. 

tnatead or .. poJ'iri.blo 1eaU de1'ootor •poctraae1xll'. The method erteot3 Q 

pw.t .avlnc Sn the amJunt ot pt1100••• Sni;eft'U:lt!on tbao1 the oell ia not 

1aken ott atrecm tor repair wit11 all the pl"ftlim!J-.i,r wori: of leak 

looation h!La been oompletode 

M. Iak Detector. • All previously .tatlnc •thod8 t<W leak 

deteotlon, auoh aa •OAP b\i>bl.G 'beatinr and 

mthods, woro Omt>lete)V unaultable tor \A8e 1n K•:!6 oqulpc.mt tooting. 

It 1RUJ very iq>e>rtant to oonoe1w and a iadl•lly D<1'I mothod 

wMoh would bo wry aonurnto. wry rai>ld. Md eapable ot 

extft,mly amll J.ea.ka • . Early ln 190r4, ezperUI o,r, w.cuum ili>chnolor)" wro 

aalled 1n 'bo rniow tho K-25 'VILOUW I?epreHntet1w1 from the 

:'ltncral r.lootrio the Vieati."lr,hoUBe f.leotrio and },D.nuf'aotur5.nc 
' 

1 the ra tioml 88&0Qr<Jh Corpora t1on• tlw 

atter..ded a tllo-day oontcronoc• at which tir• it aa r,oneralq 

tlin t tile Y.ollcz 4•1111'1 WN •01.Dl, Imel thlt the propoood 
"' 

tostlnr tcohniquoo waro better ttan ailJT provioualy knO'llll Dao 

probler:z -.o f'tnally ao1voc1 by o!' a l!'tethod irrvolvint· tht> uso 

. -- . . 
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the probe gas because ot ite non-toxic nature, and ext..-uely 10111 .molv­

cular weJ.eht, which 111akt10 it very suitable tor use where ease ot pene­

tration through uall openings is desired. Furthermore, there ia no 

pcsaibillt.7 ot clouding ot test de.ta because ot trace• ot helium arising 

from other sources and existing in the or am.bient at.mosphere. 

a. Princ1.rle ot Operation. - The mu• ape:ct.rc&etcr 

principle is used in the detector, which register• the existence ot 

helium within eY&cuated under test, •hea a •treaa ot that &•• 
i• pla7" ut.emall1 upon an area containing a leak. 

b. Coapon;t, f·art•. - The 'heart. ot t.he apparat.ua 1.• a 

portable ••• apect.rc:aeter. Awd.liarie• include princip&ll.7 a high 

•peed Tacuua pumping qat• (Par. a aource ot helium ga.a._ 

c. Method ot Use. - The leak detector •7 be co.wridered 

u m 1onisat.1on &-.P (Par. &-Jb (6)) aoclitied eo •• t.o act aa a •partial 

pn•sure ainoe, 1n etteat, it meuures the pal't.ial pnssure due 

\o hel1W1 inetead ot the t.otal gas pr"eaure. It is so &• t.o 

anilyme tor u.aa 4, the beUwa. ion. The equipment. under test 1• con-' · 

tinuoul1 exhauated at high Tacuum. Ambient air lesks 1n aontinuoual7 

t.hrouch a117 l•ak• which aa7 exist., but thi• h4• no ettect. on t.he 

wt.nuraent. reading. cm. operator plays a •t.ream ot helium s,.tam­

atical.17 oyer 11Urtace ot t.be equipment, and when t.he •tl"981l strikes 

·a leak, helium penetrate" into t.he apparat.ua and ia swept toward the 

T&CUWll pump. A emall •ample ot stream 1a bled oontinuousl7 through 

t.he tube, and when helium it• iona are •o 

as to •t.rike t.he aollector plate, producing a plate current whiah 

ia noted b7 a ••cond operator. The location of t.he leak is then de-

aa iloint curren t.ly prob .:d. lhe leak detector c&n 

. . 6.17 
't .... ·-· ( ' .. ' . _· 
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amlysG for ono pe.rt or helium 1n 200.().XJ' !.t ccn thorcl'ore df!!teot i;. 

lec.k of ori.s r.:ioron cuble foot per hour 1n c. tt:piml ULGOOde oull. h 

swlleot detoct&bl(l 1of4k 1c; 0.01 nioron oubio t"cot por hour. 1/i;OCX> a::· 

the ini».1 1nloukare oe.n be dotoctod a.c a aS.n;:b• 1-k. The al.le or e. 

cloteotod lee.ic mn b() ostiraated with1n about tt.rw por oant. Aoou$oy 

down to flTO per cent Jld.r·'1t be 1r ttlc neooBIJtl.l""J co.re TrC!'O 

jmti!'lod °bj" t1¥> ncode Tho preponoo or m·6 OZ" t'luorlde in ttlO 

nacna1'94 IYI'- will dam.ge the leek •o that 9QUipmlklt 1x> be 

teatod .. t tint bo puzer:o<l. OVor 200 or theee inatrumntlS 

mvo been uaed at K-25 1 durinG the nawly · lnotalled 

equlpnmnt W!l& belnr . prepared Md teotad t'fW prooo• uee. 

6-5, Aaaay tt.oh1ne. • 1ho pur;>oso or the assay naoh1ne ls to 

r) dotendne tho laotopic tSan or thD uranim oontained 1n prooeao 
·\.r . .- · 

8&q)1e• (App. D64). A -.q;>le tnatrmsnt W.B daveloped at tho ,.,, 

York labot'Qtor-J or tbo ltellex turned over to the t.eriol'Ll 

Eleotr1o to •erft ae a model for rrenufaoturin r; add1 tloral 
; 

r.:achSnoa. J. ooo;')cl'lltiw· Wl.B underiaken by Kellex, 

Sf& o£ Coludl1n Unlwra11;r 1 o..nd thr, e.nd ce.rbcn 

Ched.e&ls.Corpoi"lltion. 

Ae FT!no1p1e c£ • The instrt.lnn"lt ta OJl 

adaptn t1exi of: tho ma::i 1n vli.ieh collttoiioi- pl.ntoa aro 

poalt1onoc1 to rooo1YC 1on boo.r.ic OOrro&por.din; to SZ0)1 m¥) 

{z:n.co ass),respoctivoq. 'l\10 ratio of the lon 

OUJ'Pmtl 1• moaaturod by JllO(UlO an elttaiz"ord.c potontianctor. 

c.1c 
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"' l laotopio rntio •Y be detendned diJ"ootly trw.. i:he !on-current "'tio 

Without reterenoe to a 

,.- ) 

1-Jc, pla>hlg equipasnt. U(>lli'y1nr, &DC reoCl.'dlnc apparatua. No ehamS.O&l 

trar> •bd.la.r to tl• t uaoct 1n the Uno rooorder 1• med, elnoo ln thio 

lmiruMnt; the ur 6 moloouloc thaimDGlYOa are aupplled to ilr.e •I*'troaotor 

far lan1ation and analpea. 

•• Mlthod or lll•• • !wo ftoJ.4 la.borailories, •ch ccmta.1n!ng 
. . 

two u11ay zach!nN, ue loontod at the tot?-am bottcm ot the 

ain oaaoade. by are uaed to ttio ettoot.i'Wlleao ot .epaRid.cn 

'U-235 and u.zso, and to OT8rall plant 6aq;)laa tor 

11uu1ay e.ro iakan h'om a olroula tian loop Sn •erlea w1 ih .. the ltn. NOOJWr 

anU'o14. '1'be aeay- maohlne la ,Ulldo•ged by the ir-aenoe or llrht r-. 

iqlur1:t:!ea in the -.mple the a&Ulea gl'O.d\&l cloterioJ"atlcm 

or the aouroo. whioh llUlt be p..S.oclloally roplaoed.. Contnlldmtlug oooJant, 

CsFie• lntol"ferros with the &•laY 4etDl'lllhat1o:i •1noe it f'onm .an I.on ot 

•aG 881• wh1ch ls of the llQm order ma m{'1'11 t:wie &8 the lona ta be 

.. aouroe or t.naoeuraoy Sn aa_.,. moh1De 4 .. 

tJBrmlmtlone le tho "m=or.v otteot" tf'hlch oa.meo a a&Z:{llo to be 

nportad 11hen lt to110llll a h1sh aa-.y 

DUI enooi- ao lnduood 1a leas than ten pez- ocnt of the ds.trwenoe 

botwoon IUOOOB81ft a&mploa, and• ii t'lSn2m!Sod by UOo of onllbrti.ticm 

•UuidArda 41.tterinr. only' troc 1ho expected prooeao 

Ztnndarda a.re wnaUy asilable w1tb1n ftw per oont of' aitr mknown, co 

. 
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(.._· .. ', pnci1ion ot repeated meaaurement.1 11 0.6 per cent. f'rima.r7 etand&rda 

ot calibration are not known •it.h certa1nt7 closer than plu1 or llinue 

t.hne per cent; t.he result.a ot low u1a7 analysis are therefore nlative. 

Uain& t.hree operat.6n tor the two machine• in each laborat.017, 1even 

m;inut.•• are required tor &188.7 detercinat.ion tl'OIA the etart. ot 1ampling . . 
to the coaput.at.ion o.t· re1ul.ts• At. present., downtime tor u.in\.enanoe 

. 
anrage1 tort.7 per cent ot t.ot.al operating t.im•J oont.inued illproY..nt 

i• expeot.ed in tb11 11t.uation u bet.t.er t.ecbnique1 are deyeloped. 

6-6. 11.eaion Gowit.er._ - Tb• ti111on Mt.hod ot 110t.opio anal.Tai• 

ot uraniua wa1 proposed b7 t.be Columbia 1nff1t.igaton, Booth, 

and Yon Gro11e (App. DS5). Por the dewlopunt. work at th• SAM 

t.or! .. (App. DS6) a grM ot radium wu obt.&ined on 19 NoTuber 1943· Thia 

c;i •·'' ued t.o prepare the eouroe ot neutl"ODI needed tor the test apparat.u1 J 

wbiah wu oamplet.ed 1n Janu.ar;r 19441 and •hipped to the Clint.on F.qineer 

Worn tor ue 1n the l-25 plant. u •1th the an1c7 machine, the purpoee 

ol t.he au t1111on.oounter, the ao-oalled "Litt.le Gene Modfl", 11 to . 

'. 

anal.J's• a IUIJ>le ot proo••• ga1 10 aa t.o Ma.sure the concent.rat.ion 

desired U-235 11ot.ope. Ho•eYer, the tia1ion count.er 11 not used to 

anal.71• k-25 produot.J iut.ead, t.wo ot th••• inltruMDt.1 are 1n1t.alled 

in t.he 1-Zl oucade tor the purpo1e ot .-aauring the UIOWlt ot llaht 

isotope rem•tntng 1n the tails •tream leaTing t.be plant. 

a. of Operation. - The •tbod t.a.kes 

ot t.he tendenc7 sed by U-23.5 aioJn8> but · not. atoms;, t.o undergo 
• 

tia1ion when bombarded by neut.rone of proper energy. A 1purt. 

ot po11t.1'H iona reault1ng tram an induced f1Hion reaction can be 

repelled b7 a high potential a grounded collector electrod£. 

.p . ,,. . .. ·. n. ' 

a.a' : . . . f 
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''Jhich, tlftc!' uu1Ui.blc otln ba dctcct e;d 

ind!ontod .. a 110Chr:utloc.l counter. S1noo t} :r: nu:iPor or tiasion oventll 

per mii t o!' time will 1norofi,.eo w1 th t.llo oanoontro. tion of u-23u in the 

(1) G1f?l Can Siande - •1-tiomry •trmd (Fi;;. 

19) oonolatu or an outor block or lea.d, and ci.n s.nnm. k:rer or petJ'Olatur.i.. 

ir1 th ber.r1l1l.ln# 80\l!'"OO assembly fi ta into a hole 1n the lead 

adja..oant to a cont&inf'r for the fiaaion om.r.bore A etrln s methoe ie 
. . 

A qmnt1ty of h)"dl'Ogenoua matorit.l, auoh ae luo1te, u lnaertGd 1nix> 

pf'O?el"t is mt.de o.!' a f$.8 eui'tabla electrodes, and a frceae-

out tube or "enout", whioh raintaino ttw pressure of' the proocae """,. 

r.f; c. constant w.lue equal to tho """:.ior !lre•aurc or m'-'c at tf1c 

ten;>e"4tul"'e of an loo -.ter bclth plaoM &l'Ound the tubee !he top .....mbly 

of: the 1.on1&1n;'. ohf.r.i.Jf1r oonniets Of a block or lead Md D. block of 1\aait<'! 

tlsoion ol!AJ:lhcr. 'Ilic box reaw on a ruu1inr mt on tori or 

an.."1 aneerbly. '1\ie sif'Till.l can •UuicJ is fittod with four inohco of 

proteeti"u lee.d cm the aidae. of the N.t1iu:n pocket, ii.ncl. two incl.iei; oe 

c. 
.... ! . • ' .... - . . \ , __ 
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I r.cutron !l'..J<fora tcr • Th•· tx>tn.l Tm1,.-:ht of' "t: c is about lCOO po\l:W.c. 

(2) E:lontrioc..1 AU7.:1lirir1o:; • - Fir;urc 20 Bl1et."":;; 

aohroiat:t.<'.ally thn W?thoC. ar th elactr.lool auxiliaries. 

A hi ·:·h {!'.nin alterzr..tir.: OUJ"l"ent aq:>illier llte?!I up tho inten.s1ty 

cf' fis&1o.." rulaes. A lewl ac-ttcr !'JIUWl is provided to cut out 

11eoeeaor.1 ic to e.llcn only i;;)OBe pulaeu to which arc duo to .,. 
tiao!on are or a muoh hie;her wltnro lovclT)' BL"l.ce it b not 

des!.Joed. to oouot pulaee due to ordlmry non-!'1.a•ion J'a<lioe.ctiw doce.y. 

The nACocsa.:ry hir.h a:id lcrtr TOlia r-:c pnncls are t.lao pl"OT1ded. 

(3) C!.rou1t. - Thfl pWj>oae or the soc.ltr .. c 

cSrouit 1• to provide a t•wc.ns or dom, or d1viemg tho rate e.t 

'lt.1eh nulacs arc f'od to tlrn mechul10L1 oouitcr, eo that tho rclati-Yely 

slow t1- l"ffpClll.89 or the eounter will not 11.m:lt tho :ic.tt> or pulae 

oountine poHlble. Soa.le h.otors 2, 4, a, lG, Z2, «. and 120 artJ 

aw.ilable. 

(4) and · - 'l'he auta:m.timlly 

A re.ther lerr:e tift! la requirt"d thr· ooourrence of t1•a1on 

(6) . ln.-d..folst Con'trctl F.r.cl:. ... 'lhie sorvot 

tc1 introauo·t< lntc tho C(\."'l. IL pzeoovor; f1•C f:rot;:; tho lil:c 

J"tJOOJ"d.or mn!folc!, or a 1Ui.n&.rd lll\l'!{'lc purposes of cc.1' .brr.t1on. 

!t io a.loo uand .to ow.otr.te a1 rno.l oe-n. 

r. ., ... 
\.)•"'-'•.: 
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froscn dmm in tl1c snout. U.{ touchin:,:: m. t!i n tLin 11 luah or <lr'.r ioe and 

80 as to produoo a prosauro in 1he OCJl or 17.6 z:dlll• 

out tube, Mi! the prcasuro 1n the OB...'l 1s oont:l"ol.led to plUD or 

mnua 0.002 P•li•i•&• Noutrcma are -.ittod by the ber.(lliw.J o!' the 

aouroe aa a roault or 1ta lnoeuant alphl re.diA'tion trar:J. 

the radim:i. . 'lhD wlooit-J of tJleN mutronD iD moderated, by pasear,e 

the petroktw:i.. toe. w.lue •u11ablo fof' t1ao1on 1n the 

u-2a6 atams bc:nbudod within tho Ullt?1e aontr.Ltnor. h ootm.1.1or 1a not 

to aero. the tiJIWJr adjuated. far tho intorw.l de•ire<l• 1hD •a&le .taotm-

•olooted, and the t1mr •tarbed• tlnleoa the oouni»I' boglna to J10gis1'rnt 

: .... ,. 

at about cma to 9'o OOUll'tlll per ••oom. 1t 1B 1iDppod, am tho acalo 

taoto!" cha.nSD<l• the oountor 1a read eao.'1 or a. aerioa or •1d1t 

m.nute rum. 'D.10 ioo -.1Jar 1-th u remowd a!'iler t1w l'Ull&• the '9011.aee 

ehut ott • am the •li;ral can ew.OUl ted. The inBta-mr.mt baa e.n &cCUl"C.O".! 

about o.6 per oem;. Hi(!jh oonoentrD.tions of UF(l rooult 1n tiw depoa1t1on 

or NU10JS!.h1o mterlAl on the aUJ"'!'aooa or thf) can. '!his 

e.ppl1e<l e.e &. oorructicm to s.11 roo.dinr.a• 

6-7 • SJ?8;0U JU>corder •• • 1'10 proble= or &.ml.ly'ainr; thfl 1n tho 

oaaoadc h oomplloatacl by tno f\i.ot t.lw oO?npoaitie>n w.riec; 

f'ror.l Of)O ond o!' th1c to tho other botmlcn tho litllitt. 1 



tho rocct.tdc, it bacum necooor..s:,r to dowlo ) an instrllmcnt whioh 

ti.Clll8 cl' very lorr U!."e oonoon'tnl t1ous to permit oontreol of the 

':"1\!!°'"".e rnt<I, e..'ld to checl'.: l019o o!' hi:11 a.use.:.· ·)roduet to O&rbon trap•• 

c.. Principle er Operin¥on• - Unmbu is a natuft..lly 

radloacitiw olemont. F.aah or ti:• thr"8 ieotior>es unc.'lereoea 1"841oa.otiw 

d1stnto;TUtion at a S?onUneoua And diatL"'lct rnw. one rowlt ot 1'bloh 

ia tho ei::daoion or hir,.h enerr;Y &1phn part1olea. tt .. 8Q.Zlflle at proae•s 

1• &dl!d.tto4 to a teat ohamor ..;ulppnd fol' noa.aurlnr, the total t"F.te 

of Alpha pe.rtS.ole aclaDiO:C.• t'.IO ftGul t obiained will 4upend on both the 

totc..l &ioo\r1t of Ul-un1w. ocmU.!noc:l !n tM and 1ta relatiTG 
'·· 

oonamtration or tl!7'0 1n th<l prooese it !a 

n"oosa::.r-.1 to l:ncr.v tho ieoto?ic conzsti tutio:i or the- t:ro proeont. and the 

b:! l\ poo!t1vc and nttro.otod to a narc.ti'V'I. ; wiro, W'lwr<" they 

discl-·tU-f·oo u:i elcctronc. Thi) rcoult 1n tlorr or cloot!"io 

0 
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the W"ElJ'liUI!l i.."l thD ati.r.:plt'e The ion OU!'ront roocin;- te.ko:n fror. tl-ic 

rccord1nc instrument OCi.11 bo oonTOrted into ?or oent in tho 

f'&I by by a taetor uh1ch, for e. given teqlerntura, S. 

a function only of thrs 1aotop1o oonatl tutian of tho uni.nium in the 

process r:na. It 1• intorc1at1nr to t?lfl.t the ti.4?34 iaotope pb:.yt: ll. 

4om!n&nt role 1n thia oozrrenion f'aotor, notwi thau-..ndJ.ni.· 

the. fa.ct that it ta ?l'Olent in the total urie.n1m to •uch a rolativrily 

cinor extcmt (••!':•' o.006 atom per cont in norail teed sterla.l u 

a."'°intrt o.n4 !)9J" oent tor 'U-2:55, and 99.29 per oent for u.:?S8)e Thia 

ia 400 to the ract that tho radlo&ctiTO c!eocy for 

u-234 1s about 2000 t1ma of' and about 20,000 tiaas tl.-..t 

u-zza. Purthen:mre, at tho top of thf; min CWleti.do, or Sn the PUZ'GO 

the oouz-ae or 1to pror,zooaa f'ram the t'eed po1nt to the tor of' tlio 

(1) E:1"!llll Cv.n. - '1'ho s1r,,e.l oe.n (Fig. 21) u an 

1ontaa.tion ohur.bcr with a.n 1ntorM-l diaiJCtcr of' tm,· l-ve inoheu &n.d an 

'· - ..• ,;· '·. i , I . 
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mr6, the oon.8oquont danr.:er or a hl:-;h all metal aur'L'acos 

arc of niclc-al, ancl i:. apcok.l £1uol'OOltrbon !'laDtio (l!FP-10•) is Wied ac 

abr the axis of tho can. and oonneots t.o the mmted on 

thEI oover ot the oe.n, &ttor pa.adnr: thl'ourti a w.eUUCl Urht dul:. Thia 

dlak hao ten oonoontrlo croovoo out alour ita Inner eurtaco 1n order to 

1nCJ"91U1c tho eleotriCM'-1 loDJoage path. A (!';1"14 etruoturo oonaiatlnr; or a 

oyltndr1oe.1 case eir,ht inches 1n dllu!m:er and tlrontq.t'our lnchee in 

lenrtti S.. mmtaod oonoentrloally with the oolleoilor wire. It ie zade . 

or nlokol eoroen ror...ct tram o.oos1 1noh cH.amtel" w1ru. and 1-• a one 

1noh neah apectnr;. The oe.n 11 held at f7'0UDd potont!.&11 the oo11ootos­

wi:re at a ffJ'll !dl11w111o. and tho grid at hundrod TOlta. 'lhua 

( 0 all poaltin 1cna tormd rith!n thti grid s17\lotuJ'ID are drum to tiie 

ocit:ra.1 oolleotor wtre. All lntemal !Wll"ta are at-taohod tO the C0"'8P of 

the •1{!13&1 oan whioh 18 (JUlk:etod with an •eal. 

(I) Aooee!OrY Item. - The ooUoo'bcr O\D'"llt puaca 

throut11 a pren1u:11pl1tlor, thence to an output motor, and w a •!nr)e 

point Leeds and Northrup reaordlne; potonticmetor. It 1a .quipped wit.h 

Tw'1 aoJ"lea-oonneotod aylphon.eealed miaa tile preornro rron 1he 

proones atrou.c w.lue or a.bout 2 p.0.1.a., to 10 p.a.1.a. A root11'lor 

a.nc1 volixtr,e PCG'!lator nro ?J"C)Vidod for ca1n1n1ninc tho grid atructure at 

a po•it!w potentkl of el'ther 800 or '1&0 voltu. .A t11tot· 1• 14180 

1nclu:!ed to minbniao rluotmticma. 

o. ! 1et1100 of Use. - 1WJ 8f*OC l'"eCOl"d.erG arc p2vvide4 in 

.filch thn t}ll"U<t or the, PlrCo OkDo.:.do. An add1tio:lll.l al.aw 

, ..... " . 
. i .. . . ',. 
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f) for eaoh pur,.e bui ld1nr reproduooa tho at tho onntral 

oon'trcl r'OO?:\t r:t'·S io Uiken oont1nuoualy from th<: Uno roaoNer 

111n1.t'old• coap!90saod to 10 p.a.1.a., !'.)&aaod through the iocilkticm 

ohari>eze, and rotumo4 U> tho prooeas Btzrea.lu. Beo.dlnr;e e.ro J"eCOrded . 
perl.odiOQUy. 'II• acouraoy tlf tbe epaoe roool'der le on tho order of' 

1"1-.o per oent ot tile w.luo J'CI'Ortod. It -.\ei)eot the pl"OGonoo of ml 

:traation!I or w6 Sn n!.trocen or othor nixtures c.e low as 1o-G. Ito 

upper Umt.t la ••t b,y tho J"Ad10.ct1Ye eontard.mtlan produoed 1n the 

oa.n by h!r;h ocmoontratiorw ot uranium hnatluoi-1de. If ttlo 

1natl"ulCC?t ii olaaned fpequently to u!nb15u thi.a etteot, 

conoentre..tiona &a hir;h aa 80 ml pep cent ocm be i'&Ddled, .but. it le 

1 . nonally 'Ulod onq on f11.8 u.q>lea oontainlng low pel"Ocmtilg09 or ui;-6• 

under tawi'ablo oond1 ttc:aia (lov and hlt;h u.r.y u-2S5 

S.1oi:lap•)• the apace reco&"dor oars" de1»ot one p&l"t .or UF8 tn 10,000,000. 

s-a. Thel"Mll Canduo'tanoe ce11, • tl.er::al conduoiiuloe oell 

t. another &rrioe tor --..uring the amount or llf;ht ocnpcnent. ln 

mtxturos at w0• n!tror,en, and mr;,r,en. 'l'he unite were d••i01ed and 

oon.atructod by ibe Kelle Corporation. They &19(.• of relat1w1y eb1ple 

am lnaptmaiV.(ll''U'ft"tAc.fi..,r1 • 

a. I'rinc1p1e of O}>el'll.t1CEle - The ocmduoitwoe oell 
• 

ts bu.sod upon tho princi?le an electrlo OWTant throur"1 a 

wire tnorouea its te:q>oraturo, am tmt ihe c.U.trCJ'mco !n tiemperat\l!'O 

bo'blroon the w5.l"o and tho 8Ul"?'O\Jndin;r. 1 t l'ClQ.cbes 9<}uil1briun -.luo 

which la dependent on the . naturo (and thO!IC1'ore the Ooz."t>O­

a1t1on) o!' tho r,ci.S. S!noe eleetrionl roaiatnnoo af.' tho wiro is 11. tunation 

( "'\ I • l • : •,, • • 



·· .. 

f1l.D. 

b• COJ:POnant • • Tho thernnl oonduotanoo oell (FS.g. 

22) ic canstruotod from a O""Jl1ndrio'4l block o!' UOnol JDGtal three inohos 

in d1.a.meber by air}lt !nches lonr, w1 'bf() holee drillod ftJr inacrtion of 

wii-o !'11m:wlto. n10 ce.v1tv oontainin·: tho ahortor t'ilamont, l1!·i1oh 1o 

uaed aa a l• •ea.lod ott with air at atmoai;>hel'S.e pJ"GSS\rfJ• 

A doublt'J ane.l S.a pr"ovl4ed tor inc aeoond tilaa.mt whioh h encloeed. 1n 

tho prooeaa £,UB to be t.nalY1ode Plaatic •ec.la arc uaed, and held 1n 

pbice by bra••· l"ln,o. !heeo .eMe the doubl0 purpoao toJ"m.1.nc a w.cuum 

t1e;ht oanneoum, Md inaulatini: tho t11&uoenta from tho 

•tal block. 1he oell blook 1• lnDctrted 1n a banrlnr: bron.ao aupport 

whioh aouurw• three tnohea ln ovber diarretel" an4 S-J/.1 lncbea Sn lmlgth, 

and contairus four holes tor oartrid ;";G hoa. tloro And a tl.ll"OUl"'Y theJ"Jl:>Stn t. 

Tho other olootrioo.1 br1dr:e oonneationa U'e alao 11X>untod on the oell 

block. They aro m.de or llmpan1n l"liro womd on ba.koUte 1pools. n10 

unit mu a proteotivo oyl!ndrior..l cover, a:Dd ls thera.lly 1mulat.d with 

65 per 0«1t m.gnaa1& pipe a<m>r!nr mtortal. A aelf'-1:$.la.nolnr. potonts.o­

motcr 1e uaod tx> l!JOQ.aure bridr ;c unba.Janoo, 1n oon.,1u?lotion w1 th a Loads 

and lio:rthl"L'P l '.icl"02U1X atrip ol1'lrt reoorder. 

o. lEthod or Use. • Tho the1"1!11.l oonduote.noe cell is uaoo 

tcJ :conitor tho purr,o re.to in a norsil.01 build.in !"' which 1£ uaod au a. top 

4ur1nr a 9'.1lit oo.aoado aondition. A 119.m?lo or prooose f'I'.£ 

1o f'ed oontin.uouoly throur ,h the unit, and an au'b:ma\tio read.inc ic printed 

.. . 
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of one ml por oent. Hhen r>l"O!>Ol"4' ooHbrutod• it oon 

be used to dlst1nb'J1eh botwuon inc cooponent:;, or groups of componante, 

with dil'ferent Uterm:i.1 oor.duot1v1tye Cella in uao aro 

tor UFe va. oxyr,en-nttror;er. mixture. ThB Wit.al ra.nre of 

1a tr-om o to 100 per oent or diluonta, wt.th c.n aeourv.oy or 0110 ml per 

1-.st at hir,het:t oonoentnlttona. 

s-e. Aooulstlo Che Ana.1l1cr. - 1'he tunetlon- ot tile acouatlo {!118 

9'1ioh s.a med 1n the purr.e -.aaa.de• 18 to d.etonrd.ne, lndioe.te, 

and rocord the wlumoir1o ocrnomtrution ot Ur.ht c!iluentis !n the piooeaa · 

1t:ree.m, and to aotlate a control mobaniam ao <LB to pPDwnt norlaadlng 

or ti10 r.iurr:o eellAf boou.uoe ot 1noroe.aod UFe oonocm:trntion ln the prooece 

• £'1-i:ed by tho &tllas Corpore.tion1 later anelopment a..'"ld nanuf&cturo wre 

handled by the rJensn\l Eloatrio 

a. Prlnoiple ot Oper&tion• • 1'\e trequinoy of an 

aoouatio resonator ia a tunction or the propert!ea or the caa 

oontained tho ohain.ber. Vhm.l!ainr a cylinder with 

a mtallio at each end, it ii J>09•1b1o 't» axoite ono or the 

diaphl'Arms by moa.na ot o.n Adjacent altomatinr, OUM"'mt 
' 

Vibro.tian of thla will then ant aourul Wl:.TOB Wh1oh trawl 

alonr oyllnder end aet the aoooud dlaphraf':l 1n motion. Thie . 
orm thvn be mde to tnduoc " volinr,e 1n a aeoon.cl electro-

JS{,ietio ooil placed adjaoent to lt. The aoUDd 1ntena1ty 1 and henoo 

the wltnre induced 1n tho aeoond coil, is rJ'IOll.teet at tho r..aturc..l 

frequency o!' rooon.ar.co of tlw ohambor. l'i1Wl1 tho roooiver ene driwr 

w 
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. solf-o:scilh.tin :· 1:.t. tho froquoncy cf rcDons.nc' J of' Utt> ;:uE 

b. Con1!!2nent 

(1) Prlr-c.r-v ·Elcr.rent. • P.:oferrill{: to Picuro 23, the 

. 
"roce1vnr 0011"

1 
The arc 

oour>led · to tho pole ot:Z'uotuz6es,, &nc1 betwuen es.oh d!at>hn-rx:i and itz pole 

( ) mixture to tho reeomLnce ol&Z!ber a.nd tho atnll a ;"l&ec bctw.Jen tho di.a­

r>hre."'%1 and iaolatinr: rlato. One dia':'.lhm,"'Jll 1• a:cit.od eleot.ro"tn :-notionlly 

by the drlwr 0011,, ancl ia enuoecl. to •end out mound. \tQ.VaD nhioh travel 

through 'til<l oyl1ndrioe.1 chamber oon1a1r.in r- tho f11.S to bo e.na."lyaod, 

a·t:rfke the aeeoll£1 diaphro.ri:rn, am. oaw.c it to viurE:Ltv. 'n1c 'Tibrnti9=1 or 

thia aeoond ' mcmb.rnnc then lnduooc; a in ihe ruoeivor ooiL i'ho 

tompemturH t..'10 £"&11 mixture 1n tlw reeOnB-"loo tube is controllnd by 

6.- },ootor 1:-rul thermoete.t, f'o:rmo oo.rt of prirar/ eler .• n::t. 

1n rooo1ver coil is sent to a modulr.tor Tlhioh alao rcccivos f<. 

(.. . ... .. \ .. 

• 
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to tM roaonance tub(! cf' the ,-,rtnm.ry eleiitint, tt11e eyate..>oondatint. 

or thf' !'r!.Jeey e1fJl':l'7nt a.nd amplifier, 11etG U:" an oso!.llatinr: air:nnl at 

er the tcct r:n•. ihc wltl'lr,c 1n 

pro?orti.ona.1 to th£1 d1.rto!"0210e betweon th1s fl"aqmnoy end the troquena-.:r 
............ ._ 

( ) or the e'bmdo.rd The aoouatic arw.lyzcr is connectoo to rc ;·.uatc 

1itci or a control \'O.lw 1006.ted 1n the line C.""Yir.;:-'. 

pur[".t'd r,neoo rran. the to:·· esll or thv build1."l;-: tc;. the 11!"'6 tni.pri1, It 

thus controcla tlw vuz-;--c rate at a nro!'«ir 'Value dependent upon tho 

cone1r.1tra tion of' lll<'c pl"'98mt 1n th{; Str,')pl. e<.1 U) the bu11d1n ;.. 

lr1atrUl:on:lt 1a aloo oonnoctoo. to 8C';Jt o!£ QD. '4lAru a1 r,nl_.1f tho vulw o!' 

t.'1.P- d1lut'IT'lt oonoantre.tion ahould reo.eh o. point outside a. apecif'ied 

17 j _.!.. 4 • -
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cono£11trnt1o11 G;'.lf:ci.ul difficulticr. b oeo.u::w or 1ta ccl"l"Coiv c 

tho vUcoait",! br1d;,t> bein:- acleotn'.1 u.c mst suitable frJJ:'. the rioint 

o.. 

) mdpolnts of th '.: &l"W'J to lndioate unba.lanoo. A ohe:d.CEi.l 'tre.£•• 

eoniaininr-- aod1UC1 fluoride to J'tlr.109'0 the rrr, ie ineertod between the 

twci ec.n1llar1ec of' one brnnoh. This rosulta in e dirJ.nished .f'lor. 

throur·h tho •eoond lor. or that branch, and unlxi.lanc1nr, or the bl'idfC'• 

The d&ljl"86 or unbulancu ill an ind1or.tion or !iF 

d11'!'ei-cnt1Al pr-eD11w-e t:mrunn1 ttor and aodiun fluoride tra.;:> fon:1 

-G 
.,.., ... ,. 
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fluorine n.nCl T!Ti' c; conosr.tro tionr? n !"<' low, s thoac su?s1a'1Cefl n:re t:1.lc0 

nbsorbcC. b:r the fluoride trc.;.ie Lluo, the of t.: 'c; trlll 

f•.ltor ff·& viaoooi:ty, f.r.d t:icref·orc t!1 .. , rc.te (lf flow throu;h the 

&r't1B• n11a W:.11 c.f'feet the cc.libre.tlon or tl.e instrument. The •oclitr. 

reoord u:i to t«i P"r ocnt tluorido with El rolntiw 1400U1'Q<r.,J 01' 

ordor to protoct tho 

a-11. frnoe Indioo.ton.. - '"1.oe indiOtl.toro aro used to dctoot 

e:xtresoo ly lmr oonoontrn t!ona or UP 6 1n tho a t:ooaphel"O, 1.n oarbon trap 

effluonto, ln &66.l eldaust linoG• &nu 1n or coll.s. 

( ) 'lhoir prinoipe.1 PUl"P0888 are. iX) pr'Ovont loos or ul'6 11.n<l oontarnSna.tion 

of oquipment, u woll ao to sm or Jasardous 'trf4oes of urc.niU!ll 

in tho air. Throe typoa of truoe lnvo boon uaetl ln tho plant. 

a. Pr1nolplo or. Qpol'Qt1on. • 'm.ce 1nd1.c&tm-1: function 

by nrocin[". ohtmiocl reo.eentfl to too stroea.n to bo tested. Tho 

preeenoe or w 6 ill d!.acloaocl by a t1c ooloJ'Q tion. 

b. CO!!Po1wnt rarts. - The oryatnl tJP• Snwlv•s the uao 

of' ee.liaylio acid thv pe.rier typo ut1U.&06 A piooo ot tiltor 

pn!'tJr earr.;inr; n t!l"Op or oil), d1ioh absor!.le uraniun ooti­

poundD. The a.u'bclr.:Atic typo mk:eo usn of ta. nov1nc tapo or f'iltor rn!'er 

too w1 th potn.oo1\J:l fcrrooycnido t''U"O"..ir-.h Tliuch o. bOD.tl cf 

1G allowOO to b6fora otr11:1nr: e.nd aotuat1nr a !'hotoooll. 

o. J'cthod of UDC\e - !r.. tlr OUBCl cf tiic 1nllcylio a.oitl 
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lt 1n auiil:L.blc for tlw dowotiou or p,G bclov1 Uuaoe 

per tlilllon. Tho pJA1n f'!.l tN• pc.po!9 'tyr_>o ia chockotl norioe.loo.lly by 

troe..tn:mt with potaea1um tcn-oeyanlde uh1.oh produoea a chare.cteristio 

oolor. Thie ill than ocmpo.rod with coloi- The automtie truoe 

S.ncUoe.tor ind.lMtos ran oonoentrntion by l:lEJ(UlEl of tho 

photoOGll r:rl.croa:;r'"oter. It 't:lly o.loo be used to eou:id E...'l o.lam 1li' the 

oonoentrP.tion beeom• hua.rdous. 'lM til'Gt two types &2"9 aemi• 

qua.ntitatlwJ the autol'llltic t-Jpe 1a oontinuouo and quantitll.tivo. Ono 

pa!"t or ur6 in 100,000,000 pe.rt.a of air pr<>duoe ll :SO par ocnt eon.le 

deflection !n th<> output moto!'. 

6-12 • ln.tft...no4 Abaorpt!on Uetor. • Tho in.fra--red &bsorption 

attor 1a a portable leak: cSotecrtor oi' apeo1al doss.en, ·uued for loon.tinb 

lee.ks or c8F16 in eoolAnt llnea, dJouma, and proooas oo0l01"8• It wo.a 

dewlo-::iod by Kell.ex and mnuf'aoturod by Baird Asaooiato&e 

a.. Principle of OJ>fn?=t1on. • rertluorodimotJ\YlcycloheJCEmo 

"111 abao*- certai."1 •wlenrths in thr. 1n.f'rr....-ed Ii' an infra-

ro<! beam ia paacod e. test CQS olan."1er anG. t'oouaed 0:1 n thcnx>-

arter, 1nd1oated will bo dependent upon the cunawt of 

AJ¥lm.t or r.cr10 i.."'l tJw ohambor. Jrovmvor, n lithilltl tlmrid('l !'iltcr 

1e e. lso plAond 111 pt: th 0£ tht_; tho inf'l"IL-r<ed ra.odit:. t:lon 'trill 
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o. lttUwd or t!ao. .. U:-J.il:D t!1c loo..k dotxJotcr dotcr1bocl 

on,'.) or "1•1oh io alee pw;sod c. U thiui:i fluoritlo !'ilwr. 'lhua, 

the lntonsitu of 1nt'ra..-od rediat.\on etr1k1nr ttlQ t1">t bolcmw'bel' 1B 

upon tho oonaontro.t1on or c0F16 !n tho chu:bor• while ot 

the •eocmd ta not. Dlc _, bem:xJ a.ro l"oouood• on eo.ch Of: a 

pfl1r bolom"'9"1 OO!rleOtod !ntD a flbeo.totono brldr,e c1rcW.t. A · 

d1tterenoe in ilq>el'Qturo betnoon tI t0 two Ulormr.:eWr:.1 S"Osul tQ tru;i the 

ditteJoenoo in of intra-rod l'tl.(!ia.tion, &Ult! oauoes c:. 

dU't'ft"Dnoo 1n 1"8&1ailmoe. Deial'mlmt1on or unbalance or tho 

two bolmmtte>ro, um tbel'vtore oonoentre.tion CaF16 1n the 

1'10 in!'l'a-red &bcOJl'ption rmtor 1a mpa.blc of.' dotootinb t?£i 

p!'VBenoo of four pc..rt.o or CaP10 per Lillian. 

G-15. f>o1..'1t IleOOl'"deJ"e - dew' point reoardol" ia &>:Ji.pd 17> 

ID\ito!" "tCrlous pla.nt auppliec of" dry nnl Ditromtm. and to mm 

or oxoeoalw or ,-.tor 'VO.por in tlld f':'lO• of' ouch 

an tnatnnmt at K-25 la pk.nnod, (dowloJlT.ll:.tt r:.ui' 

by Ca.rbido ), with euiUJ.blo .!'or t'r'oo wv O."lO 

Oi' tho &t;ljJ]\f hw.cloro oe.rry1n.: ttio c.bow w.r.DU 

f'l'inoiJJlci, or 9J?!rt. tion ... - I. hoer.; 01' 11.r'it in J"eflooto<! 

I' r.: , •. 
Ve\.•, · 
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d<"'t"r point. 

b. Co9xmont Pa.rta. - Tho appc.re.t"UD 1ncludoo D. ;",l&tw• 

\'Jindow.:-1 t .. :rJt chamber oonUi.ini:w oontinuoualy · coolcJ. b,- e:. 

CC!'.noc U:id to r..n elvctria&l brid;".o o11"Cuit, which in turn actuutoa Wl 

olootrio bC1&.ter for the miftoor. A thcrmooout>lo l• !Jrbecldvd 1n tht'! 

Drl n"Or c.nd eonnoctcd to a cont1nuouo rooordere No pttt> ia roquired tor 

the toot since tho C.il' am n1 trorcn Uoou o.ro undeze P!"'fJOGUJ"U. 

c. of Use. - Thn sanple or' !"tlG t.o be oheck'ec9 

T'no W..tioh 1a aot-..s.tcl'l hy tho intmslty er re!'loctod l1;')'1t 

from the rd.rror, unbala.'loes the bridrc c1rou1t whm condensation tend.a 

to docreaee tho at reflootod bee.ti. Thie o&.uaca the 

oleetrio hoc.tor to raise tho Ji21.rror it at the 

point. This m!.rror tatt;10ro.tul"c (1.e. 1 tho dow point tor the 

wdcr t.£lDt) ic detcotod by t.hu thor...lOoouplc ur.d continUOU3ly recorded. 

detViOE> ic to !!'lOO.BU?"f) the Cf Oonl£.r .t nitz-O;:c11 f".O.G to tho 

soc.lo. Th6 artrc2nr:·ly omll florr tt:.dt: 1 t neoezcc.ry to 

ol.er.lfrtt e.nc'l difi'erc::ntin.l proaau"' tro.narJ ttor. C«i.erc.l duoirn principles 

or P"'l:iSUJ"fJ reoortlin;.:, a."'.td co:itrollinr dmooo 
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c.. ' rineblo ot Oporotion. • 'n1r. d1i'forcr..t1nl prossuro 

indicator dotnnrl.ne:c thf' !'lcm o.f 'b"J uloctrioolly r.ioo.:rnrin: .· 'tho 

d11'fr;rcmt1r:.l coroae c.n or11'1oo of l:noP.·1 d1nnna1ona • 

Vari.atio:·t of' tho d1ffcl"'Cnt:1i..l prc::Jou:-e ill oonvcrt.. :d1 by mot1.W:1 of e. 

tbsreby 1nduo1nc: TDltc. ,.":O which aro 1'unotlon or tho dtff'ercntiD.1 

prcsauz-o, anr1 therofore or the f:O.C .flat; to 'be n:Ml.C\.!l"Cd• 

(1) r•ne'..11:1\tic. • Uoforrin r: to Fir;urc a 3G inoh 

Uhdor tho do:lfJ or tt•ich i.t IOOWVtd r. !'hourhoz" bro;.ao beUCJM;. Another 

CC1.p111Ary tube, ie oonneotc'<l to th· :- enclocwd by the bslloo;m. 

Asl ruipl1ficr ia nrovidod ror u"'l th<=; inrluood TOltn ,.,, . • ·centrally 

.... •·1 · 
l, • • I 
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'lhia 1c equlVt:.lent to a cl'fUlr'.(l !n tho bollon prossurv. 

tore appears aoroaa the -p1okup ooU 'flh1oh 18 proportionn.l to tho bcll.O'tlD 

'?he net 1.nduoed vol 4.ar,e 1n the 0011 1a ino!""eO.sed by 

The 1Bti:aotor is oo.l!brated 1n pounds per aqunre inoh with a O 

(-·,) to 100 aoale. A 80&'-lo n1.tch pemi.ta adjuniDent of the scale !'a.otor at 
"-. 

providec! tor or:-.oh rroocaa coll. A UrG:lve-y>oa1 tio-..i sw1 tch b wioo to 

oonneot tJ10 cU£t'•ent1ill pro•aure indielll. tor to tho aoo.l of any ono or 

t."'ic twelvo ·cell Ptm{J&e Ir. thh m.y. the coll can be "aoe.mod 11 un'tt l 

8flC.l1 n.'1d prnvcmt tho f't1.1lurc of' othor •ools. '!ho (!Up1lli:ry by-pur 

shown 111 tho r1rur(\ co.n be O?Ollf)(l when 1 t ia tc chec!: thQ 
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7-1. Introduction. - Thie sect.ion pre•ent.1 a de1cript.ion o! the 

Yari.oua pilot plant. unit• which were built tor 1tudyjng and devolopioi 

the oper.;. ting proce•s, a: .d tor oa.rrfing out buic reaes.rcb int.o the 

./· 't7;)•• and arrangement• ot proceaa equ1J91nt •hiob would be eu!.table tof' 

uee at the K-2S plo.nt. A number ot •peoial aecbanical loop• were 

&180 aet. up and operat.ed eolel7 tor testing 1nd1Yidu&l pieoea ot equip­

•nt aoh u puapa, ••&la, and cold trap1. Since th••• ••ned the 

purpose ot tac111t.at.ing deoi•ion• 1nvo1Yed in the design an.cl aanutact.ure 

ot •cbanical equipment., and inwlYed no 11pea1&11Hd proces• reaearoh, 

descript.ion ot these t.e•t loops 1• reael"'Yod tor Volume 3, Section s. A 

(=) 10-at.age teat. oucade •"-• abo •ot. up at the T .. t, 1'1loor .ot t.he Kellex 

Jer••7 Cit7 Labora\o17, tor t.be parpoee ot oheckina t.he •owidnoea ot 

cef't.ain portiOM ot th• l-2S &lealgn. It. oannot be called a pilot. plant 

in the atrict aenae ot the word, Iii.nee it. •a• not. a prot.otn>e inat.all­

ation operated to obtain data on which to base t.h• prooeee design ot 

the !ull scale plnnt. Deecrlption ot the auo<lde u there-.... .. 

tore al• reaened !of' Volmae ). ,n a eowit is presented in Volume S 
I 

ot the operation ot one o! t.he process buildings u a 

•54 atag• plant"• 

7-2. s10,1a Stage Separati•n Szatema. - The lir•t 1uocoeetul 

Hparation ot t.he isotopes by the ga.•eoua d1!1\aa1on mot.hod was 

aooompll•h•d at Columbia Uniyerait.y in Jan\1&17 1942 (Ap;:i. 041). 

' 
DELETED 

I80tor1c antlyaie ot the 
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init.i•l dit'!ueed 1·raction, c.nd of the iinc:.l wic:llffused residue, ehot1ed 
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ohant;el! in ocmoentration ot thtl lit"ht hotope tr01.tJ o.s to let 

per re1ulte whioh were in rea1onable with theoretie.U 

pr•diotionh IaprOT.U ••paration •r•tema ot the aame gn.•r•l type were 

eubaequently oanstruoted (App. D42) and operated in order to obte.1.n 

f'urther teat• ot the th•ory to .. a•ur• the ••pa.ration pertonunoe 

or the Tariou1 barriers. One 1uoh ••paratins ey1teJ11 11 the"high out 

teater" d.Horibed in detail in a teohnioe.l report (App. ). Theee 

1y1teaa lf9re al•o u1ed to oalibrAt. TarietU barrier testint 

rz-a. Pilot Plant xo. i. - A• a ot obtaining data 

on bllrrier ett1o1enoy, and to enluat• the pertoraanoe to be expeoted 

frOllJ the ga•eoua d1ttu1ion produotion plao.t, ••••r•l .Pilot plant• haT• 

been oonetruoted and operated at Coluabia 'Olli.Teraity. The•• pilot plallta 

-·,) .. r• designed to utllia• a minlwnn ot. r,a1, and the barrier a.reu ...... 
I 

therefore Tery ... 11. Th• firat or th•••· oall9d Pilot Pl11.nt 1 

(App. Cl 7 thnl C20)• ut111aed 'bsrrittr area &bout the liae ot s niokelJ 

it .a• operated initially in Ootober 1842. Originally looated in th9 

Pupin ! ... •borate!")' of C9lmb1a Uninr11 t:y • it we.a later traneferred to 

Nash Laboratorie1 of the Corporation. The unit oon1ieted •t 

t.frelTe aylphon-aealed p\Rp• (App. D28),.•°"1t•d in -two rowa or 

alx end operated .frm. _one ora.nk ahAtt. It •u1 arr•l'ged aa a twfllTe 

onaoade for total reflux with an expeoted i1otope ••p&ret1on cf 

f1Te per oent. In operAtion. the wae fir•t evaouated and 

teeted for air leale1•. nuorine was the!l adaitted to about on• abtoephere 

prea.ure azid allowed to reJDain in tho plant arernight in order to fluori• 

nate or condition thtt 1urf'ao• area. Tbe fluorine ,.., then remoyed end 



llt.S catabl1ahnd af'to:z- about hours. The plant O(lcr&.tod 

fully rw oontinuoua ooriodc uo lan ,:·. Q.S tl'JO h\ZDdr'od houro, llnd tile to1a1 

ti.mo o!' operutioo e:xooedod htr.drod hours. nesultu wurE> ob­

tninod pcrtninir.r; '00 anoOQde bo0.v1oz• 'l..'iUl A, DA, o.ud · :..arrlo1"11 (App • 

. Jn4,l) 1 v;ido l'Wl .. c of' Zll1:dnr aD.1 flmr oonditlom, o.nd 

prGoOUl"O l!1ttoron&ls. It alao Nl"ftld ao a ot toatinr: 1.natrur:-=ta 

and other tor handllnr• p!"OOOH ,,,_., c.nd t'urn.lehod w.lm.bl8 

operuttoral ft;)er!enoe. Tho than obao1caoont plo.nt •• ret1rocl lo.te in 

1 t brld BorYOd tlie tein pur;,>oac for mt.ch it hM! boon oon­

ltr\lated• 

i'>ilot ::'lont no. 2, • Plana and doalcn !'o&- Pilot t:o. 2 

i:) 1n! t!n tad In Daoetrl>cr 1942• but bvcx\ we or l.IDD....olda :)10 oona truetion 

c!eJaya tiiia plant . aa not placed 1n w1 th pr00900 ;aa mtil 

10 1£»4. 'l?1e p1ant ...ua e abc .. t:ottl-1 ref'luz msODdo um1nr· 

rooipn>altinf; Pu:t'• ot 23 oublo toot pol' c!nuto diaplaocamt (APP• °'5, 

r.21, r.22). A, DA, \ ':rt bn:'rleftl 1Mtllllt..>d oonta1n1nc til"'8 
- - f)o£ 

aquare or CU"{n. DELETED - --- -- . - ____ ) b(3) 
Cm:Jplcte tor autot'nt1o oont.ol ms provS.ctod :iut l:ll?lml . 
operation lZll ':l•o equil1urlt1:2 t1oe ma_ 11. rc-1 r:inutcu. 

This e!z '11uva cnaoudc rtrct o t;r· to tho 

.. 
thoev &!ttl'olpct. -:.d 1n the lnr. · a aoelo produotion plant. !·Ley' 

tcots nro run Q'l ?rocees ' -C.C, and ;'>la11t tno a.loo ful-n1a.'Jioc! oar.a­

' l'IL tior1 &< w for cd..."'tturf>o of' ni C..'1.d nroo cco (".(;.O • Tho!>C oxriorlr:xmt:IJ 

,., ., ' .... 
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applied to th• omtiauou1 Mthod or analy•h propOltd tor ,... in tu 

111Ain t•• d1ttudon plant. 

a. bj?u•loD ot Pilot Plant. • Ia Wn•ber 1944 • Pilot 

Plant Wo. I •• upuuled tr011t liK to ten 1tag••• the purpo•• belnr, to 

inor•••• t.be total ••paratlon or prM•H P• to about thr•• per ••nt or 

.Jthe Ur.ht 1aotope u4 tm• l11prn• th• pnehion ot •Ul!Jl• analy1b. At 

th• 1ane ti ... prO'Yl•lon was .. d• tor the u•• ot dlt1\Yer tube• ot 

etandard plant legtla (•n•n t .. t) la•tead ot the •hor,•r CID•• preriou•11' 

u••4• Arruc•nt• •r• al•o ad• to f9ed pr ... •• g&• into th• plant at 

••rloue rat.1 up to 100 pound• per day, aDd te witb4raw eiriohed P1&ter19.l 
, 

tor r•••aroh probl ... la th• la'boratori••• /-__............. _____ .--- ........ -.. -..... .- ..... __ 

DELETED 

19". the pleat •• •tlaUltled .., ablppe4 te OU liq•. T•nn••M•• 

7-f. Pilot Plant 11.o. a. • Th11 plant wa• planned. b7 

v. w. l•llog1•acta••r• uater OSRD ••tl'aot. tor tuir labora,017 ·s.a 

Manhatt.n D11trlot auperYl•loa, it waa deai4ed at a joint ... ting ot 
·'"'" 

K•ll•x and SAM repreaentatln• (.App. 1>92) that er•otlon and . 
. / 

. would be the ot the SAM Laboratori•• per•aranel working 

111 the Jiaih Bu1141nt• lioftTer, lellex dHigned the plant. prooured th• 

equipment, and aup•l"Yi•ed oen1tl"uotion. We1tillghoua• gaa.bearint blower• 
.. 

were tc be u•ed in a. ·t.n 1tag• eyatea whiob w.1 to b9 1.laib.r to Seotion• 

md e or the Min r;•• cUttudon plant. M origill&lly deliped (Jpp. 

' D12). proo••• ga• ot 16.6 per oent oonoentrat1on ot litht iaotopo lnlc. 

to enter section f 1 and, atter prooeuill.C!;, the Jll'lter1al ·•;as tc:i 

r· / ,. 



leave at a ooaoutration 01' t:7.9 per oent. G reelf'i vie-d the 

latter l\aterlal aDi1 r•i••d oanoentration to 90 per oent,,which waG 
. 

t.he oono•DtratiOll ot the thual produot ot the plant &• than •n"fi••r.•4. 

A• eTentuall! bW.lt at th• 1ur Laboratoriea, mo•t of. th,., Kellex deaig,n 

,,... uaed, but cmly eight •tar.•• .. re iaoluded. ln aoeorda.no• with th• 

E•llex plant, d\111111)' dittu••r•. 1teel pipinl TalTee -..rr. 

'to be 1noorporate4 1?4 th• plant, •• it ••• not illtnd9d to op&rate WS.tt1 

prooeu r:u b"J' with nuorooar'bon, noraal pertluoroMpte.ne (071"18 ). 

' 
When nperia•t• with the orirtna117 cledped pilot plant nre ocapleted, 

it wa1 intended that alt.ration• would be •d• ao that prooe1a gas and 

barrier• ooul4 b9 introd.uo•d• At tar-•• poaaible, equip1111At 

waa ohoaen •o thlt the ocaneraion oou14 be made readily. In aooorduoe 

( -") w1 th the•e 4eo1aioaa, 1t ha• beoON ou•toal")' t• deaipe.te th9 ori&l&lal 

· ...... ' 

plant •• Jo IA end the ,...-,11ed plant a• 3B. 

a. <?p•r•tion with P'luo.rooarbon - Pilot Plant SA. -

D1tt1oulty in gett1Dg the •p•oial for the plant (App. C2&, 02') 

1t1 OGDpletital, and the fir•t tiTe atagea not in 

oper .. tion UDt11 16 Jun• 19'4.. Tho tull plant with lnt•raeoticmal 

oouplinr. •t•g•• and autCDAtlo eantrol wae tirat operated Cl'! 12 July ot 

th• e'Mte y•ar• 1'he oaaoadt .. e operaud 'Id.th c7116 tor a total time or 

259 hourr (App. Di.&), and durLYlC: thi• period -.ariercil dietUJ"b1U1oe1, or 

•udden ohaJates, in prooe11 pr•••ure and tlow were introduoed ill order 

to the etteot• produoed. Both manual and aut-.tle omtrola ... re 

ueed, and at all tt..1 the plant wa1 to b9 

(App. Dt7). were no ••r1oua .. ohanioal or 

ditticulti•• in the oa1oade of the ten r,as blower•• 

• 
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h bemvior ot the preesua-e trnn.mnitttnr and oontix-ol eyote!a 

•e alao fowd to be \1Muua 11ub48Hd>lles wero 

alao •tt.dlud and tO\RI Wl'f do•1fth1- aa a lllBfmll of mp09d!r&z: up ttm.1 1-U: 

teet!ne prooedurn WS.tbcftn dnlayine oan.ettiuotlan. 1bo mooeattu i"or . 

4'"91opiDr, apeoial W9Jd!ng toabnlqUM ._. d-.iatftt.11 it 1llU drieminod 

on tM awace, Wenty loabJ p!"elleniJ Sn 1(X)O f'Mt ,,r •tandard 

qml!ty welda• wro clOTVloped tact •011.D td.ght 
/ 

oooS.. by •!lww the tubee to tho tube •U.'9e It w 

deaautta.\W his 1Jr"uatng saterta19 with pa!GpOP dmai. and ttOlr 

•otanlaal joSlltJe oouW b9 whioh wul4 .,._hi 

-.owa idrht tor ,_.Ol1&ble pe.S.OCS.. 

b. oe.-.uan w!tb :Pl'OQOU • !'11o! ;:>lant ea. an. - 1--

0 41atoly upm oomplei4m ot teat. outltned tW j"lJ,ot Plant IA. i1be 

neo91M I')' OGllfWldCID i'llot Plant "°• IA '° ISB .. lade <Aw· oas. 
cas). I.aok ot Mdiable rra11irial ttlt' d!ttu9•N 1 wh'oh wre then •ttll in 

th• ... ....m llilag9 1 .,.-ileilo ...-tton. but with 

cid pNOeta gu tn tlw abeerJee or d1ttmwa wre 11114e 

t!1G Ja"8r pan oE !hell• airudle• uee!\ll into!Ultio:l an t:h9 ....... 

GOntnJnt>tdon of pl'OOGel 1'U1 and (11 b!owor operation 1n the p .... ODM of: 

TJF'e• ( 

•· DELETED 

' 
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. 
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Sept.embel' 1945 & m1tisod bia..r, d!t1'Jaer, end ooolor ot SAJ-' clllalgn vea 

oo:1d1t1oned ror J)urinr, th" f)estinr-, howe•ur, 1oalra1'9 ditti• 

01;lt1e1 TfUr& onoowtcl'ed and fn roaulta oould bo oLta1ned. f 
··--· - .·----- .... 

) 
D<7fs 

, 
I 
I 

DELETED 

'-----· 1.e .... .. b(l) 

I 

•• oon4uatod at tho 1.Abora1'0r!e1 to r,nln int'Ol'l!at!cn on procluatian 

plant portan:anoe telng ti. •!agle •U.:'9 bloweP ayatea. r 

DELETED 
I OomU t!aaa of 

pNasUPO, out, ot prooea1 ('IMJ1 °&nd Rquold 111 nud.>ar 

WN ohoecn to aSJaJlate a S.ot!m 1 •tAc:e ot pl'Od1Jot1m plant. 

2h!a eyo'bJr'.l ma put. s.&to O?e .. tioo an 5 Juno 1914, :amt, aoept ror 

momoniaey elnib1ome oa.Ulod by !'4JWl9r fa11urH 1 wo.a ooa'tim.184 
,'• 

.until 18 July for a tot.al 0!'9R1:1nr, time of rt.bout abl woke• The ,.. 

, !nfornat1on ori blow&r bohavior, on t:lo 

s!on o!" mtel >Arta ax;>09od to :'l"OOD&a '"• (A:7?• Na), and OU tbr. . 

pl 1?,..-·1...."'r mto or barriers IJM>duof;ia:1 plnnt otmdltionn (A?;1e D49)• 
.. 

Scvg?"al othnr a:.ratom wore alao etucl1'3d uo1nr d.U'i'a.Nnt ti-po 

Ver-; lJ.ttlo oOl"l'Ollion •a t'oUDd !n 'tfu, blower, and thero •a no "14tmoo 

Of' h\r,h (:Ji:.J et'OS!Olle rfno of thf' tri:>Ulal" d1ffUB8Ml 

D & 

7 •1 •• .. · 
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timo or the orli;inil plAnt demlcn (App. DJ.2) thnt oam;>loto ta!lure or 

the ds.ttualon mthod would re1ult unleaa leakaee and w.ouum probleme 

oould bo ocmqmred. 'lbe 4er,ree or t1ghtnH1 required ln tho •••om 

d.J.ttul1on plant -.a without preoedent ln pract!oc.1 ex• 

perlenoee A.ppllOAt1on Of tho IZ88 apeot:l"omter tor leak 

purpoae• ._.. lade by A. 0. Iller and hia oollaboratora with llUOh ot 

the 4ewlopaant tald.ng plaoe a.t the Huh Duildlnh mder Kellex amplo••• 

LMk d.WOtol" unite ,..,.. oomtriuoted, peNonnel wre trained ln the1J" 

me, and Jll\ICSh ot the p11ot plant equlpmont waa teau.d tor 1alca (App. 

Cl9). In V.bruD.J'Y 19441 !t beDIUlD apparent that aewral hun4rod 

tra!Ded operator• 1n ad41t1cm to t.he al..ady' trained aolentUta, would be 

mec1e4 tor J.-k 4et.otion work on the ge.aeom 4lttualcm proctuotlon plant 

aj; Clinton Eng.Sneer Worb. A 1ohool ror thla purpoee ,... esiabliahed 

at the SA•: Iabon.torlea ln !al"Oh 1944, and ovor a period ot about tlw 

montha as attended 'b1' 221 employee• (App. C27, C28, C29) or the 

ro11ow1nr; 1'1r=s ••ged ln operation or tho JC-25 plant or zianutaoture 

of equlpm911t for lt1 

lltllaz CoJ"poration 
J'ord, Baoon am Dam, 1no. (App. 001) 
eubide and carbon Chm:d.oah (App. 002) 
'!he crane (.App. D83) 
Allla-chalcers COC!pt.U\Y (App. D041 0061 DBG) 
l'lhltehead U.tal Produota Compa!Jl (App. DO?) 
J..1nAe A1r Pl'Od1mta Corporation (App. DOB, DB9) 
the .1.. o. Smith Corporation (App. D90) 

A report on ihl• •ohool is as1Jable ln the lanhattxln Dletriot 

Filea (App. D67). 

v.a 
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all the oOUNe this wort:, no •uitzl":,J.e substitute f'or hoJCll• 
. 

fluoride e.o riroooo• r.so 'MUI O()q')()l.z'..d l'cd bcc-i k:nmr..i 

L.irt.ly corrosivo mturc J"llioc.<1 t:n.."!Y ?r'OblOCJJ in oonnoot1cr. with 

ll.• :-?t::.kHc.c. • ··cc.clrt:l'l>::t C!.!-:.a o·'.' ·-

,. , 
\.'. 
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• preeeure, dcm•ity, thermal conduct.ivity, viscoeit.y, heat capacity, and 

( 

l 
\... 

other t.hermod11·ulmic oharact.erietica (App. D.50 throu.&h D5J). Met.al.lo-

craphia technique• •ere de·nloped, using both the opt.ical and t.he 

electron miaroeoopea ('PP• D58). Reference t.o euob work 11&7 be .Cound in 

a bibl1ograptJ¥ on t.b• nbject (App. 059). A b1blloarap1l7 on the chemical 

J·. properti•• ot th• cOllpound 1• alao available (App. D60). ( 
.--.......__ .. - - -- ·- - ___.,, 

DELETED 

I - ·· ·-- · · .. -.---- __ .,.4'° /J ( j) _______ ..,.....,_ •... ........... - .... - ... .-. .... ... :- ........ - . ..... .. ;I.,., 

b. Mechanical Proeert.1e1 ot Barriere. - Th• mechanical 

properU.ea ot barrier• been atudied bJ: the tollo•inc mthoda1 

1. Bend teat, to indicate nlat.1Ye at.ittneH and cluct.ilit.7. 

DELETED 

. ··-....... -· 
4. Fatigue tor intorut.ioa on barrier behari.or under1 

aont.inual 'fibration • 
. / 

s. teat, tor aiJD.1.lar purpo••• but "1th 8mAller 

vi.brat.ion uplitude and higher lrequenq (App. D61). 

Without the thouaands ol rout.ine euminat.1ona made b7 t.beae procedures, 
.. 

it would probabl7 ·han been illlpoaaible t.o produce a barrier acce]!table 

tor """ in a 1_u1ou1 dillual"': f "' -- -- ) b{_lJ 

DELETED 
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·.._ )· C .. 't ,• i • I f .. t-

°'• Condi ti<min:. • ' 
... ....--........-,... ___ .. ---- DELETED 

,_,,,... . ---·----- ... ·-' . ........_ .. ... .... . 
__J varioua 

1 

J 
.J·t1'8 be.rrler w.J!"(l end it m.a clsoovcrcd 
-

• 
tluorimtion produe>OO t!u.' deoirt .:d rosult. 'jlio auooeu OJ. .. the si»bilia.-

'lh1o 1n turn W to o.r 1n oOOQ1derablc 

n.nd bvolvod tlia ttudy of GU:ri'U.OO CU'OOS and oetboda 0: ox.surine;. 

'i'b<J toohnioc.l l"Otnllta rey be !'owd. re}ort (AP?• DC3) llidch, 

in acdltton to eivi.'1C p_rooeduree for plont oULbill&ation. 1 

tr.oluaes a JAr,-,J &:lmrlt or L"tf0JU.1t.ia1 on rclc.tod oubj-Octo• 

b. Plu:·r·1nc and Conairrti .on. - 'lbese ool"Ollo.ey riroblecm 

•"0190 ailso iq,:>oMxuioae 'n1e ohle.C otjeot, ae . lna been 

m;'tlnined abow, ms •.:let or the b&rr!or In auch a -.y that 

it Otr•blo b tho prCGW<>e of prOOOCIQ f;Q&J t.bua ita ftl.tlJ of plu;.-ging 
·'"'" 

' 
, ".li:900GDO :.:t:a.o. t:zlGt bo i:dnL"'li&od• epcoially in the h1<hcr of 

the pbmt' d1oro t!K· rote:o:i.el 1• tdr;hly Gnrloi:od t!:.e lit.flt !Dotx>po• 

.. 
dc::;i·n e.t a "UL.luo not oxoeoo.'.n:: a:ie of r.irooooa :-JCr oqUD.re 

toot day, a.'ld the r:-oooduro£ catt.bliet!1od !-c.vc o."iCX'.41 u"tl.t it 1o 

poo:;ibl".:' t.o 't!do Un:!t. / 
.--·-·---··· . --- --·--·--

DELETED 
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1 DELETl:D 
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boon -.uoooaoi'ully •olvoC!. 

.. . 
t.11 o!' tl.eeo p!'dJlar::s l"CW 

' 
(1) nout!no 1\tsta. • the period T.i-en ttieoo 

. 
"l-outsnc; teats ct'l cney dltfe!"r.lt bamer ann;>loa of all t:fl.'cttl• 1-11 the A; 

I:..t., Tm, and other l>ll.n-1er axllt1ont1Clll8 wre •tudled ll!ll5 deTOlQ?od, each 

S!.I to doton:dno 11het:bei- or not tt-. aoaepizbl• on the buia ot 

pluTlnc. atabllll&tlcm. 1 ud 11l.&'9l'OUI t:eoJmlquc. 

to?" theoo pUl"pOlea wore evo1'904. au &PJ>&$tua !w.L8 been 

oonatruated 1n wbioh it ta poaaible to atab1U..o u uaey as tltty 1• 

toot balTS.er tuboa at moo (App! DB4)e 

B-4e Inert ib.8 'l\tat!grj of Damore. • In Sootlon 1 ot tJlia 

w1,.., retC!ll99n09 -· ad• to the lP9 aepuattcm •Ung or barrit!J"8 by 

and pilot :'llant mPih>da• Th!& method or wet.in :· bc.rTior 

be!avior l• vory •low, not onJ7 booame ·or. tho tlD3 ocmslG!ld fn tho aopa. 

rnt1on ezporlmnt 1tselt aleo bocatlfle or th> t1mo required roz­

laotoplo .. ana.l\VWS... It aa thoretoro lq>oriiu1t ix> •ev!ae repld F.otboda at 

the factor 0: ba.rrlera. It &a alao neceaoar1 to 
.! 

dctsrrrlne b&rr1e11.i •il"081t:/ by •inilt\r ra.;>1d tooto. '1110 hee.V<J daz:JUld tor 

routlno toet1nr tn"O -.'!tcd · the Kclle:x Corporn ti on to 1 ta own 

bc.rr1or tc:rt!n · in the Jiaeib Duildin ·• proport1oa .. 
wero !l* mwauroc! hy th.la CJ'OUP• 

a. o1' N.tit fi!J!£leGe • A CJ""OUt deo.1 of: me 

' c!? ti ' ec1c pl"OoodU!"ciS, w1 th . th-? !'C.":JUl t tJlG. t au1:tab le mothods wro 

c • .:. 



• 

a.eoo"lp&nied b;; ::any theorctlo0.1 or thr. phyG!cnl lawa o!' 

f".C.B flow thrcu--'t: (A.pp. DC!j) • Tho rr.sul t& 11£1 ·,:e; al.eo boe,'! 

() been dcvclo?f>c'! ordt!'r tu !'!Oro rnciso dcterrrJ.r.ntio n 
... 

(UC ar.c.l;;.•zc.rz o!' tho tr·IO dif'f'erar.t w.riet1oa .DG'i'• 

DriO). Po:- oor-tain a ·)oci&.1 of barrio ,· se;x\rat1on 

b. 'l'ubt? - 7.ilf' fO?'El"Oll1" inerl f:C.C i;oG't4...n--

MVC· 0.11 lle<m CXUJ:..ulca GO t'b· : · bo O.ppl10<1 to d1f'fuooi-G 

' , . .... ,. 
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Jvdror.!1!1 fluorido, fluorooal"bons, and ;:a.a (A,"JP• V70)• 

J11&'tho41 ror m&•urln .· the oorroalw a!'feot or t.hese ;:a1es, !.nvosti.­
.J 

or tho .tu:rular.:cntll.l checioe.1 ttn.U routi!le 
r·---

tests on hl.Zldreda or different atorinla. 

DELETED 

--------- ·----------· ·--·- . .. . -

s-G. l1nelffi'!!!t at Spea1a1 r.her:i.toai.. • Uontian ha• beon ad• 

Sn Yol,,_ 1, Parllcre."."h or a nl.rlher ot speoltlo neec.h, arl•Snc 

w1Ul1n tho i{-25 f'rojeot, lllhloh oou1d bo 1uoocsaf'ully oet only ttuoour.h 

tundanen1al 4on1opmnt and toohnolo...toal ada'.:"ta.tion ot a n'\r:bor or 
induatrially nllW' AD4 a;?OciAl chemlsla, n:r1no1111llly tho pl"Oom11s tluid . .. 
1taelt, Ui..ni'Ull hmatluorld•• ti)e oondl tionin,.. [,.,.... cle.montal rluorlneJ 

a..-id G. nurit>m- of' !?1(".hly tluorlratnd bydrooarbon9e DfJSOrlptio:i . 
of• thin rrhi\tte or ttlfl work, W'1 1 ch eio.t1f10L"lt branch of t::•o 

ohmn'.co.1 renearch profTIUl'I• is proamted 1n nool: VII. ruz.thel9 diecuas1<m 

1e eil:a,, &1'UiJAblo hi' tho !tellc&r. C'Qt'tllr.tion l:tt::-ort, Soctlcr.1 !II, (11). 

' 

'· ' ' " 
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0-1. sarow 

c. • Ol-£1!n1&l1. ti on. 

(l) Safety Depo;tr.Bnt. • 'lt1e oontr""otor, 

t.i:ie IA bom torieli, or camaed n Ba.foty Dopo.rt.Lw:>nt u1 thin 1 tc In• 

dmtzoial Relntio:na Dlvia1on. ot2wr dopa.rtwnts in t.hiD div:toion 

deo.lt with er:iploymont, inBUl"&.llOe, 111>d!co.l mttero (phyolonl e.:mr;;i­

mtions o.n1 i'if'at e.ld), ruxl 02:1ployee relations. Theoo dcpo.rtoontD 

roportod d1reotl,y to tho Di!"Ootor of Industrial Rolntiono, t.n.3 

oonmon to thio Division TIOl"O dioouaood nnd ooord1.no.tod. A f'ull-t1r.o 

Sn.t'ety Un,i;ineor hooded tl10 so.roty Division llnd worloo<l dirvotly with tho 

'Vllrioua tochnion.1 and somoe divis1ono or the labort:.tor-J'• Tho 

of tho !:ia.fety roquil"Od cloae ooopern t!cm with 

tho l2dical Divioion 1n 1iandl1n '. 1njur'1ec a:xl tAldnt: prowntiw 

tneaCUl"OD• The Snf'ety Dopartl:lont also WOJ"ksd oloaely vii.th the Insurruioe 

Dopnrialnt on oocpenontion onuoo und rolntod mttoro. Tho Colucbiu 

AJroc. enc;lnoer suporviaed tho SAfoty progre.r.s or tbe oontru.otors, 

and tn!ntniood 11.o.lson Tlith the D1otr1ot led1oo.1 and Sa!'ety Soctiono. 

(2) &U'et;; Advisorz qmrittoo. - neoo.uoo o!' too 

mtun.i tho work bo!.xlr dono. r. Sc.foty Advisory Cm:r:dttoo wo.o or;:oµ:iiaod. 

corwiotinr or ao1ent1oto hnv1.nc e5.roct roopo:wibiH t".i for the o.ot!vitioa 

involving hD.mrdouo oporo.t!ono. tinen epoeial problot"JJ 

aJ"Ooo, mct1nr.o or tho oorn1ttoo woro oc.lled to cUocuco tJ:w c1tlx:.tion 

an:.1 llXlko roootT10rxktioru; tc tJ10 Sc..£ct-.r Tlepc.rtn:nt. 

-r 



, . Pf . 
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( 1) Lr::p loyoo ti on, - 1.11 'tYl'>I orip lO"JOOO Tr.1 ro 

r.;iwn tnatruct1onn ro"1-rdh1,: tho1r dutioo, nt \':hich th-x> linita of' 

rooponoib1llty e.n:1 autlwrit-.r ror c..11 oporP.t1ons "°re npoc1r1oe. Jin 

Employooc. lJQ.C rrepo.rod a.nd d1stribu'botl to o.id in tlrl.o orion• 

tntlon prorr..m. Stl.f'ety bulletin boru-ds 1'\.11"(1 inotu.llad. o.ro Li co:1ti.m.14l 

ror oa.J"O!'ul oporo.ticm. 

( 2) Sate;tz Inopootions • • 1nopeotions \ft>l'"O 

mido to inauro tho nbaonoo or unoo.!'e oondi tiono CUJd !'1.ro 

haanrdo, to oheck tho condition o!" gao Z!Ul211 e.nd other St\foi\{ equ1p-

111Dnt1 e.nl to ao.te(;U£U"d the health o.r 

(S) P'uall1t1os. • A oomplDtely equipped 

inrh'w.ey wno establlabod on tho prordacs of the SAU Ii>.bora.tor1oo ui th 

tm> nuraoo vn tull•thie, fUl(l tuo doctora on pe.rt-th.x> duty. 

mente 1fttJ-O llKlde with a mnrb-J hoaptte.1 to tandle oatrr:onoy caeos. 

( 4) 3ttpy or Ncnr HaSG.rds. - Prior ix> the 

rution oi' now uper!nmtnl oanteronooo wit.h eo1ent1.fio · 

d1vio1onD 110ra helc.l to d1oouoe poao1bl.o hl\mrdo involwd. 

(5) P.eoo!"da e.nd Etntlotico. • Conploto rooordfl ar 

inopeotiono, reool$18ndat1ona• enc1 'f'1ero tn1nta1nod. 

1'.onthly roportc ware prepa.rod ehmti.n;j tho froqml'lOjr nn1 sevori ty ra.to:J 

or aooidents. 

9·2• Seourit;,, Prof'W;1. - >. aeourity pror,ro.n 1"il.S 1n 

Colunbin Aren, in aooo!'dnnoo Trith polio1on eotnbliohed by tlio 

Di.Dtl"iot .::;oourlty 11nd TJ1v1oion. 

, .. .... .. 
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a.. Or['mli1ntion. • 'Il-le Columbia. Aron SccUX"1ty Gootion 

\'lt:l.O hGw.dou 1 :y c. s;.>eoio.l nccnt aooir:;n1a to tho aroo. by the rretr York 

Brnnoh Of'tioo of tho Soourity an1 In'bellitYnoe Pivioion. Thie r;nn 

vroro aolootcu :f.'ror1 porconaol o.t .fe.cility portort"l!nc work: er 

intcroat to t!v.' Diotrlct. It 11ltl.D tho rluty or these roproooniJ:..tiwa to 

roport c.ll e.i'propricta rettero to tho Soourity Soct:i.on• n:xl to 

raintnin proper ooourtty co1xUt1or10 within tiaelr tno111t1oo. Otau-d foroeo 

wel"O eaUibl:!.tJ!,od 1'1!101"0 theae foi-ooa ropor'boc.1 euap1oious 

1.noidontt: to tho Security Sootion ror o.otion. Tho prir.m.ry duty of tho 

section hone! or tho Aroo. SoOt.Jrit.v' soction wuo to assist am advise 

Aroo. Bnr;inoor on nll mtwro 1molv1n;:: sooUl"ity and 1ntel11genoo. Aa 

rosidont O.GOnt or tho New Yori:: D.'.'8:.l..Oh <lri'loo, ho mn al.co roqu1rod to 

report o.11 sii.;nit"1oe.nt 11atixlre to that of't1ce. In1'ol"tl\t1on 

to ooourlty and 1ntollic;enoe Ul.O also torwurdocl to . 
the District Geouri°b'J am Inixllllr,enoo 01'.f'loo by tho Area. Security 

b. !,oour1t-t l.8clouroo. • Security roeulo.tior:ia eciabllshocl 

h1['.hor eeholons YJOZ"O put into erreot at a.ll t'aoilition undor tbo 

juriodiction o'.' th;; Colunuin Aroo.. I-Dy poroonnvl nt ouch of t.!IOOO 

t'lloilitioc "t'X>ro thorouchl.y o.dvirrnd tho ·-rovloiono c!' each roguln-

t1on by thn Aroc Soourit"J Section. .t·oriocUo ins:>ectlono 'VJOrc oO?}lm 

th.one neourit-y rorulo.tion:J c.t ench f'no111ty within tho aroc.. Socurit-.r 

ourvoyo Troro oonducto<1 'tflJ inapootorc or tho !Jew York !Jrt:noh Of'tioe to 

5.nnuro conti11tt1.'c:-/ of' production c.t all Aroc. 

.. 
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'11io Sootion n.caictcd t!K! Areo. L'n,:':inDor in onrr-;inc out 

rauoru::mdAtiona bu.nod 0:1 tl1onv poriodic su:rwyn. ooriouo violo.tion 

or nocuri ty ro r-ulo. tiono 11'10 been reported r.i thin tho ColUt.lbSA t..roo. 

ainoo ita oatnbliah::iont. At r.11 ortxmciw uao '00.D s:ndo 

or visUll a1do hy tho Diatr1ot f;oour1 t:.1 ON'ioo. '.ilie Ar® 

Soourit:r !>eotion oarr1od out a poraomel or o.11 

fac11it1r:s, rovi8\10d aeouri't°'J queotioimniroo on prospootiw 

et1ployooc prior to aulxJ!ttin::- t."1on to t.'1u ?:lew Y.,r1; nmnoh Ofi'ioe for 

1nwat1cnt1on. 
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J0-1. Introduction, - An compilation of costs attribut-

able t.o the K-25 Project is given in Volu.aae l, Sect.ion 7, together 

with an of t.be principles involved in the or cost 

present.at.ion used. Thie section fresenta total coat.a chargeable to 

the resenrch phase ot the K-25 Project.. 

10-2. Cost Br.akdown. - A detdl.ed breakdo1111 acoording to 

llanbattan Diatriot pl'i..me contracts i• 1hown in Appendix A2, which 

&lao present.• or1ginal and modified contract estimntes. Appendix Al 

preaent.1 co•t• incurred aa the result o! earl7 work done under the 

auepicee ot the Office o! Scient.i!ic Reoearch and Dewloi:ment. Coat . 
,'lo 

estimates !or principal subcontracts are tabulated in Appendix AJ. 

Cost Summa.rz. - Total cost tigurea !or K-25 research 

(including th• osn.D co•ts) effective aa ot the end ot the !iscal )"ear 

1946 are aa !ollow1u 

.l'ixed Fee \e '1&te 

Material .l'\lmished b7 Qoyern;: rent t.e rJoi.a 

Total Oontract Costs tie b'e.t. • 

$14,544,964 

0 

471,960 (credit.) 

l.l+,07),004 

EatimAtod Total Cost.a tor Completed Contracte lS,811,663 

10.1 
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SFCTION 11 - nm PEE.C:OJ·:t:EL 

11-1. p:i.stric( Orp:erJ.rltion. - Tue line o! &uthor-ity !or research 

"nd de,relop."U,,nt pertaining t,,., the diffusion pl:mt is illustrated by 

.4;:-pendix l?l. Thft activltiaa C.."ld o! tho Uadiaor. Area 

r.re 1"1 !3<>ok VII, Md o! Nel'f York Ar.e'l in Book II, Volume .3. 

11-2. ,Polµmbill - In anticipation ot t.he awarding o! contract 

r.:-7405-ena-50 to Columbia University' !Asjor .a. Houtt.'1, Jr. dos.le­

n11ted Area of the newly c-. o:.t.ed Colu.'ilbili Area :!.11 the oarly 

epring of 1943. By 4 l•UL:uat 1943, the st.sit of this Aron C'Jnsieted oI 

4 of fi cerff nnd 72 ci vilinne (inc l11dlne ,5Uards). Api;endi.J: B2 prttB1Jnts 

a Colu:nbia Area chart ef!eotiv• et this time. Hough 
(--. 
\. ) wea aucce&ded in 1944 by C6pt.ai.n L. L. GI'otjan wh'' dir-.ict.ed 

Aron ectivitiee thoreetter. The atnf! 1 At. t.ho Octol>Eir 1144 

pen:-: (!\;);). BJ) m.vnbe.NJd 7 o!'ficers, 17a a'llii;ted ;uen and U;6 c.iv1:1A."1B 

( incl!tding l.ll guards), had boon redl\ced to J o1'f1cers (plus J &!lfli.gnud 
• t'\41 

t.o Pntent 2 en.Uat.ed m.cn, l.Uld 'Z7 by !.pt":tl 1946 

(/::pp. Bl;.). Key personnel to eel.her wiLh their .functions are listed in the 

.l\rper:dix Gl. The Colll!llbil' . Area wae dise·:ilved as of l JuJ..y 191/J. 

l.l-3. S.Ali: Laboratories. 

(1) Development. - Tho wcr re:su!.rch activ.l.tic:J in nuclocr 

physics at Colurabi-.:. Univereity under osrm contracts wortt tmder 

the of S/11! laborr:;t.oriea. When contract Vi-7405-eng-SO wns negotiated 

with the UAnhattnn District on 1 }Wy 194.3, entire le.bor.e.tory wae 

ts.i-:en over. 1n view of t.h1; exr •anrlod 1·esenrch p?'•.•t;rtua require,1 under 
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the new contract, aaditi·.:mal tacilit.1es r;ere provi<lecl in the Nash Building, 

New York City, ehortJ..y thereatter (July 194)). 

(2) of tteeponsioility. - The wurk and equipment 

were gradually tranai'erred from the Colwubia U1dvera;ity location to 

the ?lash Bl.lilding, the trana!er being easentially complete by l 1',eb­

ruery 1945. On that dat.re, reeponaibility .tor thtl SAil Laboratories 

we.e aeearued by \laroide and Carbon Chemicals Corporation under its con-

tract r;-7405-eng-26 (Vol. S). The laboratory organization, which re­

mnined eseentially Wlchanged, is depicted in Appendix B6 ae u! 21 April 

194S. 

. b. Employment Statistics. - A tabulation ehowing the 

number ot persona employed b7 the SJJ.1 Lo.boratoriea together with other 

Columbia Area contractore ia included ius Appendix BS. 

c. Per1900el. - The activities ot the SAM Laboratories 

were directed until februar;r 1945 by Dr. H. C. Urey, wtio was then auo-

ceeded by Dr. R. H. Crist. Dr. Urey was aided in lde awninietrnt.ive 

end technical duties by Associate Directors, Dr. L. M. Currie and Ur. 

H. s. Taylor. Dr. J. R. Dunning directed roaeerch and development in 

.mechP.nical engineering .problems, pilot. planta, process operations, and 

isotopic analysis methods. l.tcjor headed by Dr. E. T. 

Booth, who directed the work ot all physics research groups on barrier 

properties end separation assa.y methodaJ Dr. H. A. Boorso, who directed 

the meChP.nical engineer groups concerned with studies of ee8ls 1 blowers, 

pumps, end pilot end by Dr. r . H. Emmett., who dirt1cted 

reae11rch dealing wit.h conswnption, plugging, atabiluation, corrosion, 

' - process materinls, end fluorocarbons. Dr. Em;oot.t was succeeded by 
I 

11.2 
·- . 
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r"".. 
· ) D,.. w. F. U.bby. Dr. P. !ilaok direowd barrier tostlnr division, 

v.thilo Dr. r.. Jkct, Jr. \".IC.£ rospor.a!ble fOZ" t."1<! production dcvelO;J!'l8nt or 

SAt end Deoatur on DJ.. bi:.rr1er produot1.0.'le Dr . 0. r:. i".Ur'phy direotoc:! 

the• &dr.iin!atratlve work or the i;atent e.nd tb901'"9t1o0.l groups and 11eu 

tor all teclmloc.1 J"e?Orta. inoludln;: thoir editinr: 1 

pl"Oduot1on 1 d1•tr1but!on 1 a.nd cueitoc!y. A doialled liat or key rooeiu·ch 

end d.ovelopnent peraonnol or the laboro.torico 1c proacnted in 

11-4. Colucbie. tniverc1t:i:;• 

a. Qrr·t!nlmtione • Ats stated ·a:·ovo, the SAH IAbore.torioe 

t.ll.nbattan District a.ctivitloa. Vtll8ll the Carbide and C&rbon Cuer.::doala 

nentti.tion not ooonectcd "1t11 the cUtf'usic.rn ;:-rooess rcaiuod to be 

ooq»letod under W•7406-«'l;-&>, and 111C.o continued Ul'lder this . oo:itn.ot 

independently or !'.W! !Abol"il tori es. 

be Personnel. • Tho r.otivitioc of thin <TOU"l were ru1dod 

.. nmt arc f'umiahod in Apt>end.1.x no. 

Znllex Corpol"8.tion. 

e.. ?<lreomel. • ltey roaGC.rch poraon.-·.el o!.' tho J(ellex 

• Co'!"pOJ"ll tion e.r(: 1 ietAu in th(} Appcr.db: 
\ 

• 

• 
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i1-·1. C:;.!v!•MJ1-t:r. • Tho mtS.ro .... oi'.i'\:il'"t in th('\ 
r • 

·.: . 
1
·:. Jori.a. A list of' l:cr.r ?8r&On11ol anflock .. ted in t:d .s io 

Ci. r, t c ·: .ty., ...... I .f-. 1· 
.. , • } i. &.4..L \: . .lo .... ..a. 
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\'Otm£ 2 • iu::sr4AI1Cn 

APPEBO?X "A" 

Jro. TltJe -

Die tallOldDg ll•t ropreaenta a tAbulo.idon or prma 
reHU"Oh oontraota att:1"1butable to tho WS PJ'Ojeot Tdth .tbe aolmS.on 
only of aontrao'8 perti\iz:dnc to the apeo!al obm:d.oalo Pl"OgNtll the 
latwr oontrao• a.re treated in Book VII. Collt 11.gwu aro etteots.w 
u ot the end or t.'w t'leoal JM!' 1940. Subocmtraot ooato &J"O 

!noludecS in Ule pn. acmt.aot t'lguru. 

Ccmim'aot type la tabulated tn the tlrat ool\nl end 
denotmd by a Dt.lmrioal oocte, the laty fff 11blob ill u t'ollCKftl 1 

(1) ••rvtaea. 
(I) Co8t plUI 
($) 81.ml ..m.oe. 
l.'ettlod Jetting Sa tabulated !n the aeoom oolmn and 

denot.ed b:1 a DUD8rloa1 oode, the by tor whloh 1a as tollomu 

(1) 

(4) 
(6) 

NegotsaW 1rJ Colu:ibSa Area. 
Uegotlat.4 by Diatriot Enr,S.neer. 
?legoti&tad by 1'ilJv York Area. 
Ner,otiated by ?n York and DeOGtur u.u. 
Der,otlatJod b'J J.adlaon Sqtare Area. 

( 
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OF (C1TRACT\ll 
. l-F'!!:i..?I\: l'.:'.TC: 

Colamsbla vn1v ... alt7 
1 J\&11 1941 

K. il'e C.llaga 
11 MUU'J lMI 

Columbia iYaJ:renl tJ 
1t:eo.-.,.1841 

Ohio State Ual••nl'7 
R__,.all Fowadattoa· 
a Augut lHI 

DELETED 

:iora: orn 1. s or 
c o•:n.A crca 

!fotlt All •boY• are oo.t-pl\l8 O'Nl'Mad oontnata. 

SCUPY:: 

pl lot ' .. , . 
.... 1 .. 

dlttw 
1-11 ; 

All wen n•,ot1ated b7 the becutlft Seor•'-'7e <Sitt. 
All coatraote are ocmpleted. 
Total o•t• • 

./ 

.. 

) 
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BOYE om Cl OF 
COITIACTCB 

In Tort, I. T. 

JeraeJJ' City, 1. J. 

1 .. York, •• Y. · 

L ____ 
oo.t-plua crnrbead oontnata. 

ti&ted b7 th• luoutl" Seoreta.ry, 
..... ocmpleted • 
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PUot. Pl.ant. 1o. 31, lbow1na st .... a, Ind 6, '1Pe 
Cl-Y Gu BaarJ.a& 11Gnn 1 Blower Si•l-. 
lhlt.•ad O.Utuere, Burp Dna, IDd He8' &ub-.n. 

Plant •· )I, ahowin& ftap• 11 ) 1 Ind S1 .,_ ..... , 
DUtuv•, Cara\Nl JDlt,...-nt.e, am SHplJ:na lllnltolde. 

View ot v .. _. 1n&41Mrin& Sabool, lho1d.q 8t,wlent.a ••'nin& 11-et.rGa!o 1qu1,_.- uwS 1n 1.-k on.et.q 
Apparat,u. · • 

YU\11111 EnginMrin& Sohool, ahowing a LIM Det.eot,v _. 
and a r_,,1n1 1'.'iaaon be.Ina u.-bled. 

;:: ;e ti 



ls.a. tit.lt 

29. Vaouua ln&inMrin& Sobool, ahawinc t.h9 Jiu• 
Leak Deteotor. 

Si 2 ) C ' . .._ 



G1 lfldnpnatloD hnla• wit.b lf•tJ.nc Bell iJ1 po.S.tim, 
u eperated at the Bohel'Ml"bom Pilot. Plmnt. tor Heat. 
heat.1111 Barrier. 





ca Interior Vin ot H.Jdrogenat.ion Fu.mace wlt.h a Reel ot 
lJarrier uaterial in place. 
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Ge• i.lft•ring l3loww. 'n1i• i• t.he tirn isaa bearing 
i'ttNiel. It. \1f88 crxiat.ruot.ed llt. th• f 1.&Pin ;'eyai.oa 
LaOorat.orie• ol Columbia '.Jniverait.7. 
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Cll :.,,..tlngbome l"4el CS'f • !l101118Pe 
n. aud.11&17 appuatue 1• beiq ua• to tab 
llt'9 t..•' aWS.. of bi... pel'tonanoe w11ta , ...... .,.. 
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Cl.7 Froot. Vi• ot Pilot. Plant. i:o. 1 (Code Namea Gert.rude) • 
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Cl.8 a.er View ot Pilot. Uo. 1. 





Cl9 Pilot, Plant. No. l, ahowifli a iront. vi• ol t.he TwlYe­
.!;tage a• !irat aaHr.'.bled in the fupin L h.Yaica 
Laboratorioe ot Columoia Univorait7. 'l'h• di!!aaer•, 
pre••ur• indicator•, piping, ond valve• are ahown. 





C2Q Pilot Pl11nt. No. 1, ahowlng a rear view ot the original 
Twel Yu-Staa• Caaoade •fith Type li Pwnpa AlOunted na a 

Crankahatt. 

i. 





c " . ,_ ... 

Joar Yiew .:4 Pilot Plnnt. ?fo. 2, •)'}owin& three T;p• W 
Pump•. 
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.. D ..... "."""". , 

c.;a Ir1f.t1rior · c-f f ll()t, Plant. l:o. 2, t:hmd.nJ tli!ui;era 
11.11d Fre••ur• ·rranamitt.er•. Durin& optirat.ion, the 
d1lfu11.ra are hou•ed in a conlltnnt. te:nperature chlll4ber. 

, ... , . . "'· . ·:.., .,. ' . . 
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C2J Filot Plant. No. JA, showing a view ot the Iri•tru­
ment Pnnel. 
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C24 Rear Yie• ot ;>Uot. Plant )A showing t.he t()ur Top 
!;teee•, and (in the toreground) th• J.!otor Coolant. Cir­
culat..ln& S1at-. 
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C25 Pilot. Pl.ant. No. )B, Stat;e• 21 41 and 6, T,-pe 
CS-V Ga1 Bearin& .Jl,.o,;era, Repreeauring !>71t.em, 
·,ihitehead T:ittuser1, Surge Dna, ond Heat Exchan&ar•• 





C26 Pilot Plani No. )8, showring l, ), and 5, Blowera, 
DU!usera, Control Inat.rumenta, and Sarupllng .:Lani.told•. 





,, ... - .. 

C27 V1 .. ol VACUWll Engineerin& School, showing St.udenta 
examjn.ing Equipment. in Leak Det.ectin& 
ApparatU9. 





c:?a Vaaw.ra Eng1neoring School, showing a Leak Detector nnd 
a Pwnping \Yagon being asaa11bled. 





4 ·- I. , 

C2'1 Vacuum Engineering .School, ehowing the UB.aa Spectrooaeter 
Leak Det.ect.or11 
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lt't.?®.TTAN DIZTRICT H11:.!T<m 

BOOR' II • DIPFmtOTi (Jt-15) J•Ro..r;1cr 

(M.D.T.R. lDU.ontea lm'lbattan Dlatrlot feohn1•1 a.port Pii.t) 

• ....,,_. Tol. 171 P• 11, 19 ( WfJ) • o. Bahn and 
r. a-..-nn. 

•• ant... Yol. 18, P• 1511 (1919) • n. L. .b&teNon. 
E, T, Booth, J, le Dum>Sng, I• "9rld, 0. R. GJa1oe1, 
Pe a. IJaolt. 

•• Pbpleal ......... Tol. ''· •• MG (J.OIO) • A. o. n .... 
•• '· Booth, '· a. l>anrl!n& .. •• Wll ..... 

lrll•,, Tol, 181 P• tl6, 1086 (109) • R. Bohr, and'· .. WhMJar. 

I. PJ:wlllal .. -dew, 'fol. 17, P• ftB (lMO) •.A, 0. fter, 
1. '• lootlh. '• a. an4 A. wn ...... 

1. Mlploal Brdn, Yol. 17, P• Y•o (lMO) - Y,. •• IS.Dr.4on. 
•• c. Pel.loot. 1. '· looth, and '· .. Dwmlng. 

'· le1al ANaa, Pmplnc SpMda,, am ltD.gee tor Dittallon 
.&ppuatul • larl Cohen, Ootlobw lMle 14.D.TeRe Pile .......... 

le Coniftot with the Me W, lellou c.paay, 
and !be 191m Col'pora'1cm. llanlatian DlaWJ.ot Ckaal• 
tied Conilraot ni.a. 

e, Contnot CE1WM12, with ilr trwtMa ot Oollmi>h. 
l•J'Hd9d b,y Contlraet w.7'W,_.g-60. Mulhairtan Dt.trl.t 
CJualtied Contraot fti.ta. (SM App.:.£) 

10. Coatre.ot as:;Mar-11161 w!it. ... illlJ'n mJHt..s.o (B9ll 
•Japhom laborailorl.eo). ••J'H4od by eom..ot W-7406• 
eng-1'1. Mt.nbat1an 1>1Jltriet CJualtl(;d Contraot '11-a. 
(SM App. A) 
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19. 
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sg. 

11. 

Contraot W-7'°6-eng-08• wt th Pr!nNton Val wral t¥. 
111.rabattan DS.WS.ot CJaaaltbd Contaot ftle1. : 
(S• App. A) 

nw litlla Corporation. .. Dlttmlon Plant .. Pint 
Pregr91I Report. 11.1>.r.R. rs.le lioe A-ID. 

It A. Data lbMta• ...,.,__Xe k.Defell. Pile Noe LP. ...; 

' r.,.. -••3-o• DlaoulH4 wt.th lrlidah a.p,.antatlw. .. 
larl CGIMm • l.8•11 a.ptember aHS. LD.r.a. '119 11c>e 
A-llU. 

Gn the ltaldll\r ao4 Ocmtrol et DUIUllaa Plutlt L 
Coaoep'- &DI ..... • lrdJlc 11.pka am! IN1 Cob9n • 
• IMl1 Part .. ,.. ...... Dew--nt a4 Appli• 
•td.tn et the Ywl&illoaal aai,.11 • IU1 O...za, !nbc 
•pJu. ud Barria ..,.. • ' .... ., l.96&1 ....... •• 

ltha-d_. Ult c.t.'9rla tor ltaltSll. • 
llt.l"l'1a ...,_ • f 09'obW I.Ml. .. D.TeR. ft.1- a. • .&-etl• 

A Pro .... et m lllha-.r at 
h H4ta• Pl1-t Piaa. (lalJ.41.11£ WGl-IX)• &wlac 
•pJaa, .._.. It Canm, u4 WllU- A. ...... rg • 
u .... ., IN&. ..t>.t.R. rile .... A-1188 • 

.. ••• er larrl.er Dewlopien • b •Ua c .. ,...u-. 
'• r. Be•rW.. 14lter • l 8ept11•w 1161. ..., 1'Wk 
.-. dGlu•itW ftS..• Pll9 ....... 

oe.\..e:t£D 

jf)cg 
... l -o-r _;...;;t 'Iii .. - b{h 

BoW.S.U.61 .. laey Ool'poraUon. ._.tian Dllwtot CJual• 

.. 

tied COJaiftot ftle•· 
' 

r:t ' . •, , '. . '-• r-
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ao. -
IJae Sd>ocmtft.ot loe I m!er eontftot W-7606-bng-149 WS.th the 

Dou&du..&tahty Corporation. lilt.Dbattan D11triot 
CluaUled C.,._ct ftle•• 

II. Omdlaet W-f4Q6eenr66 with the Corpo-

' .. 

,) 

•• 
"· 
16. I 

I 
18. 

.,. 
18. 

•• 
'°• 

.,. .. 

... tt.OD for .. ......, ..... lopaent all! pilot plant pro-
4Ulid.• .t •A• lulte•• tbl8 aa "1 ..-.ot 

tw ... ,Pt lmtaUD.tlcm 
•t equS..-nt and large ...i. prodmid.oa .r 1-rrler 
...... lll.dlattan Dtatrlot OJa••ltW Cozatraot PlJ.1. 

a.port • ••• lanler • 14-..d *-Jc. Ir. • I& "-- ING • 
11.0.t.it. Piie Jlo• A-IUTe 

DELETED ' Doti 
IW! ,...... Pro4-td.m • .. A. CoJ.er et &1. • IS ...........,. , b(3 ) 

lNS. li.De!•R• ftJ.e lo. MIU• 

the PlllpillG Probi.a b v.116 Dlttmlcm PJ.ua1:a • 
B. A. loil'M • 18 DN1111AP lMle .. D. T.1. ftle WI>• A-H. 

01,_... •W Pmp tor C•:Ollw ._ • S. fe loo'lh e.114 
8'l&fl c. 1*stan • I r.brul.ry IHI. 11.n.1.1. '11e ... A-118. 

W DMSp • De 0. ........ • I loUI !• llMe .. D.T ... 
Pila lte .. Mlle 

.._ ... tt.Ur Opelw.W Mltit.l Dlaplar&• hDp • 1. '•tooth, 
B. c. U4 De le OOot • 11 Nq IHI. ..1>.t.R. 
ni. .. •. woe. 

11. BeparaUan PJantl • '· •• Jhmntac • u r.Wulry 
IMI. ..».t.1. Plla •• ..ae • 

•• •. 
13. DELETED 
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'rt- -· I,, : t ... 

..twwnoe -·- .... _ ... www ... - ...... - _ .................... - ........ .,:. - · ... .... .. 
Ro. -

DELETED 

J 

''· Lite 198' - .. llu'SJag la, ......... a. A. ..... , 
Ii, I', 1M11t•• &1111 '9 I. llln1l9 • II UUe .. n.t.a. ftJ.e -... A-J.IO'I. 

''· ,...,..,.,, ..,. ... - .. llal'Sllp ••• A. ..... a. '· 
... ._.. 1. a....._ • 16 llF ua. 11.n.,.n. ni. 
.. WJIO. 

••· !Mt ..,_, au "'"rl»t. 
CoapneHr • Be .&. IDOi H et al. • 19 llM. tleD• fell. 

to. •'"''' 

... 
•• 

ns. a.. Ai-1178. 

teat et ib9 Cllmr&l llMtrlo a. 11-r • a. •• 
lnlr• et al. • II Aus-t UM. II.I>• !.le P!.Je lloe 
A.CD. 

Om"ut •11u..nc-e1 with ••¥a&hom• •lMWlo .ml 
tor •• 'MarSnc •1-n and 

._._.. llmhattan Dbtrs.ot Okqlft.e4 PUN. 

1ape.4i.ta1 lept.ra'5.Qn et lrald.• IHpipea ll:/ DlttUllon • 
1. It 1Dot1i, a. c • ...-. an4 c. le -IWe • IT r.bnlr)r 
IMle M.D. T.R. ftJ.e •• ..ioG. 

PNDN• •. ._ lepatatlcm ...- • •• I. Pmtdm et al. • 
18 8D i u ,_,. IMle .. D. r.a. ftJ.e ID. • 
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Ito. -... 

'6. 

•• 

ao. 

12. 

A. 

11. 

lan'.tar teat.a cm no. l rtlot Plant • c. B. 8Ja4e and 
Da B. Cook. 13 So_..,.l' 19"e &t.DeT•R• rile Wo • 
.A-:?182. 

!be 11o. I Pilot Plant• a. er..i- et al. • 18 Ootober 
l&Me r11e lo. A-IMO. 

CaiipJ.t;ion ..,.... on Pllot Plant IA - ciut. WllH­
•t al. 10 lowmbeP IMil. J&.D. Te Re ft.le Jlo. A-1111. 

leba'f!or et the Jlo. I Pilot PJ.ant • lnbg 
lapkn. e Ootobei' lMt. M.D.T.R. ni. •• A-IUT. 

Operatloll or no.er • B. c. Paxton and s. Tb•r • 
18 UM. II.Def.it. PlJ.e 11o. A-J.UO. 

Paro1Uv am Ut..J>J.'afng te•t • tubukr Dlttmers • 
•• 'ftamr •t •1. • IO Oowber ""· U.D.T.R. P119 
lfo. IMI. 

lleoWonlo ,.....,... fl'amS.'11er us lelt lala.ne111£ .. J&J' -
•· CrGID9Jll • IO April »M. ..n.t.rt. n.i. 11o. A-1186. 

8P901tlo &at ot Uran11111 Beatluor14e • B. T. looill et al. 
11 Dloember 19'1. u.n. t.R. Pile •· A-87. 

no-t.l'" tor Utud.• 11.es.tl•rt.4• • B• t. Jeoih et al. 
I ilamal'f lH2. ..D.!eRe Pl.le Jloe .w&. 

fblJW.1 n...tani • c. »• s..na • IE 1H&. 
M.!>e Ta'Re ftle loa A-1119. 

f9atlng Jntloplo or UraD!'llll • J. L DmnSDg. 
s. '· looth. am •• wn ...... 1KO. LD.T.R. 
JPtle '°• ...... . 

nae lletb>d or Xlotoplo er Urludwn • 
Put 1 • De Ea Bull • 18 .11aDUU'y IN41 Part I • Prepa­
"-tion .r P'S.Jal • Benjud.n Cdaen 8Dl l>a E. Bull • la 

bH. w.n.T.n. ni. 11o. A-lU&. 

leport an IAJf Yaoum En..;lmerlne; lohool • c. Be EUJ.a • 
14 J\aq 1"4e 11.tt. 'f .R. 1'11.e loa "'411'1. 



( ! .. : .. · .._ , 
1o, RetaNnOe 

18. Btat. ot lllta.11opaph1o ln'INtltJLtl.ODI or .EleoWOnloJall 
111.ft'Sen • o. z. Pelll1S..r • 14 Ooilober IMB. K.n.t.R. 
ni. *• •-1210. 

,,,. 
.... 

J 

10. 

J 

EJ.otron •ol'09aope 8-.ty flt 11.rrlar • L. r. 
.. n MIS lie Ce lkSDMr. • l lot1..,.,. IM6e K.D• f .R. 
PlJ9 1o. wua. 

ni.Uopapt>y •the ""8l•1 Propertto• or hn1• 
Baatlmrlde. a.I.en .lohnlton • 18 11.n.T.R. 
PlJe ... Wlt7. 

en ilhe m-tatry .r 1hld.a • 
•s.m lalmltn • 19 1uJ¥ 1*. a.n.t.n. rtJe 1o, A-1100. ...... 

DELETED 

------- -...... , .. 1 .r ............ c. INk • l:S OotobW 
lMI ... D.t.a. ftJ. 8D• A--Slll. 

11. ..,._1 u4 llN.._1 Pro,..U.1 .r 11.rrler 1a-..sa1 • 
A. R. ..,.,. et al. • U .._..,. lM&. ..D.t.R. ftJ. 
... ..uoo. ... 

... 
•• 

"· 

. ·- .. . ...-. ... ---.._ ____ _ 

DELETED 

lef!!!. tw MS D111.._, UM • w. r. U.bl:IJ' • 10 "9Nllber 
Jl.Defele ftJ. llD. -...Mn • 

lilt•r4 lptlill tfW llt•tbc Dlttmlw llrrSen • 1. lrlggt1 
et..&1. 17 Asapat ISM. u.n.T.t. ftl• 11. WJM • 

..._.el lil.n'leP ....... tilon theOl7 • •• a. Pe1Jud aD4 
"• I. .. ._._. • IO laeoe!JM• UM. M.D.t.R. ftle 
... MUI. 

Cllraltal ls.otrle a. .Analpw • lllP!o .&n--..1! • 19 
DI• ullw llM. tt.n.t.R. Pile 11o • ..a171. 
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lop BeteNDOO 

cm. Rapid lei-ration Yea.tnremnta on hll Td>e1 • 
RS.chard •• Bernawin • 27 Ootobor 1064. J!.,D. T. R, rile '°• 4-IM'I. 

89• Stamard Dlttullw Ulaauroi:enta ori Short Tubular B&rriera • 
W • J..• Sohne!der, R. Bornttleln, am J)• Trau,;er • lfj Jum 
19M. M.n.r.R. File 11o. A-1187. 

'°• ltbllogriapby en h Oonoeln Aotlon ot Qruim Bea• 
riuo.u., nuonm, DJdNgen nuo.u., and nuoro­
eu'bonl •Belen lohmton • 16 Bep'9mber lM4. is.o.T.R. 
rt.le 1o • ..a101. 

'1e ftuos 1ae.Pbon OS.la • w. r. Blier • I 4'u1\ary lN&. 
u.n. t.1. ni. Bo. A-1181. 

fl. felts en 01'&119 •lwa wt.th llP'P•JO lata •a. Tiamr, 
r. L. "-nder, c. 1, Clark • I PebNIPt 1M5, 
11.D.T.R. ftle 11o. wu2. 

fl. Pwebue Or4era W! laboftto..S. mite:r 
OElAlr-612 
and 

w.. with Colmb1& Qdwra11F• 

75• hlrebue Oa'd•n tor l,.olal Pnaaurie 'fN.Dlm1"'8ra ..S.r 
OB......all Md 

te. oanwut a.mrat 1i.otrla tor 
f\lrnlllhing DltterenUal Preaa\11'9 Pa.8111 and !raDll1d "9ne 

Matriot Claa•sn.4 eont.ut ru.a. 

n. wt.th OllD9J"a1 IJMtrlo a__, tw 
tmmalllg ............... and 1.-k nn.o ... . 
llUbattan DbWl8t Clu•s.tled connot ni.a. 

'8e Omtllu' dill Cllmial IJMW!e tor 
l'urn18hlng au AmJpen. .._ttan OS.wt.et 
CJuel.tle4 cmitrut ni.1. 

'he Omtrut w!ih !mtrmllnt Cmape!Q' 
tor P..oeaa Plant lladattan 
DS.9t.rS.et CJualtf.ea Cm11raot '11-ae 

eo. eontraot W-741a..ig..81 with RlpUbUo rlow ir.ter 
tor turni•hlnc: O?ffll'-4 Con11Po1 lalwa. 
llanbatian Matr!ot Clualtt.ed Contraot Pllea. 
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12.t. 
81. Contract W-711J'/-ent-'J4 wit.h Ford, Bacon, end Davi• tor 

the opttration of t.he K-25 Cond1.tion.inP. Pla..'lt. .MP.nhatten 
1J1et.r1ct Claeef.fittd Con.tr11.ct rues. 

82. Contract with Carbide end Cari>cm Chem1cale 
Corporation tor thft ot the Ditfueion Pl1mt. 
Jianhattan D18triot Cl•••itled Contract 

8). Cont1"8ct W-7418-ma-18 with CJ"ane Comp&nJ' tor tumilth1ng 
lpeoial Prooeaa YalT••· Manhattan Diatrtct (n.aa11tied 

.J Contract Fil.ea. 

II.. Contract 11-7405-en!-'4 wit.h Allie-Cbabien Cbap1n1 tor 
A.I.II. ••"1ce• tor proCUJ"eJ11ent ot e<.111ipwnt tor a plant 
t.o aaru&taot,ure eent.rU'qal puap• for Prooeae Plmt. 
Manhat.tmi Dlat.rlat Cla1a1t1ed Contract. 1'1l••• 

85. Contract W-740S-eft8-62 wit.h Al.U8-Cba1Mra Cq>an_.v tor 
de•ian 111d d ... lopmnt. and aanutaot.ure ot Pump• and 
Dn.v.ra tor Pilot Plant. llanhat.t,an District. Cla1a1tied 
Qont.raot ru. •• 

86. Contract W-740s-....63 with ill1 ... Chalmer• Compan7 tor 
tund.1h1ng fllilP• and Dri••r• tor· DU'tt&lion 1·1ant. 
Manhatt8ll D11t,riot Cla1a1ti•d Contraat Fil••· 

17. Oontraot. W-742)-ena-11 with lhit.ehead •t.al Product• 
Call!pan.T tor J>late clittW1er• tor purp •T•t.ll. llanhRttan 
l>i•t.riot Cl.•••1tied Contract. Fila•• 

88. Cont.not 1-7401-mc-14 with Linde Air Product• Comp-.r 

89. 

90. 

91. 

92. 

tor d•ai&n ud aonatl"Uot.ion ot a plant. \o produce niU:-1 .u.. kanbat.\an 1)1.t.riot Clus1t1ed Contract rue •• 

( . . DELETED ) Z%) 
r for 

turni•hing Proo••• Ga1 Cooler•. Manhattan Di•triot Cla1si­
tied FU••· 

Report. an b1•ou••1on of Contract• 1t ColUllbia. M.D.T.a. 
File No • .A-)2S6. 

Ml.nut•• of "MHt.ing Held on October 16 1n koom T/6 m the 
8 St.Ai•" - C. tiinf1er (lellu). - A!v October 194!>1 
lellex Ill••·. 
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Boe JMteNDOe -
a. Final t.ptrt; on oontraota oott1...ios, mllar-107, CE!Wr-191, 

<E*.-&JI, and Aa1oolaW 1. c. Urey -
ID PebJiuuiy UM. Oolmbt.a s.ia1 lo• 100 UR--'56e 
M.D.TeR. Flle *• A-19Ue 

M. 111.rrs.r lpeoltloatlom look by h r.U.x Ccll',...t!an. 

. ) 

''· i 
•• 
"· 
100. 

IOl. 

im. 

sos. ,''lo.· 

BAI! . ...... taW " F' &W -- (Mm-180) ...,. Dr. a. .. ....,,,,,.. • la"8'9 or Burier am 11.fttt.r 
•iaeriaJ..• . 

PJreltwt1vy leport Wiier eaa-.ot with 
Oallton!& IDltS.tutll et t.lmolo§'• • U.a....t L 
lli4gel' • IO • .,....__. 1"1. Oo11111>Sa lerlal .. 

IOJ D 1880 . 
a. GIW.ill!n, ler• ...... AD4. Wt.A•• Yol. 19• P• ID1 

(1896). 

w. Wln. Arm. ct. Yol. 161 p. t60 (1818)e 

le J• lbclllon. Phil. •I•• Yol. II. P• 161 (1IOT)e 

A. '• J'tQ'a• '"•• 1'•1. U.. ,. 118 (1918), 
Yol. 101 f• Ul (lOll)e 

r. •• .u-. PhU. *le t Yol. 18, t• fOf (1919), 
Toi. a;, t• M9, 111 lllO). 

'• W. .Uilon •11aa1 lpeot.a Ml! JaotaopM•, 
... n. u4 (Ull)e 

./ 

f 
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D!StRICT HrZ2atY 

B:;Of II • G'iSEoTJ.; D!F?UJ ION (l-45) t •JlOS:·;Cf 

ao. nti. -
i. Minubla or bllld I.a .a.mar; 1966 at 

DM&t\r. JJ.Unob. 
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-...,._ •• .._y TO 

nt• ....... " ........ 
WAR DEt-ARTMSNT 

MANHATTAN aNCllNllllR DIST'---- . . 
DmiCATU• A•U ' · 
P. 0. 90X I ... 

.., ""Y aaru Yo EIDM Dro..l DsCATUR eo ILUN019 

Minutes of Meeting held 16 January 1944 nt Decatur, Ill. 

Those present wares 

Ar'f/1¥ - Brigfldter General L. Jt. Grares. 
Lt. Col. c. Stowers 

or A. ta111J£ro 
Captain John H. Brannan 
Lt. Homr t>. talker 

Bomaille-Hei-U.·Oo: ,m4'toa -
G. G. Getler 

Kr. Don s. DeYor 
Sc.nford Brown 

Jsfr. Paul H. DaviJs 
Ir. J. K. llacLennen 
Mr. ?i. L. Pinner 
!'.r. R. C. Smith 
I'r. A. K. Gri;.haa 

1. Inveotic;c.tiorx..l bt' H. H. 

Kellex Corporation -
Mr. F. 0. Ke 1th 
Mr. A. L. :Baker 
i.fr. P. B. Gordon 

OolumbiA Universitv -
Dr. Harold C. U;ey 

Union CarMD.e 8c Carbon CompaJI" -
Dr. aerrw 
Dr. Felbeck 

11.!jor I (mt to be interfere<! w/br the llliDor) 
Minor A Jaxiified in eny way E.H. dee.:free 

2. Construction 
Euilrl for It. 

3. Plen for K. 

K 1117ettigi:i.tione.l in N.Y. in org .• r.er.ded by Ts.ylor. H.H. to fuz-nish 
wacyom needed to fill in that args ni.z£.t1on. 

am process chaogeB to be worked out bJ" Keliex w/H.H. advice. 

Stop production of c.ll equip.ant et once. 

BH. to continue in present ::osition. 

to teke overall su;:el"'f'iso17 position, trill tie eYe!7'thi?li together from 
to end. Ultimete veto power cwer differencee of opinion rtthin 

overcl.l directives of .Kellex as to required •pees arxi deliveries. To be worked 
out in detail by OCC i;.ncl Kellex. OCC wUl. eecure powders, blem, manut'acture 
sheet t.m furnish to P..H. 

Kell.ex to coord. !'l"oduct ti/ ChryE>ler ""m site ,. tr. other outside i.gea:ies. 

to be ref:'ponr.ible for _delivery !Tiorities £..m &If" on hi:i pi..rt 

to be reported at once to me or :Ars. U'.Le.:ry b;y" a.ihone. 
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BOOK II - Dirrwron (l-26) PROJECT 

»PEIDDC •r 

• • 

0

'9n: Defta1 tlon 
.J -
AJ.nloo • a •pUo •taWo alloy ecmia1ldlag 11-16 ,.r Nat 

llloJaeJ.. t-Ja per MDt alaalimm. aa4 lelO per Milt 
eobalt. 

c-11'4 • a b1ghJ¥ tluariaW ell a1d.ta1tS. tor •• In 
eoataet with t11IOl'Sm er wut• tlaatl....U• 
(look nx). 

CDaln NUticm • a N&otloa *1oh pr11114a In •uah ... " tihat 
ataut., twr'11 n•1, •..-.nt entitle• raaet with 
.. eaotbeP In amh a 97 that .. W more et the 
pPOdmta ... ultlnr: mm ... hndaaatl.1 ..-otlon 
aot. u • .. r.ent to 1.DUd.tat. an W.Dtl•l N&0'1oa 
Sn ad.jaoent e1m.Uar •tlrS&l. It tbt '"4•'8 · 
Ntlul'inb he a apeottt..s ..-.. .. or hadaaaial 
,_..Uom ••• ta. laltt.&Uon er an 9'•1 (ezo 
..-•r) amber .r NOODISaP;y .-otlom, •• ehaln 
reaotlen la ed4 to lie •1t .. •1al.nlllc er 

S.0-.. • a •klllo alloy •eel In r...bg ••1 to 1JaN A 
ttn»t•l amJ,ab would .. 19 per .. at alU.1, 17 per 
•nt eobalt. 0.1 per M1lt •npneu, and a t:raoe er 
lrm. 

.'' 

DELETED 

• Ja'P•lO •' h1"1J.T •'9r1&1 auS.•1'Ja fer•• In 
eontaot wltlh tluorlm _.wan!• Mlatluorl.de 
(leok YII). 

Ruelar tlulon • th• prooe11 ln 11hloh iihe JmOlnl et an ai;an la 
•pllt Into ••wral parts whioh &N •f' the -- erar 
et •gn!W., .. 4t.Unguhhed,... pNOOll in 
elob a .. 11 part er th• auala•, et w!rJit eq•l 
to onl1 • --.11 er the total 1N01em, la 
lpllt ett. 

-

/ 



Detlnlt!cm 

Poly TFt: • a 8PMS.al tluorSmtlld plaatlo N•b-.nt to uran!m bma• 
tlmrld• am tluorlm• ant! oomlatlne ot a 
ot tetratlmroethyJ.em (look VII). 

lladloactlw deoa.y eonata.nt • • ... rtoal qmntlty meet to a:preaa 
th• l!Mml '1 ot N41aaotS.1'! ty or an •lenant. It 11 

4otlnld .... ratio or th• ..... 
ot atalml •••)'Sag per mlt ttm. at a gSwn Smtant. '° tt• IU&lber or .... proeent at .. , lmtant. 

.J SAr. 12•100 •1-91 • .. ot • Jal"p ot ••b epeoltled tor 
a ,.nloalar .. by the aoos.v ot Autaaottw 

lylphon • ilrade ,._ tor a partdoular iffpe et .....-w .nal 
.. u... 

DELETED ------ ·--· ·· - ·· -

.. 

' 



MA1ffiATTAN DIJTRICT HISTORY 

BOOK II • <VlSL:OUS DI!"Ftl:IO?l (1-a.5) 

Bo. ft tie -
1. ley Penonnll, -"-· 

a. Ir; Peraozmel, IAJl l&bcwatori•• 

le lrJ PeJl'MZ»1911 le11 r.S.phw IAborat:orlea 

•• rq P•NODD11. Prineeton tm!:wntv 

•• 117 Penml. r..U- Cmpat!on 

a. l8y .,_ncmntl, Jnterebllld.oal Oorporaidoll 

'• 1ey Pel"80Dni81, Calltorn!a or Toobnoloa 



·" ' 

- . ,_ .. ! 

KEY CJl !J!'JjH Ahl·./ 

l!:>ug!1e yr. Jor B, K. Jr, - Area F.nsinecr from llcrct1 194) to Je:1ut.ry 1944; 
· of reool!rch contracts unc'or ·the Jurisdiction of the 

Columuia Aree. 

Br:>l'lne, Captain s. H. - 1·echnicel Advlaor t.o t.hc Are• on 
antter& f'ert.ainint t.o •cient.ific research am' development. tram 
June lY4J to Jo'ebru:crj' ly44, 

GIU?\oe, CWain Q, C, - ixecut.ive Ofticer from May 1944 to July 1945; 
••slated in the ad.ni.1i.i•tretion of ce>ntrect.1, lllld the •upcrvi1lon 
o.t Area O!Iice act.ivitiea, 

9rot1fn. Cavtain L. L. • Jl;xecutive O.fiieer from .Jl.&lle 1942 t.o Janu.u1 
1944· Areo Ezliineer lrott1 January 1944 to l JW., 1946; reapc>nsible 
tor adminiat.rat.ion ot cont.racte under the Jlll91"4ict1on of t.he 
ColW4b1A Area. 

W.c.k•· Cept.a,1n JC, J, - Oiiicer; uaiet.ed in t.ho ad:dri.iatr1J.t.i::m 
of cont.ract.a, and the a11perv.ie1on o! >.rue O!!ice act.iviti••· 

Lµ..'>e. Captain C. p, - Tecnnical. to the /\MJ& Ent;ineer Ol1 matt.ars 
pertaining to acier,tUic reacl\l'Ch and development frolll f'ebrll&r¥ 
1944 to Nove.:;ber 1944. 

hoeenblwu• C!p1.ain C. t, - Aesiate.nt. to the Area l..nt.ineer, He• York 
J..re6; reeearch ohe 1st. direot..ing Kcllex and SAF laborat.or.r 1roup 
on barrlcr developineztt ar.d qu&lit.y control problenta, 

jawhiooty. l.t. R. J, (U.S.N.ft.) - Aaaigned for duty t,o the Patent Ad­
Yieor, Mauhat.t.an Di•trict, 

let Lt. A. y. - Aaoigned tor duty to the Patent Adviaor, 
Di•Lrict.. 

let. u .. t, C, - Aasigned tor duty to the Patent Advisor, llMhat­
tan Diet.riot.. 

)\aleh. lit. lt.. Ji. h •. - A1aigned in by t.he Mauhat.t1m ln­
a:1d Security Divla.ion to ColwiWia Area, direct.lug Arva 

lnt.elUior.ce and Sect.ion, 

Allan, 2nd t .t., G, S. - Aaaigned by t.hti Manhat.tnn Dietrict lntoll1genoe 
and becurit.y tiivielou t.o Colwi.ble /.ren, direct.int >ror. lnt.elli­
gence ru;d Sec(..lon, fro;.,_ Janu.ri.r.r 1144 to JWle 

C&ll1pr.er. Mfsgt., J, H, - SJ\ECial Aan.i.st.a1.t. t.:> the tre:i .t-..ngi.rat:er; 
Froject. Arol;itect. J J.>r"plil·ec.1 •J)()c:;.a 1 report.a f c.>r the Are :, l'.nc;.i.necr; 
controlled it1sutu"1cc o1 epocil•l procoas mBterit1ll5 1i 1 c ,mtrnct.orti, 

Gl 



-
)[/Sgt, J, - I' irect.ed t.he f•roperi1, rrocurc .. tmt. anc! 

Lquipmtiut. Control 11mlnt.&.i.ucd propert.y l'ticords tor the 
Areti Oi!ice P.nc: for c.:>ntrnct.ors. 

!J.ach<;,'te p. - 6upervioec! vc •ectione oJ: the Aroa O.fiice; 
Chic! Project. Audit.or perfor"'i.nc: !lulll audit oz. c::>nt.ract.or•' 
voucht;ra. 

Cl 



I 
\ 

DELETED 
) J)b; 

b{:J 
J!gk. pr, C11'£ord I. • Slf>erri••d reaearoh an •thode tor t.he ..echani­

cal \.eat.in& o£ barrier•J t1anaar1 1943 - December 1944• 

11.Mchgd. Qi:. ldmd a_._-J_,_· __ o_EL_E_TE_o __ -==--·- ----- - ) rrjjl 
'•i inktr. Q;:' ru uzert. r. - Conduot.ed n•aroh en ,.. bearing blower• and J 

their tundaunt.al behanor and cleai&n• 

J!ootb. pr, lugmt r. - D1Nct.ed t.h• work ot all ptt,aiaa naearol1 Vol.IP• 
omoemed with •t.udie• ot Mt.hod• tor te.ting 88parat.ing ef tialm-
97 Md ph.Jaiaal propert.J.ea ot barriera, u well u URI •t.hod• 
•uoh •• aae• 9peOtrGll8t.ere, oount.era, t1aa1on ana],r81a, .to • 

.1£Rwr1 Dr. Ear1 Ra Cand11ot.ecl resttarch mi the eompoa1t1011 ot tumaoe 
1•H• and \he etteot. ot tumace atiaoaphere an ban-ier 
J'ebnwy 1943 - .June 1944. 

Bro!m, lk· lnnkllr I, - D.iNCted the •ori: ot a:.1 appU.ct ohemiat.17 
and ohoad.oal en&inMring croup• oonaemed wit.h barrier dnel.opMnt. 

, 
1£2mi. lk· Bena.::· DELETED 

G---- --........ --., ·-- --· - .. -- --- - --------- -- ----w ···--·-- -
C•di· Pr1 Qlom B. - Bupeniaed reaearch on the .,m.h••l• ot flllOro-

earban•J tfanua17 1942- April 1943. · 

Q•1l'ben· pr, A. pig - Conduat.ed reH&l"Clh mi teat.• -.id M&aurwnt•. 
et th• now ot araniull buatluor1de and inert ..... through 
r1er1. PertOl"Md earl¥ QJq>eri.Mnt.a an high t&1perat.ure tluori­
nat.!on of barrier• t.o 1noraaH oorroaion reeiat.mae. 

Snea. pr, Mart.hi I• - Conducted reaearch on duet. and aurtaae 
• area• ot JAnuar,y 1944 - JanlJJil'l 1945. 

Q!ri· Dr, Qiar1t1 11 - Bupeniaed naearoh an plant. oandit.ianin& pro­
...... , oondit.ionint equipment and •.v•t.emaJ deaign and lite t.elrt 
.tudi•• an YalY••J exp.r1•..ent.al opera1.ion ot pilot. plant.•• 

..... -

9"· Dr, ""''' &. g 1 - Condllot.ed reaearoh on t.he uae of lluorocarban 
oile •• lubricant. 1n t.ht! preeeuce ot uranium he.Pflu.oride; 
December 1942 - Au.guet 1916). 

2ohen• Dr. lar1 f, - Directed fundamental t.heoret.1cal and uth.­
Mt.icaJ. at.adie• of plant design anc: operation; .Ja.&1.Y 1940 - April 
1944. ' 

-· - ( .. :. 71""" 
I . 

' ... \ ' . i -· 



Cc;;k. r;- I Cl"M<'r .. - lt::;ii;IA·c ;.h: ::.r. u.d C;.>C!'<:iJ.1::.1.ir1G 
ell retsce.rch and development. at.udies with •peciel e.nphaaia 
u Jor ed..ili1iatrati V\: prool« ·•S• 

,. 

DELETED 

• 
Croie;hton, Dr, E, JerI·•:it - Sururviaed e.E twork and ccted •• 

a;.-ec1al and liaiam o.f ticer 8Al! and f'ecatur an 
£11. bc,rr.tttr rrodltCt.1on. 

Criat, pr, Hp U. - Direct.ed and ooordlnated all reH&roh and deYelop-
.J ment ru.udit ·t- cv1Jdu.ct.ed !or 'Lhf Jlerlhrtt.an Dietr1ct at Cerllide 

and Carbon Corpor-ation, SAll Laborat.ori••· 

81lm - 8UJ19"1ised the oonat.ruot.1on and operation ot pilot 
pl.nnl.11 tor testi"i barrier pertonianc& 1n iaot.ope 110peraUonJ 
.liobnaaJ7 194.3 - •C>Yomber 

5'urr1•· Dr• L!uphlln M. - Aaaillt.ed and ooordinat.ed all H•oarch and 
MYtilojllJll!nt, wii.h •iiecil'll t.o ed:dnietrat.tve duties; 
Associate Direct.or ol &AU Jal1Wll"1 1944 - f ebruarr 
l945J Gonealtmit latt9r 

d ..... __ a._-_' ___________________________ J. ?Z) 
_ DELETED _ b( 

11 

Wt pr. tb 1)N8I G,_ - Superviaoti r•searah and cteveln}:attnt. on now prop­
ert.iee ot barrier•, aioroaoop1c w.d he1..t. t.reat.illlDnt. 81.&W.ie•; l.ab­

•ervio•• tor the barrier proJuotion 1rGup. 

peVriea. Dr. Ttwm11 - C-mduct.ed naearoh on laborat.or.r t.echnique• in­
Yol ved in oorroaion at.udi•• and invo•tigat.ed t.ho behaY.ior ot 

when upoaed t.o oorrolliYe ga••J Deo•Dber 194) - June 1944. 

l!f; thwa L • Conducted research er. abaorpl.ion and aartace 
a.re1te of barrier•J .Januaey 194'• - December 1944. 

l2onellan, - Condu.ot.od re•c.archea an the devol"pment ot dia­
phragm and at.opr1n£ ot gna bearing blowera, new 
typee ot blower• and blower benring1. 

OOU.r.r;. pr • .John B. - Virected all research end deftlopment on .-echM1-
cRl pilot pl.Elnt.a, proceoa operat.ione and 
ie?topic aet.hod1 ot an&l.7•1•; July 1941.> - Decetiber 1945. Dinct.ed 
all reaRerch on the cl1tfua.1on at ColW11bi• Onivernit.1 trom 
Jul,}· 1940 - 1941. 

liL•.in, fir, .{ol!t'h - Oirttct.ed r'eHarch and deYelop11ent. of DA barrier, 
includin& pilot. r·lant ·product.ionJ March 1944 - Janullrj' 1945; ocn­
aul.tiPnt. •irice lat.t.er date. 



i· 
i 

' 

Elli::,, ti;·, Cecil 9, - Com::11cl.eu reuee.rc11 aand clevelopU&er1t o.1 vacuum t.e1t.­
ir£G; directed tor tho treininc o1 YllOw.11!'4 englneor•J 1''ebru­
eri 194;; - Jal3 l 'i44. 

&r.::ct.t.. I). i-aul u. - L.1:-ect.•d all c:1.,.u..ic£1.l r•••arch deal.J.n4.,. wit.lJ can-
9\l:J'f·t.iora, .PlU&bing and •t.eb111sat1on ot barrier•; w.1t.h the oorro­
al.011 .n,.C..crittla and •it.h t.hv o1. 1'luoroonrbonDJ August 
l'iJ.3 .. f::,)Tc.;;:.b<.r l)4JtJ con•ult.ant. lat.t.er dat,e, 

f{lu•t., Dl·, Chr:.rlet A• -i 

c_/) DELETEO 

t ·inlv!9P. p, ltwltt.h - Aaaiat.ed 1n t.he d1rt1ation ot nauaroh and de­
Yelopaent ot A barrJ.er1 planned and or&•ni•d laborat.017 and pilot 
plant• fc,r th1• p\&l°pol•J March 194.) - .1anuu1 1944· 

fnler, Dr. II, - liuperviMd atudi•• ot oondit.ionint: t.o t..M 
corro&iYe action of aaaea; NoTel!&Oer 194S - J"1..Y 1941+, 

l'[eec, Dr, Sita'j>D - CCAXiuct..O roaearch oi1 l•ra, ditlract.ior• end elec:tron 
diffract.ion 1tudie& aurtacee ot aat.erial• ol pl11t1t. 

gp,bez=t,100, pr, Lill ii· 
c/ DELETED 

Got.t1chnll. Hvrb!rt, A. - SuperYieed operat.1011 ol tbs A barrier pilot. plant; 
Jul,y 1)4:) - JanUA?"¥ 

S!rg11e. pr, Ari!tid !ptt - renarch en fluorooarbona, on t.he 
1nor£ai:ic ohe;;J.str.1 o! urw.ium ooaipounda and on t.heir pb.yaical prop­
ert.1•• J July 1940 - Deoember 194). 

Hatndl@r. :pr. Halauth M. - Conduct.ed r•••rch on or,iuiic and at.her can­
t&TJ.natin1 anterial• 1n plant, anrl •pecial on stabil1aat.1onJ 

.. tr.ode tor oarritr aBnu.f act.&&re • 

\ 006 
'b( l) 

. Hyg. at.aw c. - Z'eM&rcb on aeobanioal pr-.JbllU dealin& ) 
ucndnt bl°"4er; Ju.J.3 1944 • D.lce."aber lj4J., btJ ... _t DELETED . . • ..... . J 

... . ' '· 

HerJ:i'*· Lr. Clj.!{ord E. Ji•, 

c ---- DELETED 

' -·------------
Hersy. Mzwg p. - Cuaa14lt.nr1t °'' ger1eral lutlricnt.ing 

theJr,r and p11tenL 
1

a£t.ter• wit.ti t.tae g&.a blowerJ 



0C\.C081" 1943 - J&nUlll',Y l'!4)e 

John E'. G •. .iL. - 6uperY.Lled reaearch on oorroai n propert.ie• 
of w-..,-;.\""' bev.1'1•.4oride 1 (vna :uic bffrrier plugi;:;.int; teete and Gil 

J &Ii l.Ul..an at;ter&t bt#tt.•fln IJAi!. laoorat.urJ.11• 
t.nu K-2:.> .&i.teJ 1'ece,,ber 194.3 - JL'lUary 1945• 

l!vh>'4, bta. - D:.rect,ed ree4'8J"Ch at. Cornell Un;..ver•lt-y on 11.lb­
ornt.ract tor •r.eurer-4nt. ot the 'j,.r.,- dil'fract.ion ot uraniwn hexa­
f).t1,,r:' .. cio1 J'1\y 1']14;, - JWltJ 1944• 

)YJal 1 Jlr. l1. - research an t.he oour!t.ing method o! iao­
t.Qpic ar1aly11i•; Jul.• ..1..f./42. -

J!urlv 1 (:Kl Ba - Conduot.9d reHarah on prooeae Yariaol•• 1n DA barrier 
pro.:!uction &:16 oporat.ed pilot. plant. tor thi• PW"J>O•• 

lo&hrag. Hark G, - Cond\lct-ed re•aroh and de•el.opamt. atudiea on we 
apectromet.er •t.ood tor u1111y anC! ana.\rai• ol plant aaa &ixture• 
and tor iaot.opic abs.&ndancea 1n uranium ooq>e>unda. 

l!J>lan, Dr. - 8uporvind principal t.heoret.ical and aathemat.icftl. 
.t.Qt.:b.ee on plant. deaian, operat.ion 11nd 1-proYement.. 

geliiJk'• pc. i;lhH S. - Cooduol;od reaearch on Ph.T•ioal ohM.iat.r1 of urwiiim. 
and ooc.ipoWlde. 

&o,x, Dr. fiillitm i 1 - Canduct.ed reeearch on llt.abillsat.ion ot bllrrier•, 
cona1,1;11ptior, u.i.·· prooe11 aaa and corroeion pro0J...u. 

Dr. Cbar1f1 ,:. - Con•ult.ant. on probleu.• ot th• inorganic ohemi.tr,y 
o.r urmtum eoapounda; Ocrt.ober 1943 - December 1945. 

;i.tgaNm• pr. Lob!I1. T, - Cond.11ot..d reaearcb .a the developunt ot 
-thode tor 1e11 and •paratiori f•otor t. .. t.1ng o! barrier•; 
Jal.J' 1942. - loYember 1Y4J• 

·'"'• 

Jankay. Ch&rl•• A, - Conducted reHarch on •lurr¥ pruduct.ion end t.eat.ing 
tur t.tu: ru pilot. plantJ Sept.embei · 1944 - .Jam.aary 1945. 

DELETED 

J..p?ievn. Victor h, •. 

-·------
µOby, III', "· Ji, - 1'irt'Ot..C 1'.:>ri<. o1' all cner.J.at.r1 ,roupa concerned •it.h 

tw1dL;Atnt.al at.udlea o.f at.ab.ifl.lzat.ion and pluQ;inc ot b•rr.;.tJra, aon-
8'1.."'&f't.ion o! prooeao gt,a barrier and plaut coriat.r..ict.ion .coat.er.Lala, 
a-.nd thtt c'evulOJ..Mfl(.·Jit of ne'fl aAi.i.:irl1lis 11uc!; •• the !luoroc&1·wn*• 

' 



I 

i 

I 
I 

I 
I 

1t9ng. Dr. t:arl J.., - CoJnduct.ed research on t.he ther.:.odjna!J.c propcrt.iea 
of uranium Janu&1·1 - Mt!rch 194), 

ixon. frr. Aphtron N, - Conct.tcted reoearch on the dovelopmot•t. of t;11 
and t.hc correlatiou ot 1\.13 data, · 

JlAck, pr, Edward. Jr, - l>i.rect.ed all resee.rcb and devalopment on the pro­
duction o! A barrier, includini process control and pilot plant, 
product.ionJ Nove:r.ber 194.) - Augaat. 1944, 

Mclfill.an. pr. r.11119 G1 Jr, - Conduct.ed reaearah on efteat.a ot abaorp-
• t.io.n ot proc••• 1•• on 8Ul"lacea in the plant, 

J I 

i 

(}_onion. F.dwlll'll.JI..,/ DELETED ---- ____ J rr:i 
Menke, iobn 8 1 • ConducWd reMaroh on aaa bearins blowers, blol'ler beai-

in&•, t.heor1 ot oentrituaal eaa>pnaaora and t,he engineerin£ de-
Yelopmnt ot pilot. plmt.a tor iaotope aeparation, 

lilea, Dr. fpncia .L - Supeni.Md reHarch on .t.abillaation and pluc&ini 
f4 barrier•, cid proo••• 1u oonau:nptioo, 

IQller. Dr. Willi• t, - Superviaed neearah on tluorooart>:>ns and their 
de"folop11Bni. !or u•• in t.he dit!uaiort plant., 

lc>:>re. Dr. Jjalt.pr ;. Jr, - Conrluct.ed reaearch on barrier at.abilizat.ion 
and con•umptl.on; .lanuu,r 1943 - May 1944. 

MytPhY. DE• Q!orSe M. - Direct.ed t,ne adm.iniatrat.i"fe work at· the Pat.ent. 
anc! TM«>ret.ical Group• and 1n addit.ion •a• reapon•ible tor all 
t.echnioal report.a t.heir edit.ing, nproc!uct.ion, di•t.r1-
D'1t.1on md eu.t.od3, 

Emil T1 P1 - C.:Gducted reaearch on t.he deYelopmont. and t.emting 
o! eeal• tor ••• bearin& blc:M·er•J ilarch - April 19441 

ti1msn. f!r, Albert. § 1 - Conaultant. on beat proule:ns inTolYed in t.hc oon­
of dit.t'uaer•; July - S.ptmber 1144. 

l(iicrenbeU. '·il11Am A, - Co:1du.cted naearah on t.heoret.icel atud1ea ot 
oaao:..de•, ait•Blti ata;;e d1f1'uaior1 unite anr. d•ai6ll ot plant• lor 
iaot.ope Ml>•arnt.ionJ uperimnt.al atwil.ee of adxing etf1o1enc1eo 
and barrier e!ficienc1. 

hater C. ! --
u . l:'d ' ,.. =Yffilfe C.1 a9rg LJ, -. 

l>EU:TED 

c__ 
---

_,....- ___ 
----- G2 

• .... ,. t 



D 
f Y:tcon1 Dr. Hwtb C. - Bupervimed reaer..rch on iaot.ope ecpari.t.ior. in 

11ngle et.age 1y8te::ia and on en&ineeririe t.eetts of t.ubW.u- ditfueer• 
and bloroereJ Juiue.ry 1943 - Jul_y 1941.i. 

f'tlll&aier, Georee i. Jr• - Conducted re1e1trch on aetellocraphio and 
electron UCrGICOpe ltu.diel Of 1truct•.1res Of bPrriera and ot.her 

o! rlent. our.struction. 

Pontiu1, pr. RM B • .. Conducted reaearch and dt•elopmeut 1tudie1 on 
•thoclM tor teetint ar.1"11 ot b!n"it.r llf,teJ"ill1 I tor -er­
R?"Bt.lnr. with uraniur. heutl .uoride, 

... 
Jfrie1t, ffop;er f, - Cooduct•d reHarch on G?rr.,ision ot pleut a11t•rlel• 

and 011 the ph.yai.cttl propert.ie• of OO"'J)ow.Oa; V,,rch 1)41 -
June 1944· 

lobert.1. pr, lrYing • Conduoted retearch on cornlat.ion of iracrt gu 
t.11ting Mthodl wted in plant1 with inert gal •p&rlltiM e.t'!i­
ftienciea 

DELETED _....... t(•) ,.._,.,..,...,.. _____ .. _ .... - ·- ·-- ·--- ·· ., - - _...__....----- ·-·· 0 iii' 

R?t.h, 11[, L. - Corac'\uot.ed rezuu1rch on Ntt,e1t or oora·c>a1or .. ·- ·-··-····· 
Ji?.) 

... -
DE LET EU 

§Cllt.C:berd 1 pr, Gtorct - SupeJ"Yiaed NM&rCh or1 of gea !low t.hrough 
eoord.inated on bar­

rl'!r t"teol".r; &Jit.9 n.- T"e8&troh'!&. 

JlrV. Dr, HbrOld C. - Sponeored or al 1 rosearch end dttYelop­
M:it atu-J.les •t the Sf..Y t."1• or 

b.Y th• ditt"1lon Mthod under Teri0tJ• goV£MNr.t CO'•t.rr:"cttr 
with Col\1111>1• tJn1Yer11t11 Dec•mber - • 

. / I 
, pr. fr1W c. :-· 

( . - -

!•1d£1lb;;p. 

.; 

)
()Je• 

' b(1) 

) ( ------- -· --- · •... -- ·- - - ·· ·--·. ·-·-·---· 
Weat 1 pr. 13]]1p - Cor;.duated re11e111'Ck. on the ceh1vio1· o! Lien.Lu · 

t.he pr•eencr. of llt*ill£ 11u9iur., he.x•!l uorioe; D•oe:.d:.ie:r -
KcvcmL:-er 1943. 

11lli""1t. pr. Claris• -· buperv1eetd resceroh 011 ef'eot.rollet.1 ·ic inc!. ot.h•r 



J 

8J18GlallMd analJ't.loal •thoda, high yacnma and otb•r t.J'P9• ot 
\eat.a, mid h1lb Taouwa pilot plent, dewlopmnt. n•arah• .-....:...--6&.-. ·· er·: Dr. J: L -J 

"""1 
Willi'•· 41•1m1r 1. i 

h • ..........__...., _______ -

DELETED 

' 

.. r. \. .- \ i.. 

) 



l!RS· Qr, G. z, - ot MJTOaiaD, oann11pt1an and b&l"l"ier 
plllUin& at.wli••• 

...... 

.1 

.. 

' 

OJ 
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m PDBCllBL, PRDCETOll mfIVEJtSITr 

tw· Pr• c. p. - Ceordiaator et Pr!neet.on Vnlftr1it7 Mrrler ...,. 
.. Sl"Oh aot1Yit1••· 

ltd.1. pt, g, g, - Diftet.ed renareb work m Nrri.er propel"Ue1, md 
tt.vi•ed ind a• •JQ>eriaentr&l t.elhniqu••· 

llfltr· pr. !dJ!• - lupe"iaed and dincrt.ecl all nnarch 
· wt .ta eonduot.ed fer \be l&lllhat.tan D18'1'1•t at Pr1ae.t1n 

mi Htt1el" pl"Ofhaet.1• and ... 

luiri!h· pr. I• - Jn •hara• et eptloal et.wit.• and \e1t.i.ag. 



Dr PlltSCllNEL, IEIJ.11 COBPORATICll (DSABCH ClfLI) 

Ab)pott. t. A. - 1n&1mw. Pan1o1patect 1n t.h• •welopwit 
et _..nl. pna8m"e, ,_,,.ratun and n.. ••nrin& 8nd oan­
V.llina dniMI• 

Arnold. i,. 11 - DirHt.el' et lellu NMU'Oh •d 4eTelopMnt.. luper­
YiMd and eoonU.nat.ed all naearoh Md deftlopmnt at...U.1 Mii 
o\bel' t..olwital pbUel et work mder QIJU) and llanhat.\an D18'r1et 
eant.net.1. 

Jlak1r. A. X. • ProJeet. lllDaaer 1n ebarp ot pmral a•in1at.ra\1oa _. 
•ahanial -aineerin& - llMbat.t.an Di.t.rlat, eontrao\. · 

let4itt1 pr. 11 - '-Ii••• 1n eharp ot PNMll De11p. Pl.amltHI •oh 
et t.h• ..-r1Mnt.ai work• bal'rlera, eoJ'flHion, pu.t plant, eolAI 
U.,1, nemaa .,_.,,and eoolen _... 05ftD Md llllaha\t.an DS.a\riet. 
eonvaot.a, CarriM • all 'b• l•thzzat.al u\Mut.iul et.lie• 
et \he dUf•aian pl'OM•• Md ea\abllahed the baaio prill'llt'•• .,_ 
11b19h ta. •aJ.an ot \be plut. 11 ,...,.., Aleo the pro-
••• •ailn tw the mt.in pla& and MJdl t arie1 ....,inc 9'111U.U. 

11 "":lti, 11 Ir - Con-1\lnt. Crit.iaall.7 reTi.ewd elND\ial 11' 
pha8M ot \be NMU"eb md d•Yelopmnt WOftJ a.tMd 1R -''in& .---

et mpeo1t1eat.1an1 met pl'OMdlan• tor 1arae Mal• mnutut.111'9 et 
1p1o1al ut.el'ial.1 and eaa\1n11AllT in1peot.ed and aooat.naot.iYell' 
er1Ud.ud lbMi.•al upeo\a ot hlh 1YDut'aot.ar1n1 anit.a and et the 
1arp dittuicm plln\. 

ltb"•u!: !f - o..alt.ant. •aban1Nl 1n11neer, DeTeleped a ecmplete 
ftlYM et waiq111 •Id.an tor ,..._. eenioe. Deftl.opeiA 

lpM.lal Jeint. and Mftl'al -odel• et ..:Ll. Male 
.Utaa!Ga Al8o eon-1.W • a ftl'iet.T ot et.•r MY1lapa11a\ 
prob1-. 

'"*tpe, ':t• • lla&ine• in lbu'p et .alMDha&• lvpeniwl deftlop­
mn\ ..t 1pplleat.1an ot •leailaa Mthoda. Aleo evpenlMd .._ 
•eleF• unt. work on niekel plaUq. 

lwb1 1 pr. a. 11 - PbJ81•1at.. Deftloped ..._. '-aUac t.eohniquea md 
1peo1al .,.._. eq11Spn1nt wuler OSRD and lat.er mdlr llllbat.t.an m. ... 
t.rlcrt. oaat.rut.e. 

C A1 - ReZlanb ln&inMr• l>ewl.oped NITler lftl'lttull.T 
j;f.t.. Al• 8Upen1Hd mah ot u. aper1Mnt.al •rk -

eorro11on, pllet pllllt., eold t..rapa 1nd eool.er wadu> OSBD ID4 lllD­
ut.\an m..t.rlot. eont.re.o\a, Re aleo equipmnt. MTelAt.s-st 
\eRI in 9C1DJ1111ot1an with la.rs• plant. open.U.., 

1f1t.h 1 r. c, - v1 .. Prea1d111t. and 1x.eout.1w in Chara• ot t.he 1•11• 





\ 

Hrri•r dnel.opMnt ot lella. and SAK Laborat.oriH which led 
to th• produot. nent.uall..r Wied J.n pbnt. 

W&tt'aJ: 1. - ln&iaHr in Ghil"&• ot PUIPP depart.Int.. &uperd.Hd Ill 
lop!lllllt work on apeoial proo••• pUlf(.'• 1noludin1 Al.lie-Cba.1-ere, 

Vallto' Iron Ind JWJ.ott -4911. Al.10 -.aparrl.8ed toa\1 
at. taoi.c.17 and plm\. 

'* r-· r f . 
,-

k.- . \, ' ' 



li1Jl9, !! f, - Dftelepecl Mt.boa for ...... Mt ai• Mt.end.naUclllt m 
Mt polldenJ alllO •1t.tard111 ..U.OU IDd t.eobPdq\181 tor •l.eot.lwl 
llimolOope .-•nau.n ot t.he 1Dt.er1or and ...tw et Nni.en. 

k•· pr. Pe., - Aaaiated wlt.h evpemalon and eoordinatJ.on ot all ..... 
MU'Oh IDd dnelopaeat. et.adi.. tor tJw Di.at.rie\ at \he leNanh 
Laborat.oft.M et Ma• l'a\el"Obla11al Oorpozi&U.on. 

Qt1tltr. pr. A1 1. - l\IJ)VYiNd lad eool'dinat.ed all nlNl'Oh and •...i­
SJ int. at.wUa• eon6'9W tor \be lllnbat.t.111 DUt.ri•t. a\ \he .... areh 
Lmboratorle1 of Uae Jat.enbealeal Corporat,im, 

fiDe· 11 - lupe"1Md a1eroNOpi1 work I.A eaaneot.ion .:ltJl NM&Nb • 
mt.al,_ .... 

G6 

. t-. r 

\.,,._ . -.-···· 
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Abeorptdm ot ,.... •• 
... .. 8 

AlmN, "· '-• a.so Aloohol, ....... , 

o., .... .... lelO tt, '·' •woo,•·' •l&M ...stat!-. , •• tt 
J-.....n ..... Oeiprtr, 6-11 

:-.,t.18 ..... w- .,.,, • 
.. ".. e.n. ... 

Awv'&, ....... ...... _,.. o.ar-...... 
A.- -c--· U.l ..... ...... .... ..u ..... '· ........... , .. 

( 
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eoa ... ..,,. 1.a; a.e 
eooi.r. ,....... 1.s 
CoPPef'1 t.10 
Oorroet.aa, i.i. '•'• 1.10, t.e, t.10 •. 

lel, 1•11• e.u, 1-811 Bel• 8d1 
a.e 

a .... .,...,.,.,, lel8, Te8 
ONlghtoa. lie '•• llel 
Crtat, .. n.. 11.1 
c....s.. L. .. , Ud 

,Si01'Er 



JI 

.WJ, '•'• a.u, 1.i. e.ao, t.e 
r.U. CapOl'atlla, '•' tt, 8.,&, 8e8 

0aMM'11a1 &nan,...., ... 
....... i. ll.a-119' 

tlant--. , .. tt 
WWk - .......... "" tt. 6.18 tt 
Wmitc • lalltr mtll, lel tt • 1.1, 

a.u tt, e.n tt 
Waft en._., a.i, 1.1, a.u tt, 

1.1e It 
Jrellogg c..-., .. "·· .... 1.a, .... , .. 

m.a.y ., ....... tt row.., ..... . 



' ) LH4m aDl1 a.is, 6.!6, 
e.10, 1.a1 

i.t ..... h, '-' 
Llblry, n. '·· 6el9, 11.S 
Llmt• Air Proc1mtll 1.2. 

·1.J, t.10 1 t.B0 1 t.11, f .8 
Llthtan t1uort4•, a.M-e.16 · 
lAIDlt., 1.11 
1fmt .... e.ie 

8aah la'*9&'817, .... '·"· 1.18, 
, .. , '"'· '·'· '-'· 11.2 lt.tt. .. 1 ...... h Col'p ... '1m. 1.10, 
a.in ........ 

... -· '•'°• 1.1a. e.11 ..., tlllney aobtm t.'IB, 

••• ... Toft, I. t., t.18, 11 .. 
... Y-'tU... llel 
._ T.-k Aria a.cs.-r, 1.1 
ftelmll eart»omt., t.u, t.i,.,, t.16, 

•• 22, ••• 6, •• 18, t.11 



.. roooos 'Uni' c.rr.1 
'1.lJ 

'tr(>•• s.1 rr, 1.1 
!\I:!O• 5e1D 

5.10-6.19 
CS''• 5.10-l>e19 

5.11 
r10, a. tM.19 
:"l'OoeOe, 3.e, 4.a, s.1 rt 
'J•lleoa, 5.18 rt 
1peota1, s.o, e.1 rt 

;--upiJl ,J.Aborator,r, '1.18, 1.1 
J'• 

OOllltan°tt a.28 
e.21, e.21 

:1arl tan Coppe• V70rtca, 4.11 
ot urenlw::r. 2.1 
Fl• t_.1" CGapMJ, e.1 

neynotda Metal Col'pol'atlon. 4.18 
noynol4•1 llllllber, 1.1 

blower, e.21 

JArety 0.1 
acid, e.31 

.::oo.tohud, --•• 11.s 
3ohoneotady, 
9ohernol'hor'il f .abora tort• 4.18. 

4.11, t.28, 4.11 
Soe.l r.nvl.c>;wa:t' 5.U, 8e18 
Joall, '\Di.'• 2.3, 3.0, s.t rt, 1.1 

1\'b-1.oeplwrto, 5.10 
C-618, 8e10 
Dry ot\rbon..,..e.g 
-....14, a.10" 
1-1, s.18 
:-e, s.in-6.18 ,, 

• "nleakSnr,. e.a tt 
!rrbol'D>d!atie, 0.10 ' 

ff.a 
'..-6• 
J.197. 5.16 

,.to •· 
.. IJeEJ rt 

)uta1de 1 5.10 ·UI',. }tr;t• n.23-a.24 
llOO'VO, G.9 
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Jtub !lQ§' ' • 5.9 .. . -·· , 01 ') 
· O 3.a, 4.2 "· h ., 

4el01 4e28 
.1eparat!oa ot lllotopo•, 2.1, 3.1 rr, 

o.e, 1.1 
:J!arplea CorpoI'tion. a.11 
J!l.1oa 4e26t 5e1' 

t.trat1uorld• 1 
Gilftrt 4e10 

•• s.10m3.11 
J!fta:aaW and !lr918•t 4.11 
.... P'. ... 11.a . 
Slaft reoorder, e.18, e.20-e.21 
slope tao'bDP1 '1.IS 
3 .. 4th Corporation, Ae o., 1.a 
.:JodS.111 !wdl'Cldde• e.az-e.38 
Spootal 1.1. S.101 8e0 
Speoltt. tlow, 
3peosttaatlan9 1 1.e, s.7 
Jtablllqr ot operatiam, s.u 
56 pilot planiJ, Sell, 7el 
star:e, ,rooeea, s.s, s.t 
3+.47 aiatae, S.t-1.1 
3tol:M !tr.ohtm CCJtlP&nT, '• "·• s.2e 
:l+..raaetan, '·· 3.1 Julturie ao1d1 4e21 

Taylor, :r. a., !.t. 11.1, 11•• 

TMtJ I'toor, 1.1 
'l'hcr.ilon. Je J., O d 
:olmne, 4.19 

: Tom.ma, TT• v., 
·Tour, Tno.1 nar:,. 4.10 
?rent Tube 

t.11 
4.8, 4.22, a.11, 

. 0.21 
'1'rmbJ¥ 4e33 
1'.arbulmit mbdnr9,. 3.11 

r.arbld• arK1 carbon c orpo­
ra.tton. 

'h1wra1 ty at ::tdon .. :o, 
' n1"V'>l"8itJ or · m""JWo·a, o.u 

. ' 



-( o !( . I; II f 1 

0.26 
:Jrantw:i-235, 1.1, B.1 rr, s.10, 

s.ie, e.26. 
lh'oy, it. c., 2.1. 2.t, 3.0, 11.2, 

11.S 

a.9, s.10, 1.e, 
1.e 

v.1i.y IPGD wo.a, s.11 
n rghda polldv, t.aa 
1bn 1.i. e.20 
Vult.acol. '·18 
l)ooz- rJaa•, '•' 

War Departmnt, a.a 
rtn. s.11 

e.aa 
EJ.crQiio I.I, 11 .. 

E190Vio .all! .azm-
Caq.»•• a.u. e.10, 

s.i•, 5.20, e.18, '•'• 1.1 
Wbeatatane brS4ge, Oe27-'1ele, e.s2, 

6e8S 
\"lhStehead lwtal f'Nduotll Ccapazv, 

1.s 
rJten, w., 6-4 
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