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Volume 3 presents an account of K-25 design, engineering, and pro-
curement activiiies, excluding work connectcd with the gpecial chemicaia
development and procure .ent prograr, which is covered in ook VII. - The
purgose, administration, preliminary pianning, an: basic design prineciples
are discussed, and an account is presented of the development end finszl
design of the diffusion process system and its com;onent parts, the eaguip-
ment used, and the various auxiliesry installation:.”’ The volume e&ﬁcludes
with a descriptive reésuue of assislance obtained from British sources,
safety and security features, ocosis, orgenization, and personnel,” Other
phases of the K-25 Froject are dealt with in separate volumes of Book 1I

&8 follows:
Volume 1 ~ General F;atures
Volum~ 2 - Hesearch
Volume § - Consatruction
Volume 5 - (peration
Aotivities described extend from the earliest O3RD contracts, ne-
gotiatedhin July 1941, for the study oI'the diffusion process, to 31
December 1946, by which time the busic K-25 design had been completed,
and administrative responsibility passed from the Manhatten District ¢o
the United States Atomic Energy Commission. / |
4 number of appendic«s are attached to illustrate the text by mesns
of tabulations, plsn drawings, charts, graphs, photographs, file refer-
enc:8s, documentary exhibits! and & glossary, v Hef.-rences indicated by
parentheses, as (App. Bl), (App. Cl2), etec., refer to Item 1 of Appendix
B, Iter 12 of #&ppendix C, etc.’ hqference to the Glossary, ippendix ki,

3 .
is made by means of an asterisk.-
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The Summsry contains an abstract oif every major asubjlect treated in
Volume 3. - Faragraph'nﬁmbeks in the Summary correspond to saction numbers
in the mein text.~

4 detailed descriptive account of the £-25 Project with special
emphasis on design and development has been: prepared by the Kellex Corpo-

ration: "Completion heport on the K-25 Gas Diffusion Flant" (Contract Ko.

¥%=T405-eng-23) January 1, 1946 - K. £. Levey, J. F. Hogerton, and J. H.
Arnold.” This report has provided an outstanding source of referanée during
the preperation of the present work. v Kore extensive treatment of the decsign
enc engincering underlylng many of the subjJects discussec in this volume
may be found by consulﬂing the Kellex report, frequent references to which
are inserted in the text.  Also referred to are ihe Kellex Engineering
Deseriptions, which are tubulated in Appendix D5 of this volume, and the
Kellex Cosrating Kanuals, which are tabulated in Appendix C3 of Volume 5.7

Theae reference works are oh file in the K-25 Division COffice of the U, 5.

ttomic Energy Commission, Oak'Ridge, Tennessee. -

15 April 1947
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1, Introductione = Ke«Zi biroject @ozim, ensinesring, end

preourcment ectlvitiso 4nvolved work by runy of he Htion's leadin:-
equipront manufacturers, end considercble assistancs frov Pritich
sourcen, ' Overall reagponsibility wic woctod initinlly 4n Tho Ve Yie
Kollore Corpany wndor OS™1: contrect (Hllsr=406, end finally in She
Eollox Corporution unlor irnhetton District contruct VieTi00=0:i,w=23,
vhich ws edminlcterod by the low Yori: firea of the kumhatinn Dicirict. -

2e Indticl Vorl wundler tho Offico of Sciuntifio Rosonrch and

Dovelopmont, = Iy dnwry 1942 Columbis University worlers had obiuined

some fundamental paseous diffucion dosisn datee” At this tire Tho

¥e ie Eollopy Company wus avamrded GSTD contract OFlore40C which cillod
for en—~incerin-~ cnd production studies, and pilot plint construction
ancd operantion, direobed tovard the docign of & larss sonlo grosous
diffusion plent for tho iooctoplic concontration of Uranlum=23G, © Om tho
besis of this work, the K20 production rlont wao luter autioriged
under kmnhatten Districl eontraoct We7400=on /=23, -

3e [Iorotiations and Prclininary IPlannin-~e = On 12 Kovembor

1042, tho Kilitary Policy Cormittoo decided thet ie worl: should be
ocntinued, end thut the Hellosr Comiany should bo authorized to pruosed
with the ensincorin: ol a 600 stupe plunt cuntinpont uron domonstration
of gclontific an’! tuehnolosicel ebility, 7 On 14 lMoverbor 1942, at &
mootinge with Jencral @oves, !mnmbuittan District oflicials, und ropro-

: "

sontutives o the vellorm Compmirgy, e 08 7 Cel Lxaoutive Cormitioo

rogolvod thnt tho worl: bo pressed lorvurd on boll: o Eellopgpy pilot
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plant en? tho 600 citare production plunt, 7 A priority ratin: woa
assirned to tho spacous diffusion plunt altor the Cirst 2000 un’i*‘:s‘ of
the proposed eloctromamotic plent, end eftor the first contorplotod
blutonim production pile.” The plant was eotimmbod to hove & moi
trunsport of 1/2 to 1 kilogram per dey o U=235 at doublo congone
tration, and waps 4o be 8o dosirmed that 4% osuld bo fittod, 4
dasirec?\; into & largor plant for the produotion of 60 por cons
miorinl,” On 21 FHovember 1042, Gemeral Sroves appointod e Beasscoge
mont an’ Reviewins Comaittoo in arder to study relativo adventapes
end disadwuntepgos of the gaseous diffusion proooss.’ This ocomzitioe
recorrended proosedin: imrediately with desim end construotion of a
4600 stupe plont with e oepeoity of ono kilogram por dey of U=230, 7
On 10 Decombar 1942 tho Kilitary Policy Comrdttee euthorised Genorsl
Grovos to errenco for conctruction of the 4600 stnge plant wvith the
Eellorpr Corpeny as onginears.” On 4 Decgmber 1942, letier contruot
Ve7400=on=23 wus excouted with Rello;z for desim, developrent,
procurepent, end related sorvioces in commwotion with tho eensiruction
c” a 90 per cent grseous diffusion plante ¥ The formel fixed={oo
contraot woo sipned on 11 April 1944, effeotive as of the letter
contract date, - Eatimioed cost wus @254,5/60,698.00 gm' the feo wus sot
at $2,424,547,00," The Under Secretary of Var approved the contruct
on 23 HEnroh 1044, ¢

4s Dosin Prinoiples of tho Gaseous Diffusion Procosse « The

procees mtorinl is waniur hexafluorids, which veporizes ct sube
atrogpheric pressures and moderatc bomporntures, * Tno norrel eonocn=

trotion o tho U=230 4sotepe 1e 0471 mol per cont, - Tho principle of
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pasoous Qiffusion (moro proporly “molcoular effusion") rofors to tho
tondency of confinod rac rolecules to ke @soapo throush fins aporiures
in tho rotninin: smlls, «In tho coso of e mixture of two 4ypos of
moloocules, the relntive robos of esoope erc in pi-oportion to the
rospoective mean velooities, and thorefore in inverse proportion to

the squaro roots of the respectlive molooular mzﬁsee.v In ordor to
raintein o gboady pressure and concontrution s#ute, s must bo con-
tinuously withdrawn, whilc enrichod diffusate is vconcurrently romoved
fro:: the ouber rocoivin: spacoe ¥ In the oase of separution of U%SFB
(rwolecular woisht 540) fron UZSGFG (rolecular woipht 852), tho
theoretionl maximz: concentrotion obtudnod 4n e single stupo proosso
usin~ norrnl feod 4o 1,0043 timec 0,71, or 0.2/713 por conts” To effect
sirmificunt enrichront, it therofore booomes nocessary o repeat the
basic oporation rany timec in & continuous mmltilectipe rocyoling oporne~
tione “& ppooous diffusion cascade consisic of a multiplicity of
stiroc, © Diffusate ("A" strean) fron a given stope o pu::;,»éd to the
noxt hichor s8tupo for roprocezoing, and partinlly depletod mterial
(" stroam) is piped to the noxt lowor stuge.” Fach stnge i5 thus fod
with a combipation of enrlched diffugate fror the steps below, and
particlly dopletoed rosiduc frou: tho etupo aboves” Cascodo food is
introduced &t an intermsdiato stipo, fimal produwt is withdrawvm from
the top of th¢ ocnonde, and waste is takon off et the bottone * The
procoass mbericl, U, possesces the indispensablo eheractoristic of
exce ol volatility, but preconts o prevo discdvantigoc by rewcson of

1ts oxtreordinery corrosivencsce ¥ Its extroiw roccllviity soverely

marrovs the field of awnllable materinle of oconstruction, e imposes




murorous restrictions on plant desimm. Thus, thoe tremendous intermol
exsoned surfuco procs of tho plant require tiat e;::c’crer.-ic.praao.utiom be
talen in order to lirit the corrvosive consurp:tion of valunble procoss
mtorinl, ” Tho nooessity for operstion et sub=aizmospheric pressurcs,
topothor with the doleterioua sonsurptive and plugein: effeots of
intorection of Uy with wmtor vapor rmkec it meocssary to insuro that
ti:o entire process syston will be extromely tirht agpinst inloalmpe of
atmeosphoric eir and moistures v A fuwrther necessity imposed by the
errrossive neture of thoe substance ic tho conditionin: of all proooss
equiprent with elsrentnl fluorine, which mininises corrosivo attack
by formntion of e protective fluoride £ilm, - Effoctive conditioning,
in turn, requires that all equipment previously be sorupulously cleanede ~
Enlti=gtop ohomioal clsaning prooceduros were accordingly set up both
et the site and at the plents of & mucber of equipnent supplierse -

be Smrll Sonle Testin- of Plant Desirne = A oot floor wme

sonctructod et the Rellogr Jersey City laboratories in 1042,  In April
1944 the oonstruotion and testin: of o tonwst:re cascnde ma' eorplatod,
an opémf:.ions wore etortod, - Equisront end operating oovnditlons
simulatod those of thoe Em25 plant, but dunrry diffuser tubces wero used,
since diffusion barrier wus not yet awmilable,’ Test operations cone=
firmed the foosibility and soundnecss of proposed equipment decigna,
vacumetightnoos feuturcs, oleaning end conditionin: techniques, and
procoas oonfrole - In addition to the operatlion of th: ten=stupo casoedo,
& mmber of puryy and cold trup tects woro rum in ordor to obinin

dosirm ard performmnce datn,

e ’lant Sitee = Tho Ke23 plent wae locatod within tho Clinton

894
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bn-ineor Worlsm nflitary reservaticn slnce thifc aroc was suiteble, and
had already boon obizined by thoe District for othor proj:ets.’ A
epecific sito for the ERe25 power plant vos choscon edfacont to the
Clineh River end to Poplar Crocl v After consideration of ninetoon
posaiblo procose arec 8itos within tho C.LaW., e plaut voas placed
at & Jooation due west of Melinmey Ridpo on 24 June 1943, The
sclectlion wms baead upon considermntions of topogrephy, isclation end
dispersion of C.E.W, plants, and &cocssibility to reil, water, and

power fucilitics. ”
7¢ Proocas Dosimm, = Tho geseous d4ffusion plent, as arigtelly

piammod &n tho Kellex COrporaticn's *First Progress Repdrt“ {15 mrel:

1543) was doaigmed to produoa 1 Xilopram por doy of 90 por cm:z‘L B=235¢ ~

o S
{ DELETED LI TLD DELETED .
\ S— .
014185 & 1943 the Distrlod tbidﬁ -
N | urus strio Engineer authorizod the ocon b(g

struction of a ono Kilogran per day 85.6 per oent plante” On 16
donuary 1945 Kellax wns authorized to procood with engineoring and
procurement work neoessery to exbond the plunt for the producfion ol
85 por cent mierisl,” (n iG Pnroh 1945 ¢his proposed extonslon was
cancallod, &nc’ on 8§ rch 1960 thwo gonstruction cof the K«27 plant wae
euthorised os & 640 atn;;e side fead ammex 4n order to inoreasc tlw
produstion oopavity of 8G66 per oent maberial,” An fdeal AifTusiecn
ecasoade oells for ocontinuwously varying equipment size, or prooess
pressure, fron stage to stngo. $he ectual =25 ocascade §s sot up 4n
nino proaess sections with equiprent size and preseurc level werying
from section to eoctione It contains 2,622 sinpes above the poiant of

Y grem oruy _
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feed introduction, and 270 below.

Each atage contains e diffuser which encloses the diffusion
barrier, and a proocess cooler which utiliges perfluorodimethylcyclo-
hexane as ocoolant, end which is fabricated integrally with the diffuser
to form the oonverter". fwo oentrifugal pumps are provided: the "A"
pump for moving enrichsd diffusate to the mext higher astage, and the “B"
pump for supplying the converter with a mixture of diffusate from the
stage below end partially depleted residue fram the stage above. A con-
trol valve is used to regulate stege pressure, and sulteble instruments
are provided for measurement of process pressures, temperature, and inter-
stage flow. 8ix stages are grouped to form a cell, which ig the smallest
individually operable process unit. The piping arrangement permits of
by-passing a cell, operating on inverse recycle, or operating on direct
recyole, The former mSthod is a mode of reoirculation wherein the "A"
strean leaving the sixth stage is sent to the "B" pump of the first
stege, and "B" gtream leaving the first stege is sent to the "B" pump
of ths sixth stage. Direct recycls operation involves sending the flow
from the top stage "A" pump to thu suction of the "B" pump of the same
stage, and is employsd when a back pressure tonds to develop in the
digcharge line of the aixth stage "B" pwap. Cell connections are aveil-
able for withdraml of process samples, far cell evacuation, snd for
admission and removal of condi tioning and test gases.” The mext larger -
process unit above the cell is the process building, of which there are
51, each containing from 3 to 14 cells. As with the individual cells,
piping and valving faclilities have been provided to permit by-passing

of an entire building, and operating on inverse recyole.” Two lines
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gro provided for hundlinr interbulldin: wiflow, on? two for intors
buildin: downflows ’ Flow poueurin:s equicent e installold &t the
buildins instrmezont boardse.” The mine prooess seckions aro the arpect
individuwnlly oporuble portions of tho easonds, and consist, pospaote
iwoly, of bonks of from ono to twolwo process buildings containing'
equirment o $dentionl 8igo, end sorvod fror separato scurces of
power, Botton inbtersoctionel colls provide curpe eupacity, &n? top
fintorsoctional colls provide nitropen pursin-~ fucilities to pormié of
indenendent operation of individual eectipnﬂ.
In ordor tc provide fuacilities for preliminary rurific.tion

¢ feol matorinl, & two=step distillntion sysbem wos sonstructed
involving e stripeing towor opereting ot totrl reflix and removing none
cordensables, end & re-mm towor operating et & Bl poflux rutio and
rorovin: nonevolatile irmuritiss, Sineo tho fead material is reosived
in prector purity than wac oripgimally antioipated, end sinco &t ims
been possible to rolax the fesd specifications somevhnt, it has boen
unmecassery to operato the feed purifioation system, which is in
standby status &né awmiledls if 4t should ever bo desired to eccopt
gubespaciifiocation hexafluoride, Asurpe end waste systenm woc provided
to absorb enzonde Llow and pressuro fluchuntions, and to afford &
poang for withdrawing depleted saterinl froum the casordos A sBuUrge
dru: resorveir comeelad te the cascado receives downflow from the
bottorm stepwe Rooyele flow pumped baok to the cescado is held
constunt and independent of swrpe dru pressure fluctwitions, The
thres buildin-s of Scction 312 cocprise e purcing systern utiligin~

t e principle of grsecus diffuaion in ordor % removo lirht diluent

A mam rerey omon
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pupee fron the proeesa streans Hurpo stures conbain £lot pluto
diffusers, oxtornel process coolers, und & sinsle bellowsesonlod
rociprooutin. purpe Buch builddiny contning 21 twoenbiso collse The
process pes recovery gysbom provido: e means for rencving the prooess
mterial fror o ocoll to be opened for maindomances The sycton employs
£ proocss s voouur pum discharping to & refriperutod heat exchanger
("oold trep") wherein th: Uiy solidiflos. Each process building was
orizinnlly desimed with a twostrap rocovery ruois Irproved rathods

of operaticn have eliminzted the use of the equipmont in presont
cpem‘cioﬁs. but tho process recovery syston: provides e standby mothod
for prooess stroan purgings Ke20 product is withdrawm by passing:
progess raterinl through product oconteiners Lmemerss=d ir liguild nitropen.
Commweting linos run from the line reoorder csnifeold 4in Building

KkeS506eT, Differential proooss preossure drives the raterial throush

the product trap, the 1isht diluents passing on throuszh and back to

the linc recorder menifold, Portions of the cascnde were placoed in
operntion as repidly as complated, Temporery purging and product
rerowl facilitics were therefore recuired, end worce instulled at the
toz of Sections 28 and 3h, The principle of operation is based on
selective condensation of UFg in the presence of lisht gases b means
of cold traps, rejection of mone=wondensadbles, aml retur: of the puryed

mbterinl to the ecscada,

8o Desimn and Froourcnent of Process Equipment, « As the result

of an inbtonse rosecrch ;rrogram,' the matorinl krown ac A arrier wis
sslected for initilal small soolo production end further study in pilot

plantse Purther dovelosmont wes carried on by tho Houdnllleefarshe;
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fluorine yaouum pumps by the F. J. Stokes Machino Company, end high vacuum
pumps by ths Westinghouse Eleotric and Menufacturing Company.

Prooess geas coolsrg are of shell and tube design, and use per-
rluorodimothyloyclbhaxano. CgF1gs, a8 the coolant medium, External (inter-
oell and inter-sectional) ooolers were supplied by the A. 0. Smith Company,
using finned oopper tubes produced by the Wolverine Tube Company. The
integral stage ococolers form a part of the converters produced by Chrysler,
Coolant coolers were produced by the Whitloock ¥anufacturing Company. Monel
tubing for process piping was supplied by the Internetional Nickel Company
in sizes up to four inch diameter, Large sizes were produced by the Bart
,Lo,boratoriu who developed a method for nickel plating steel using the
rotating piping itself as the plating tank, and circulating elsotrolyte
at high velocity. Process valves were required to be reaistant to oorro-
sion, vacuum=tight, and of minimm resistance to flow., A special valve
soat materisl was developed by the British,ocmnsisting of a fluorocerban
wax-impregnated "C" rubber, This material was the best available and
therefore was instelled in K26 process blook valves, However, a program
iz under way at present to replace all valve seats with the later developed
and more sstisfactory MFP-10 fluorinated plastice The prinoipal valve used
is the (G-17A block valve which involves a doubls=-geat, bellows-sealed, gate
dosign with e wedge-type actuating mechanimn oapable of exerting seating
pressures up to the fatigue point of the metals In all, about a dozen
valves of specialized design were developsd for process snd auxiliary pur-
poses. The proocess valves were manufaotured by the Crane Companys.

A central control room at the midpoint of the casoade is
squipped with measuring, recording, and controlling devices for coord-

inating onscade operatiomse Control of the basic process variable,
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stage inventory, is accompliuiwd by means of a vast system of preasure,
transmitting, recording, and controlling equipment. At each stage, the
pressure of the converter talls stream astuates a transmitter which eon-
verts a fixed range of process pressure to a fixed range of air pressure
to be fed to a cantroller, the latter then actuating the stage control
valve. The cantroller is of the proportional plus sutomatic reset type
with provision for reset cut-out; the control valve is of the diaphragm-
actuated, bellow-sesled, butterfly typss Pressure control of the process
ocascade is based on the use of a datum sgystem which utilizes a mitrogen
header at an ascurately maintained pressure as a reference for pressure
measurement. The majority of the K-26 electronic instruments were de-
signed, engineered, and produced by the Gensral Electric Company. The
Taylor Instrument Companies furnished oconsultant and engineering services,
and manufactured many of the specialised and standard pneumatic instruments.
But terfly control valves were produced by the Republic Flow LHeter Company
and by the Fisher Governor Companye.

The cold trap is a device which serves the purpose of ssparat-
ing UFg from nm-ocondensable gases by solidifioation. Efficient cold
trap design depends upon proper arrangement of heating surfaces and
gas flow passages so as to effect deposition of golid without cbgtruste
ing either heat trensfer or flow of ges. Two bosic designs were ulti-
xately worked out and applied. %The larger size cold traps are of the
double shell radial fin type, snd were manufactured by the Patteram-

»Kelloy Company. The smaller sizes are of the single shell, parallel fin

type, snd were mmnufactured by the Sshock-Guamer Company. The shells

511
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are equipped with oalrod heaters for use in wearming the trap oontents
for removal, snd all types are heavily insulated with 8 to 10 inches

of agbestos felt. Carbon traps are used to supplement the. use of ocold
traps in the recovery of UFg from vent gases. As finally designed, ths
oarbon trap consists of a oylindrical steel shsll tapering at the bottom
to form a ommioal section. The ome is oharged with alumina, and the
main body with mixed carbon-aluminae, The carbon acts as sn adsorbeat;
the alumins prevents excessive temperature rise and oeking. In higher
soctions of the plant ths alumina 4is impregnated with cadmium oxide so
as to avoid special hazards. The carbon traps were manufactured by the

Aloo Products Division of the Americen Loocomotive Company.
9. Process Buildings snd Utilities. = In external appearance,

the process plant proper sppears as a large "U"-shaped structwe. It

is made up of a series of 64 ocontiguous bulldings, three of whioh house
the purge ocascades, and Bl of which house the isotope separating ateges.
All process buildings are similar in form and general arrangement. The
basement of esach contains ococolant and lubricating oil handling equip-
ment, process gas recovery equipment, and ventilating fans and air
filters. An onoloied vault houses eleotrical gwitch-gear and trans-
formers. The ooll floor contains the banks of sheet-metal-enclosed

cslls each with six converters, twelve prooess pumps, snd various aux-
iliary equipment. The cells are arranged in two parallel rows separated
by a motor alley, and the cell floors of adjacent buildings are separated
by withdrawal alleys. "nw pipe gallery level includes prooess piping and
valves enclosed in sheet metal dry air compertments. Operation of each
building is controlled from the top floor lsvel which contains instrument
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panel boards and contrel equipmente Each building is provided with
an extensive ventilation system designed to dissipate heat,snd gystens
for heating by unit heaters, lighting, and commmication. Converters,
leak detectors, and other heavy equipment, are moved in and out of the
buildings by mesns of trailers, tractors, and truocks.

10. Design of Prooess Bervice Installations. - Five 10,000-gallan

tanks are provided within the casoade court for storage of process cool-
ant, perfluorodimesthyloyclohsxsne, CgFjg. These are ominected by pipe-
line to the process bullding coolsnt headers. The CgFig is oiromlated
through stage ooolers, intsroell coolers, snd interseotional cocolers.
Each building is equipped with s coolant trmlfo;- pump taking suction
for the building drain drum, by means of which contaminated coolant is
puzped back to the wet coolant storage tank. The coolant purification
system removes water, grease, lubricating oil, and other non-volatile
impurities by distillation. The reciroulating cooling water system
includes a recirculating pump house, s meke-up pump house, two eocling
tewers, and two individual swply and return loops. A total cantinuous
oiroulation of about 120,000 GPM 1s maintained through the two lsops,
and respeotive prdoen coolers snd cooling towers, by means of a battery
of reoirculsting pumps. About 5000 GPN of make-up is supplied by means
of a seoond and mmaller battery of pumps. The dry air plamt suppliea
minue 759 dew point air for equipment emclosures, pump end valve seals,
and for various purging purposes. The inatallation inocludes recirocula-
tion air compressors and coolers, make-up air compressors and coolers,
alumina dryers, an smmonia refrigeration system, a br.tm oiroulation
system, and a dry air piping distribution system. It wes originally




dagigned as a cireulating gystem dut hag besn comvertsd ¢o o mare
sfficient "dead-end” arrengement. Alr for hwn locaded within
the dehmmidified equipment enclomres is taken from this plant and
comprensed to B85 pescdege 100 posel.g. alr 4 used for variocus in~
strummts, maintenanos, andi misocellsnecus ssrvieces. It is dehwwmidified
‘%o mizus $0°F dow point in arder to provide a supplemsntary source of
supply in oases where the m@uﬁorthdwdrplutlmrmhlw
the demand. The oqruic house oembains five oORpTessers.
Fasilikiss are MM for storing, pumping, filtering,

and sooling lubricating oil, mnd far circulsting 1t thraugh the shaft
bearings of all prooess pups of the sasoade. Dry sitrogea is supplied
for n:_ri.m’ squipmmt purging emd esaling operations, end as a referemce
prensure medium to the building end 1ell instrument datwm system.
Movile high vaouum pumping wnits ar_ used in lesk deteoction wark,
n-perfluorcheptsns mpply, pumping, snd diqoﬁl,';itm in
comeoction with preliminary equipms  perfarmsnoe wwating. Fluorine
eupply wmite are used to supply e Lioning gas as required, A
temporary mobile fluorine disposal unit was also provided, but speat
ocozditioning guses are normally semt to the digpomal plaat in the
emditioning area by weeng of a perr--mnt piping system snd portable
fluorine vacuum pumps. Two waaporar UF; absorptiom uaite wers pro-
vided for evacuxting snd disposal of roooss gas when negessary, befaore
the permsnent prooess gas recovery §,Jtem aculd be set in eperatiom,.

e Camditioning Area Design. he eonditioning bullding was
degigred basicslly as an extensive a . gpecialized maintenamoe pland

whore squipment could b prepared fa servios in tle prebou aroas The
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building was designed by Pord, Beocons and Duvis, Ino. Un the basis ef
best analyses of the olesning, oonditioning, snd maintenance astivities
plarned, a one-gtory lhoi frame snd brick wall building was designed,
400 feet in width, 1000 feet long, and with a 72,000 gquare foot base-
nent, Floor area was allocated smong & ocanditioning furnaoe room, btest
stand ares, olesning snd vacum tecting areas, end various repair amd
maintenance shops, equipment storage areas, offioces, end miscellaneous
servioe facilities.

Righteen large sise, and eightesn smll gise couverter omm-
ditioning stands were designed to provide a means for pre-treating the
stage camverters by oirculsting fluorine-oiirogen mixtures, leak-testing
the assembly, and checking barrisr porogity before snd after Mm.
™e heart of eash canditioning stand is sn elestrieal, i\u'iscnul, bell
type furnaoe furnished by the Gemeral Elsctric Company. It is provided
with en ingulated, welded gteel casing and a refractory brick floor.
Heated air is ocirculated through the ossing, and over three separate
.hut!.m elemmnts, by means of three centrifugal fans. The wpper parbion
of the furnsce congists of a ssmi-oylindrioal, removalle heed with a
akirt-snd-trough water seal arrsngssment ¢o prevent the esoape of heated
air at the juintdwu;epwntﬁ. The lower portion is fitbed with &
campletely flexidle alipmment device for emmtering comverters of vary-
ing size and aligaing in all directioms for proper oamection 0 monel
eonditioning gas eiroulating piping which passes through the floor and
oonnects with the ocanditioning pipes, vacuum pumps, and fluorine rsmowval
pumps locabed in the basement, together with the gas feed lines, exhaust
ilines, and fuwrnsce. instrument panels.



fwenty process pump canditioning stands were providsd,
each oonsisting prinoipally of a on;trol panel, puwp gsub~bage, snd
s hoed for enclosing the pump oasing during fluorination. Sixzteexn
800 watt strip hesters are inatalled in the lowsr seotiom of the hood.
sixitabh auxi liary systems are installed for the mpply; respectivsly,
of fluorine, nitrogen, lubricating oil, instrument air, and elestriocal
powsr, snd far fluorine disposal, ssal and hood exhaust, end instru-
mentation.

It was originally proposed that each converter should de
tested aftsr oonditioning to determine 1ita perosity and ssparation
performance under conditions clossly simulating proocess oporutim.
eand 19 "ruming test stands” were plamned for this purposs. Sub~
sequent work with a prototype test stand at Chrysler a‘-i‘;‘oqnau;
eorroborated the dasic permsability trangformstion tlwory which had
been developed, mnd the approximste scourncy of caleulsted friotion
drops inside the wnit. It followed, therefore, that measuremsats of
permeability made on the eonditioning stand with nitrogen st atmos-
pheric pressure and low prunni drops oould be safely translated, by
caloulation, to permeability ef process gas wmder opersting conditions.
It also developed that & oirculsting method would be profersble to &
statio treatment on the conditioning stands. Flow msasurements would
therefcre be available at that point, and the running test became un-
meoessary as & £insl acosptance test. Four rumning btest stands ware
firally installed for the purpose of mesasuring separation efficisncy
of canverters of eash of the four gtendard sizes. The test stande are
arrenged in & row along a trench in which are looated OyFig supply and
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return maing, nitrogsn supply and exhaust mains, snd water, instru-
ment .ir'. end lubricating oil lines. The trench leads to a service
pit eontaining equipmemt for supply and removal of CyFyg end CgPjg.
Eech test stand assembly inoludes a base for receiving the oomverter,
snd permgnantly installed "A" and "P" pumps of sises ocorrespending to
the sisze of the convertsr tc be tested.

The pipe u-ﬁbly shop was used by the Midwest Plping snd
Supply Oompany for assembling of process piping befare mu,htm;
Clsaning ares facilities include a degreasing tank, five small aux-
iliary solution tanks, a set of turming rolls for large oylindrieal
vesssls, filters, drying wmits, mmd twelve 34 x 5 x & feet deep ecloan-
ing tanks used for allmline oleaning, water rinsing, ecid pickling,
soratch brushing, and surfase passivation. Tiw vacuum testing area
sdjoins the clesning ares, and oontains six portabls wvasuum gtands
for leak testing pipe assemblies,

| Af'ter somplstion of the initial uuviué involved in

oleaning, omditioning, assewbling, end preparing for installation,
the hrgo'qumtitin of process equipment and piping requirsd for
the diffusion cascads, a number of internal design aad arrangement
chonges were made in the eonditiening huilding., Bix oomverter son-
ditioning stands and oigﬁt purp oonditioning stends have been moved
in order to make room far development work mow being earried out in
this ares, Maintsnanoce shops have besn greatly expmmded and diversi-
fied, and & converter re~-tabing end testing area has been set wp in
the northern third of the building. Construction of a barrier testing
laboratory in the nortlwest corner of the building was begum in Oetober

1948, and is now about 98 per cent oomplete,




Acoesaory conditioning struotures include a oontrol houss
oentaining eleotrical and control equipment far spparatus locsted im
the oonditioning furnace room, a fan house oontaining five 50,000 OFM
exhaust fans for handling fumes from cleaning area astivities, and a
storage and pump house for handling hyaroohicrio and sulfurie aoids
required for olesning operations. |

The E-25 fluorine plant was designed %0 mamufacturs, handle,
and store the large quantities of elemsatal fluorine gas required by
the Projeot for oconditioming purposes. - The general design was devel-
oped by the Hooker Elsotroohemical Company. Detailed designs and oom-
struction drawings were prepared by Ferd, Bacon, snd Davis, Ino.
Several speoial features were warked out jointly by BHooker, loliq:,v
and Cardide, Inu fluorine plant emeists of three bulldings of gtesl
frame and brick wall construction losated ssveral hundred feet morth
of tlw omditioning building. The generating duilding houses gensrat~
ing and auxiliary equipment, mechaniocal eompressors, sn offiee, snd a
laboratory. Fluorine is pnmhd by eleotrafiysis at 100°C of a solu~
tion of potassium fluoride in hydrogem fluoride, A meximum of 2000
emperes of direct surrent at 9.5 volts 1s supplisd to each ocell by
means of edght aopper oxide rectifiers. Carbon snodes amd steel
ocathodes are separsted by a ssreen. Hydrogen fiuoride ocontained in
the erude, gemsrated fluorins, 1.‘:3-md by passage through sodium
fluoride tray absorbers, mﬁhjn%’p'{pu to surge tenks (losated in
the storege building) which provide demping of presswre variations so
as to minimine the load on the automatic oomtrol nya‘tn. Three sdditional
pickel olad tanks 6 fest in dlameter, snd 20 fest long, provide storage




for about 1-1/2 daye' fluorine production. After various means of
handling the fluorine were considered, pressuring by liquefaction

was selected as the best available l‘thod, but provision was made for
subssquent conversion to mechanical %anpruuon in the event of success-
ful development of a suitable co-profoor. Twelve cubicles were set up
in the liquefaction and bottling building each capable of liquefying
the gas and re-vaporising it into either the storage tanks or portable
eylinders. The design ealled for gas admission to an all-nickel boub
ismersed in liquid nitrogen, and for subsequeat warming up of the bomd
and pressuring of the contents. However, by August 1944, Hooker, aided
by Kellex, developed a satisfactory diaphragm-type pump which was fabri-
cated by the Wilson Pulss-fesder Company. Two compresscrs and control
equipment were then installed in the gensrating building, and a revised
aethod of opo:‘a.t.!.oéo :\;csun in February 1945, wherein generated fluorine
is compressed and delivered to the storage tanks in a straight-forward
pamping operation.

The fluorine disposal plant was designed to absorb the toxie
and corrosive fluorine and hydrogen components of various waste gases
befare venting to the atmosphere, by means of a 200 cubic foot absorp-
tion tower (or alkaline scrubber) lined with earbon bricks and packed
with sarbon Raschig rings. Gas flow is maintained countercurrently to
s descending stream of 5-10 per ceat caustic solution flowing at 50-100
GPM. A 4 inch diamster, 70 foot high emergency stack was also constructed
to allow for direct venting of gases at times when the tower may be tem-
porarily out of service. Fluorine disposal plant auxiliaries include a
2250 gallon water tank in which tower effluent containing dissolved
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sodium fluoride is treated with lime slurry in order to precipitate
calolum fluaride and regenerate the caustic, a 22,000 gallon settling
tank for decantation of regensrated elear liquor, two 26,500 gallon
caustic storage tanks, and a control laboratory. In preseat operatioas,
spent gases from cascads conditioning operations are allowed to enter
the process stream for ultimate removal in the purge cascade, and all
gases routed to the disposal ares are vented direoctly through the emerg-

| ency stack. These procedures are made possible becauss of the small

quantities of spent ogndiuoniu gases handled in present operations.

An acid neutralising plant, constructed for the purpose of
disposing of acid waste fromcleaning operatiocns in the eonditioaing
building, includes a small storage duilding coataining a lime hopper,
feoder and slaker tank. Slaked lime slurry is run to a 25 foot diameter,
10 foot deep,neutralising pit, and mixed with the waste acids. The
neutralised solution L; discharged to & holding pond 410 feet leng,

150 feot wide, and 5 feet deep, from which clear effluent overflows to
Poplar Cresik. ‘

Process and equipment design for a mitrogen Plant, designed to
supply Project requirements for soisture~free gasecus aitrogen and liquid
nitrogen, was supplied by the linde Air Products Company; building design
was handled by Ford, Bacon, and Davis, and the work was cocrdinated by
Kellex. The installation ccasists of equipment for receiving, storing,
and filtering liquid nitrogen, vaporising the liquid, and supplying gas
by pipeline at constant pressure to the process and conditioning areas

a3 required.
In & large numher of carbon traps throughout the kK-25 plant,
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the carbon charge must be diluted with alumina pellets in erder te
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avold caking of the sarbon in the event of a flow of concentrated
F 4. A earbon mixing plant was therefore provided in order to carry
out the necsssary combining operation in such a way as to fora a
uniformly mixed charging material. A feed hopper and vibrating feeder
deck for carben, and another set for alumina, deliver to a common
blending hopper which emptiss through a flexible sock into the druss
to be filled.

A 120,000 pound per hour steam plant supplies steam at 175
p.s.i. for building and process hsating purposes to the process, con-
ditioning, and administration areas. The original facility contained
three 40,000 pound per hour bollers, one 175 foot chimmey, ud water
treatamnt and miscellanecus auxiliary equipmsnt. Whea the X~25 plant
was constructed, steam generating facilitiss nrc S.ncrund by in-
stalling three additional 50,000 peund per hour boilers, the necessary
sdditional auxiliary equipment, and a second chimney. The steam plant
was engineered by Sargent and Lundy under Kellex supervision.

12,  Powsr Plapt Design. ~ The powsr plant area sovers 140 acres,
and 1s located on the Clinch River abeut 8800 fest southwest of the
main process area. Generation facilities are designed to supply elec-
trical power of extremsly high dependability factor at frequencies
varying from 45 to 130 aycles. Total design capacity is 238,000 XNW.
An additional 110,000 KN of 60 eycls power is available through
connections with the Tennesses Valley Authority. The decision teo
construct an on-site power plant was based on the importance of an
uninterrupted supply, relative ease of protection, the variable




axture of required frequencies, and limited availability of T.V.A.
Power. Considerations of lhplicitb and uliabﬂity of design and
installation led to ths decision to generate power at desired fre-
qusncies by aeans of steam-driven turbo-gensrators. An underground
mﬁn was designed for transaissicn of power to the process area,
using three-conductor, papsr-insulated, lead-covered cables, at a
transmission voltage of 13,800 volts which is the lcvql of generation.
Thres 750,000 pound psr hour boilers were required. Two of the de-
sired type and capscity had already been coastructed for use by
another project. These were obtained and a third one. ordered of
identical design. Fourtesn turbo~gensrators wers prooured. Du:lgn .
and enginesring for the power plant was handled by Sargeat nunmy
under Kellax supervision. ' |

An extensive coal handling aysteam includes eight conveyors
furnished by Robins Conveyors, Inc., a track scale, two duplex truek
hoppers, a transfer house, & breaker house, a soreen houss,and a
250,000 ton storage yard. Esch boiler is served by a 1,000 ton bunker,
Raw orushed cosl is delivered from the bunker through sutomatis scale
fesders which supply the pulnrhm. Coal is discharged tangentially
through three burners at essh corner of essh furnace. Cosmbustion air
is supplied to each furnace by two 96,000 CFM foreced draft fans. In
the spring of 1946 one boiler was adapted for oil burning service.
‘Combustion gases pass thraugh a mﬁarhutor, economiser, air heater,
and fly ash precipitator. A flexible eontrcl system permits either
autosatic, seai-automatic, or menual sontrol. The boiler house eoantains

three Combustion Engineering Company boilars, each rated for 750,000




pounds per hour of superheated steam st 1325 p.s.i. and 935°7. Each
unit consists of a throo-dru; bont-tubo boilsr equipped with water-
cooled furnace walls, & superheatsr with by-pess control, an economiser,
and a tubuler air heater. 8ix eight-ineh, six-stage Worthington centrif-
ugal boiler feed pumps have a oapacity, eash, of 600,000 peunds per hour
against & head of 1600 p.s.i. Twenty-four Allis~Chalmers condensate
panpe range in capaeity from 40 to 600 GRM, and in discharge head from
840 to 900 fest. A 75,000 pound per hour Permutit Company ccld carbon-
sceous water treating plant is installed for initial treatment of raw
llh-np;

Fourteen turbo-generators rengs in capascity froa 1,500 to
$5,000 KW. The condensers opersts at vacuums of 28 to 29 inehes of

mereury, have a total heat transfer area of 224,870 square feet, and

a total condensing capscity of 1,737,846 pounds per hour, using 254,000
QM. of eooling water. Cooling water from the Clinch River passes through
s arib bouse and pump house to the oondensers. It is sent to Poplar
Cresk (which delivers to the river at & poiat downstream froam the in-
take) by way of a 1,006 foot reinforoed concrete discharge tunnel, a 2200
foot stone-lined flume, an! a second consrete tunnel. '

The alectricsl distritution system includes & constant fre~
quency system supplying 60 oycle power, and a varisble frequency aystem
including seven sub-systems which opsrate separately at desired fre-
quencies between A5 and 65 oysles, and two which opsrate between 90 and
130 eycles. Utilisation voltages are 2400, 480, 208, and 115. The main
switoh house is the contrel center for power transaission to the process
plant. c&mootion with the T.V.A. syster is made through an outdecor
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suitehyard containing three 40,000 KVA transformers which step in-
coming power at 154,000 volts down to 13,800 volts. The yard re-
seives power over direct feed line from the T.V.A. plant at Fort
Ioudon, a tie line from the Ko. 2 Elsa Substation, and s tie-line
from the K-27 switohyard. Power is carried to the utilisation ares
by means of underground cables enclosed in fibre ducts uioud in
eoacrete. Thare sre thirteen banks of 6 ducts each.

13. The Adwinigtration Area. - The aduinistration ares in-
cludes four h.bwst-orh:, a two-story, four-wing main administration
building, an industrial relations office building, two field office
buildings, snd various personnel facilities, warehouses, guard hounses,
and garages. Most of these are of a temporary, low-cost type, and
most are situated in an area southeast of the main process ares.

4. The K-27 Area, - The K-27 plant 1s a strusturally separate
snnex to the main K-25 cascade designed to increase total U-235 pro-
duction by 35-60 per cent. In most cases, specific portions of the
k-2 work were performed by the same contractors who had handled
corresponding phases of the original k=25 plant. K-27 buildings
escupy a 60 acre plot of land just scuthwest of the main cascade U7,
Deaign prineiples are identical uiﬁh those of the min K-27 plant.

In erder to expedite the-speed—of construction, the general polisy

ln !olloiod of sxtending the diffusion plant process fumtiés by
constructing duplicates of one of the process buildings of Section 2a
of the main cascade. Only those changes were made which were absolutely
necessary, or by means of which significant improvement gould be effect~
od without delaying the progress of construction.




The K-27 cascade consists of 540 stages housed in nine process
buildings, each containing 10 six-stage cella. Feed to the K-27 cascade
is obtained as fresh, normal concentration UF from the Harshaw Chemical
conpany; and as partially prﬁcdssod UF6 recycled from the bottoa of the .
K-25 cascade. No purificstion equipment is necessury for the former
material, fresh feed stock being vaporised direstly by immersion in hot
water baths and sent through fesd filters to the K-27 cascade. The re-
cycled stock may be passed through a batch still purification system in
order to remove such impurities picked up during prior‘proceuaing as
ocoolant and light diluents. The installation ccnsists principally of a
packed tower and re-boiler, a‘ltillkpot, condenser, and reflux drum,

A UF‘ disposal system is provided in order to recover hexafluoride froa
vent gases, purge gases, and relief valve discharges by absorpticon in
sater, precipitation with caustic, and filtration in a plate and frame

press.

i A completely spared surge and waste system is provided, niiilnr Y
« 1n design and purpose to that of the main cascade. The bullding is equipped
with a uniéuc ventilation aysten in which certain areas where process gas
is handled at super-atmospheric pressures are njintainod at pressures below
- atmospheric, so that loakcéo 0f process gas to the atmosphere will not con-
tasminate other parts of the building. 1In those parts of the building where

process pressures are below atmospheric, the pressures are held slightly
above the normal barometric level in order to minimiss further the flow

of contaminated atmoaphere into such areas.,
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The purging systea for th- K=27 casasde is based upon the
use of the top two to five process cells of the cascade to produce
light diluent of high purity. A purge stream is teken from the "A®
stream of ths uppermost stags, which norsally operates on direct re-
eycle, and compressed to ltinsphrlc pressure by means of a Beach-Huss
vacuur pugpp. It is then passed through a cold t.rap-carbonv trap systea
and exhsusted to the atzospheres. |

| | The X~27 process gas rc;:ovcry aystem differs from that of
K-25, in that a single, central station is provided. Thres two~pump
vacunz pumping stands, spuced at equal intervals along the cascade,
exhaust gas from process squipment when necessary, and discharge
through mist filters to a header leading to the recovery station,
which includes three cold traps, and auxiliary earbon traps and con-
trols.

The K-27 product withdrawal asystem serves to transfer XK-27
product to K-25 at a metered rate, and provides a msans for stookpiling
K-27 produet, and continuing operation of either k=25 ar K-27 whea the
ether may be smt dows. Product is taken off from a cell near the top,
where light diluent concentration appraximates tirees nbl per cent. It
is normally transferred ﬁo K=25 in the vapor phase by means of inter-
connecting pipelines, but facilities are also available for liquefying
the process material and transporting it to K-25 in tared drums.

K-27 converters are identical with the Sise 2 converters
of the K-25 caacade, but are equipped with *Z" barrier which is an
isproved form of Slpckod DA barrier, and mskes it possible to operate
at somewhat higher process pressures and interstage flow rates. For




SEGRTT

this reason the "A" and "B" stage pumps are respectively equipped
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with 75 horsepower and 150 horsepower motors. The various other
special pnnpi required are similar to those utilised in the main K-25
process area with the exception of one new model developed for service
in both the waste system and product system of K-27, where a positive
displacexent machine was roequired to compress UFg to 35-55 p.s.i.a.
prior to liquefaction. A number of deaign modifications were made in
a Beach-Rusas process gas vacuum model, and a ﬁ-o-ltlgo unit was devel-
oped with incressed eylinder clearance and an improved lubrication
aystem. The K-27 cascade contains no intercell coolers, and utilises
stage coolers ideatical with those of the K~25 cascade. The only
changs in process piping at K-27 involved the use of nickel-plated
steal in the three and four inch sises, Process block valves contain
imreroved seat m- utilising MFP-10 fluorinsted plastic. Changes in
stage control valve design and other Wuuon were nd'o in
cases when it was found possible to effect eimplification or improve-
ment without delaying the program. CoMd traps used in the purging
systen were salvaged from cancelled recovery rooms of the K-27 cascade.
K~Z] pecovery traps were spacially designed, and represent a modifica-
tion of the radial fan design. Carbon traps are similar but somewhat

larger than those of K-25.
The K-27 process eooclant system differs from that of Kk-25 in

that it contains a number of minor mechanical improvements. The 55,000
GPM K-27 recirculating cooling water aystem contains a 14 cell induced
draft tower, and draws make-up from the K-25 aystem. K-27 dry air die~
tribution operates as a dead end system,and is supplied from the K-25

.
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dry air plant, ss is all instrument air, which is compressed to 10-55
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Pes.i.g. by means of four compressors. "Plant air" for miscellanecus
purposes is dramn grc:,‘tho K~25 compresscr house. The lubricating eil
and dry nitrogen supply systeas ronibh those of x-zi; exoapt in minor
details.

The k~27 plant was designed to run entirely on constant fre-
quancy 60 sycle power. Ths Kk-27 switchyard receives 154,000 volt power
from the T.V.A. Watts Bar Station, the Elsa No. 1 Substation, or the
K-25 switchyard, and steps it down to 13,800 volts. It supplies the
K-27 switch house which is similar to the larger K-25 switch house.

In order to provide for poesible future expansion, all electrical equip~-
sent down through the 13,800 volt switchgear has been designed for a
maxisun load of 150,000 KN, From this point on, the K-27 electrical
distribution system is designed for 100,000 XN, which is based on a
stream efficiency of 100 per cent.

The K-27 plant is ssrved by the conditioning and administra-
tion sreas in the same way as in the min K-25 cascade.

15. Assistance from Britieh Sources, - Prelimirary talks with
the British group were begun in February 1942, at which time the
prineiple of diffusional separation was discussed. The plant desiga
was miomd in the fall of 1943. Included in this review were barrier
materials, the stage recyele prineciple, the sascade of cascades prin-
eiple, the purge cascade, pressure contrel, flat plate diffusers, and
sold traps. Although their suggestions were not always conoordant with
American theories, they wers valuable, and later assistance with theo-
retical probleas, such as exast caloulation of equilibrium time, helped
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saticipate problems of plant deaign. The British suggestion for the
development of scraper cold traps was followed, although this type of
trap, after having been successfully enginesred, was abandoned becsuse
of the diffioculties anticipated 1n controlling its process gas inven-
tory.

16. Safety and Sesurity. - The New York Safety Committes, com-
prised of Kellex persoanel, s liaison officer from the District Medical

 Sestion, and a represeatative of the SAM Laboratoriss, served in a son-
sultant and adv.turi capacity to the New York Area Rogineer in safety |
matters pertaining to handling of fluorine, wranium hexafiuoride, and
other hasardous chemleals. By April 19%5 the responsibility of this
activity was transferred to the Carbide and Carbon Chemicals Corporatioh.
The security program included personnel clesrance, visitor control, edu-
oational programs, and designation of restricted areas.

17. Cogts. - K=25 design, engimsering, and procurement costs
(exclusive of the specisl chemicals program) amcunted to '253:072,173
as of the close of the fiscal year 19,6, at which time the curreat total
estimate for completion of contricts was msfm,m. |

18, QOrganisation and Persoingl. - The New York Area Engineer was
respoasible for supervision of all Kellex design, ong!.nnrﬁg, and pro-
curenent aotivities. To faeilitate the work and permit close assccie~
tion with all contrastors, additional sub-areas were established to
handle administrative details connected with Allis-Chalmers Mamufactur—
ing Company activities at Milwaukee, Wisconsin, Houdaille~Hershey
Cerporation sctivities at Decatur, Illinois, and Chrysler Cerporation

activities at Detroit, lMishigan. On 7 Jamary 1943 Lt. Colonel J. C.




Stowers was designated both as Unit Chief of the K~25 Froject and
New York Area Engineer. After 28 February 1946, the latter position
was held by Major %, C. Campbell until the Area was dissolved on 23
August 1946. On 23 February 1943 the ¥ilwaukee Office wmas opened and
1t. Colonel R. C. Gregory was assigned as Frojest Engineer, Captain
R. C. Hill assumed the position of Area Engineer on 15 July 1943. This
positicn was»subaoqucntly held by Mejor J. L. ¥eCormick, Jr., and Captain
J. D. Anderson. The .Milwaukee Area was dissolved on 30 June 1946.

Captain J. H, Brnnnanvuan assigned to the Decatur Office as Froject
Enginesr on 24 May 1943. He assumed the position of Decatur Area
Engineer on 20 July 1943 and was succeeded in that position by Major
C. E. Choste, Major J. J. ¥oran, and Ceptain R. L. Crawford. The
Decatur Area was dissolved as f 1 July 1946, The Detroit Office ia-
opensd by Major M. R. Archer on 17 I;; 1943. On 21 July 1943 Lt.
Colonel A. Tammaro was assigned a8 Area Engineer. He was succeedad
by Major P. H. Belcher. The position is now held by Captain J. D.
MoCormick. |

\ Because of the magnitude of the undertaking sontracted for
in %=7,05-eng-23, for accounting and sescurity ﬁhrponea, The M, ¥.
Kellogg Company organised the subaidiary Kellex Corporgxion for the
purposs of prosecuting the work in the K-%f’Projcct. As of‘;l karch
1945, total Kellex psrsonnel amounted to 1,676 persons with 354 stationed
in the field, and the remainder operating in or ot of the New York Office.
The K-25 activities of the Kellex Corporation were directed by P’. C. Keith,

vice-president of the corporatioh, and A, L, Baker, general manager.
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1=1, Jurposcs = Tho desigm, e-gincerings, end procure.snt
2

eotivities dascribod in this wolue wore eired et tle specifiestion and

plannin: of facilities, oquirmeni, and raterinls regquirel for the repid

¢

congslruction of the lerps scalo gusocus diffusien production plont whielh

vas to forn tie hourt of the Ke2i Projocte ¢

le2y ECoopo. = The unusuel nebure and size of the plant, tho
first of its kind evor atterpbod, presonted & large number of nracticel
and technionl problen: which Prequontly enpecred insoluble (Vol, 1,
Gocte 6)e” It was nooessary to call in for oonsult:tion reny of the
pation's loadin, ecuipmornt renufzoturors to perwit subssguont dovolope
mont and manufuctre of esnHoolelly dusirned equiprnents ¢ In order to
reat eonstruction schedules, important decislons ofton had to be pade
baforo eorplote dutn woro awmilnblo rerardine verforrance ené propore
tios cof” equipront and matericls v In this conncetion, wluable cocpere
ation wo obtainad from e proup of British sclientists und onyincers
(Soote 1ide”

-85, Authorirzatione ~ fAuthoerization of the sctivitios doseribod

in this volumo was handled einilaris o olor pheses of tho Ke2S Projoet

as roationed in VYolure 1 of this boolk, end degoribed rweo fullyr 4n
Voluto 1 o Bool: Ie-

1«1, Advinistrotions = Ovorell recponsivility Cor the dosian

1 1.1
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£ineily wder Lophatlen DRlstrict

by the New
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m‘f{:iorz of thic contrect and itc eudeootracds we hendled
York Arec of thoe Disirict; aided by subetiress esieilished o cover
procuracnt sources of the Kellex Corporetlon, en? losstsd &t Milwaulee,

Yicconsing Debtrolt, Kiehipans & LDedatur, Iliinels. 7




SECTICH 2 - INITIAL ¥CRK UXDER THE OFFICE OF

SCIEKTIFIC RESEARCID AND LEVELOQFHUNT

/

2-1, Introduction. = Whon the M. W. Kellogz Company began their

 work, & method of preparing uraniun hexafluoride had been worked out -

(Book‘?l, Par, 2-3b; Book VII), and Columbia University had obtained
some fundanmental data on production and testing techniques, barriers,
barrier plugging, sealants, materials inert to UFg, and methods of
measurament of quantities and pressures for infinitely smell ochanges. ¢
A system of oloss cooperation was now set up between the Columbis Uni-

versity grour and the Kellogy Company in the development of the gasaoua

diffusion process. - The Kellorg Company, and leter, The Kellex Corporation,

took these fundamental data, developed them furtier, and spplied them
to tho design of the gasesous diffusion production plant at the Clinton

Enginoer Works. v

2-2, Freliminary Work by the M. W. Kelilogz Companye

a. Contraot OEMsr-406, - In January 1842, the Office

of Scientific Kesoarch end Development awarded oontrect OEdsr-406 (App.
F1) to the M. W. Fellogs Company, providing for preliminary investigation
of the gaseous diffusion method as applied to the production of Uranlume

235."

b, Soope of Contract. = The scope of the work authorized

by the contract, with its subsequent modifications, included five
principal itemas
le An engineering study looking towurd:

a, Deaigm of & pillot plant te carry out the separstion

2.1
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be 4o snnlyaic of LY pogulrenents of & lar o plani
to effeet push separoticon. v |
2o Ftudios and exporirernicl invosti pt«;{;ioné rrineirally i
eumeghbion withs
te The sorrosion of wwriow minls whim subjoctsd ®
vraniuz hexellorides v |
bs The suitability of v.ﬁr.imzs tyvos ef grmll pumSe 7
gs Test: of diffusion e
Es Construction of £ pilet plant and awsﬂaszﬁ? eguiproat
for production,
4o & stdy ef methods of Irprovement of productions -
B Operstion of the pilot plents 7

Cs Locorplisimmis, «  Tort wmfer this soniract rogulbed

prirerily in tho desirz of & pllot plant, development of a proccas flow
-dia-ran for & Jarve production plant, preliminary estize Ses of roguires
mute for mwiorials of comsiruction, spocial equipment, ehenicnls, &nd
utilities, ond preliminoayy édcelrs o princinel meclenicel equirment
such &5 pwps,; ¢iffusers, eoclers, f:d velvens This work iz guacerized
$0 & pesort entitled "Tho Diffusiocn Jlax = Pirst Prorress Beport’,
(Appe F2)o’

de Eubsojuat Actione ~ O 4he besis of thosz sthudies, the

corgtrmistion of o profuction plant wee lofer sutiorized wnder lanbetisn
. ,;/3) v : .

Digtrict sontrecet HeT400mam «-23\£ Exsorizentel snd rescapel work waler

gontreol O ler-dCl s torminnbod we of 1 April 1843, exconi for the

candotion of the pilot plant bulldins ecovuihruction, which exiondsd
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Piroveh 80 Jiwe 19487 Frporimenind i poonpeh work, &9 ineluded in

the sodhe o this contruel, wer ctrricd on efter &1 Mereh 18435, under

-

the Yunietiar Plstrict comirect by the Ve W, Eellep Comainy and the

Kellex Corporstions ©
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SECTION 8 « BECOTIATIONS AD PRELIMINARY PLANNING

31, Osnorale
%e Dosisicn to Continuve the Pilot Plant, = On 12 Novembep

1062, after condbderin; wrious aspects of the sniattan ProJect, tho
Mlitary Poligy Commitbes dootded {(Apps P8)s first, that work an the '
‘gaseous diffusien pllot plast, belng hendled by the N Y, Kelloge
Gospazyy, inder cantrast OCiwryd08, should be ecntimmed, but tat |
Mnimb r«muz-mummmmmuum
io interfore with the pile and omg;atio pllnt mﬁm
mm; and, seoocd, that if tho He W, xanogg Canpany should Mt
uﬂmbry cvu-ao of uhnﬁ.ﬂo nuuqy to tho OSRD Sel M‘l
cenltﬁt. and umhcbry ovhhnoo of ang!nur!ng ability to Mpﬂﬂ |
cwun.m. thcywuubotuunﬂndhmuthﬂl ;
enzineering of & M—.‘hu ReSOUS diffustan pralueﬁm pllat- v

de 'n- 8005 tm -0 numun Phnt. The term “Mgc
--ammmmmmsutmumfm

' whlrypwﬂmu‘ﬁuphnt.fbulgnmd mMphuwnm

mwmwm.tmtmmmmemcmmm

still a tautative ﬂ;uro 4

3-8, SED Approw) of 00-Stace Produstion tmg

fs &lolnﬂou of the OSED 51 Exeoutive Commlittes, = On

- 14 Novenber 1942, mﬁ&md‘ the ¥, W, Innoggcm-!tdﬁ\

Genoral Oroves, representatives of the Mnhattan District, and mesbers
of tho CSRD Se} Emwoutive Comuittes (Appe P5)e” After the Kellogs
Conpany ripmmhum mad roported on their previous work in ouniwoticn




with the mse diffrusion procoss, the 05ED S=]1 meouctlve Gormitbeo pessed

a rosolution, the ossenoe of which wms a5 £ollowss

1y

5,

et it was foagible, and would £it into the program,
proosed with tho E).h;:g‘ pagoous diffusion pilot plant
and the proposed 800-~stnre produstion plant simle
taneovslys

That, o & pricrity basia, the 600=stage plant should
como after the fipst 2000 profuction mits of the
proposod electromapnetic-plant, and after the firet,
dut before the seoocnd,plle of the omtaphtad pile
prooesas for th= produstion of plutoniume v

fat the plant referred to in the rosolution was one
whioh, at double conocutyation of 35, would have

an assurcd not trensport of 1/2 kilogren por day, with
& reagomablo expectation ttnt, by fmprovement of the 7
hrrier mbcrial, the net mpart would be incressed
to onc kilogram ner éays

That tho plant seferrod to should be mo desipnod that
it oould £1% zto & plant which would be eapable of
produsin: waberisl @t&in!ng 90 per cent UeE355,

b, Relative Prioritys = Dre A He Comptou of the S3
Esscutive Comittes, reserved opinion as to the relative priority of

the propossd plant and of tho pile plant;, and Dr. Le Jo Br!m. also on

the

the carszittes, was of the opinion that "azecus nu'ru-m Projeot should

come af'tsr the £irst 1000 but hefore the socond 1000 tanks of the

eleotroma netio rlents ' In accordance with the previous deoisions ef the




Hlitary Polioy Committes, Oeneral Oroves stated that, prior to authorie
miicn of dseirn and omsiruction, further stuly should be mde %o
detommine tho extont to shich the 800-stare phﬁt would $nterfore with
other war production, - | ' , |
53-8, Baﬂnu.nd heassossmmt of (as Diffusion Mothod.
&. FRoesgsossmnt and Heviewin- Committne, = In order ¢o

reviow the gaseous 4iffusion process corpletely, not cnly as to its o
possibilities and problens, but alsc u t© 1tz advantares and dise

‘adventapes when oospared with the pile and slootrommgnetio rojeota,

Generel Groves nppoi_::‘thd & Roassesarent and Peviewing Committee on 21
November 1542, conalstin: of Dr, W, K. Lewls, of tho iseachusetts
Ingtituts of Toohnology, Drs Be Ve HMmrphreo, of the Standard 011
Dcwlqpmnt Company, &nd lessrs, Eoger Willinms, T, Ce Gnry, &nd C, He
Groacesalt, of Ee I, du Font ds Nemcurs and Commny, / This oommitbes,
after ﬂnful.o&lll.deﬂm of the throe methods, reoctmendsd (App, F6)

prosecding lmmediately with the desim and construction of & 4500sstarme

diffusion plant with a sapasity of 1 kiloram per day of U=-E35,

be The 4000+Otace Diffusicn Plant, = Tho "4600=stare

plant® popresentod tho desicn, ms then sonberplatod, of s gasecus dife
fusian plant that would producs nuog-hernmz_poréy. whish
would sonsist of 0O per oent U235,  Subasoquent investipstdon and
studles, howover, proved the femsibility of mmwﬁ’- diffugion
plant tat would producc material considerably less oonocentruted in
D36, and which oould sorve as a feeder plant for the sleotrammotic

project.
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§-6. Seleetion of the Contrastor,

KL Doaicion to Construot a “OO-W Plant. -~ The rnpér‘h _

: of tho Rnuosmnﬁ and Reviewing Committee, u woll as & favorable

roport as to the angi.nurin; ability of the l. I. lono“ ceqmy, was
presented to the Military Policy Committes by General Groves, and om -
10 Doc;o-bor 1942 (App. N), this u-ittn An.{thorisod General Groves -
to arro.ngo for the sonstruotion of a uoo-.t-go ;Auo\u dirtualnn plnnt

vith tho M. W, Kellogg Denpny s mmuu.
b, bttor Gontmt I-'uos-oni-za. - On 12 December 1942

the l(. I. xollo“ Company was hsfomod by aononl Grm- of the ;onn-
-ntu dniro for them to proceed with the dui.;n or ﬁu diffusion

“’ phnt. m daya htor secret l.ottor contrnot I-wa-ong-zz was oxocutodv
: (App. ﬂ) for dul;n, hwlopunt, and proouromt services and for 111

‘ other - thtn;s mnury to prooure all pro«u .qntpont tcr a phnt te

) onriuh uranium hexafluoride from the normal 0.71 per mt to 80 por

cent 0-385 by the gaseous di.rfuni.cn prooou. 2

5-5. The Kellogg Comtrast,
' a. Soope of Work, = “m'uéothﬂm for the Kellogg

‘ conpcny nntrut cxtondod over a oomi.donhlc prtod of time, v Bnau:i
of tho mn; basie problm that required lolutien. it uu noounry to
o.nit a proltﬂnury snalysis of the Projeot before a reslistlc dotcmln- A
ation ur the seope of the work and the nthltod oost could‘bo mds. /

The formal oontrast W-7405-sng-23 (App. .A, P5) was exeoutéd em 11 April
1944, effeotive as of 14 December 1942, and provided that the eontrastor
~ would furnish "ressarch and develepment, presurement, mhitstﬁd,

engineering and aupervisory, and accnsultant services”, on a cost-plus-
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a=firod«{oo basls, leedin- to the construction of o comlete plant neay

¥heat, Termessos, for the manufactwre of & "Produst™s The word "Produat”
was dofined, end the queatity end purity thereaf set forth, in & scoret
letter dntod 14 Dooembor 1942 (Appe FP7)s “The Bcope of tho work inoluded,
in addition to the desipn of the main ‘proaasa plant and tho prommnt
of the process equiprent, the desirn of a corpleobe stoan-elsgtrio powor
pla~t, with ell auxdlisry facilitics, -

be Unuswrl Provisionse = The wusual provisions of the

contreot are as mlkwt

1, DBeosuge of the unusual maturc 'of the prooess, and boouuse

of the fact that 1t ws in an experinmntal staco, the
~eontruct relieved the oontrector of any gurantes of'
responsibility that the plsat eould be suecossfully
dosimed, encincercd, constructod, or operatods -

2. For purposes of fee ooeputetion, the poriod of service
was estimated as thirty months from 14 Decamber 1542, 7
Provisions waro mde for an extension bsyond this period
with equitsblo adjustrsnt of the Pixed feee

S, For reasons of scourity, and to facilitate scoounting,
the ritht wes granted tho oontructor to ormnise s
whollyw-omned subsidiary ocorporation, Tho Eedllex Corpo-
ration, for the sole purpose of pmwutm" the work
‘oalled for by the santraots ¢

4 DBeocnuse of the mmrpitude o7 the Projeet, thr contmactor
reoquestod, and the government grentod, relief frou the
financial bm;den involved in tho proowrement procrem, ’
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Accordingly, mmh of the nquipmenf and raterials worc
purohtsed under standard Government supply contrests,
with the Fellex Corporation metin- as & representetive
of the Cantreating Officer on ingpeotion, tosts,
scoeptanse, and other technical phases of the work,
Tellax also purchased gortnin other matorials, ‘ Shipe
ments wars uswelly ._omig,nod directly to tho soustrustor
at the plant site, v |

It was nugnlied that it would probably be necessmry

¢to smploy wnuswmlly qualified persomnel at salary mtal,/
over ths maxirum rates prescribed by the Beoretary of
War for costeplus«Cixed«fes oant!lo‘boﬂ. “ Provisions

' were therefore mde for the raubm;mmt of salaries,

as approved by the Contreoting Officer, up to $26,000
per year for top executives in the New York home offioes”
Salaries were linmited, however, to 19;000 per year for
persomel at the plant site, the normal salary limits

" for governmsnt cesteplusefixed«fee entrasts, -

Se

l'u. = The fixed feo arroed upon after nagathtlem

s cz.nc.uv.oo on an estimmted cost of ozu,sao.ess.oo (Appe 78),

which was aporoved by the Under Secretary of Var on 24 February 1844, 7

The Under Secretary approved the contrect on 28 March 1044.” A break-

{
down of the estimated ooit of $2064,660,698,00 &s shown in Appemdix M,




| f / BECTION 4 = DESIGH P&Imms'os Ti2 GASEQUS DIFFUSION PROCESS

. 4l Seme rals = ummmmammmmwmm |
e1¢fiatan plazt 13 Secloned o sonsentiets’ the Uranlum-2sS, or U835, by
&H‘Miﬂn ut the uhminl W, mniun WMM ﬁx:h Moml |
'n‘murmummamnyhmtna m.tmea topoys
atares and subestacepberio pressuress * T dlsteibutien of tho wentim :

- ,mem; 15 th memfluoride o8 rossived at au pmt 34 pregisely e .
00 0 15 a2t mtm.'s m 6r08; Lasuy SporeRimtely 0,71 por m LA
reatomsess and 95,29 por sent Ursclum38s, with myu weeot
g rhw ﬁw Mtaim pm is muym afmﬁ&t ; o '

4 —pnprryme

D e m !!u mr!.n m“m a:fzul&m‘
ts mm to the ats ﬂ‘t mn W M’ﬁa Mmim o
sy result from s weriety o saites, o of which 8 notiom of alr meses _'j
f u &.n ] mnmf The m mmm mu. ' ; m . |
,m mmwmmmwammm«awmﬁ e
) -ﬁh!ar to the motlen of the m:m: miwubt, mmmnnrm,_j e
;maofﬁumf - - o
: ,bq, . ."‘.--Lmd'p@mm
o _muh of umm af m. idenﬁcnl Mam unaa nths.
, mtmat‘u!ﬂohilnagngibhmdw mummmmm
them, ¥ M mlesulu pmem mmxa mng-, ms rove at rdlas |
tively bich ﬁloutiu-/ They travel ebout in 8 pendom fashion so that

they emperience Wtulmmﬂmmmmrwﬂﬁ: the mlls

9




xmmmhummefmwuumummmz ,
tothemmaddthemmlmh: «unmwwrytmmm
”m;ﬁmmmmﬁumuzmmmﬁumwmmﬁml
haumnfthhmicmhvmﬁm Mwwmﬁuwthm |
ferved to As moteoular effusiong” , R

N nmwmsn&umwwmmm
| -mmmmﬂommum«mmsergmsnamutmw

n@wW@a ﬁumwuuummmwm
Beavior ummome. and g those mﬁnu w.lypm

o »‘Mwmwm«tmsrmm«mm'__ §§, on 183

sule; with & mss apprexizately IM1S that of helim, a-mzuwm o
umwmmtmmwa)ﬁmumh/ -
| () smuretion by Eero ne
wtnmmmam Mwlmd‘w
| ;’:ermmurmm/ummuwmwﬂm
‘-ﬁﬁmmmwmwmmmm

mwmm@,m Iﬂnbmlet vthyﬂnm'nl Teave

the box for every 100 holius molecules,/ Gsasequently, the @iffused

_. gum'mmn.tmmhmgmu,ww&dﬁmme_'
orizimlly presents Thus the lght eampoment s eurished by meleoular

4  Ciroulation of Fesdy = Au tho diffusicn or passage

ﬁwﬁwﬂ@thwmwuu'mm,mwmmmmy‘

4.2




0l mixtuve cbvioualy beoomos deploted, < Tharefore, the number of
hydrozen moleeules 4iffusing for sanh 100 of hellun doarcescss / For
example, onoe the nusber of hydrocen mlesules within tho box hes fallen
to 80 per eemt of the heliwn mla!mlos‘. tmiy BO per gent of 14}, or I8
mleanlea of hydrogen, will 43ffuse for each 100 moleoules of heliwnme
therefore, if & sartain mﬁetmm of hyarogm 1s reogulred, 1t bosomes
'mesaary eithor to intoyrupt the process Moéiany. o to mplmisa
~the supply of hydrogen mleen!es eontinuonmly, / m latter method is
pﬁi‘eﬁble tm the mgtmering point of ﬂ"g since a mﬁm process
18 mmza. and 1s readily amnma by puming & M stream of
fresh me mm in!m the mminar, and ﬁming &mé;y lw of
m&e}:&é sad partially ée%la&eﬁ M,

on mﬂm = A5 the mmm cant:hmm,
the molecules in the diffused freetion owtelde tho container sallide
with ono snother, ohenging dipection ss they do 80 wti) thelr motlon is
arnin entirely random, As & result, thers tsa Wmey for sous of -
tho enrichod ges b0 flow back into the entainers’ This tendency,
usnally peforrof to as "back Eiffupton, 1 ellowsd to prewatl, ecm-
plotsly vitintes any mﬁm. / 84ne the gas flowing back ultimtely
peaphes the m mmiﬁgm as ﬂie dirfusing me, the net offect is |
sopo aeparetion, / Bmk diffusion gan be elimimwted to a large desroe by
svcunting the outalde of the box and thercby swoeping awmy the molee
oulos almost sz fast &a they Aiffuse,’ The higher the m,&a noye
of foctive is this method. ' However, there iz a pmcﬁm! it to the
vaouie attaimable, imposed by the sise of numn required and by the |
- pewer demanded, ' Therefore, somo back diffusion eccurs in all systems,




fom thm, 3¢ the cmmmt!m d‘ th ught hmtlwrun 1:: un aim

mnby Mwinw the d'ﬂo!m;r or amﬂm. v
| £s  Applisstion to Pmma mp_g- The ubm mﬁ&m‘&m :
mhmuumnwwwumwuw hoprmmmwm

~‘ofma1m£nﬁhemmhemw (mnlymmhu!’m

m)mwaumamntmummmm Aaa!mthaum

mm o "tyees e whon!n mvﬂng ek‘m'k mases m&. ma,

musng at diﬂ’emﬁ moarn W./ !fmvar. the rehtiw Mcrm' |

: MW i mm mnm.« memm“hﬁwmsaf

m&nhmﬂwr&ao mmmmuau,mmt“ R
' "'.mwmsum( m,aumwmmmzej-

flnmpmawmmbya.%pummmm#m

{

MS tlmes n wtu et of the m

nu!y

hﬁmmh%ﬂwme. mwmmmm ’

 #n the’ dmod mtm:whhhbytl&ngle dffanion nhphw!y

;-a.}mwm’ m. mmumﬁmwhmwm
: mﬁnmﬁhwhp»hﬁp&mﬁﬁﬁz&n%ﬁﬂf

| _Muuse u' mamm md ﬁhw wmmbh mm“m m‘ @ﬂ

mﬂm lylh,(Vol..E Par. -2d) 7 -

. By !nvlud'thsmnm-
mtion mum ins llngh Giffnnton step or staze, i‘h is obtrious thet
tmmmhm&tm”nrﬁu»hnhuwcﬁ@tﬂq |

\mesnm-mmmmmmtofmmgmzm.«mm

to produce the dssign mmhtim et 'Eho amruim plaat, uhnlk
thousands of sitages are muind '
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SCHEMAT IC DIAGRAM
SIMPLE DIFFUSION CASCADE
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bs HSohemtlo 'Regrasmtim = The ptagzes are arranged

most oi’feutiwly ﬁm Unked into e GWIQ series or casmde, as mvaw
tretod by Fioure 1./ Pive stuges are shown, each parm.yed by &
reptancles ” Broken mca, mmmting pOPOUG ﬁ!ffuﬂm um-iera, d!.vide
‘the roctanpgles into oo tect&m, e im mtﬁm !hich razaresm the

: ﬂeed eirauhﬂm sm, end tm mpar seaftim uhiah emh!m wa anrighed

i

dit‘f‘uﬁate fﬁm 8 giwn .h{‘*h“ |
| e 'ggmﬁm.- mm&h,nr&lm,nhgatnﬁhe
dhmm is typ!‘ml of al) lmsgaa of & mmﬁe, 'ﬂ:h m mepum to .
v_.honohdpmtam 'meguﬂmmms mlmrsesﬂmefm
middls mgema»ragm.%wwmea eomupm»aaﬂm,ée- |
mhébymnrumlm.m&umtmwmm‘v /‘i!xa
restduc flows out of the mmmmwmmm mm@a
. fmmaﬁw ' pmaa o thalﬁtmahm, wfm&wﬁm mra i
 Soins mewmmmﬁn“aﬂ Mgmm&ew,wﬂtﬁx,..
:.mg& “ fThe s!xbun s then MM@! e w am!.uml Wﬁm’
fhe reeidm] fraction g Pros this W dirfustona) muﬁm roturns
$0 form part of the feod o the middle atage, / The restdnl frection
5 from ﬁw widdle lﬁm rm down to the s'bagn haxal', o ﬂm
tnze, where 1% Joina with the wrum fraction from the bottom, or
firet, stace, md this mixtm 15 also subjected 0 muother 2iffuslome)
operations / Tho diffused fresticn "A" From this diffusiamal operation
18 puxped o .the middle, a’r} third, stape énd, with the rbsidm; fraotion
from the fm_;uga. forms tho Peed to tho middle stages ¢

- 4 Yot Flow Patberne ~ m-'m%m‘pffmrqttheplmt

booones eloar from the 't‘cragping description of & typiocal stare,’ There
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is & continuel £low of d4rfused paterial towerds the top of the planty
end & couwter flow of residwl mborisl fomrd the bottom of the plaits”
The diffused mtemz begomos mchar &nﬁ richsr m 14sht ocmmmt as

- 4t travels upward from staze & l’hgre, and the residw) fraction Lo
oones hmﬂer as it ﬂm damrd; / The ﬂow of m‘wrula éaxerlbod

is ﬁw regult of premm aifferamss soross dift‘uaim m-z'im

wﬁm&w%m,mﬂmml}eé nywhmt&emim'/ma

torms “top” snd “botten of the plat are wed for mtenae oly,
ard have oo relation to elewetions, s!nee tiw f‘me of mﬁty fu not
inwlvﬂdo' _ .
. ey aduml_sm«,-— mmmmnamw
m&ml lﬁrc ays the tez} t‘h‘ge, '&hﬁa bﬂ:ﬁm stago, md ﬁw food th.
it the top stage & smll pnrmnor the asrmaa amnﬁmn
pﬁémtwiﬁ: ﬁaeualk cimlatsﬁ bn&wpar&efthe oharge m%ha saze
stezes’ In a w&ul stoze this part w o em«e ia the mﬁiﬁi

 wtrean from the stage above, ¢ Lilewiss, &t the betbom stage & mu
\mtetﬁw recidual amudmumte.m ﬂumm

etroulnted back to the sauo stags. The fesd stage 4iffers from the
mmzamgammgapmﬁthemmw&ummutbe |
net ahargé or fosd to e .aynm.V The feed ubam is losated Ms&m .
betwcen the top end bottom :‘lag;aa, enéd 1t divides the oasoade in‘ha e
sostions, the wper or mm mﬁaa, amd the lower or a‘u'ip;aing

aeatian. v

& fCascade Charsoterlatios,
(1) Feed !’01;& - Obviously, the degrec of seppe




ration stiainable with any oaseade is p&r&iﬂl% detormined by the

nurber of wbagee in the m;’sm‘&mt p ¥ m&m ie the fact

that the eoncentvation of the pmdwst ia ohlally af‘z‘amd by the nubey

of siages above the fem& goint, and t.he conoentyetion of the wasbo by

the mupbop vai‘ stafes below the fecd polrite |

\ . (2)  Ciroulation Matey » A sucend faotor emntributing

| to the degroe of aegamtian ia— &ha rate of eiroulation of meterinl threugh
8 stage relative to tho food u‘&e. / e &i{jwr ﬂw rate ﬁf émmtﬁ.m;

the greater e #wﬁmq

\ (8). |
of stiges and mamuad esmhﬂm rate ﬁmm% immaé oapitel
tnvestemt and inoreased epereting oosts’ The desien of the most
sconsodonl plant for W w&mﬂsr jeb fuvelven the aammme ut
the optimm cosbimticn of the twos’ | \

- be  FVolatility of Drenime Bssﬂmriﬁu « The wenius
hazaf Tuopide moloonla, a8 the tese dmplies, is umad of mam o
fluorins and ons ef weniun,’ $he hemflwride 1s o white sodid et room
tsuporature and norsl bireetric pressure; howsvor, it sublimes as tho
pressure ie reduted or the temperature insrensed,’ For emaple, it wild
otmplebely ehange to gas 1f the temperature is ralsed to J4OPF,’ Tt will
, &mmnage ﬁa‘w at 8B°F 4f the prozsurc is veduced o less than onee
tifth of en atmospheros /At bicher temporatures and Presoures, Osfes

m&mﬁm - Bath We& amr

le&% and two atwossherss, the homafluoride exiats ez & 1iquidy - In the
rance of operating eonditlens maintained in the diffusion plant aasoudd,
the hexafluoride gxists as & chey otherwise, the prosess would be

incperebla, ‘




oa Resotivity of Urenium Homfluorides
(3) Correslive Action, = Yranium hmﬂ&oﬂaa 48 cne

of the moat resctive and corrpsive chemicals known, « At elevated tempoers
stures 1% yreaots violently with almst all substancos exoept nitrogen,

 4he reve Ereosy saturated fluorides, and fluorine,” 'Ewn at the modernte

epmﬂng tecrora tires of the diffusica plant, lm-m"? the hewke .
fluoride pesats !nﬁ-hmﬂy with mber wapor and with all mmla and m

' mhh.vmmmsﬂﬂwwmlwmmafﬁmw

fiuorids tes maricodly nerrowed tho selogtion of mtarials of ooms triotion,

and has Lwposed & muber of eiher vestrictions on thw plant desigms”
| (2) Oonswpition of Prooess m.« The eorrosion.

provles has been agmawmted by the tromendous oms over whilch the _-

|09 passes. ¥ The 41ffugicn plant bea namny theuganda of timos the

surface of an ordinary shaxiosl plant processing en equal amownt of
metortals/ The conowiption of tho gus begeuso of corresive wotlon 38

: fapr lnru mriaun thay the ultimmts weakening of the aqnipmt.v’ e ‘lﬁa
mhdedehhm tostefiuity r,ﬂwmﬂn

mﬁwﬁﬁt@athmﬂdhewmmd.mhmm&ﬁp’MEmt |
would drop to sere lans before the rabéefeomsiunommh |

werious pmparﬁm in torms of the structursl mkanmg of aq‘uime.”

(3) Resotion with Vater Vapme, w Ancther souroe of
deptruction of the heaxafluoride im intepnction with water wepor.’ Tha
bolk of 'hheoquipuntbpmua undarmﬁm,ané 1 the equipommt were |

" a0 tichter than ordinary commsreial weourm fnstellations, end moist
. air from the atmpsphore were fllowed to lesk into the lant, the desw

atruction of procesa mms would be prohibitives’ To avold thls eondition,




: -
.- xR
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all equipment has boen zmde far %ightor thean customary Cor induBWI
‘nstallations, and, in addition, hes boen blanketed with dry aire’ |
- 4efiy | Conditioning, » The extrasely corroaive sffect of uranium

hexafluoride hes mds necessary the "conditioning"of all surfaced
which come into vontaot with the srocess gase / Pricr to operation, all
active plant surfsces are expossd to flucrins under esnditfons leading
to the formiicn of pfatﬁotim‘ surface filma of sstursted fluoerides,
Binoe the hewsflucride iz resctive only as & ﬂmrimtinf, a‘*mﬁ et
is, 1t gmnpnmmm@m the molosuls afﬁhamwisl
beine attecked, 3t will nat reast with raterials alrendy mﬁmﬁd with
fluorine. ' By lgehaeting mterials which form sieble fluoride ﬁ;nﬁ,

o Wﬁmwa.aﬁ the hexmfluoride lee beon reducad be&vw!m :
e Clsanlinosse = Suacessful conditioning, resulting in the
formation of an mamt. protostive :iucrm £51m, nfmﬁ.m that the
eurface to be flucrinated Pirst bo neda sorupilensly oleans / Purthers
wrs, soninmination by forelsn metter ledds o process stream conw
saption or dilution, end &0 berrler plugsing, / Apseifications for
hnmler plnggtag mm, and for WPy conswptics retos ss & reqult of
urrsarmm,mm sst forth in Vokume %, mmhw.

the gspecifiontion m& mintenanse uf‘ @leanliness ahmﬁﬁm for all ~
wotal equipment swrfnces to bﬂl d to the process ;3M. the ologsest
praotionl appmch wms ude 40 surglonl oconditians, ’ cumxlng procedures
are dlmed at oomplete remowl of dirt, greass, w,am. soale, fluxes,

and othsr exiransous mitter, / Such meterial, esids from 1ts tendency

to oconsume UF,, ean work loosc and clog barriors, valves, sud ingtyumenta,
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In the uau or ccrtd.n p!.pc uambnu and nh«lhnoou- ‘qnipnent. .ltm,

1t was found more cemcn’.ont to aarry out cleaning eoperations at the
K-25 plant site.’ This circmtanu led t.o t.hc duiga and oonctmction

. Ghr*n].or Corporation - tubular eonverters -

A111s-Chalmers llanuracturins Company ~ process pnmp- i’
Lukens Steel Compsny - nickel ¢led parts -

Crane Company ~ valves -

Fisher Governor Company « valves -

Republic Flow-Meter Company - valves ’

¥hitehead Kotal Produsts Company - flat plate convorteu ‘
A, 0. Smith rporauon - gcolers -

Fulton Sylphon Company - ballows

Clifford Manufacturing Company - bolln-‘s

The William Powell Company - wvalves .

Westinghouse Electric énd Mapufascturing: Company - ni.st tilt-url
The P. J. Stokes Machine Gompany -~ vacuum pumps v Lo
Patterson-Kelly Corporation = ocold traps .

Schogk-(usasr Company - cold traps -

Cook Elestric Company -~ bellows -

The Beach-Anss Company - vacuum pumps .~

Chapman Valve Company - valves - ‘

.. Hoore Products Company - mzmat.m pufonm'o t-mus.ttorc -

Valley Iron VWorke Goapmy puupl 7
The Elliot Company -

The ¥atson Automotive Bqui,pmn& Conpuv awb!.:l.- G;Flé nniu Y f L

‘!'hc Icrk corpontion =~ mobile 071‘16 tm.tt.a v

of the eondu.ion!.nz area (Sact. 11)




S

S

SECTION 5 ~ DMALL SCALE TESTIKG Qi MLANT DESIGN

(A
5-1. Introddtion. - The early development of the desigh of the.

gaseous diffusion plant was deone under The L. ', Kellogg Company's CIRD
corntract OiMsr-406.7 With the selection of this éompauy by the Manhattan
District, and the formation of The Kellex-CorporaLioﬁ early in 1943, the
design and engineering of the produciicn plant proceeded at an increased
tempo.Y At Lhe same time, eoxperimental research and devslopment oh funda-
mental problams @i?f) centralized at Columbia University.” Experimental pilot
plants sonstructed and opéréted for the purpose of studying and solving
problens involved in the K-25 research prbgram have been discussed in
Section 7 of Volume 2. Volume 5 presents an account of the experimental

operation of one of the procesé'buildinga as a "54 stage pilot plant".~ The

present section treats of inéballationa operatezd for thes purpose of

determining or confirmuing various data utiliged in K-25 equipment and
process design.v All installations described below were erected at the
Test Floor, & part of the Kellex Jersey City lLaboratory, v

5=2. The Test Floor.

a. Construction of Filot Plant. - Contract Oxlasr-406

provided for the_déaign of a.pilot plant to test the separation of
ursnium hexafluoride by gas diffusion methods.” This contract was
supplemented to provids for the construction nnd operation of the pilot
plant. v ¥ork was started about 1 July 1942 on the huildings to house
the pilot plant, the control laboratories, and the maintenance facili-
ties. ' These buildings were erected nithin the yard of the Jersey City
plant of the ¥. ﬁ. Kellogg Campany. v

b, Conversion to Test Floor, - Originally, a is-atage

. 5.1

I3 Kt



. eagoade pilot plant wos olamed, with its ubjeef:ive the proguremant of

basle engineering date from which & production plant gould be dosi; :ued.
However, in view of the upgency of the gaseous diffusicn program 65 @

whole, and tho noocssity for obtaining quantitios of U236 at the

esrliest poesible momont, it was foresocn that the E=25 preductien plant

would ave to be Qeaimad, aand orders for cortain squipmemt would have
to be plaped; before it wouuld be possible o abfé..ttz full snd complete
enginesrin: duta from & pilot plant, /e pilot plant wes aocordingly
converted to a test floor, whers the desim prﬁci;slen of oertain
apecialized squipmsnt for the produotion plent sould be proved before
full mie murPacture of these itens wes begwne 7 On 81 Mareh 1945, the
pilot plant pmmm wg plmmé wider the Eellex Corporetion smtrect

Tl §OBwangwds /
0 Opemation of Togt Floops « Censiderable prelinminayy

rork waz wn&u&ted on werlous plooss of equipment cmment with the -
desisn of the largze plants < The fimdsmental studies on m chemieﬁ'y
and physics of the provess wore also continueds ” Emplmais 8o plncfoé

. wpen verious pheses of the experimental work, as distated by process

el mochanionl enpineering requiremmts, ' The ohief ebjeotive was to
pet the larpe plant into mmﬁ.on at tho eapliest nogsidhlec dnte, -
mﬂrefem, the uaeamnnhmnt of pore limited objJeativen, such &g
o:mpleting the t:)eaaf; floor sasende, were riven 1omr priorlty.

§a3y The Tenwltmro Casonde,

, .
as Construction of the msmﬁa. = Once prelimimary work

on oquiwwnt development for the full-eckle plant wes suffielently
advanosd to pive & roagonable probability of 