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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
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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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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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te Via Nelloy Cormsny), ori-inelly

g tract BeTLl0monrelias < The aaminlse

£ineily wder Lophatlen DRlstrict

by the New

2N

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

446




S

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,
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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)
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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 eucsess to the undertuking,

Gel



plans wcre laid for the ereciion of a Len-atage cascade pilot plant. It
was considered advisable to have those manufacturers providing the prinecipal
equipment for the lerge plant produce the units for the test floor
cascade. ” This led to some delay in delivery because of higher priorities
generally given to orders for the large plant.”

b. Operation of the Cascade. ~ In April 194/, the

construction and testing of the ten-stage cascade were completed, and

’ operations were started.  The squipment of this pl&nt was similar in

all important respects to that being manufectured for tﬁe produotion
pl&ﬁt, with the exception of the dirtuaoka.'/rhe diffusers did not
oéntain barrier tubes because material for their construction was still
in the resesrch stage nnd,'theroforc, wes not avallable in time for |

| their manufasture.” FPerforated tubes were used instead, so that flow
aconditions could be reproduogd, although no aoparﬁtion could be effected, -
However, presuurui end temperatures simulated dauign}conditicna of the
large plant, and flow conditionu were similar to, but alightly lower
thén, thosa.of Section 3:9£ the large plant (Fsr. 7—8).’/0pora§ion

of the cascade waz contimued thfﬁugh December 1944.v Some difficulty

was encountered with verious mechanical features of the plant, particu-
larly pump seals,” The frequency of such troubles was reduced as eper-
ating experience was galned, and smooth operation was achieved during

the last few months of operation. ” A large number of teohﬁieal;non, later
concerned with the operation of the produstion plant, were trained qt

the test floor cascade.”

8. Results of Cascade Operations. - The cascade per-

formance was equal to all expectationa./ Detailed results of the test




Ploor cessade npevetions are prosentod in & sepdes of fan feahnieal

mwm (Appe F10)e” Amens other things, 11—, wis Soponstreted for the

z’imt time thete

1.
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Equipment dsgizmms for the larpe plant were ﬁm&wﬁem’&ny

. Bounde v

Equipment of this fype and sise eculd bo ascorbled &0 as

£ be fnitially weenm ticht, end remin so during

sxtenfded oporatictie , , | _
Pquipment of thin type and elre could bem&e sorupus
lously olean, snd m&db@mmummmmm

" during m’%

The ima- srfaces of & essonde a!‘ thia sige could be
reedily fluorinsted, unier oonivelled mtk&mu; by
cirpulation of flusrinescitrogen mixburess

Maqm‘be oontrol of ':W, tonperature, mﬂ. flow eavum
bo mli&&i withk the ingtruments developed for the larze
plant, and al} surpes which oould be initiated in
cesuade of this mumber of élazes could be quickly danpedy
Operation with the hexafluoride was no more difficult
than with the fnert pnoes, AP certain precautions were
phserved, | B

Inort pmses ‘,oouli. be continually purged from the ayeten
by ;!ald trans of the zome Punfamental desipn &g planmed
for the larze plants -

The flucrocerbon eoolant sireulation system ocould be
essembled and mintained sufficimtly olesn so that after




woveral montha! use the coclant would eontinue to pass
the ririd speciffestions for chomior)l inerineass

Gefs  Pumn Test Loopas
8 Flow Tost Loops = Tho Piret Test Floor wnit was built

for tho purposo of teating an Allis~Chalmors pum, @ Ropublic Flow

Hoter Cmgauny monetic clu'bch ’fm%e:-ﬂaf control vﬁivﬂ. end & Fishni"
Company prewmtio bu%ermy eontrol valves ~ Plow properties for urentum
Wmﬁé@ wore desired et wrious pressures snd velooitien, ‘?@mﬁm

of the wnit also provided data pertaining to the probleus of ﬂm
tightnens and leak detootions Dnproved piping desipns end welding
teshniques wore indicateds” The experiense in peneral lod to the
ereation of & mmgmmr school (Vols ple

by

Kimzmr’ une Tost 1oon. « It wus &rivﬁmlhr thousht
et any standspd vesun pump would be sultable for UFg or Fluorine
scpvics esguming the use of & suitable inert oil, <42 & result of tests |

wmde on & model prodused b;% the Kinney Hanufecturing Gmaw, in wifoh

it wes found that K25 tithtneas epecifications oould mot be met,and

AT W T s e e s gn

that the puss wes not Miiy adaptablo to rodesimn for vacum tigh&w#sg
vge of the Kinney pump wes limi@ to m@m servicss

8  Stoies Pump Fost Ioope » A weowm pup mnufectured
by the Stelkes Menufecturing Corpeay presentsd a partial solution %o the
problem, /Uhon pedosim, -thca im:mved mdol s i’mmd mk&m“um for

flyorine service (Vols 2, Pﬂn Bad)s’
ds BoacheRuss Pum Tost Lotve » A loop wes set wy for

teating e specially developed vecum purp manufectwred by the Beaghew

fuse Memufacturing Compeny (Vole 2, "ere 58),” Dnta obitsined were




utiligod in the desicn end maufeoture of the E=E£5 process (a8 vaswm

PUEDSe 7 ,
-y «‘%mriean laghine Dai‘mse' Pz Togt loone = A stmie

reoiprocating pup for use in'the K=285 purre c;&aeada s budlt by the
Amorican tachine I)aféme Corpany, end was studied in urmnium hmf’lwrm-
serviocs at the Tent Floor {Vol. 2, Pare Sefd)e” Diffigultics encomtered,
partigularly with vacuun leabagzo ard axoopsive wibrution, lod to the
-é@lapmnﬁ of & greatly zodified and improved deaié:z, which wa.é used
83 the bemle for quatity muiufacture of burre puwna by tho Valley
Iron Yorkse '

Swb, Allig Chalmra Pum Soel Testinc, « A series of teats were
riv W dobternine the Yife und operaiing oherecteristies of aleove und |
. die6 seals {vels 2, Par.. Be2)s (It wns fomd that the sleeve seal had
‘& tendeney to selse the shaft and destroy iteslf et times of pum
shutdown, / Thug, in the m)_.oei‘by t‘ango of 200«500 RPY, e :mmn
wes poors/ This finding, together with the faot that tho sleeve weel
eould not fake the full aiesmem1 from atwoepherde to ’gmaa preasure,
disologed the mubszw of Bw aiemrq pvealy / DiBo soel teata, on the
ather tmnd, demstratsd swerior rusgedness and ability to take tho full
o proggure ameﬁntial, and confimmed the cholee of the disc type eaml |

for generel propess pumd uSes /

Bm6s Cold Trap Tostinee = Two experimontnl ecld treps, bullt
rospectivoly by the Schockesusmer Company, and Joseph ?:o}:pemn and Sene,
| wore tested for oapaoity, heat transfer, and carry=overs’ The wnits were

studled under 8 wide rance of eonditions in order to colleot data which

would apply in the gpesial tomepsture ranre pequired, and which would




o T

cover the heat transfer proparties of the W'g process £Iluid and |
motallio sonstruction matordals of sultablo sorrcedon rosistenpes /.
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SECTION & - PLANT SITE

6-1. Site Selection, ~ Immedistely following the decision to

build a gasepus diffusion production plant, consideration was given to
the seloction of & suitable site.  Prior to the selection of the actual
site, and before accuraf.e data wers aveilable regarding space require-
ments for the pro(_se‘u: equipment, the Kellex Corporation, in collabo-
re;.tion :nh the Carbide and Carbon Chemicals Corporation, ('App. F23), |
which had been selected a8 tho opomt.ing contuct.or, bcgan to formulate

ideas aoncomlng the pllnt amngomnt..

&. location uithin Clinton M«g worka. - Primary

condideration was given to tho‘.nlo;o,ﬁcn of & dte,d.bhin t_hc.mnﬁon_

A Engineer Works military reservation (C.E.¥W.), since this area m already

been aoquired (Book I, Vol. 10) for other Manhstten District sctivities.”

The first internal site inspaction for the purpose of locating the

gasecus diffusion plant was made on 18 Jamuary 1943 by representatives
of the Distriot Enginser, Kellex, and Carbide (App. ¥27).” A series of
further inspsctions was made by Kellex personnel during sucoeeding months.”

In addition, surveys conducted by Kellex disclosed two other suitable

losstions: A site on the Big Bend of the Colusbia River in the state of
qum with power available from the Orand Coulee Dam, and a site

in the Sacramento Eiver Valley in California adjacent to the Shasta

River Project.’/ Some ll.{ght a&vantdg‘o would have obtained an account of

"the lower natural humidity of these areas, but becauss of the availabllity
and suitsbility of the C.E.¥. area, and the appreciable time delay which

would have been involved, if it had been decided to acquirenadditional
land, the District decided that the K-25 plant would be located within
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the Clinton Engineer Worka, “ The definite decision to losate the K-25

 plent within the C.E,W. reservation was made by General Groves in April

1943 (App. F28).. The assembling of wéteorologicsl data and information

regording soil eonditions, sources of water supply, snd other facilities

was then begun, -

b. Kethod of Selecting Specifie Site, - The factors sffscting

selection of & suitsble site for the gaseous diffusion plant within C.E.W,
boundaries are briefly stated below: < ' ,

. (1) Topography. - 4 fairly level aite was desired, of
mifialent sise to sccomnodats the plant, with good dratnage, ‘and with
good foundations.’ - '

() Safety Dlstances. - It waa deemed adviaubla, and
recomnended by Kellex, that a safety distance ba provided of t.hria ‘
ailes with natural ridge protecticn, or four miles without ridge pro~
taction, from other plants and psrmanently settled centers of populstion,’
This recommendation was based wpon security conaiderations and upon the
posaibility of honi:iné atuoksi" Further ressons for seleoting an isolated
-it.e wore the r@dioac;ti;e nature of the process material, and the obvicus
hagards assoglated with the handling of the working substance of atomic
boxba. ” |

(3) ﬂioggraion. - Bunching or straight-lining of \
plants within the Clinton Engineer Worke was to be avolidsd if posaible,
as a gafoguard against poasible enamy bombing action, /

(4) Other Conli‘demtiona. - FHail service, uatir, and
power fagllities ware requix_'cd. v |

6. _Original Choise of Froceas Area Site. -~ _Hinet.un siiu

it T el T L B B Ay
oL - f [
¢ !




within the Clinton Engineer ¥orks area were initially considered,” The
application of factors 1, 2, and 3, above, to these narrowed the number
of sultable sites down fo five.” These nere studied in detail; and a
site in the valley due south of McKinnsy Ridge, ne'ar..‘.'ihcat School was
tentatively sslected in February 1943 (App. _Fil). v At the time of this
declsion, production plant design was at a nhgg whieh indicated that
all rcquirod‘pouor could be obtainsd from the 'f.annassoe. Valley .Authbrity,/
- d..  Powsr Flant Site. - As discussed in Section 12, sub'u';
quent estimates of pquer':qquirmonﬁs led to the decieion to eonstruct
a steam-slectric power generating unit to ssrve the Mctiﬁn plan_t_', d
The site for the pouar piani nn selooted by Kellex mith the approval of
General Gmni, on 3 Bq 1943 _, (App. F29). 1% 'us situated roughly one
mile southwest of the émcasa ares, and immedistely adjacent to t.),io "
Clinch River, on the western extremity of s bend just above its int,oz;- -
section with Poplar Creek.’ This site was chosen because it providod
a means of obtaining cool condenaser water from the Clinch River, and of
. ddscharging 1t Lnto Poplar Creek, Ihﬁre ﬁ'. would not affedt taha tcmper-
.ature' of the water at the intake./ It alsc bad suitabls terrain featurss

for rail facilities and ecoal storage.’ | _
e. Final Cholse of Procsss Ares Site. ~ After the site

for the K-25 phnt' near Wheat School had been selected, it was determined
that an estimated saving of over one and one-half million dollars sould
be made if the main plant were moved from the Wheat School aite to a

" location due west of ¥oEifney Ridge and near Poplar Creek. ” Furthermowe,
as more definite knowledge became available of the space requirements

for process squipment housings and itmctnnu, detailed studies disclosed

that a someowhat larger site than that originally choaen would be de-
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v uirable. 4 The nawly rrOposed lacation wWag 4lso more acoeasiblo to rail-

road sidingu, and closer to the po!ler plant. aite. v Consoquently, on 24
June 1943, the new aita was I'Omally approved, after the concurrence
of the Kellex Corporation and the Carblide and Carbon uhemiealu Corpo-

ration had bun obtained. ( A dssoription of the terrain and a diacusaion

: of.uit.o preparation actitit.j,gg p,;‘_e. .prosanted in Volume 4.7 Various meps

and plot plans of tho K-ZS-E‘Eea ara shown in Appendix A of Voiume 1, “and.
B of Volume 4.* Phot.ographa are uho\m in Appendix E of Volm 3, Eof

Volume 4, and D of Volwno 5 _ |
6-2. Sectionsl Site Douig_nations. ~ For raferencu ‘and accotmting -

purposes, the K-25 plant site has been broken down inta a rumbder of

’nctional paris; each oontaini.ng a gronp o: bnildings which serve re-

lated functions, or which are ‘accessory to one auother./ The numerdcal
section dasignation provides a key for numbering individual buildings:

he Ziret-digli of a butlding mumber 1s identical with the first alcit
of the section number.  Thus, building K~70L is located in Section 700.
Section designationa are shown in Table 1.” This ayatem of identification

is used throughout the remainder of Book II./




'SECTION 7 ~  FHOCESS DESICH

7-;L. Introduction. — .It i;q thooretically impossible to nroduce
& product of 100 per cent footople concentration ol U-235, by means of
the gasecus diffusion method.” In order tc &ccomplish the ;omplete
separation, an infinile nurber of stages would be required, or the
production rate would have to be lowered to an infinitesimel value,-
There will elvays be present al least a trace of U-238 in the product
of any actual gaseous diffusfon plant.’ However, this trace can be

lovered, by sultable plant design and operation, to &s lew a value

(above zoro) as mey be desired or required for any particular purpose.”

s. _Original De'sign. ~ Early in the investigation of the
ultimate uses of the end prodﬁct of the piant, it eppeared that.a
uranium compoun& in which U-~235 accounted for 90 per cent of the total
uranium content would be satiafactor}.’ The gas diffusién prodaclicn

plant, as conceived on 15 Harch 1943, and described in The Kellex

Corporationg's "Firat Frogress leport® (App. £2), was sccdrdingly designed

to produce 1 kilogrem per day of malerial at 90 per cent concentration

mm—

of Uranium«-235 (4pp. -F15).~ /
M

~ pELeTep . bELETED

were based upeén preliminaty design data.” Although the genarsl overall
design of the plant was in the blueprint stage, there remained to be

performed a considerable amount of investigalion and experimental work

CW | 1
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b. Nead for Further Invesiigation. — The above quantities
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before the plans could be translated into a working plant.. 4s related
in Volumes land 2, especially difficult problems %Q;;ared in connecticn
with the corrosion ‘ol metals and other plent materials by the uranium
hexaf{luoride process gus.v Barrier dev.lopment required the exploration
of & number of materials and manufacturing methods,  Frocess design
necessitated intensivé regearch and development, especially for those
ﬁnits required for the upper stages of the plant h&ndliﬁg material
higi:ly concentrated in Uranium-235. < Flant design was further compli-
cated by the precautions necessery for the protectiontof'personnel
against the process gas itself, which is an extremely toxiec chemical,
and also emits certain types of injurious'r&diati;na.v In addition,
protection against possible chain-reaction hazard, the exmeht of which
was uncertain, had to be provided for by appropriate equipment design.-
7-2. _Major Folicy Decisions, - Delays encountered in the

research and development work mentioned above materially affected the
decisions that had to be made'relative to the sime of the plant, and
the order in which various atagaa'of the plant were to be designed, .
develeped, and conatructed.? The progress of design calculations
involving cascade characteristics and mumber of atages necessary is
discussed in the Kellex Completion Keport, Section III, (1) B. Major
deciasions of Diastrict policy are suamariged belo# in chronolo;ical

order,

a. Decision of 18 August 1943. - By August 1943, a

good meny of the various detailed equipment problems were partially or

wholly solved. At this time General Groves asked the Kellex Corpe-.

N

ration to report on the probable cost and completion dates for 5, 15,




36.6, and 90 per cent production plants (Apu. F16). DBased upon these
data, the comstruction of & 36.6 per cent production plant was author-
ized by the Distriet Engineer on 18 August 1943 (App. [13).7 Design, .
engineering, and constructicn activity was now limited to equipment
required for the 36.6 per eent plant. - Devélopment work however, was
continued on a small scale for the higher sections of the plent, in
case cbnstrucbion of additional stages should later be authorized in
order to produce & higher concentration product, ' The sighificance of
the 36.6 per cent point, iq‘thaﬁ QL this point design calculations
showed that radical changes would be neéesagry in various importéﬁt
features of process design.” At lowef concentrations, tubular converter
designs are most effective; in higher sections, the flat plate type is
prérerablu.“'Similarﬂyg in paaéing from plant sections handling material
of conéenbration'iower than 36.6 per cent, to hipgher sections, the must
practical stage pump design changes fro; a ceﬁtrifugal type with rotating
seals, to the gas bearing type (Vol. 2, rar. 5-3). By concentrating on
the lower gecticns of the plant(up te the 36.6 per cent point) it would
be possible to avoid sll of the process and equipment designe peculiar
to the upper sections, the lower plant program could be carried on at
an accelerated pace, and the first production of partiaelly enriched Uﬁs
could be re:zlized at a much esrlier date.v Furthermore, successiul
design? construction, and operation of the lower sections might very
well provide a log;cal basis at a later date for turning attentlon to
the new problems irvolved in the extensicn of the plant to higher

concentrations.

b. Decisicr of 16 Janusry 1945, - On 16 January 1945,
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when the fiept cells of {he plent were about to come inte operation
(vol, B); The Fellsx Oorporation wos authoriszad 4o procedd with the
enpineering and proourement of eritical gmiborials end equipment
nacessary Y extend the plant for production of material &% 85 plug
or minus § per oon® concentration {Appe F20). 7 This aas‘be‘xxss.o.n ws to
be desipmed a8 Seét:‘ton Bs & povision of the orizirelly plamed Seetions
6 and 6 of the 80 per sont plent,in thet enly ons Gype of oquipment
wes to be used in lieu of the two {ypes oripgimlly sontowplatods

@e Deslcn Chenrs of 8 Moroh 1045, « Utilizing the

latest awdlable data, and the most effoctive and scournte methods of
dosign ealoulation, Ssotion & wus chanped on 8 Mareh 1845 by increasing
the waber of stages from 1008 to 3440 (Apps F2L), 7 |

d¢ Deaision of I8 ¥arch 1645, = On 16 Merch 3845, aftor

inbemaive study of ths perforpence ond gapabllitien of both the eleotre=
mopwtic plant and the abridged gesecug diffusion plant, the plans for
the construstion of Bection § of the gas 4iffurion plent to produss 60
por oent mboriel were abardonod (Appe F22), 7 ‘
ve Addition of E-27 Pacility. = On 3% Mirch 1945, the
Diuﬁk’c Enginser authorized an sddition to the plent consisting of
B40 stapos &8 » side foeed, whish greatly inoreassd i4s output of 56,06
per oeut mabsriale ':'ﬁ’liﬁ eddition wes known as tho K-27 plent (Appe F24), ‘
73, Plant Capecitye
&s Depipn Capacitye. = That portion of the gaseous difw

fusion plent eriginally eonstructed (1.0., the Ee25 plant proper,
exoluding Ke27) wme designed t¢ process 960 Idlogrems per dey of metwral

uwraniue hexefluoride, and to extruct from 1t 4.1 kKiloguums of hexne




fluoride having en isotopic concentretion of 5640 per cent mim.ﬁ.
Such & product oontains 1.0 kilogren of Uranium«235 motal or 22 per cant
of the U235 initially present in the foed. -Under such eonditions, tho
residue or wmoto conteing approximmtely 0.5 por oent of the 236
isotopo,

be Floxibility of Operntlens, - Thare is considernble

£loxibility of opermtion inharent in ths design of the dﬁ.ﬂ‘wiﬁn plonts
Tho eapeeity of the plent will vary with the isotoplc sompositions of
the produst and waste, and with the quantity of hexalluoride prosessed
per daye” The relotionship between these factors 18 complexy for
purposas of illustration two emmplos may be oited,  With the feod rote
vemining ualtersd at 960 kilogrens per day, but with the isotople

- gongantration of the product sed to RO per cent, typleel d@ﬂigz

- salonlations pﬁﬁoﬁaﬁ e product rate of G kilogrems per day of hesse

- fluoride, equiwalent to L2 kilograme of Ureniws255 metal,~ Similarly,

mintaining the produet soncentretion et 20 par cent, snd Lnorexsing
the obargs rate %o 1430 kilograms per day, the desimm product rute wes
incressed to P8 Kiloprams of hmmlluoride or 1.8 kloprams of ﬂran.ﬁm-
285 matal por day, |
Y=t The Plent Cascade (Segtion BOO). -
e Ideal Dusierng, = Tho most efficient plant o aoeomplm

the dosign separation, 1e0.,the plent vequiring the least power, apd the
Yeast berrier surface, and heving the lowost inventory of hoxafluoride,
is onp in which there 48 no mixing of elrecms of wmwgnl concantretionga -
In sush o ompoade, the light frection fros one siepgs and the heavwy

froction fron the poocond etage sbowve (Fip, 1, fuwoing p. 4.6) hawe

Teb
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$dentical concentrations, 7 To satiafy this condition in & plant of
wniforn barrier gquality requires ‘a variation in flow firom stage
otapoe ¥ In the 2-25 cagonde, this would mean that the uwpflow would heve
to decronse fronm o wmlue wany times the produstion rate at the feed
point, to & wlue at the topuest etaps equel to the produstion yeto.”
(1) Yariable Stepe Control Prossure, ~ Binge wpflow

is directly preporticmnl to stage eguipment sige end to staps control
pressure,”’ A Yiniting plant which could funetion es an 4denl onscade
oon bo conceived with equipment of uniforn size end werisble stegs
sonbrol pressuras < The practicel disedvantapes of such & design argy
1. Pressures must be controllsd ovor & wide range, Mo
R«@5 gperation thore would be & 200,000 fold pressure
i
2, ¥P cperated et somparstively low pressure, tho equipe
ment at tho ends of the vareade ia wwecesssrily laype
and therefore wmeconomisels -
5. If oporaded st comperativwely bipgh pressures, oo
wrtor effislensy is adversely affocted, -
(2) Varioblo Bquipsont Sies. = & socond type of
idea) essende would fnwlwe veriable equiment giso and songtent glege

eontyol precsure,/ Tho Jargsst siso stupe would bo at the fesd polnt,
end each sucoseding stape, in sither dipection, would bo slightly
geeller then its predecessor, - ™o process pumps would wary in empasity
from owr 12,000 gublc feot por minuto ot the feod point, tov less than
2,000 pubic fpot por nmimute at the top of the p!anﬁ. AL other bagio

stape elemonts would bo sized proportionnlly. Obvicusly, such an

TeB




. TITLE

38

Ja

STAGE NUMPBPER

2 4r

2a

//\ TERSTAGE FL OW

CASCADE ClRCUL.ATION RATES.

SECTiCN
NUMBER

DATE G ! 2 6'4-5Aw.

ScaALE

THE KELLEX CORP. AL,

DESCRIPTION DATE ‘CHECKED
o dA”_No. 488

REVISIONS

-DP




arrengerent would not be pmctiwble for a plant of thic sisze,~ It
would involvo e stupondouws monufeeturing job, roguirins an enormous
nwnher of glzes of equipwent, etch with its ovn eparos-

be Sguorse Flante, = A third fundamontal type of plant i

a aguare ctsonde in which the equipmont is ell of fdentical sise end the
upflow 1a tho seme for all pﬁag,as," 4 plant of this typo reguires |
 sonverter tube ares many times that required for an idenl casonde, howe
aver, snd the timg required for the plant to core to equilibrium during
the perfod aftor the plant has been etarted,but before produstion oen
bogln ie ruch prester than for an ideal omsoede < The prinsipal sde
vwantape of the squere cescade ig aimplicity of desip s operstion.
S #e Actunl Donimn, « The Kb desigm is & sompremise
eombining Peatures of each of the three funfamentel desipns,- The cesondo

%o divided into mine sections, - Equipment sise and pressure lewl vary

~ from sectlon to section (Pars %=0).” By sectionslising the equipment,
it hee been pobsible to appromech olpsaly the mopt effiecient plant, ueling
enly five sizes of contrifusel comprossors, and four Biges of diffuscors.’
The F=25 sasoade 18 sormared grephioslly with the 4denl casoade and the
wqunre cagende in Pizure 2, in which interstsge flow rates are plotbed
horizentally, and stnge soriel mmbers vertleelly,” Thus, for the astunl
Km2f plant, mpmaeﬁted by the dlock dimgrem, sach reetancgle slends for
e oasendc seetion, with 1ts length proportiomml to the intorstoge Plow
rete 4n the seotion, and its hwizht proportional to the number of stapes
in the pection. 7 An oversll procass £low diapram for the E«20 cascade
4z ghown in Appomdix B2,

de  Mumbor of Stecesm, « The muin easoade gontalns 2892
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' CASCADE OF FOUR STAGES
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1nutalla&'a£agea.l Al are arrange
the feed point, and 270 below.’ Thi
540 diffusion stages of which the |
purposes. ¥ The remaining puragraph:
oascaQn and its suxiliarien; descyr!
in Section 14.7 | _

e, Typlcal Fouiféiagg

In & single series, with 2622 above
k-27 plant contains an additionsl

> 12 to 30 may be used for purging
»f this section deal with the main

Aon of the K-27 plant is presented

‘ascade. -; Figure 3 presenta an

isometrio drawing showiﬁg the basic
fusion cascade,.” Fixing atteqtiqnih
leaving the shell of the ditfﬁaerl-
of the two ucntrifhgal nnmpronserg;
the undiffuged frastion from ﬁha se
15 compreseed fufthpr by'thof;ﬁF P
‘,ihéte the;gas 1s.lﬁﬁjoeta¢ to Fn #m

- stream from the !tngd undQ:,cbﬁsiﬂe:

through the control valve. Tha Q;LLY

lements of four stages of & dif- .
any one stage, the diffuesd ges
picked up and cﬁmprnuspd by ohs
he "4% pump, This streas JQihl :
nd higher stage, and the n;i&uéu
of the stage immedlstsly above,
bionalhgcpar£tion. The resi&ual
.lon is throttled ﬁy Powlng

_{ed gas joins the diffused fraction

- from the second stage below at the w~stion of the "B pump ef the stage

iumediately below. At this stege th
diffused fraction from the ntage $@}
. the stage above, jJoin Atlthe aﬁntibh
question to form the charga:t&r this
normal stages 1s the same. »

7-5. Stage Design. -
mental operating unit within the K-2

Tha ter

8. Basle Elements,

T

(1) Diffuser. -

lapqutigﬁ'ia agﬁiﬁ repeated. The
1, and the rusi&hgl.frantien Irom
£ the "B" pump.ar the stags in

. . N

tage. v The {lew pattern for sll

"gtege” is applied to the funda-
plant (Fig. 4, facing p. 7.9).

diffuser (alsc known as "gas




£i1ter") ie the heart of the stnpe, and carries the diffusion bavriers, =
Berricr ressarch and development is dinoussed in Wiume 2, Gection &s -
(2) Ooolers ~ The oooler consists ef o series of
solls mds of mmil oopper tubes housed in & wonel metal castiz st the
entrance end of the diffuser, /A soplant oiroulsted through these tubes
minteing the desired oporating tenpsratures. < Thus, tho sooler and
diffuser are falriosted integrelly o fom the "eonverter”, / Converber
design 16 Elesussed in Paragruph Beéy und shown by Plgure 12, facing
Pe 8.9, /The development and promursmmt of @e speeisl scolant,
parflucrodinetiyloyolohexans, Ogfyg, 45 treated tn Book VII, -
| () Pumpws = ™o oentifussl pums, (scetizes
-referred to as “blowers” or "oomprossors”) are provided for ench provoss
stage,” It ls mmﬁunw possidle to depign a diffusion ousends using
only oy punp pey stege, memmﬁmﬁhw Hhrottling
the "5 stvesn, from the next higher stapge, dewn to the pressure squal
to thet of the A" strean from the mext lower stage before blending thess
o streans at the awﬂmuwﬂfmhm&n"n"mu Beduoing the
ymmwnwmmamrm»miagstw;mm
pivasure wuld be wmmnh A spgond objection 4o the singleepup
systen s the wvery large coxpression retio (spproxinetely 6) which
would be vequived, This ratio 15 not easily handled by sentwifugsl
pumpis  The two=pump arrangesnt is therefore employud, in whioh the
stape "B pup feeds to the -hgemmmranmmnﬁngcfg
aixture of diffusate from the next lower stege and partially deplated
mberisl fyom the pext higher staps, and the stege "A" pump removes
diffusate from the converter, feeding it to the “B" purp suetion line
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~of the next higher stege.  Frocess pump rescarch, development, and
dcsign is covered in Volume 2, Section 5, and Volume 3, Faragraph 8-6.
(4) Control Valve. - The control valve (Far. 8-12)

is of the buttorrly type, especially modified to sult the needs of the
K-25 plant.v It accomplishes the rogulution of process stuge pressurea,’

b, - Stage Instrumentation.

., . (1) -Converter Temperaturc, - For measurement of

conveiter tempuraturo, a thermo-element is set in & well 4n the ¥B" .

atrean line leaving the ditfuser. ’
(2) Int-r—StagLo Flow, - The flow rate of partislly

dpplctod process fluid loaving a converter is indieatod by the position
of theAnpage control valve. In most of the stages of the plant, a
venturi method of measuring the flow rate is also svailable, based upon
the measurement of impaci preaénre et the "A" pump diichaéga, and the
difference in pressure bstueen thia peint and the wA® pump suetion. |
) (3) stage Prolsuro. - Presunro 1n reasured and con-
trolled at a point 1n ﬁhc rBn ltream line oarrying partially depleted .

_ naterial Irom the ltho toward thc suction of the "B pump of the ntage
" balow, The nol;ctiqn of this point for the nontrol,vnlvc}ia based upon
the fact that pressurs 16;5 in thie linstib’unévnidable, and no process
inefficiency ia caused by the introduction of a flow resistance at this
point. Located anywhere else in the stage piping system, it would
reduce the preasur? ratio across the bgrrier for the same pump capacity
and brake horsepower, and thus reduce the enrichament per stage for
equipment of a given sige., For possible future use in preasure neéiureQ

ment, blanked off taps have also been provided at the "A" pump suction, .

7.10
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srd at tho gonwerter feod pointe The stape presswre oontrol equipment
48 desoribed in greater detefl in Pamegraph SR, o
¥a6s  Coll Deipme « The "ooll" is ke smellest individually
operable unit &n the sasonde (?’ig; 535 It ia m‘szﬁh to Yyepusa o
shut down » aingh atege, or soy muber of stages less than a mm
oells e o)) 1s provided with piping, wlves, and fnstruentetion s
that uwwaamzymmwaammmzmcfmmmx
thet 4t my ‘b)f sltoroately sperated, wder abrorsal sonditions, as Fe
saparate unit) or o thed i‘&wbaamamfaruhm;swm
Wﬁﬁmﬁ%&m%mtﬁ%u&m&*

B85 and XellT msu m mhn@n -Mra are 2092 stnger, or 452 eells,
In the X«26 min cesoedes The decision to szploy aix ateges per cell

 fowvelves o lvmmw babweon o ppost 1z sensiderationss M&ng
oach m@wm 1¢s mpiymgmxn}.ﬁnsm mm me

tyepassing would glve preatest flexibility of operation snd mw
strean offisiennys on the other b, the wee of & grest many mw
pér 01l would rorult in & vastly siplified velving and piping systess
“but would mwosseitnte shutbing down & Mrgs muber of stages When eIy
ons hms to be talen off stresn for repatrs, Expocted naintenance
sehedules Jed to the wﬂéﬂuneﬂuﬂwcﬁuwa%ww
when #iz stages ware taken as & osll, ("Strean effiolongy™ 4s 'ﬁm ratlo
of thu-vmmr of stagus operating %o the totsl mmber of stupges in the
plants) The ooll s & welfecontained epersting wnit with 1t8 own
oontrol beard, cooling systew, puxp sealing system, end other

awxilinries,
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hefore putting the oull on atrens,

@ e pi
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b« Qoll Inverse Reayole Iiness = In addition to the
piping provided for bywpawsing & cell, provisien has been made for the
gperation ef @ esll on ®inverss rosyole®s Ooll fmverse recyels iinen
parmit pegyeling the "A™ stweam flow from the top steps of the eelld
o the "BF" punp of $he bobtbom stage, snd the “IY ntwosn Flow fyom the
botton stage %o the *B" pump of the bop stagss Sush an arrangawnt
permits opemation of the oo}l az a vesirgulating wmit, or a8 &2 indie
vAdun) sixestage oasonde, in whish the emeichment may be sarsisd en,
tut no produst s powwed, One woample of the use of sueh & pethod of
spuration s for the puepose of slloming oell teuperatures end pressures
to rench pesified walues after atarting up operation ef mmx‘m

 ts 01} Divest Rsoyels Iine, « X¢ tho A" and *F' styesn
0811 inlst walves, and the ol inwrse voeyelo 1inos should 1) be

slosed atmltanscusly (Plge B), or 1f the vesistance fn the discharpe

3ns of the topsstags "A" pump should inaresss sppreciably (e when en

| stmsrelly Jurge mmsber of censvoutiwe selle abowe the purw in questdon

nre ipwprssed), Plow through his "A" purp might desreass &6 far ac €0
vesult tn pump surging and owerheating, The owll &irest recyele Yire
was therefers previded, €0 diveet flow from op stage "A® pump Atscharge
gk bo the B punp sustion of the sarw etnpe, in enses vherd the
suebion wlume of the "A" pump descreases to n Mhmﬁmdnin&m
walue,
4y Os)) Tnstrmentwtion,

\ (1) Inverss Regrole Flmg; Measuremants = It was folt

that o seans of meesuring £low yate would be desirmble for & eell




epurating as a separate sutity (en inverse romh)- A fxw indioator
mﬁbeutmpmidldhthnuu‘l' sﬁum!nmu nmlolm
he originel purpose. ei‘ this !'au was for uu !n murim of the
domflow tn an !.nohud noyeh opoutlm ﬁih ﬁu wnn u indisated
by the DhnE "A"' m Voawri ﬂm tndiutara. . m: u-mn to pernit
néJth of nu inmm lnton phch; ih- sell h ﬁm main onsende,
uhs.ah m cmuem dnzuh).o sn m to r-auu mcuh mgn at the
tius of esll u.dditm. !n nr-mt opmtim tho. ul! 1: Mhu'ﬂ.y
un-a. hmnr. w!.ﬂ: nhrhl m dirutly tz-all tho ymu m
Exact mmtery wmt 1- not hpmt. _' o . '
® M.uct ﬂlqph nu cmmt. < It w8 originally

intmm amm mtﬂl er the oell direet romh £low ab the sixth
Miwldhombyn;nhﬁu of 4w statis Miapu‘bwlm ut;u
mwmmmwm.mmmmummtum
,umumm.wmmnwmmmsm A
mmhmdmctmh mmmum-nam«
£all below the minteam, thus opening to the puwp dlscharge & mew, low
resistanse flow ynth. Ciroult halsnos studies later showed that the pressure
nd flow charasteristion st this podnt were such iha.t the d:lmnnﬁd £iow
elemsnt weuld not mmlﬂnnlnpmyorly. murtmttymmt
sixply solved by pileting umm»mhmmluxn off ¢he "4
pop dlssharge statie pressure.

(5) Proosss Strems Analyses. - Provisien is made for
ﬁ&\drms oxzples for wialysis from the "A" stremm leaving the top
stage. 2he hsad aoross go'a"muwummnwwma




0 SEERT [
senple line, |
®s Eiscullaneous fell Cormoctionsis - ;
(1) Coll 0gFy; Gonmootions » A eharging aud
swmomtion soneation for the intmduetion and remowl of neperflusros
. beptane, Cgfyg, 48 provided for oaoh osll at the sustion ef the 5"
pum of the PATYh #tmzs (Pars 1040D)s X% was origimlly planned to
test a1l process squipment by operaticn with 67!‘;5 tafore plasing it”
on ghrean, SW:WWM showed ot 86 is uwccesusry
Yo mu proliviveyy mechaniosl Og¥fys tests on all squipments Howaves,
wﬂmmﬁmhwwmmmmmmnwwm
nection af portable sarbon sbssybers or gold mm | '
{g) ma . rine Comwoticms, » Por Wiﬁm
purposss; 8 spesial flvorine mntson 1s mm A% tho sugtion of
the PIfth staps "I pum (Pare 10-80), Mﬁmﬁ sonmeotion £
provided for the swenstion of mmmug gue from the oull & e
permanant disposal systen piptag (m. Mh |
(3) Osll Prossss Ons Recovory Conneotionss - For use
in sommation with the procesn gha Pecovery mtm {Pora 'Msj Pury
10:8eYy & 00l ebappiog hesder avd & oeld mﬁmmm
| totalled in snch building, A bewnch from the eharging hesder ws
somostsd to the "B pamp suwstion of the sixth stage of esoh eoll, snd
& broneh from the ewacustion heudsr wos soxmeoted to tha “B" pump sustien
of the £ifth sizgs of esch cells
7. Bullaing Design, » e bullitng 4s the mext darger .
oparnting wunit above the osll. The Serm Ybuilding” dees not lmply &
struoturslly separato housing, sinve all 54 proovas and purge buildiags
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_Bre aaxr&im,, and form & huge m«mw styueture, smomx &M&.@.
of pmha buildiagu is degoribed in Seotion . | '
Jmber of cels Buildfngs » On the wata of
tpprmmukr unifori ‘buiid!.ng lild; IM dearsaping stage a!u from thw
fosd point So the ends of the mm, the nusber of ealls per building
45 & guentity which weries betweon the Iults of thees and fourtesn
(Apps B1, B8)s As with the dhofeo of mmber of stagen per esll, this

mnm vepyesonts = mmﬁu uatmen o lares muber of oulls per
mmmg with the xdwntece of mm wiving end Sstpumonta tlon,

and & small mmber of oells por bullding with the MQ& of relatively
! mell remowml of oeoonde imonﬁory when & mmug 14 Wu&, Pigare
¢ shows a di«mwr ® mmz mma |

fndividwml am, p!piﬁg; and v&hﬁng Mmm bawe besn provided in
trder to mzwgmgwmmm mmtngmammw the

| mummmmm |
| S ' o8y MM{A*&WM)M

mﬁmmmmwm;mmmwmumwm
mmumcmma-mmwmwmmmmm
0ne of each s normelly in use, the other serving AS B Spare;

Mmﬂmanmmws
% hlw“f!wlmbuium.
fs A=l or A3 flow 4o building,
5. Bel or D@ £low from bullding,




‘\_/"

1,/\*1

& Bl or Bed Plow to tuilding,

Bo Bullding "I" inverso recyole lins £low,
These flows aprs all msasured by fupeot wnd differentinl pressure
developud in Venturlepltot flow elements,

=5, Ssotion Desime » It has been pomm out that ideal
eonsiderations oall for e slight chenge in emipmnt sise from stage to
stago Yooughont the sutire easondes Precticel mzmmm lod %
the stanlerdization of tqﬁimﬁ at four different slkes, splitting the
snsoade inbo nine mﬁm, using squipment of usifors afse thrw@wu{;
& sestion, snd using progressively emller squipment sises in seotioms
fupther s furthar removed from the point of Lntrodustion of saseade
fooly A “poctic” 18 Whervefors %o be vismlise 28 & wniforn portion
wﬁwmm,wnumwmmmmmw “Anide Trom
the entive mescade, & psotion h_m dnrment Antividully eymh:.c
progesn mit./m'm af ﬁmm‘m&&m" within the meandng of this
paregresh 48 5ot to be eonfused with the use of the same word to éonvey
ndmamhgmmm iummwh M,

- ' inss per Seotion, = As fie1ly msm,.
e K25 enuoede oonslste nrmmmmmmmcmwm '
six sections mbows the feed point, / The nunder of buildings in each
$eation yerien from one to $lwe,and to shown by Appendty 2. e
ewlution of tids desim is trased in Svoslon ITI, (1) B of the mm
Completion Bepord, <

te Bushoring Bystem for Fracess Intte, = All precess
tudldings {0 tho wain onscade are assiged & musher sousisting of two
parts separedsd by & hyphan, The first part is o three Aipgit mmber







bepiming with a "3* (Pary 62)¢ The specific number for each sascede
seotion 1s shown in Appendix Bl, The second part is obtained simply by
mumbering the buildings ecnsecutiwely within eash uat,ién. Thue, for
sxarpls, K502 would be the prefix for any building 4n section 2a, and
MM would refer to the fourth buildinp in this ssction, A decluml
torminology 18 Momotines used to infloate eslls, Thus KmB0ZedsS would
refer to the £4fth cell in the fourth building of the 502 wootlon

: (‘mﬁqn 2})@ In mmb.érlng the megtions, the onw adjasent to, and above,
the fesd point is Seotion 1, The higher enriching sstions are mubered
conssoutively as followss s, b, Sa, Bb, 4, The "a” and "M* deaips
pations indleate & Mﬂmm in gperating eonditions, ruther than of
equipment sise, which is the disbinotion between seebicns of different
mmberds Starting at the food point and proseding downward, the
stripping ssctions are mauiberod wl, 2, =5, m fouwr sises of equipment
used in the main casgeds are mamrically equal to the sestion in whieh
they are tnstalleds Thus, for sxample, sise 2 equipment is used in
sections »2, #a, and Bb, Bigmificent dessriptive date for caseade
goetions are presented in Tabls 2, ’

| & Intersestional Equipment, = Bash seotion has its ewn
soures of warisble froquency powers Provielon ses mde for rapid
isolation of portions of the plant served by individual scurces of
power, whils maintaining etcble operation in the rest of the caseades

Ho provision has besn made for bhywpassing seotions bageuse of the large
lines required, and the undesiveble mixing, which would be entailed, of
prooess streams containing widely differing coneentration of Uraniume
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(1) WValwa, = Motor=operaied "block wlves" (Par, é;l).)
are instnlled on tho four linee eonnscting adjrcent sections. This
fanilitatss rapid 1golation of geotions at tims of emprgensys

(2) Flow Control Equipment, « Flaw iz controlled ab
2)l junctions bLetwesn aeﬁtim ebove Seotion 1, Thie prewents the
possibility of owerlosding the bobtom etage of the sagtion omtaining
smller sguipment, _

(3) Interssotioml Cells, = Burge capaoity is
provided by & set of drus which run at variabls preseurs, and hwoster
puzps which inorease the eapacity of the drums 4o ubmﬁ shanpes In
tuventorye This squipment ia losated in the "interssstions) ealls® st
the bottoms of the aeetiona (Pige 7)s A sswond typs of intersectiomal
ooll is looated a% the top of ench sootion, and containg drums, redyole
ines, velves, and gontrols fntended to purge the nitrogen seowmlating
at the top of the section when it 15 faolated from the maa:ﬂo {Pige B)e
Interaegtional cells (shown ad blask rectangles in Appexdix Bl}, conisin
ne converbers, A detmiled desoription of design and operation of
interseetional oells 18 awilable in Volume XEXX of the Eellex Opernting

6. Begtion Regyale lines, = Bection reaycle lines were
eriginally provided, cennseting the top of ench seotion with the botbem,

30 thet, during ssotiona) opevation, nitrogen concentretion, which
. would otherwise bulld up at the top of the sootion, ocould be egualized,
"i‘his wii done begause it wes th‘-onght that proosas pups oould not
~operate satisfactorily at high nitrogen conventretlons, The pums were
gubsequently Pound sultable for use at'any nitrogen ooncentyetion, The




of industrial manufacturers of UFB:

sectional recycle lines have therefors been removed.

7-9. Foed rurifieation System (Section 100). . ‘
| a. Purpose, ~ It was originally.coﬁaidered that feed
stock for tﬁo K-ZSlplant would have to conform to the maximum impurity
specifications summarised in the sscond column of the tabtulation shown

below. The first column summarises the teschnisal grade npoeificétioni,

. the highest degree of purity which it waa thought reasonable to expect

14

Technical - " Purified

Grade UF, - uF,
HF _ | 0.03 wt, per gent 0.003 wt. psr geﬁg
HoF : . e 0,001
Non-Volatile Matter - 02 ' 0.02
Fluoroearbons (as G7F1&) 0.1 | 0.03 

A feed purification plant was therefore constructed at the site in order

to provide facilities for refining the technical material to the

desired purity.
b. _Opersting Status, - Before the atsrt-up of epérationsj’

in Section 100, it became apparent that the feed pufification plant

would not normally be required. Experience in thi pwodnntién of techrnical
grade UF6 showsd that the manutaéturef could meet more rigorous speci-
fieations than originally assuzed. Furthermore, it was found that

cascade fead nateriél specifieations eould be somewhat rol@xed. Speci-~
fications for technisal-grade UF6 were, asceordingly, changed to the

values tabulated below. Material of this degres of purity was then

acceptable as cascade feed without refining at the sites




HF A 0,016 wt, por sent

Fluorocarbons (as CFyg) SR X -
NoneVolatils Mmtber (no spseification)

The feed purifiontion system has, thevefore, not been used, but it hasz
been maintained fn standeby status for use st auy future time in the
svent that 4t should be desired or nesessary tc meeept for processing
a raw fovd Ktock of lesser purity,

o . Oupuoitys = The fewd purifisation plent wes designed
hpnﬁnﬂmmnrwwwwgﬁwnwarm.ﬁ
pnrm' | | |
, » hMm&ﬂuﬂmphﬂt |
wes & tmoestep dlstillation systens |

o Deseription, = The only laboretory or pilot plent
_data availabls wne Uw sxperience geioed with & smmll batoh still at
the SAN Inboretories, which intimiwd gualitatively that the desived
mvmw»mmwmmnmn. on the tesis of standeyd
sbimionl aamag onlowintions, two distiliation towers were doslgned,
a4 commsoted in serdes, o serw, respootiwly, for the stripping of
wistile fmpuritios, and the separetion of Wy from heavy fapurities,
o stripping bower eonsists of & /38 inch Monel uetal shell sight
fnohes in dicawter, and contains an eloven foot Ragsohig ringe seotion.
An sixiliary hipdvolysis tower was provided to neutralise and dissolve
traces of g, MoFy, and HF present in off gaases, by msans of potmsh
solution sprays, thereby forming & ponwoorrosive solutisn for disposal.

The hydrolysis tower scoepts overhead wapor from the atrippiug tower,

L. N f’“‘"’?
N ) ':1’#4
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DAY 74
_ NORMAL S91¥#/HR] CA
20 STO.CF/DAY pEgiGN T40%/HR
230 M.W.
3.2 M.P.H.

LC. 29,560 BTU/HMA.
DESIGN 51,000BTU/HPA.

TO &
CoCel

1eC°

=

NORMAL 0.44 %/ HR,

AY DESIGN O.55 #/HRA,

L

30 M. W
o.ooc.?.MPR 27, IO %/ HA,
T RIS 00 %,
STAIPPIN ' BOLT S
STAIPPING 160° 270
S‘Eé:EONDéKY TOWER
VA 183° AEFLUX DAUM CALC.15400 BTU/HA.
DESIGN 20000BTU/HR ‘T
“F-102 ‘ L j
{*2°1.0.x 520" TS ‘
& NORMAL i = ’
] F-112 NORMAL /HR. 357_4?')'HR S — é
RELIEF VALVE 35?;‘} /GHR' 4°4E;£G§R |
FoA SURGE DRUM : . 552 M.
8-0'ID.x 22%~0 .25 MPH.
ACTIVATED —_—
CARBON S F
ABSORBER 1 . ,
STAIPPING AERUN
P TOWEPR TOWER N ORMAL N
——— —————re—e <
E-10} ., E-loz 2G5%/HR. <
oLe"1.D.x34L0" 06"1.D.x20'0" DESIGN ‘
DX 230%/ HR. p
s NORMAL HOTSP.GR.3.G8 {
: 88.5 % /HF o 1.0 G.P. H.
DESIGN T FR.OM
JORMAL 110.5 ¥/HR| RELIEF NORMAL -
4TH/HR HOTSP.GR.3.68 valLVvE 88 ¥/ HR.
JESIGN 3.67G.PH.| gvs I DESIGN
DOOBTU/HA, ~—— = © lao" 20 HHO¥/ HR.
ag;zan HOTSP.GR.3.68
7 ) 3.65G.P.H. 5 > -
m 20G° 175°
Q_.ﬁ_J |55 NORMAL B8F7HR IS -
- DESIGN 110%/ HR 7 N
3 /clos HOTSP GR 3.42 100
G G.P.H.
CALC. 25,810 BT“/HP‘ SQE%G‘N'60855%485\HFA.
F-1098 DESIGN 51 000 bTU/HP\ !
——J) 50% ca.
= S z,.,o INTERMITTENT
N — {caLc. 4000 BTU/HA. S GAL/ MONTH
ZEED VAPORIZERS L2F°'SN BOOOBTU/NA. ‘
2-0"1.D.»4 0"
f
TES ARE SHOWN FOR:
TION BASED ON FEED RATE TOTHE MAIN PLANT OF z,|oa#/ DAY. P
OR PURIFICATION EQUIPMENT 25% ABOVE NORMA b, — ) .. g
*OR FEED VAPORIZERS BASED ON FEED RATE O Flsooo*/oAY CEE N sy L,y
PERMIT FILLING ENTIRE CASCADE IN4BHRS.
‘RS ARE ALL DESIGNED FOR APPROXIMATELY TWICE THE
ESULTING FROM DESIGN RATES OF FLOW.




TO & FROM
e-104 . DAY AR
160°5| COOLANT
155° SURGE
- CALC.449GO BTU/HA. DAUM
14100* /1A, DESIGN 88,300 BTU/HA. F-106
HOTSP.GA.1.74 -
O G . PH, .
270 C-lo3 J PUAIFIED FEED
: 41,2008 /HA.
h HOT SP.GA.1.74 NORMAL
A J-102 2850 G.P.H. B84/ Hr.
j o :5" REAUN TOWER J xZOZA 3725 M.P.H,
J- DESIGN
2 !GSI MEFLUX DRUM OE3ISN
_ E-193 252 M.,
o102 x2%-0" 1.78 M.P.H.
TO
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F-104 A, B,C,0

2-o"1.D.xst0"
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BUILDING K-309-1

. g | 15*
165°

c-107af

NORMAL VAPORIZING
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DESIGN VAPORIZING
OUTY =2G,GOOBTU/ KA.

[ =3 = 3¢

PURIFIED

15% FEED

165°| VAPORIZEAS
| F-I0OSA LD

4:0"1.D.x100"

- Feco7e

DESIGN VAPORIZING

DUTY =26,6008TU/HA.

 "a o

TlTLE
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FEED PREPARATION UNIT

8. 9
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DUTY :3800 bTU/HA.

THE KELLEX COARP
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and vent mges from the feod drww and other wccoscory vesselce L
scheretic flow chrt contuinin: eimifloant desipn dute for the fued
purificcticn plunt is prosentod in Figure 9e low Us 45 melted 4n
shipping dras (£ppe B7), and dropped by rrevity to a fusd tenk eguinped
with eleoiricrl jocket hecterse Two wenorigers (elso electrically
heatod), sharpod by gravity flow fron the food tunk, ere used to supply
the stxeiopin: towers Tho owrhead stroom fron thie towor ie peased
threush a condenser and run to a relflux dru: fron which the none
condensublc rascs ere wvenbad to ectiwbsld carbon wbosorvers, axl thenoo
Yo the hypdirclysis towre Condensec liguic prooses meteriel for the
reflux drur ig roturned o tho top of the striopin~ tower, wvhich
oparates essortially at & totel reflux rotioce Tho buzo cf tho tover

i3 equirped vitl an electrionlly heatod reboiler. Stripping towor
bottorms are erplied by pressure differentiel to thoe reerun btower, whioh
iz similarly equlsped wiitd: roboilor wund reflux focilitios, llon-
wlstile irpurities ero remowsd interrdittently by drewing off ree-run
towor bottoris et the mete of 90 pounde por ponth, The reerun towor
reflux ratio is &3l1, end purified Uy 4z rmm vo & bank of run=down
dmrme, Theso drmems sgupnly the purified feod wnorisers, shiech in turn
ewply the procoes oasdéde. ™o coolin-~ sysbon for ths condensors
erploya CgaFyg, And is similar i prineisle to tho ralin proowss cooling
syabomse

fe GSpeoinl Considerutions, = In the mmin procecs sysbon,

the procoss materinl is hoandled oo a ree et sube=ttmoespheric pressurosg
In the fecd purdflcation oyater, dexirn wuys twsod unon prespures above

atrosphorie, upon rolatively hid bemporatures, and uron the nececsity

.
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for hamlling Up in the lignid etato. Thus, corrosion vroblens wore
sceeturdod, and aev nrebhlons wers oncovntored in the dacimm of cloctri-
ce.l heatin: equiprent, The lealn~e problem vms one of pre-mmbsine tho
anepe ol o correciww and toxie chermienl, yveihor then preventin-~ the
inleelr v of centeminating atrwsshers or sonlants Dwvolution of foeod

rurificption plunt desirn i dlscupsod in the lellex Completion Ropordt,
Section III, (1) C, and e full decorivtion of the Iinnl desirm i
rresented in Volwe VII of tho lellex Oporating liemmlo,

T=10, Burre czd Neate Syst (Usction 600).

e l'urposa, = Lffeotlvws diffusion nlent operation dertnda
congtart and wdistirbod operetin- contitions, rertioulsrlyr nrocess
presaure, 8t &1l timeg. 4 pressure disturbence oripimting et some
point in the osacnde temds tc set up & tain o pressurs vmws or sur;oce
wich el from st 4o stere ur and down the casoads, rogulting in
the rixing of process streuns of mweguwml conosntrmtions, and consoguent
decrenso in cosoade productliviiys. The surme cngd woate mysben wos
doeirmed to srocth oul fluctuntlcna in prooesc chroan {lov mato bnd
arecsure, an’ to provide a rearns for rerovin~ dorloted weste material
from the bobtter of the oasende et o acontrollod mta,

be Coepooitys = To provide for extrone condltlons, a
rExSm surro rate of 3200 pourkds cer hour wis oroslfisd, and a raxivum
verlation in surpe inventory of 15600 pounds, correspendin: to 2 weristion
in erseade inventory of five por conbe Heoyole £low fron: dthe awrgo
sy8tam to the mein coceade wae sobt &b 55060 pounds per hour, lewmal
wagte wate vac o3tmblished at 92 pounds por hour with e rescicun deosipn

rato o 15C pownds per howrs  Tho casotido betitons strewn, "wwasle", ir
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piped from the Segtion 600 waste | gten to ohloringeetype oylinders with
Y qapaciﬁr of BOOG pounds of UF, eaths Suffiolent eylinder storage
sapaoity wag provided for holding the antioipated quamtitics of wagte
gxpeotod prior to E=2¥ plant gpsretion,

oy Desipn Principles, = A ressrvolr 1s set up at the

batten of the casende, Vhen preasure weves ooour in the mﬁ, B8 &
reeult of m distanbanes in process ronditiors et some point, aboormally
hith or low £low soours from the bottom stape of the gsaonde to the
reEsyvolr whare the pressure waves are abgorbed, The flow of material
fod baok to tiw bobttox atere from ““o reserveir 48 held conmbant end
indopendent of tha warying downfle to the resarvoirs The effeat 1s ome
of statilisation, and sbeorption o Plustoations, |

4s Desoripticn, » A4 osherntlo flow dlapyem is shown in
Pimme 10, The surge systenm consl » gesentislly of & syntem of pups

, {(arps BE), & surge drun, and the n . seasry sppurtenanoss Por control

of flow, swomtion, purging, eireuiation of poolent, eto. The wmete
gysten irdludes & Wy emmw, e 13Quid UFy sgoumnslator, nnd the
peseasary linss and valwes for £11ling the shipping dvums, ALl squipe
sent 1o mkﬁlv gpared, Comwot m o the pain cascads iz normally

. mode through intersectional osl} Eeoilel,l (Apps Bl)s A ctsplets

desarintion ray be found in Velusws XXI of the Eallex Operating Marmamls,

?elle Purging System (Section 312).
fe Purposie, = It ig the funetion of the purging systen

%0 resowe sontinwously from the prosess stremn the wericuw contamimting

gaves ("lipght diluentw™) which find their wey inte the prooese system

primarily from thw following sourcos:

P23
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1. Amblent atmosphere sweounding process equipment is
mintained at & pressurg aughtl‘y ahove tarcwtrio
prosgure (Par. 10=4). Process prossure ic below
atumespherio. The prosevicd of any mll m:berml loak
in the wst proocess system will result in inlealkmpe of
air into the proosss strean, Elaborats precautions |
taken !ﬁw minimized this source of inlealknge, but the
tromendous sise and eomplexity of the plant prevents
perfect wwoldense of o eertein ampunt of penotration,

2+ Mitrogen used s & wlve and pump gealant puases into
the proosss stremn, and residual nitropen in steges being
placed on etroan mixes with the proocoss materinl,

, 8s Sml) smounts of residel fluorine vemin in process

) | equipment after conditiening,

8 Hydrogen £luoride results from the remotion of prosess
gas with any molsturs which may penetrete into the prooess
be Capasily, » Three separnte oasoades aro provided, eesh
with & eapaoity of 6000 standsrd oubls foot of nitrogen per dsys The
purpe systen was doeigned to sepurute . purged diluvent containing leas
than 0,002 ol per cent Urgs This would correepond to & logs of not

more then 0,0032 pounds per day of UFg at the norme) purge rate of 1740

standerd cuble fest per day, This meaterial was not sotunlly 4o be

"loat™, sinpe the exit gases wore first to be passed through earbon traps

to retain the g

o« Design Prinsiples. = The opémeing pringipls in the
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piorge sootion 48 the same as thmughou{: the préoasa oagoades pRseoul
diffusion, The four basic elemsnts of the purge stages are the same,
in prinoiple, as for the pwcaas atages, but the dsaign 1s different
in the f.‘ollowing rospestas '

(1) DPiffussr, = Faoh purge diffuser contains 100
square feet of burricr ares mngeﬁ in tha shape of £lat parallsl
plates. This is preferable to tubuler oonstruotion beosuse of the
szall btarrier areas Furge osascedo converter design ie dissussed in
Paragraph 8«5y | | |
| (2) Coolers = The coolers are exterior to the
nonverters muthor then integrel with them, for oonvenience of KAzufsobures

(2) Pumps « The purgs pumps are of the resiprosating
type, and are Bollows-sonled, Noreover, only one pep is uped per
stape, ’ Purge puam mmmhmﬁ desipm s amm in Paregraph Be7a, -

ds Desoriptions = The purge cascade i3 howsed in Seotlon
B12, which contains thres buildings (Apps Bl)y Hach building eentaire
21 oslls, Each 001l contains two stages, The 42 stages of each
nllding forn & ssparate smsonde, Most of the diluent mitrogen and air
onbsrg the prooess mm at the lower part of the miin casaads whers
equipmont sises are large, -In order o provide & means for removing
18¢ht prses from the process stream before thoy Fesch the top seetion
of the cososda whepre equipmomt iz swall, one purpe building cen be used
for purging the mein proosss stream at an intermediate points A sooond
building 438 uwsed Por purging the top of theplant.anﬂaﬂxirduhald
tn stendeby. Procese gas may be sent from any one o!' the top thres




. stAnces.

soeotions of tho main aaaéade to any one of the three purge cassadan,
Altermtive purge systems conaidered ave dozeribed in the Kellex
Completion Report, Seotipn YII; (1) Cs A complete desoription of purge
orsende desipgn and operation ey be found in ‘#olum EXVIII of the Eellex
Oporating Manels, '

V=12, Proosss (s mmwrwﬂm -

Sy w- Denign of the prooess gas recowery sysbem
for seotion 300, the min eanonde, wae ained st providing a mesus Lor
swotating and fiushing prooess ges m‘cquigmnb to be opamdtm?
stnteranos, ani for recowering this material, storing 16 temporasily,
and retwrning it to m‘asm. It s am pismd thad pmﬁ &,

recoOVry mmmn should bo adle o merve as azmw purge fem
oilitios in the event of an mrgmuy in nhiuh bho Metinn 812 pumwt
purge sasesdes n&.@t bevone erny ummthble. A5 desoribed in
Volum 6, Lmproved methods of ggoratm bave been worked eut,ama&mﬁng
the use of the process gae recovery mm axoept in spsoial airczm—

be Capsolfys ~ Orfgiml design oeloulstions were tmsed
mmmumwsmmwemlpnamwwamw
phores 4in squipment about to be opened Ffor wepalir, It wes desired to mle
possible the remowl of UFg from & oell, and its return to procvss |
equipment, within five hourss The figure of thirty hours was considered
s reasomble time for resovery of Wg from & bullding in one of the
larper seotions, and sixty hours recovery time rér the entire plant

was conéldered satisfuctory. Flsus were mede for facilities which
would permit recovery of mmberial from two ocells of & building simule
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tansously. Assuming that an average of 42.4 cells would have 4o be
sorviced daily by prooess gas regovery equipmmt, a rate of loss of
cnes per cent of enriched light campanent produced by the plant per
day was congldered permissidle in recovery operations.

o Desisn Principles. - FPaocked ocolumn abserption tower
systoms were omasidered, but were discarded because of the complexity

4nvolved both in equipment dssign end in opsrating procedures. The
"eold trap” method, ghosen inwtead, involves the evacuation of wquip~
mnt by & punp which dlscharges o & refrigerated Jeat exohanger wherein
the UFg is caused to l@l!.d!ty.

| d. Desoription. = A schematio flow disgram of & typioal
proowss gas recovery mystex is showm in Figuwre 11, and s photozraph of
& oold trap room in Appendix Ed. thcmmmhlunﬁdmw
the trap instesd of after 1%, although the latter systm would have
avolded the necessity of developing a specisl pump oapsble of hmndling
Ufg. The altornate system would have required a much lower trap temper-
ature, and piping and trap spaces would have had to be inoreassd to
minimise pressure drope Furthermore, the remultant lower heat transfer
eoefficients would have required greater eooling area, higher trap
weights, and addltional refrigeration capsoity. All oslla and prooess
lines in the main osscede which oan be igolated wers equipped with

evasuation and nitrogen purging commections. Eech bullding was pro-
vided with a recovery room oontaining two oold trapse Two prossas

gas vecuum pumps were furnighed in the oold trap room of a building
using aize § or 4 equipment, and in thn purge bulldinge, thres pusps in
buildings using size 2 equipment, snd fouwr in the bulldings sf Hoetdemg
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1 and =), Egoh pump was provided with an oil mist filter to reduce the

‘ oil urryanr at the pump discharge. Recovery rooms contain suffioient
dnu storags ospacity to hold the entire plant inventory. Cold trap de-
sign is desoribed in Peragraph 8-15, The regearch and development pere
tmingﬁoﬂzopmu gas veouum pumps is treated in Volume R, Paragrsph
5-8. | Purther diwuulqum K28 proceas gas recovery system is availsble
tn the Kellex Completien Report, Bestion III, (1) 0, and in Volume XV,
Part I, of tho Eellex Oporating Manualse

o (1) 00p Befrigeration Units. - Refrigeration of the

oou trupn of the preun gas recovery systems for Bacticr, =3, =2, =1,
_'1. u:dh aurl.ng m omdng oyole, and pooling of the traps after
the b»utug oyuh. is ueupnshod by the direct expension of earbon
am. mg. M mﬁrnl 30' units ere prcd.dnd A1l are identioal
'm hm . ntriganuon sapacity of 32 tonse Each wnit oonsists of &
Rtgh tauparature stage using Frem-12 as the refrigorant, end & low tesper-
‘ature stags using 00, The oarbon dioxide fs oiroulated through several
2o Wum oéld traps whare it svaporates st -869F, It then returns
tethn rofrispﬂﬁm wnit where it is cooled by Frewm-12, which is in turn
mh&by water at CG“P. Extensive dssoripticn of pumps, piping, snd heat
exchange equipment is available in Volwse XV, Part II, of the Kallex
Operating Manualss |
. (2) N20 Befrigeration Units. = Refrigeration of the

oold traps for ssotiome Bb, Sa, 3b, ¢, and the purge onsondes, is
acoomplished by direot expansion of nitrous axide, Ng0e Ten central
Ng0 units are provided. All are sssentially similar, but differ in
eapacity and in detalls of equipment arrangement. Eash wnlt causists
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of two singos, the higher tsmperature etags using Frecn-12 s refyigersnt,
and the lowsy ptapes using Ng0, Pra-oaalnd liquid Hy0 £lowa to the

eold traps whers 1t is sveporatod at =~110°F, The g0 then returms to

the refrigaration unit where it 48 cooled by Freon=12, which ig in twen
eooled by weber at 869F. Extonsive degoription of faollitles is
swmilable in Yolum XV, Part XII, of the Kellex Operating Hamwle,

715, Produet Withirawel System, « The £ina} produst of the Ee25
plant, wwanium hexaflucride suriohed in isotoplo conventyetion of
Urantune?36, L drawn off at & point near the top of the cagoede,
Mimﬂy. the operation i osrried out in Pullding E«308eT, The

produst withdramsl syaten 15 shown in acherntic form by Figure 1%, Two
~ standsy gre provided for aocomodating profust oylinders, whiph are mde

of aluniows, silver, or, more sopmonly, monel motals The containers
Bave flanged hesds and are bolted secwely in place using & high
quality wsuumetidht sormeetions A mochaniesl waomm pusp (protested

against traeep of UPg by mesns of & dry 1os slush teap) ir used o

swmowmte the contaliper to several miorons, Witrogen purge linss mre
awilable (Iindigatsd in the disgram by the gode e for nltrogen, G=74)e
Produat process waterial Flows through the aylinder which is imwrssd

fn liquid nitrogen. The product contminor aots ms m trap, selidifying

UF,s ond allowing nonssondensable éiluent pmeos to leave by wey of the

a8
'ouﬂotnm. T inlet and gutlet lines ave comnsotod to tho lime

- recorder swmle manifold (Vole 2, Pars 8eG), Differential process

pressure driwes the propsss material into the produst system, snd the
1icht gasss baok to the linme recorder manifold, 4 thormoccupls gpuge
and indioator are provided as shown for msssuring preseure within the
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produst systems, Produot container espaoity is sc desigmd as to prevent
the possibility of aeormlating dangerous quantities of fissiomable
mterial, |
7+14. Temporery Purpe and Produot Systenss
8s Case Opertions.= In order to obtain sarliest end

fullest wiilisation the K=25 plant, portions of the cascade were placed
into operation as soon ag sompleted, The production apc,mubna wen
thus earried ¢n under five mﬂs "sases" whioh ingluded casceds |
soctions ss tabulated belows |
mwlt Ssotions =2, 2a ‘
Gase 1Y Beotlona =3, =2, fa, 2>
Cose IIT1 Seotions «8, »2, =1, 1, 2s, 2b
Gase IV  Sections «3, =8, =1, 1, %, &b, 3a, Bb
Case V Seations «8, =8, 1, 1, 85, Bb, ¥a, ¥b, ¢
(im!n,.lnm casonds) -
A dlpcusalon of ¢ase operation 18 pregented 4n Volums 6.
by Punstion of Terporary Purge and Produst Systemt, « T
pormezent purge onsoade of Saotion BI2 was mot scheduled for ecmploticn

during the pericd of Case I, II, or III operation, %Temporary pmrge
and produat sysbtems were therefore desipnsd mud provided at the top of
segtion 2a (which was the top of the cporsting cascade during Oase I),
and ot ths tp of sccotion 2b (whioh was the top of the opemting
caseade during Ceses IT and IIY), The Seotien 2a system providss the
following servicess

1, Continmous purging from the top of Seetion 28 when the

b\ulding;/&‘ Cace I are opémung as 8 unit,
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2o Produwt withidraval at some given rete for-Case I cperation.
5, ngxngmxmtopcrsemm»z. 1, or 2, in the
event of any seotiomnl opsration, Case I, Case IX Caae
I11, eta,
4¢ Return of purped prooess gas to the prooess sireanm at
top of fa, _ |
The 2b sysben was desiged to serve similar purposss during Case II
and IIT operetions ’
LT Deseription, « %he cpurating priansipls of the
permnent purge oassede (Seation 512) is gmseous diffusion as in the
stages of the proosss gascude propers Kmm. the temporary purge lnﬁ
 profust systens separate Mght nomesondenseble diluents fron the
provess stresa by ocondenting the UFg present; rejeoting the waste gedes,
and .resvaperising and seturning the waniun hexafluoride to the sascadey
The following dessription applics to the section 2u systeme A detalled
disouanion 18 presented in Yolume XVI of the Hellex Opevating lanuals,
The Seotion b system ia the same in prineiple, 4iCfering scmewint in
oquim sise and Wﬁ, Detalls may be fowd in Volume XXTY
of the Hellsx Opsreting Mnmlss |
(1) Oondensing Syaten, « Two of thros awilable 60
ouble fest par minute waosuun pumps take thelr sustion frcu either of
two eommon headers (Pig. 13)s The pums discharge through mist £ilters
into ssparats discharge headers, The two headers lead to tho three
sold tmapa, The outlet gas from the aold treps flows through a single
hsader to twoc of three sarbon tyeps oconneoted in series, The third
| is cormooted only to the product withdrewal equipment,




(2) Procese Beturn Systems = An eleotrion) heater
systen for each e0ld twap is used to heat the trep and voporise the

depciited e0lid UFge There are two UFg return headers, either of which
wey Serve any oolé trape EBach header Jeads dwly to a 500 .oubié foot
return surge drua lovated in the Me;-umoml _mu in _B\dlding -5580&-8.
Bither surge drun oy de d_lsow to the process QuWé at any of
. (8) Proamt Bithdrarel agg_____,_ nxe oo!.d tnp

nll«m'h heaters are used to 1igwefy m UFg m:z dmining M: &g produsts
A drain 1ins from the vottom of sash trap counects it o & lw&dlug,w
storape dmm Jocsted bolow tﬁ on the aide of a pit, .&mﬁmr‘ Mm,

‘ ..ooumeinguwwpermatmymﬁoWemeb&mhw
u tpered o oqumlise 'bhn tyap and drum mamm# when duiniug. The
Qtnngo drum draing o the lhl?plng W. which may be conneoted at
thres positions at the bobtom of the pit, The shipping drun comotions
my be purged to the sustion of tha pumps or o the thind sarbon treps
A & gublo r«tprpw is hum.anm oue!c'ﬁ#r ehisadrbm
trap and serves !m swounte the shipping drum and the somwotion bulan

the normal operating suotion prosoure of (:he 80 oublio mu per ninube

PUEDE o
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E-le Introductione = Thls seciinn rresents & description of

the dezi:n of process eculpnenl inslslled in the gasesus diffosion
pilent, low charts, in ‘rrendices €1, 02, C3,ond 4 iilustrste the
low of msterinls, equipnent, and cowsvonent perts thereof Letucen the
principel eontractors. Chort €1 shovs the relationshipn between the

frchitect=lingineer or deslipner, the various suppliers, and the final

Py

aoricabor of equL;m :nt for the difiusion process plant. Chsrts (2,
Chy =nd G4 depict, in greater detiil, the procurement of punps, barrier
tuvzs, and diriuser units, regpectively. Contrzels of major lzportance
ere discussed in connecilon with procirecent esctivities, Levelojpment
and procuresent of specizl chaeusicals is covered in Book VII. ¢ coze
plete iisting of ©ll other kanhatian District desipn, englneering, and
procuresent prive comtraete sttrivutasle to the n-25 Project (include
ing ¥=27) is presented in Apjendiz f. 25 & supplement to the following
scussiovins, reference shuuld ve .xde to tnie arpendix for such infor-
atbion ss conbruct types, effective dites, mstivds of letting, and
COE0Se

2.2, inle oi The Vellex Corvoration, - Under the terus of their

corbract with the Covernsent, Tne Felliex vorporition was renuired, euong

(YRS

Ghher Lhings, to rarnisn wrecureqsnt, engdileeriig, Suapervisory, ond

5

asrouitrnt services., segiuse of the nsture of bhe gaseous difirusion
Lrovess, snhy new materirls ond ivess of esulpaent sad oo be develioped

fri, A B ONWLUED oY ChBEyy REIallul .1.“5_' DiGnLE nEeC to be desitaned Lor
s . . . X B . L S o B VA P
Lheliy snnpiscbaroe.  2eCiuse ol whe iawenziby ol Loe srineering ang

sty 4o port, Ly a isrge naauer of




CW

. 82 | |
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Lirus under the generel BUOchLulOH of Lhe Kellex Corporstion. In

many cascs, the individucl problecs could be solved only by Lhe joint
effortslof several contreclore. Yost of tie equipsent was oblsainegd
urder Govern.ent supply coutracts, with Tne Kellex Corporstion acting

es the Conlracting Officer's autrorized representative on technical.
phases of thie work, lnopcetion, and tests. Contract specificalions were
prepered by The Kellex Corporation or by other firms end institutions
working under their generel supervision.

8-3. Berrier, .

8, Selection of Barrier Tvpee = 4 description of the work

on research, development; and evolution of materiele end methods for
barrier wanufacture, is presented in Volume 2, Section 4e &5 the re-
sult of this reseerch, the L, or Norris-Adler, type of barrier was
selected for-initial sz21l scale procuction and furthier gludy in pilot
plants, 7Tnis was leter supplanted by the Dh barrier. |

b. Freliminary Eneineering,

(1) houd?llle-ﬂerbhey Corporetione - The Houdaille-

Hershey Corporation, under contracb ¥=-TL05-eng~55, had constructed

& pilot plant in & portion of their plsant &t Decatur, Iillinois. Their
contract. also czlled for research end deéelopment of barrier, and the
operation of the pilot plant for saell sczie production. Previous leb—
atory production of.thie baerrier indicated thet it would be satiefeclory
for usc in the'ﬂ-25 plant. The procuction of the barrier on & lerge

scnie was therefore undertaken, snd anoLher contract, 74“5—eng—1h9,

was negotiated with the sace fira. | | }}Fﬁﬁﬁfﬁl}

pELETED  DELETED d



















pump manufacturerse It was ultimately decided to errange the pumps es
geperate and distinct units fram the converter, but to include the gas
cocler integrally with the diffuser. An advantage in this decision,
which later becams epparent, was the relative esse with which the several
changes, which wex:e subsequently made in pump design, could be incorporated.
Anticipating problems in the repeir snd maintenance of cooler tubes which
nﬂght fell in service, the Carbide and Carbon Chemicels Corporation, oper=
ating contractor for the K-25 Plent, suggeatod that the cooler alsc (in
addition to the pumps) be removed from the diffuser snd febricated ag &
separate, and therefore mare sccessible, wnite The designer (Kellex
Corporation) believed that such a change, at such a stage in the progress
of ounverter design, would be likely to dimrupt delivery schedules. Two
fmportant changes were incorporated in a modified design which, though
retaining the ooolerj’an integral part of the converter (and thersfore re- _
quiring a minimum emount of change in manufacturing procedures), effected
great simplification of maintenance, Whereas the coolant inlet and outlet
lines were px;evi.ously located at dismetrically opposite points in the pro-
oess fluid entrance head (coclant flow dividing between two semi-circular
banks of tubes), the coolant outlet was now relocated to a point adjacent
to the inlet, and all coolant flow directed through a completely oircular
ﬁath. The second change consisted of arranging e small bolted (i.e., re-
movable) cover plate at the ocolant conmnectionse This mekes possible the
testing and blanking o‘ff of defective tubez without cutting awsy the entire
oonverter head, Some 896 slze 2 convertere had besn built with the old
style coolers before this change was made. From thet point on, the new
type was manufactured. Appendix Bl a‘hows the distribution of convert;ara

- installed et Ke25, olassified according to type of cooler. All cells

L0 s g, e
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u}\ | there designated by "K' ocatain canverters of the new type as desoribed

PR R Rl BBt

above.’ _
be Fingl Design. - Fingl oaverter design is shosn n |

Figure 14 and Table 8, fecing pege 8.10. The berrier tubes are supported
by ciroular tube sheets at €he ende, and Sy two pia.i_:eg at intervening -
points. The whole ia made rigid by ribs on the inside of the tube sheet
‘a.tta.oﬁed to e central care. FPipe ttruts ruaning between tube sheets |
afford further bracing of the tube bundle. Ono end of the tube shest e
free to move in thermal expansions. Ko eppreciable diffounoo exizts be-

- twoen the expansion coefficients of the :tube_a and -the_ quc;'thg oare. DDL
- ‘ s . ik hashedl @i)

DELETED DELETED

DELETED

Stmed mnel 18 uged tor oross over covers. AlL

~—

other parts ure niehsl ph‘bed. The cooling _coilc had to be brazed 1:11:0'

et

a tube ehaet. This reproaentad o i:attlenock until ,n*furz_\ue_.:,_igggbially :

designed for this purpose, was a.dopted. An lmpm-te:it featuro‘ of ths eon-
) ‘werter design 1s the a.blenco of a.ny pookets which would be difficult %o

: cle-n and dra.i.n.
Qe ?rodmtion. ) .
(1)’ Development Cantract. = The Carysler vcmmﬁm

was ewarded oauﬁ'aot H-'MOS-ang-ss, on ﬁxe basis of roinburmnt for
cogt 1ncluding an overhead o.llmmmo. This cmtrwt providad for the
dmlopment of the basto Kellex deaigx and mathods of pro«durc ‘for the
‘volume production of diffusion units (with soolers mauuod) and ror
the determination mnd design of facilities appropriate‘ for each pro-
duotion Operaﬁén. Chrysler produced all final detail and nlu‘mblyv
deaigns end drawings, snd worked out the dema,ea"fproeoam- for each

‘.\..4







nanuracturiué atep, ma data wae studied and approved by Kellex,
Carbide, and the Kanhattan Distrist. The contrect was modified to in-
¢lude proviaion for the construstion of pilot planta, end the training
of perasonnel for volume production, '
| (2) Produstion Contract. - Subsequently, contract
ﬂ-?l.05-ang~127 wes -awarded this firmon a eoat-plwfixeq-rm basis.
This contract provided for the following:
1J' ' Ramoval of existing operstions in the contractor's
" Lymch Road Plant in Detroit, and its :-.nmum
for use for the nanufaeture of diffusers.
2, Gonstruction of & new huildi.ns by the Government to
. houne addltiom tgoiligxit, known as the "Mound |
: Botd" Plant, P .
3. Proturement and installation of produstion aquipuat.
4. dMonufesture of approximately 3300 diffuser wnits in
o four sises.
3 W- = During the nrlx mothtiom,
- 4t was cantmplnuﬂ that a bullding of spproximstely 800,000 square feet
would be n&uind for this operation. But, in view of a War Pz-dduqﬁon
Board request that this construetion in the Detroit Ares be avoided,
Af poseible, other arrangements were mede, Chrysler agreed to use
its Lynch Road facilities, which were then occupied by other work, for
vonverter manufacture, provided the Goiremmont would psy the gost of |
re-locsting snd moving -;m.ing equipment, e& other facilities of the
contragtor. New construction was limited to a bullding of appraximaal,y
150,000 squore feet which was to be provided by the Government on the

8.10
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- plant. Theas sections were never built, but the du‘igix of these -con-~

) vertcru was used without mejor ahange for service in the pnrge ueeade.

' adoquato mixing efticienoy. With such a small clearance, pressure drop

NN

contractor's property adjacent to t.he hound Road Pln.nt.. All material
required for the manufacture of t.he dirfuser units was contractor-
procured, except the barrier tubes which were tumiuhecvl\ by the Governh;mt.
under separate contract with the Houdaille-Hershey Corporation. Albert
Kahn, Inc,, &ctad as architedt—engixﬁeer for the plant constniction under

contract ¥W-7405-eng-129, [
g-5. Purge Cor-"-ters.;- Flat plate converters were. originél;y‘

designed for installation in Sedtioms’sand 6 of the gaseous diffusion

& Dési@. - Applicatim of the t.hoary of visaous flou
indiaatod that a 3/32 1nch clmance between phtos would result in

s

considorationa linitod the .tlo: path to less than two .Ceet. - ‘\)
LETED DELETED
DELETED DE |

DE
"0

/ The purge -t.age eooler (Par.,é-a,.'
and H.g 16, tacing Pe 8 1h) is f&hricatcd uparatcly and conneated éirectly

to the eoavortor. An neeonnt ‘of the ovoluuon of pnrge stage dosign

XTI e

w ‘be found 4in the K.lle,x Conplotioa Report, Scction III, (9) _ \ -

T

b. Product.ion. =

amranans’

DELETED DELETED
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86, W. An account has been prassnted in Yolums 2,
Paragraph 5-1, of thc research, development, and evolution of proeesa ‘
pump deslign. This paragiaph outlines the history of the prooeas puap
progren troéé'thg point of view of procurement.

Be mw. - The early design of the process
ponps - pqrtomod by Kellogg under OSRD Contract OEMsr~s06 ‘(Appr.;"!l)
with technicsl assistance from their suboontractor Ingqraoll—ﬂand;

At the same tize, the Kellogg group worked with the ¥lliott Gompany
(App.. ?19) an mtritugal blower and uul t_hsi.gns. The l!utinghbuq&
Eleotric and _!(azm:hcturing Company also _dﬁsigned end developed mix ges |
boaring sealed motors for experimental use under comtract W-7415-eng~61.

 Later Kellogg colisborated with the Allis-Chalssrs Msnufasturing Coapany

in £he final design of the process jmu‘apl. ~ Under the terms of ‘oont.raet
W T405~8ng62, vhieh was negotisted on the basis of reimbursement for
soat meluding an owrhead ullonneo, Allilnmmllera was to provide for
the d«i.gn, m.lapmt, and mauuractnro ot bwentqr gentrifugal pusps
and drivers for the pilot plant of ‘!hc. Kelhx Corporsation. ‘ﬂn contrast
was subsequently extended frem hugust 1943 throngh Desesber 1944, and
inoressed to fnmty-two pumps. - The iroz.-kv pirtmm;! wnder thia éont_rm
led to a mitabl. 'V:S:doaign for the large scaio production required for
the gaseous &itrusion plant.

b, Preduction.

()  Plent Facilities. - Gontract W-7405-eng-34 was

negotisted on & cost-plus-fixed-fee basis with the Allis-Chaluers Manu-

facturing Company. This gontract callsd for the construstion by sub-

_ sontract of a building (App. E19) suitable for the manufacturs of special




pumps and drivers; and the procurement end instellation of the neces-
sary machinery an& equipment for manufacturing operation. Subsequent
modification provided for the installation of soms of the equipment in
bﬁe contractor's own plantl,-tﬁe'subcontracting of the mnchinerj in- |
stelietion, and the installation of & cleaning line.

(2} Prodyction Contract. - Contract ¥-7405-eng-63 was
aloo_negotiated with this firm on alcost-plus¥riznd-raa besis. This
contract provided for tho manutacbure of 6102 pumps in five sites,
va:ying from 11,200 CFR (cubic feet per minute) with an 85 ‘horsapower
motor, to 1200 CFM with a 6.3 horsepower motor. The eontract was sub-
sequently modified several times, finally-praviding for 6185 punps and
5872 motors varying from iDO to 7-1/2 harsepawer, 53 apegial-lﬁbricating
eystems, and shanging the uotors from a totelly enclossd type to &
standard type. | ‘ ;

(3) l!iicglel Ciad Stock. = The Lukens Sted Goaﬁaany,mdﬂ
contract W=7405-eng-67, furnished facilities for the.inntallatiﬁn of
Governuent-owned aqnipmnnt,‘ahd for the manufacture of sickel olad platea, |
bsrs, and ¢ylinders necessary for the pumps\ma@nfucﬁured by Allia—chalmbra.
Thia contract wea negotiated on & unit price basis with pariadigxad;uatf
fent, proviaions. _ \

8-7. S lco gggg . = For researeh, development, and finel designs
evolved, reference should be made to Volume 2, Section 5. Procurement

activities are outlined in this paragraph,
a, Purge Puups. - The Valley Iron Works, under contract W-

Tu0T-eng-49 designed, developed, and menufactured 140 beliows-sealed

reciprogating piston pumps and base plates for the purge cascade systez.

This contract was negotiated on the besis of unit price with provisions
8.13 |
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for periodie‘ adjustments, , » -
b,  Conditioning Pumps. - The Elliott Company furnished the

oonditioning pumps under contract W~-7.42l-eng-14.

"e. Coolant Pumps. - The ecoolant cireulnt.ing pumps wers
manufectured under cdnt.nct W-7401-eng-85 by Pacific Fumps, Ine.

- ds Vacima Puixgn. - Process gni vatuuxt pumps were supplied
under eontract W-7l.15—nng~jh by the Buch—Ruu Company, Fluorim
ncuum pumpa were supplied under eontnat H—-ﬂ.ls-cng-:n by the F. J. |

g stokn Hmhina Company . ﬂ:l.gh ncm punpa were supplied under contragt

H—?Mmg—ho by Ncatinghml. 1 _ ‘ o
8-8. Process Oas Coolers. - In eddition to the internal gas

soclers (one of lhich v“ mam at 'th-« inlet head of aaeh process nﬁag-

_converter for the purpose of removing heat of compresa: &ou) and the annlogans

external purge ctago mlora » external ecolers (urviag a mpplmenury
purpau) are located at various points in the aneado as follows:
1. One lm.run coolsr on the discharge side et the
“A® pump at the top of svery tmn, in the lino
feeding the next higher c-n
2. One Lnt.orun socler on the diaehargo side ar pusps
in intersectional nurgc ulll |
s, _Design, - AD. provess gas coclers use parﬂnorodimthy-
~ leyelohexane as the aoolaat medium. The coolers are of shell-and-tube
dosign w¥ith process gas neimg through the shell, and eoolant flowing
through the ﬁubu. Inﬁexra-l ecopper finned tubing of 3/§ 1nc‘h diameter
was chosen. The intercell coolers (Fig. 17) ahd purge sascads stage
ocolers (Fig. 16, taciné p. 8.14) were designed with "U"-ghaped finned
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tutbes. The shall contains a transition piece freom the circular
piping to the aquare oross section of the eccoler proper, where the gas
.fiorl outaide and across the "U"-shaped finned tubes in one pass. The
gas leaving the interoell ccoler passes through another suitadle
transition pleca to the outlet piping. In the purge scnverter eooler,
exit gas flows directly into the converter, In all casss the gas floma
through the cooler in only one pass. The coolant flows in six passes
_ through most of the coolers, and eight puiu in the remainder,

b. Frodustion. = The -xt.ornﬁ coolers wers manufactured
under sontract W-7415-eng-35 by the A, 0. Smith Company, using finned
t.ulfu supplied by the Wolﬂr_lno Tube Compeny. “

8-9. Coolant Coolers, - Gﬁolant. coolers are installed for
the purpose of cooling the process coolant by removing the heat
of ocompression mumy transferred from the process gas. BEach
cell is provided -1t‘.h its omn coolant circulation system containing
prineipally a pump and storage drum, six stage -eoo].ora, one inter-
cell cooler, and ons ecolant coolsr, The goolant eystem (Far. 10-2)
forms the connesting link between the process system (Section 7) and
the cooling water system (Par. 10-3). The Yhitlock Manufacturing
Company furnished 450 ecolers under contrast W-7415-eng-25.

8-10. Fr--~ss_Piping.

s. Requiremesnts. - The E-25 ecascade required about 160 miles

of process piping in varicus sizes, ' Since this was to be exposed to -

fluorine gsonditioning gas, and to uranium hexafluoride, and singe : ore

8.15
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than the merest trace of corrosive action was intolersble (Vol, 1,

Par, 5-3), all process piping had to be forued from, or lined with,
eritically scarce metals of extremely high resistance to cheaiecal

attack by Ufé and F,. Further requirements were those of rigorous
cleanliness and tightness of the fabricated installations. The ectivity
of the process gas, and the lack of prior industrial cxperiénce in hand-
ling it, made it desirable to provide an slestroplated nickel coating of
several mils thickneess, -horoag, industrial plating practice is ordinarily
in the range of 1/10 mil, rarcly exseeding 1/2 mil in thickness, and

is seldon applied to internsl pipe surfaces,

b. Deyelooment. ~ Preliminary research studies and initial
piping stress calculstions wers earried out early in 1943. On the basis
of corrosion resistance, mechanical sirength, and cost considerations,
as well as availability of the various types of piping, ecopper tubing
was initially chosen for the material of construction in the large pipe
sizes. lionel was to be used in the small sizes. The use of any stit-
ical metal tubing such as copper or monel required {hat the pipe wall
thickness be the minimum posaibls without resulting in pipe collepse
under vacuum. During the latter part of 1943, the shortage of coprer
resulted in the chanéing over to nickel-plated pipe for sizes of 5 to
16 inches. The available plating methods were not epplicable to smaller
sizes, but there was enough monel to be spared for siges up to 4 inches,

(1) Elestroplating Methods., = Ro.commarcial process
was available for nickel-plating steel pipe. The Republic Steel Corpora-
tion worked bn developaent of a method involving plating of steel followed

by rolling to form tubes. Bart Laboratories developed a novel method
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for nickel plating finished pips in disusters ebove four inghes, sad
lengths up %0 22 feot. Their mathod used the pipe itself as a tank.
The solution was pumpsd through et high velouity to prevant depletion
of nickel st the cathodic pipe face. Insoluble platinum-sceted copper
snodes wers used in order to maintain constant and uniform eurrent des-
l.{t.iu. The pipe to be plated was rotated during operstios in erdu- L 7
obtain a wniform _thickn'o_u of deposit. )
®. Predyetion. B L
(1) Mepsl Jubla. - Monel tublng of standard dimensiens
procur.d fruﬁih'a International Nickel Cu,plnr during the hﬁhr
half of 1944 end t.ho first two menthe of 1945, Spesifiegtions required
that lil:l.uun ‘g urbon sontent. of the -ot.al be held to a minimum, ‘aines
these substances nr, espacially mlo_optj.ble to eorroaion by fluorine
w7, | |
- (2) l&ﬂﬂl:ﬂﬁﬂ.!&!!. ~iping. - Bart 1‘“““"‘-“ |
were nu-dod oonirictl U—?W-Oﬂ&'m lnd B=-Th15~eng-39 for nickll pllt!.n‘
of finished pipo 15 diamsters sbove four inches, and langths Ip u 2
feet. Work was bagun in Pebruary 1944, Beszuss of developasal pmbh-, |
and jack of manufscturing experience, _h_ro_dnoiiau reached enly 15 pcr sent
of sehedule by Nay 194h. Neverthelsss, the total requirement was in-
creased from 230,000 to over 280,000 l:lnnl fest without shange in the

. oompletion date. S8ince quality of the electroplating was good, and in

order to meet Lhe 'iucouu"; product.i_o_n schedule, the nenutmturiu or-
genigation was mehutd, and additional plsting facilities were installed.
The equipment was obtained and placed in operation by September 194i.

1290,000 fest of pipe wers ecupleted by January 1945. The thickness of

8.17
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the plate averaged 0.0035 inches,

(2) Eroduction Problems. - In this work severe

corrosion probleme were encountered. Acid corrosion continually caused

the breakdown of the pleting machines and the Duriron* pumps. Overload
and scid fumes affected the electric motors., The heat of dilution of
sulphuric acid used to wash out pipe was so great that finally special
refrigeration equipment had to be installed. The heat exchangers for this
equipment were also corroded by the acid. Although 21l pipe was to be
received in 22-foot lengths, it was found necessary to accert a large
-amount of odd short lengthe. It would have been quite inconverient to -
. adjust thz aquippent to plste this size and, if this were done, it would
-zcut down considerably on the production rate. A temporary welding shop
was therefore set ur to weld 21l short lengths into the standard siss.
4. JIngtellation. - All nickel pipe was thoroughly clsaned
at the site prior to installation. The treatzent includedvaolvent and
acid washing. Immediately after cleaning the pipe, the ends were capped
and kept so until the time when the pipe was welded into position. It
was decided to weld or hard-solder all jJoints. Vacuum tight joints were
known to be poseible, but the life of these joints was unpredictable.
Pilot plant experience (Vol. 2, Far. 7-5) showed that 20 lesks per thou-
sand feet of commercial shop arec u;lding was the least that could be
expected. This amount was intolereble, in view of the fact that about
170 miles of welding was required cn process gas piping at the K-25 plant.
Pilol plant experience further disclosed that epproximately 20 per cent
of all silver soldered joints in small copper tube lines would be defective,

On the basis of a totsl of approximately 800,000 silver solder joints,
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this would mean the re-making of some 160,006 Joints. Further difficulties
foresesen with the use of commercial welding and soldering technijues, were
oontamination of inside surfaces with flux and weld aputior, embrittlement
and porosity (c;ﬁsed by nickel pick-up), oracking of monel and high nickel
ooppof alloys with the use of silver solder (caused by 1ntérgraqn1ar.pgn.-
tration of the cadmium in the solder), difficulty in finding msthods suit-
" able for alloy welding and joining of dissimilar metals, training of
welders in these nothods,'and'thc control and use of various types of
welding rods and silver noideru on a project of such sise. Study and
development of these problems led to several specialised welding tech-
niques snd designs (KXellex Completion Report Sestion III, (9)). The
¥idwest Piping and Supply Company was awarded contreat #-7,2l-eng-12 for
the supply of 6200 tons of pre-fabricated assemblies and process »iping.
This company was also responsible for erection and installation of process
piping under subcontract No. 26 which was let by the J. A. Jones Construe-
tion Company under prime contract W-7421-sng-11 (Vol. 4). In order to mest
the rapid delivery and installation schedules, and the atringont tightness
and quality requirements, the maximum ase was made of shop fabrication

techniques, and particularly of autom 1o welding procedures.
8-11, ©=-gess Valves. ~ Appro nnfcly one half million valves are

required to operaste the K-25 plant. %“..ey vary in sise from 1/8 inch to

36 inches, and in type from eonventio:t L globe valves for wmater and air ser-
vice, to special units designed in acc rdance with the most rigid speai-
Iications for cleanliness, corrosion resistance, and tightness. Two gen-
eral types of upccial process valves w .‘rcquired: shut-off or "block"

valves, and preéssure control valves. s latter type (utége control valve)

is discussed in Paragraph 8-12,
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a. Regqulrement®, - Exact requirements for K-25 valves very
depending upon specific epplicstion. The larger type block valves Ioin
the most important class; specifications for these are typical:

1. . The valve must be vacuum tight, both to the atmos-

phare froa without, and across the seats within. The
process speéiflcation permitted a maximum inleakage

rate to the body of 0.1 to 7.0 mieron cubic feet per

hour, depending on the size of the valve. (At a rate of |
one micron cubic foot per hour, it would take @yoan A
for one standard cubic foot of gas to leak through.)

2. There must be a minimum pressure drop through the

valve when open.

3. The materials of .fabx:iéat.ion must not be excessively

attacked by fluorine or uranium hexaflluoride.

b. Developament. - Special valve development was -tarfod by
Kellogg in the spring of 1942, and esrly in 1943 a special department
of the Kellex Corporation was organized to accelerate this work.

» (1) Esrly Designs. — Initial designs (e.g. "tear drop"
and "rotary plug" types) were influenced primarily by minimum pressure
drop requirements. In the spring of 1943 the St. Paul Engineering
Company woriked on the "tear-drop" type valve, and the Hammél-Dahl Company
developed the "rotary plug” type. Discussion of these experimental models
is presented in the Kellex Cowpletion Report, Section III, (9). Progress
on this work was not encouraging. In June 1943, the Crane Coupany was
asked to work on these types, and was given en order to supply the valves

for the Jersey City Test Floor (contract ¥-7418~eng-17).




{2) [ina Des! 8. - After eritical analysis by Crane
and Kellex, the tear drop and rotery plug designs were discarded as wn-
satisfactory, and further development was Minl,y centerad srcund designs
based on the vommon gate valve. Preliminary designs proved mco&r&gm. '
The basic features included & double seat gate with & buffer s ho- -
twaen seats, and & bellows-sealed, wedge-type actuating mechenism
capable of exerting sealing pressures up to the fatigue point or the
' utal. . , . . V\

(3) Beating Naterisls. - The developaent of a resilient
material, suitable for use in contact with process snd oondiueai.u gas,
and sapable of tordng a um-dght clom, eonstituted a serious
problem, Wmuowmn-mmnnuun sericusly cong
sddered for valve peats, but sarly sazples axhibited severs oold nn
properties, and bullt up elestrostatic charges which sttrasted dust
particles to the seat.| I In Rngland experiments were made with a mawber —

s

of plastics and rubbers for mse in contact with UFz. A naturel eeiposi-
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TABLE 4. = SPECIAL VALV,

VALVE TYPE SIZE SERVICE  OPERATED HETHOD OF SEALIKG LOERICAKT
(Inoches) BY
G-17A Gate S to 16 UFg Band or Bellows and stuffing C=2144 to s
motor box boxg SCG to
wheel.
G-17A¥  Gate 3 to 16  UF, ' Hand or  Bellows and stuffing  C-2144 to e
motor box box; SCC to
whesl
H Glebe 1/4 UFg Band Bellows  8CG to cap {
angle : .
tee |
Drum Angle 1/4, 1/2 UFg Hand Plastic packing rings C-2144 to pe
(wrench) rings
M Globe 1/4 to 2 UPg Hand Two concentrio bellows - SCG to valve
8s Globe ~ 1/4to 2 By Hand Two concentric bellves SCG to walwe
Alr-0Op Globe 1/4 to2 UFg Alr Two conocentric bellows ¥one
A-3B Angle Stol0 Np Band Bellows and stuffing C=Z144 to st
box boxy 5CG to
whesl
A=17A Angle 3 to 16 UFg Mand Bellows and stuffing C=2144 to st
box boxs SCG to
wheel
Cheok Swing S, 6 UFG System None Yone
flow
Tee S-port 1/2 UFg Two ooncentric bellows SCG to valve
(wrench) -
Relief Angle 1 UP“ Alr Bellows and stuffing Home: - -

box

SCG - denotes standard commercisl grease.
C-2144 - is a special fluorocarbon oil {Book VII).
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\BLE 4. = SPECIAL VALVES

] LUERICANT HATERIAL AORKING HAXTY UM
oF PRESSURE  TEVPERATURE
CONSTRUCTICN PeSodote of
‘ing C=2144 to stuffing  Hickel-plated 0-30 160
: boxg SCG to hand- steel
wheel.
'ing C-2144 to stuffing Hickel-plated 0-30 330
baxs SCG to hand- steel
wheel
- SCG to cap threads ¥onel 0-126 300
1ngs' C-2144 to packing Monel 0-200 300
rings
11lows 3CG to valve stem Yonel 0-76 300
1lews SCG to valve stem Steel body, 0~126 200
stellite
seat; breas
bellows
1lows Fone Konel 0=76 3200
ing C=2144 to atuffing Steel body, 0=126 200
baxy SCG to hand- brass bellows
wheel
ing C=2144 to stuffing Niockel-plated 0-30 250
boxg SCG to hand= steel body, ‘
wheel aluminum bronse
seat face, monel
bellows
None Nickel-plated 0-30 300
steel )
1lows SCG to valve stem Monel 0=75 300
ing Nome: - - ¥onel 0-76 300




oarbon wax. Impregnated "C" rubber wvalve seats were installed in a por-
tion of the K-25”p1lnt// Two new plastics were later found highly inert
tovﬁiéd;nd fluorine, ;fP-lo, and oopner-filled Poly TFE. The former 1is
& highly fluorinated hydrocarbon polymer. The latter is the polytetra-
fluoroethylene which had been studied earlier, but with the addition of
46 per ocent of copper. A program is under way for replacing all rubber
valve seats at K-25 with MFP=10 mcoording to schedules laid out so as to
avoid seriocus interruption of plant operation and production. A more
extensive mcoount of the development and proocurement of valve seat
materials i1s presented in Book VII,

8. Desoription of Types Used, = The final design for pro-

cess block valves of sises four to sixteen inches was known as type
G=17A. Nearly 10,000 of these wvalves are insfnllod in the X-26 oasoade.
A desoription of this .. lve and of the other special types developed for
auxiliary plant purposes is presented in the remainder of this pnr‘-
graph, and is supplemented by Table 4. Further d;tniln mey be found in
Volume X of the Kellex Operating Manuals. The special wvalves for the

K-25 plant were prooured from the Crane Company under contract W-7418-

enz-18,

(1) G=17A Valve. = The G=1TA process blook valve is
shown in Figure 18, Two parallel discs are moved in and out of the pipe
line by the valve stem. To make a closure, seat rinzs in the discs
contact metal tuhbe seats. In order to provide for accurate alisnment
of disc seat and tube seat, the discs are attached to guides which
follow guide grooves on the side of the valve body. As the valve

stem is moved downward in the olosins direotion, the two wvulve disos,
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with the spresders to which they are attuched, are restrained froa
moving axially by two vertical end parallel guides, termineting at
.thrcmtcr of the valve rmn., When the émter of the discs reaches
the centerline of the valve run, the spreaders are prevented rm
traveling further down by horilontal guide grooves at sach side ot
the valve body. Continued motion of the stea end wedze then causes
movement of the valve dlss along the axis of the valve run. During
this movement, the discs are guided by the horisontal grooves. Con-

tinued closing of the valve sauses the central wadge to force the valve

disc ageinst the velve seats to effcet closure. Fhen the valve ie be=
ing opened, the .rwerle ecticn tekes place in which the valve discs
end spreaders first move 2long the axis of the valve run until they
are drewn back over the ends of the parallel horizontal guides. huQ
~ ther movement of the valve stem cé5'ses the entire wedge easembly,
spreaders, and dises, to move _upward and entirely out of the stream,
An indicstor rod st the top of the vclve shows the valve poaition;
The valve stem oontrolling the discs may be actuated either by a
handwieel or by slectric motor. Motor operation can be arrangod by
extending the valve stea froam the pipo" gallery up to the operating
floor, or the motor may be: direet-connected. The atea speed of
motor—operated valves is spproximstely 20 inches per minute.

(a) Seat Rings. - The required tightness was
achieved with metal to metal seat contact. Howsever, it was not imowmn
whether this degree of tightness would be possible on a production
basis, or if the tightness could be maintained under plant conditions
_of operation. Mf-!ora, it was decided to obtain even greater tight-
o Ba23
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ness by inserting & resilient seating ring (discussed above) into the ’
valv; diac,md )_mving this ring mak; -the 1n.i.t.ia.l cahfact with tbﬁ
metzl tube aeat, - e
ST (b)) Bellows Sesl. = The G-17A valve ia made

vecuun tight to the atmosphere by means of a bellows seal inaide the
odys The bellows is welded to the valve bonnet and to the valve stem,
thus preventing any access of process gas to the gland at the valve
bonnet through which the stem mist pass. As a safety precaution agsinst
a broken or lesky bellows, there is a at.uffing bax on the bonnet and
a hagk seet on the valve stew. For sight-inch valves and larger sizes,
the standard one-plece bellows was unsuitable since the required ex-
peneion ratio eoul@ not be obtained, A multipls monel welded dia-
phrega bellows was developed by the Cook Electris Cospany. To overcome
the problea of edge-welding the thin 0.025 inch bellows plates into a
vacuna tight asesembly, 2 method nj mrkid out involving the use of an
atomie hydrogen weld and special Jién-. 'mo bellows so fsbricated hias
an expension ratio of nearly 3 to 1, |

(o) Buffor Zane.. = The buffer zne between seats
can be pressured with nitrogﬁ t.hrough a connection in the valve body.
On amel) sizes, this connection is made into the side of the body,
while on the large models, it is inur"tcd into the b net. On soms
instellations, the connection is a permanent nitrogen line; in othera,
a portable cannection must bo made. By pressuring the buffer zone
with nitrogen, outf.akago of process gu. through the closed valve is
pravented. Any leakage will be in the form of nitrogen leaking past-

the valva seats hto the system,
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(d) Body. - The body of the G-17A valve is of all
welded fabrieation, including body run, tube seat, and bellows. The
material for ths welded body and the disc swats is nickel-plated steel.
The guide and wedge asseambly are cast aluminum bronszs, while the stea
and bellows are monel,

(e) Lsak Test Connestion. - In 3 to 6 inch sises
@ copper tube bellows leak test connection is provided (Fig. 18).
Larger siszes have a special sonnection known as a sealing valve. If
s leak test is made, and it is found that the valve seztsor bellows
are leaking, the weld at the top of the bonnet is cut out by means of
a special milling cutter designed specifically for this purpose. The
valve can then be disassembled and repaired.

(2) 0G-)7AN Valve. -~ This valve is the same as the G-17A
type, but does not employ rubber disc rings, and is suitable for higher

temperature service (Table 4).

| (3) B Valve. - The H valve is a saall instrument line
valve with minimum internal wolume and surface area. Seat contact is
made by means of a highly polished ball fixed on the end of the valve
stem. Globe, angle, and tee desiyns were supplied. The knurled cap
(Fig. 19) serves as a handwhesl. H Valves have a 1/i inch socket and
connections. Port openings are either 1/8 or 3/16 of an inch in
diameter, -

(4) Boum Valve. - Tnis type (Fig. 19) is a monel metal
sngle type valve d:uigmd principally for service on drums. It is in-
stalled by welding the bottom inlet to a portable drum nogzzle, and
inserting an adapter and pipe assembly into the side outlet. The side

outlet is held in place by means of an adjustable clamp. The valve

8.2
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cen be adapted for general service by removing the clamp and makcing
ainor adjustments. The special feature is a plastic ring behind the
seat, which is compressed after the metal seats make contact.
‘(5) S Valve. - The 5K valve (Fig. 19) is similer to

a conventional globe wvalve, but un; a coniesl plug disc against & coni~
cal seat. To mest rigid !-ik—proof requirements, it is equippsd with
two oconcentric bellows as double seal, instesad of the usuel stuffing
box. It is used an procel gas lines of two inch and smaller diamaters.

| (6) 83 ¥a) )o = This type is aimilar in deslgn to the
SK valve, but is iatended ' service with nitrogen instead of uraniua
bexafluoride and, thersfor is made up of different materials of con-

struction (Teble 4).

(7) Air-opersted Valve, = The air-cperated valve con-

eists of the body, stem, and bellows assembly of an SM type valve, but
instead of the handwheel, an air-operated spring and diaphragm asseably

is used. By wvariation in spring design and air presaure control, thess

valves can be adapted to sither opsn-and-shut service or throttling
service, The former type 1s designed either to close an air failure
(as shown in Fig. 20) or to open 83 sir feilure. The throttling type

@Ay be operated either by diruit eontrol, orxr through the use of e

valve poaitioner,

(8) A=3B Y Lvg. — The A=-3B valve (Fig. 21) is similar
to m standard angle valve except that it is equipped with a bellows seal
in sddition to the conventional stuffing box, and a sleeve type seat
instesad of a stendard typt seat. Hubber rings are used for stem packing.
This valve is suitsble foi use on three to ten inch nitrogen linea.

(9) A-17A .alve. - The A-17A valve is identical with the

B o= s, Bekb
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A-38 valve except in material of construction, since it is designeé
for service with UFy instead of nitrogen. |
(10) Check Valve. -~ Special check valves (Fig. 22)
were manufactured in essentielly stendard desisns but internally nickel~
plated for reaietance to attack by UFg;, This valve is used in the
suction lines of all cold trap vacuum pumps.
(11) Tee Valve. - The tee valve (Fig., 22) is & special
leak-proof valve designed principilly for test manifold assemblies.
It has three port openings which periit straight through flow with
sample take-off. The monel beilows sesl is the same as for the SH valve.
(12) Relief Valve. - The special relief valve (Fig. 23)
is 8 monel angle valve held shut by an air motor opsrator of the close~
on-air-failure typs. A pressure transmitter, incorporated in the line,
operates a relay valve whigh supplies air to the air motor operator.
The valve body is of the SK type. These valves are used for process

relief in the cold traps,

8-12, Instruments.
a. Cascade Instrymentstion. = A large nuzber of highly

lbocializod measuring and control devices are required at various points
throughout the K-25 process cascade, to serve such purposes as procass
stream analysis, lezk detection, isotopic asassy testing, and process
purp sealant flow measurement. The complex technical nature of these
items, and the abasence of prior industrial experience in design and
application, required a large amount of research and development. This
work, together with & description of the finally evolved designs and

methods of operation, is treated in Section 6 of Volume 2.
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(1) Central Control Roome. - An essential cosign feature

of the diffusion oascade is the provision for a master coutrol statiom,
’oontrally looated, and containing equipment and facilitles for coordinat-
ing operating motivities. Such a central control room (also caulled
"emergenoy control room") has been set up on the operating floor level
at the bass of the cascade "U" between Buildinge X-303-7 and K-303-8,
The prinoi:i; fexrtuwre of the room is thQ oentral ooatrol board whish
consists of an array of 64 panels nrrangodvin the form of a ssmi-oircular
arc. Thess panel boards are classed as followss 61 standard building
panels; 3 purge bullding panels; 7 intoreecfionul pancle; 1 surge and
waste panel; and £ misocellaneous panels which deal, respectively, with
misocellenecus proocess service controls, and the intercomnecting system
between K-26 and X-27. The panels contsain the following features;
a. Mimic piping of the main process hond;rl (exclusive
of oell connsctiona).
b. Symbols for equipment in, or ocornected te, the main headers.
0. Remote cantrocl of each motoriced valve in, or connected
to, the main headers,
d. Automatic position indication of all walves in item (o)
as well as other importent wvzlves in, or connected to,
the main headers.
e. Automatic "on-off" indioation for booster pumps in inter-
sectional ocells and the purge buildings (K-312).
f. Remote pressure indioation four surge drums.
ge Position inciecation of important sontrol valves.

he Line reocorder slaves for continuous indication of prooess

stream ooncentration,
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SCHEMATIC OF CONTROL INSTRUMENTATION OF A SINGLE STAGE
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i. Teiephenioc (scund powered) communioation systems.
By means of this equipment, central control operators can soordinate
the rapid deteotion and isclation of various types of inleekaze (air,
nitrogen, coclant, eto.) 1nt§ the process system, and a0 prevent the
spreadin: of process disturbances throughout the omscade, In addition
to the normal plant telephone aystem (Par. 9-7), a publioc address system
and a voicee-powered telephons system are provided for use with the
emprgency control board. A detailed deseription of ths sentral control
room is aveilable in Volume IXVII of the Kellex Operating Manusls,

b, Stege Pressure Contreol Equipment. « In ocnneation with

stage instrumentuticn (FPar. 7-5b), the pressurs oontrol aystem ia
worthy of special desoription. The basic prooess variable to be gon-
tralled for effeotiwe diffusion plant operation is stage inventory of
"prosess material. This is agoomplishad by means oif a vast systen of
pressure transmitting, reoordinz, snd ocntrolling devices which wre
inetalls d as an essential part of the X-25 plant. The pressure control
ingtrumentation for s zingle difrusion stage 1; depioted schematisally
in Figure 24, The pressure of the converter tails stream actuates a
pressure trunamitter (DBYM), whioh sonverts a fixed range of proceses gas
preasure (a.g.JD to 6 p.s.i.n,) into a fixed range of air pressure

{3 to 18 pesesi.gs)s The transmitted pressure is charted continuocusly
on a pressure resorder (PR). It then feeds a pressure controller, (PBC),
the funotion of which 1s to send a sismal to the control walwve (CV),
whenever the pressure iz not at the set point. The valve will then

move to a new position sn as to acrrect the pressure lavel. The




3ILLL

NOILld1MD830

SNOISIAIY

34va
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valve is equipped with a positioner which guarantees that the velve
will coie to the exact position demanded by the controller, despite
friction end hysteresis effects in the valve mechanism,

(1) Transuittere. - 4 schematic diegram of the trans-
mitter is shown in Figure 25. The instrument may be represented as four
1dentical mounted bellows attached to a belance arm which pivots on a
fulerum. The upper left bellows is connected to process pressure (P),
the lower left is loaded with a datun pressure (Pp) which is greater
than process pressure, the upper right is loaded with the minimum pree-
sure in the output range (3 p.s.i.g.), and the lower right bellows
is ot the transmitted pressure (PT)' When the instrument is in balance,
a fixed quantity of air (about 0.1 cubic foot per minute) escapes
through the nozgle, which has a clearance of 0.001 inch from the baffle.
If process pressure falls, the balance arm immediztely presses the
baffle closer to the nogzle, forcing air into bellows Pp. The pres-
sure Pp will rise until the lever arm i1s balanced, &t which tize the
belance arw will again be horisontal, and approxiuiately the same. quan—
tity of air as before will be escaping through the nozazle. The
trans:zitter is inverse acting, falling process pressure causing &
rising tranemission, &nd vice versa.

(2) controller. - The controller (Fig. 26) is of the
proportional plus autoaatic rgset type. A reset cutout allows the in-
strunent to be operated with or without the sautouatic reset festure.
Wiith reset reroved, the controller is & proportional instrument, and
operates the same &s the trans:itter previously described. In this

mode of operation, the reset bellows is loaded manually with some

8.30
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pressure, Pp,betvisen 3 and 1% p.gidag.
(3) Countrol Velve £r¢ Fusitioner. - The controller out-

put ectuales a poaitisuer, which positions the coutrol valve (Fige <7)e

The velve g of the bullor{ly type, and is Leliows-ssalud, Lhersby
avolding the Ifriction inhecrent in a stuffing box design. Iv is driven
by & pneumatic amotor whose air supply is coutrviled Ly the positioner.
The functlion of the posilioner is two-fold:

l. To reduce ihe h,ysiereais' of the vzive (ccused principally

by steu friction) to & nexligible vaiuse.
2. 7o provide an accurate incicalion of tus position of the
valve vane. 0

The ection of the posﬂ.ioner—valve cuwubination ie as .folloniﬂ ¥hen
controller output precsure, P'g, rises, the positions) beliows ir{lates,
czusing the plete Lo wiieh it Ls ableched to awve upward and cogrecs
the positioncr spring. -The wprwrd motion of the plate ie comuunleuted
zechenically to the pllzt valve, opeaing it and relessiung &ir to the
moter, vhich infletes. The disphregu expands, pushing downward on ﬁho
disphragm head, which siidee cdomn, pulllng with It the opersilig lever,
enc cousing ccapressian of Ll positicrner sprirg. The plate zoves
downward, pushing the pilot veive towiid 1ls balwice j;oait.ion. Tae
cownward metion ot the dispiaraga hicad éepreswa tlis elew which, through
& drive link zechanisz, moves the valve vane toward its closed position.
Tre instrurent is in ialencs viien the forces acting on the pesibtioner
spring ere equal, L.c., when the uprerd force exsrted oy Lie positioner
bellows is balenced by the downward foree aspplied Ly the zcibor through

thic diaphrage head. The positlicner wzinteins a Lincar relalicnghip

8.31
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betweep controller output pressurs and velve sten position. The posi-
tioner input pressure is, consequently, & good indication of stem position
which, in turn, is almost & linear function of vane angle. Actually,
there may be & small amount of lost motion between the stem and the

vene of the valve, but this is quite negligible.

(4) Dstuym Heeders. - The control system described above
is duplicated for each of the 3432 stages of the K-25 and K-27 cascades,
and operataj in conjunction with e nitrogen datwa header aystem (Par. 10-7),
which supplies & very accurately meintained datuw pressure which is
used ss a reference for measurement of stage pressures, making it
possible to take acourate readings of process pressures over the full
range (O - stzospheric) required by production, conditioning, and
process gas recovery opération. Individual cell datum headers are
connected to a main header for each process building. A pressure con-
trol systeam is provided for the building header and for each cell
header. The aystem is valved so thet any cell in the entire building
may be opercted fromba datun set by either the cell or building con-
trol systems. Bach datum system consists of a vacuum control valve
("inverting booster relay") actuated by a pressure cantroller, which
is piloted frou the datum pressure. A full description of the stage
pressure conirol system may be found in Volume XI of the Kellex Operating
Hanuals,

c. FProcurenent. - Design and developament of the speclial
instruments required for K-25 wae hardled by a nuaber of manufacturing
firas, with the Kellex Corporation participating actively, and furnish-

ing overall supervision. &uppliers of inajor importance are discussed
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below, prime contract summaries are included in &ppendix A.

(1) General Electric Com any, - The Genesral Electriec

Company engineered, designed, end produced mas.: spectrometers, leak detectors,
acoustic gas analyszers, sjace raecorders, and differential pressure panels and
transmitters. The develojwent work was administered under contract ¥W-7405-
eng-70, which was mide broad in scope in order that various phases of the
instrument rLroblems could be assigned to this cozmpany for development by subse-
quent instructions from the Contracting Cfficer. Under contract ¥-7/15-enz-
40, the General Electric Company ;upplied 485 differential pfessuro panels

and 6318 differential pressure transmitters. They also supplied 16 acoustic.

gas analysers, 30 msss spectrometers, and 324 leak dotectors under contract -

7418-eng-53, and 6 space recorders and 116 recording gss analyzers under

contrast #7405-eng-271.
(2) Taylor Instrument Companies., -~ The Taylor Instrument

Companies undertook to develop, design, engineer, manufacture, assemble, test,

and deliver various process and experimental instruments, and to procure certain
additional instruments from others. Taylor also provided procurement, to super-
vige the testing and inspecting of the instruments procured from others. They
manufactured several types of test floor instruments and pneum:tic instruments
for thovprocess plant, and warious other speclzl items together with some of
standard design. This work was done under contract i-7418-eng-14, which was
negotiated as a{ unit-price basis wit!{ proviesions for periodic pfice adjustment.,

(3) Hhepublic ilow keter Company. - The Republic Flow Leter

Company, under contract '-7418-eng-52, designed, tested and manufactured 684
four inch magnetically opersted butterily control valves, to provide for

automatic control of the flow of the process gas.

(4) Fisher Governor Company. ~ The Fisher Governor Company

8.33



was awarded contract ¥W-7421-eng~13 which provided for the production
of butterfly control valves, varying in size from 4 to 12 inches, bellows
assenblies, and various spare parts for these vslveas,

8-13. Gold Traps. - The cold trap is a device developed for the
K=25 plant to serve the purpose of separating UF6 froa non-condensable
gases. It operstes by lowering the temperature of a gaseous mixture
below the molidification point of uranium hexafluoride. It was de-
signed for use 1n the process gas recovery systea (Par, 7-12) and at
points where waste gases, which might contain traces of 076 ars to be
vented to the atmosphers.

a. Development. - Cold traps wers first proposed for use

in process gas recovery in September 1943. Efficlent eold trap deaign
depends upod‘prope} arrangewent of heat transfer surfaces and gas flow
passages to effect deposition of solid without obstructing either heat
transfer or flow of gas. As with other types of process equipasnt, the
cold traps have been designed in four sizes corresponding to the cas-
cade sections in which they nfo installed. In Jamnuary 1944, the Kellex
Corporation began work on fabrication drawings of cold traps.

(1) Interna) Vertical Tube Type. - The first important
cold trap design oconsisted of a round horiszontal shell with vertical
tubes to be kept filled with refrigerant from a jacket completely en—
oasing the shell. Tubes were spaced fsarther spart at the inlet end
than at the outlet, in order to accommodate larger deposits at that
point. This principle has been carried over into the finally accepted
deaign., Disadvantages were encountered in exsessive weight, and diffi-

culties of fabrication,
8.34



(2) Internsl Yertical Bar Type. - The deaign was first

modified by replacing the verticsl tubes with solid bars. Since the
fins were mounted within the internal shell, all joints between the
process snd refrigerant regions were eliminated. For a given gentral
pipe sise, available volume for solid depoait was increased. In June
1944, the Schock-Cusmer Company furnished one plant-sise unit based on

this design.
(3) Externa) Badial Fin Tvpe. ~ In order to simplify

the methods of fsbrication, it was desired to place the fins on the out~
side of the shell rather than the inside. A new design was tharefore
propaer, iﬁvalving radial fins externally soldered to the central
shell. The fins were cooled by refrigerant evaporating in the outer
Jacket and the outer shell was cooled by pipes soldered circumferentially
to the outlido.' Baffle plates were mounted in the exit tube assembly

to catch entrained solid UFs, A drawback was presented by this deaign
in the possiblility of refrigersnt leaking into the shell, but when

it became urgent to produce cold traps for the first portion of the
plant to be operated, Case I, fabrication of tm type, which came to
be known as the two-shell radiel fin type, was undertaken by

Joseph Kopperaan and Sons in May 1913- and a trial cold trap was de~

livered the following September.

(4) Beversion to Sinsle Shell Parallel Fin Typs. - In

4
June 1943 it was planned that the Schock-Gusmer Company should begin
production of two-shell radial fin type traps in sizes suitable for the
" upper section of the plant. Before the manufacture of those traps was

begun, it was realized that the design would entail special safety

8.35
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hagerds unless the inner ghell could be cadmium couted. Thus, in the
higher secticns of the plant, the accuwiulatlion of considerable gquanti-
ties of liquid or solid UFg, highly enriched in isotopio concentration
of U=235, presented the possihility of approaching a critical mass. The
cadiiws would act to absorb neutrons and prevent the ocowrrencs of &
chain reaction. However, such an internal coating would offer serious
difficulties, both in initial deposition, and future inspection and
maintenancs, Improved methods of fabrieating the singie shell parallel
f£in type tripa had been developed in the meantims, and it was therefore
decided in July 1944 to revert to this design for all Section 3 aud 4
00ld traps. Fabrication drawings were ready by August 1944, and the size
3 design was accepted; the sire 4 design, still too loug and hesvy,
neoded further revision. HRadial design was retained for Cese I and II
purge cold traps (Par. 7-14), but Case II treps etill required the in-
ternal eaduium coating.

(5) Eurther Modifications. - By October 1944, test

resulte in the experimentsl trap indicated the need for additional
cooling surfaces, This need was donfirmed in Degeader by tests in the

trial radial fin trep delivered by Kopperman. The following steps were

taken:

1. At this time, all Case 1 traps had been deliversd. The
necessity for changes wes eliminated by sufficlent al-
teration of process conditions to achieve satisfectory
functioning.

2. The three Case I treps (which had been delivered) were

sent back rdr altersation along with the unfinished ones.

8.36
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Checker work fin rings were added in the front end
of the Case I and II units, and all fins were replaced
by annular disc baffles fixed in the inner shell,

3. For the Case 1I groups, cyclone separation units were
to be installed as separate items at the cold trzp
outlet.

4e The large, Section 1, radial fin type traps required
only the addition of baffles,

(6) Fuyme Recovery. = In February 1945, results of fume
carryover tests showed that fume losses from the section 4 cold trap
would be serious, £ three-foot end section wes added, containing a
new and larger cyclone separator with & special collecting tank below,
This was followed by & nickel wool filter for trapping last traces of
UF6 mist, The fabricetion drawing was ready by March 1945.

be Fins)l Design. - The three largest sizes (of 19, 16, and
10 inch diameters) are of the double shell radial fin type, and are ine
stalled in process gas recovery systems of Sections 1 and 2, and tem=
porary purge and product systems of Cases I and II. Farallel fin, |
single shell traps (of 8 and 4 inch diameters) are instelled in the
upper ssections of the plant. Cold trap design is illustrated by
diagram in Figure 28, and by photograph in Appendix E3,

(1) Radia]l Fin Type. = The radial fin cold traps con-
sist of a thin round copper shell, sealed on either end by monel heads,
and supported on wooden blocks in a slightly tilted position, The

outer shell encloses a second copper shell with groups of copper fins

attached radislly. The fins in each group are evenly spaced around
8437




the inner shell, but the number of fins in each group increases toward
the outlet end of>the shell, The inner copper shell is closed at the

lower end, and has & cooling jacket on the inside with refrigerant con-
nections, The process gas mixture is pumped in at the lower end of the
cold trap, and passes along the fina between the inner and outer shell

until it reaches the upper end of the trap, The gas then reverses di-

rection of flow, and passes inside the inner shell betwean the refrigerant

Jacket and the outlet tube, which is projected down the middle of the
trap, Then the gas reaches the end of the outlet tube, it reverses
direction again, and leaves the cold trap via the outlet tube,

(2) Parallel Fin Tvpee ~ The parallel fin type cold
trape sre simpler devices, but are similar with respect to outward shape,
inclined position, and outer copper shell capped on the ends by monel
heads. The fins, however, are silver soldered to fin rings which are
then slipped inside the shell and soldered to it, All refrigeration
is accomplished by cooling the outside of the shell with refrigerant
pipes. The flow is stralght through the trap past the parallel fin
sections, In most of the eight-inch traps, bafflies are included to
increase the flow rate per unit area cross section, and in most 4 inch
and 8 inch traps, a small cyclone separator is placed at the upper end
of the trap to help remove anﬁ »olid UFy miet present.

(3) Heater Elements. ~ On all cold traps, electric
Calrod heaters are attached to heat the shells. In the case of the
radial {fin traps, there are additional heating rods in the inner re=
frigerant jacket. The main purpose of thess heaters is to melt and
drive out the UFg when diachafging the trap., A small amount of power
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is also used to warm the inlet cond of the trap during the condensation
operation to prevent plugging of the inlet with solid UFg. The neo-
essary thermocauplcs and pressure connections are provided on the
traps 8o that the operating conditions of preasure end teupersture
can be recorded. All cold trags sre heeavily insulated with asbestos
felt of tﬁioknena verying from § inches to 10 inches,

¢. Procuyrement. - A description of manufecturing tech-
niques and progress ls presented in the Kellex Coupletion Report,
Bection III, (9). The Schock~Gusies Coxzpany produced the single-shell
parallel fin type under contract ﬁhaiig-eng-za. The Patterson-Kelley
Compeny produced the double-shell radiasl fin type under contract ¥-T7,18-
eng-62,

8-1. Carbon Traps. — Carbon treps are instalied at & pumbder of
points in the plani to supplement the use of the cold trape in recovery
of UF6 Irom vent geses. There are two carbon traps piped together in
seriea in every cold trap recovéry system., These serve t5 trap out
any UF6 which weas not retained in the cold trop. Thda, carbon treps

serve the following functions:
1. The clean-up of UFg in the geses leaving the cold treps.

2, The sbsorption of the UP6 content of one cell in an
emsrgency when cold trape are out of service.
3. The ebeorption of UF6 blown into & carbon trap by the
cold trap relief valve in Sections -3 through 2a.
Function (1) is the normsl service for the carbon traps, but this ser-
vice does not aset the design for carbon trape. It does, however,
deteraine the normal 1life of the charge. The cerbon treps have been
8.39
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‘sized and the charge specified on the bssis of function (2), the eb-
sorption of the contents of one cell,

a8, Development, - Test worx done in the Kellex Jersey City
Laborstories was directly responsible for the ultimate design and
operation of the process gas recovery system carbon absorbers, This
work wos begun late in 1943 and continued until June 1945, Among the
various solid muteriels tested as UFbAabsorbents were silice gel, so-
diun fluoride, sodium bifluoride, Florite desi{am, activated alumina,
end activated carbon. The latter gave the most efficient absorption.
The possibility of overheeting &and caking of the carbon bed when &b-
sorbing gaeses rich in Ufé led to tests on various diluents. Cry-
stalline alumins was found to be satisfactory, end tests performed
on & plent-sige carbon absorber gave results which determined the
optimum carbon-alumine ratio, and the mothbd of charging a trap to
avoid segregation of the alumina and carbon in the charge., At the
erme time, a satisfactory sadmium oxide-impregnated alumins was de-
velored for carbon absorbers to be used for absorbing UF6 with high
light component concentration. An investigation wes made on the
effect of varioue concentrations of fluorine on activated carbon,.
It was found thet, under certain conditions,an unstuble compound was
formed which detonated on impact. These tests indiceted that it would
be necessary to keep the weight of fluorine charged to carbon ab-
sorbers below two per cent of the weight of caroon in the absorbers

b. Final Degign. -~ All carbon traps are of the same basic
design, differing in size according to sectionsl location,

(1) Shell. - The steel sheil consists of an upper
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cylindrical section and a lower conicsl section. The gas enters the
side of the conical section, which is charged with alumina, through a
cylindrical strainer. It passes up through the cylindrical section,
loaded with mixed carbon charge, and leaves at the top of the trap.
The vertical cylindrical section is welded, at\ita lower end, to a
cone, 11-3/4 inches in bottpm diameter. The cylindrical body varies
in diameter from 17-1/4 inches to 28 inches. Each trap is provided
with a charging nozzle at the top, ind a dump gate at the bottom,

(2) Bed, - The conical portion of the carbon trap is
charged with j-mesh crushed alumina; this serves as a non-reactive
support for the absorbent charged to the cylindrical portion of the
trap. The cylindrieal portion is.chargod with a uniform mixturse of
crushed alumina and high activity carbon pellets, the alumina acting
to prevont excessive temperature rise. The proportional composition of
the charges for various traps is discussed 1n_Pnrngraph 11-8. The alum-
ins chlréod to the carbon traps in all sections above Section 1 is im-
pregnated with 2.5 per cent by weight of cadmium oxide. The carbon re-
moves UF,  from the gas stream by a combination of surface adsorption, |

é
and chemical conversien to non-volatile uranium fluorides and volatile

carbon flucrides.

6. Frocurement. - K-=25 carbon traps were cuppliod by the

Alco Froducis Divisicn of the American Locomotive Company under contraect

“=T415~eng-38.
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OECTICN & -~ PLOCESS BUTLDINCE GND UTILITIGES

-1, introduction. - Volume 4 prosents an account of the size,

cost, maleri:1l of construction, and constructlion history of the buildings
housing equipment and fagilities deseribed in for¢geing and sulisequent
vsections. This section prescnts a genafal diacussion of the mostl
important buildings, namely the cascade process bulldings, including a
typieal description of a single .rocess bullcding snd a resume of the
building utilitdes. Yajor utility installations of direct and ;rime
importance to the jproduction process, such as the power plant (Sect.
12) and the process cooling water system (Paf. 10-3) are described at
other points in the text. Utilitles covered in this section are of
;ndirect gservice to the process, chiefly systews required for maintaining
»ractical woriiirng conditions, and facilitsting production and mainte-
nance aciivities. 4 mora detziled description cof process buildings and
utiiities may be found in Volume IXZ of the Kellex Operating Manuula,

9-2. The Cascade "U". - The geomstrical arranéement of the

main process area plot plan has been mentioned and illustrated by means
of Appendices Bl snd B2, and the various plans shown in Appendix A of
Volume 1. In external aprearance, the process plant proper (excluding
auxiliary structures and the K-27 annex) appears as a huge "U"-shaped
structure. Actually, it is made up of a sefies of 54 contiguous
buildinge, three of which house the purge cascades (Seetiorn 312), and
51 of which house the isotope separsting stages.

9~3. Typlcal Frocess Building. — These latter buildings (as well

as those of ¥-27) are all similar in form and general arrangement,

9.1
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differing in sise as outlined in Paragreph 7=7, Longitudinal and oroass-

seotionnl views are shown in Flgures 29 and 50, respectivelys, Ths perminder

of this paragreph desoribes the general dosign aund arrengerent of eash of
the four lavels of a typical building, Drewings shown apply specifie

oolly to Bullding Ke30R«3,
8¢ DBagsement, = The basement floor 1z approximtely lowsl

with grade at one end of the bullding, und about 15 feat below grade

at the opposite end, This arrangement mlws it cocnvenlent to mowe
equipment to end fram the basement ares at the lower prude lewl, The

" .
following oquipmntAlooabed in the basemont (Fige 31):

Coolant Coolers

Coolant Drein D

Coolant Transfer Pump
Iadrioeting O4Y Prep
Iabrioating 011 Cooler
Lubricating 011 Drmm and Filter
Operating Floor Ventileting Fans
Cell Floor Ventilatin: Fans
Cold Trap and Ewowmting: Pumps
Afr Mlters

(1) Trensformer Vaults, = A treansforper wmult is

provided to serve eech pair of adjaocent bulldinge, and ies lopated on the
baserwnt level in between the two buildings, Each trunsformer wult
(Appe EE) is enslosed by oonerete cimler bdlook walls, and contains
| wriabls and constari frequency tyunsformers, switshpear, and transe
former vgult ventilating fans,

be Cell Floor, -‘ The oonverters, esch with fts "A" and
"3" pumpa, are looated in groups of six on the converter oell floor,
Baoh group of six oconverters, togother with interconneoting piping and
auxiliary service lines, 1s containsd &n & cell compartwent mede up of
16 peure steel panels, This sheetin: 18 tizhtly welded to prevent ges
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ke d W B B slasf b

leakm.co fron the oell and back 4iffusion of molsture into the cell

snclocure,

(1) Xotor Alley, = The cells are arranged in two
parallel rows with an equal mmber in eech row, end an alley between
oalled the motor alley, or esoape alley, Motors for driving one half
of the prooess pumps are looated in the motor alley, and space is provided
for woriamm to cheok performance an? cperating oconditions. An owerhead
trollsy is provided in the center of the alley, to be uged for removing
motors and puxps from the dullding,

(2) ¥ithdremsl Alley, » The reminder of the pup
motors gbmm between the cell bank and withdrewml alleys, with e
sinllar armagement, Plgure 32 shows the general plan of a oell floor,
which, in Building K=B(2«8, oontains ten oollss Tw withdrawl alleys mm
adjuoent and parallel Go the long sides of the bullding. The withdremal
alley floors are located mbout truck bed height below the oell floor

~ lsw]l, to facilitate mowmnt of equipment to and from trucks., The

withiraml alleys serw as rosdwmys on which equiprent is transported on
speoisl trucks into the main buildings, and sommset H0 hisfemys outside

of the building,
e P il e = On the pipe gallsry lewsl are located

piping and wlves so provided that any oell oun be Uywpassed, if
eonditions arise that necessitate the shutting down of a oell, The Yy-
pass pipins and the mecessary hyepass walves are alsc enolosed in a
steel paneled, air-tight compartent, A compartment runs lengtinrise
ovor each row of oslls with extenalons to the sides wherever the plping
runs down to the conwerters, The compartments are supplied with ary

8.8
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eir (Per, 10=4). The walves are arrunged so thet their stems extend up
through the operating floore Figpuoe 33 shows & floor layout of the pipe
mllery, That portion of the pipe gmllery floor immediately sbowve the
cell struotwre is limed with insulation,

(1) Mllomyss = Vellwys are provided on tho pipe
gallery floor to give acoesa for serviolny walwes and piping on this
lewel, These walkmys imy be reached by ladders lsading fyon the
operating floor % the pipe gallary floor, or hy the stmirwys londing
fron the withdraml allsy to landings on each of the floors.

d., Operating Floor, = Operation of each dbuilding is
ocontrolled and direeted from the top floor lewel, Figure 54 1s a plan
view of an operating floor showing floor dstails and arrengement of
equipment, |

(1) Equipment, ~ Imstrummts which indieate the
operating oonnﬂ.om in each oell are loocated on & separate panel board,
The instrument boards are arranged in pairs so that one operator oan
control the operation of equipment contained in two consecutive oells,
A smll instrument board, on whieh g’mmtod instrusnts #at indicate
the operating data for the building as & whole, is located over the
building bywpass pipins area, Elestrio switchgear for pump motors is
mounted on pansl boards whioh are loocated in pairs along the longitudinal
osnbter-line of the cperating floor direstly over the alley betuwen the
two rows of oells, Variable frequency control penels for the motors in
oach ocell are limi}‘hrl& located, Coolant pwps, ons for each oell,
which foroe coolant through tho gas ocolers in tho conwrters, are
located alon; the longitudinel eenterline of the operating: floor level

9.4
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adjuoent to conterline colwms, The stems for the walves in the osll
by=pass gallery extend through the rioor in the area Lxmediately abow
the ocenter of each sell, A large part of that portion of the gperating
floor level looated above the withdrawal alleys is cooupied by offices,
spestromeber stations, and vendedusts, -

(2) Floor Btrusture. - The floor of the eperating
mummwmtmw.mumxm}u
.nn-wormOpoM¢pran Special pre-oast soncrete
f1oor slabs, designed with & remowble plats, have been provided so
uutmuhhwwmmungrwwumra
np!r. mmt‘hormhnbdnmbororpuﬂngut-nh_
—mzymumna. Mu,m.mumwmm
the rest @f the building, - o

(8) Btmirwys. = Thers are oo main stairwsys for
mmmmmmmmzummmrm.
ﬂwumlnlbd.nlntthm”mm.m”nﬂnm-
Poth stairways bave landings at ssch internediate lJewl for ascess to
the 0e11 and pipe mllery floere, An sperstiomal ladder is looated in
oach ocolazt pump Pit em the sperating fleor, These ladders extend dewn
hhﬂﬁa&qf&mt«morwmnonm
'Amun&mp&tmm&oammmﬂuﬂp‘m,
floor, Thres stairmys extond from sach withirawal alley to the
spereting floor, with landings at the pipe gallery floor, scumseting %o
the oatvmnlks, Thess stairmys are counter-weighted in the withdrawal
nncyloﬂntth-yuybomgchtrtnﬁnmdnwmtﬂon-

Quiring the spaee,
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9ed, Process Bulldin- Ventilation System.
Ry FPurposss = The primery object of ventilation in the
prooess bulldings i¢ the dissipation of heat) the air oirculation is

preatly in exoess of bresthin: requiremerts, This heat iz generated
in transformer windings, motor windings, lichts, and from solar heat
through the roof, with the min souroe of heat eoming from within the
oells, The ocolant systen has & rabed oepeoity to varry off the total
heat of prooess map adiabatic oorpression, bhut the pump oasings,
sonverters, and ecxmected piping run sufficiently hot to liderate large
quantitiss of additionel heat which must be removed. - There are two
principal requirersnts to be met by the ventilatiug systems

1» Remowml of sufficiont heat under mximm sumer bterperature
conditions to maintain within the oells the stipulated
Semparature of the prooess raterial, and ¢tc mintain l
texpersture outside the eells in tho alleys and the
operating floor that ean b tolerated by the opereting
arew,

2. rt.hin within the buildings as mch heat as possidble
under extrems winber oconditions, or all that is desirable
during apring and fall, and stil)] mintain the stipulated
terperature within the oolls,

bs Design, = The first of the abow econditions is the
nore dﬂ'ﬂwit to moet, and all enloulations of air quantity hawve dboen
mds on that basis, The maximm assumsd averepe oondition of atmospheris
air was taken at BEOF and 70 per cent relative humidity., Thoe gensral
deaign oalls for the olrsulation of an ample quantity of air over the




warmer componsnt parts, This air absorbs heat and is discharped through
wntilators in the roof. 7The basement is well senlsd from the converter
floors the motor alley and spaoe over the cells is sealed from the pipe
gallery floor and withdrewel alleys, The operating floor asals the
operuting roon from the rest of the bullding, It is possible ho got

an air flow between theae different sections by openins dampers end
louvres,

(1) Basement Ventilatins System, = The air suypply for
the oslls and operating floor wntilating systems exters at the rear of
basement of each building through two psnthouses which ensloss the
the £ilters, Adr enters tho penthouses throuch lowsred openings and
pasees through s soreensd f£ilter bank, into the btmsement lswl atmose
phere, Higher building Jeswels are supplied with tesement air by the
beasement ventdlating fans (Apps ES)s The Pilter bank oonsists of a
nmuder of fremes sach corposed of seversl twonty inoh unite, Two
20 x 20 x 1 inch filtwr sartridges it into each unit in series, The
f£ilter cartridges were supplied by Owens«Corning FibverwGlass Corporation
and Researsh Produsts Corpemtion, The Owens=Corming filters are
sonstruoted of inberlaced glass fiders in a grille framw, The Bessarch
Products filter consists of a paper filter pad sandwiched betwesn two
wire grids,

(2) Trensformer Wult Vontilation, « The transformer
wault ventilation system has the funotion of keeping the wult asbient
aly texperature bolow set limits, Alr flow i induced through each
wult by throe Buffalo Forge axial flow funs, weryin: in sise from
20 to B8 inches, depending upon the quantity of air required,
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(8) Cell Ventdlatin- Syntems » The "oell ventilating

systen” refers 0 air oiroulated in the vioinity of the proosss oells
20 & part of the building etmosphere, It i3 entirely distinct from the
dry sir supplied to the interior of the oolls (Pare 10wi)s The eell
wntilating system helps mintain the oorrest intre-cell ambient
temperature, and keeps the coll floor temperature at a lewl sultadle for
the operating orew, Atmospheric alr (after passing throuch the air
f41tering systen and entering the building beaseneat) is 1;i.cbd w by
the esll] ventilating fans one of which is Joomted in ths meemnt under
each 0o1l, in the oase of all bulldings exoept those of Section 4, whish
contain two rows of three fans each for the fourteen gells, Cell
ventilating fans were mpplied by the Buffalo Forge Company, Bs Fa
Bturtewant, and Amsricoan Blower Company. Fan sapsoity renges from
16,000 to 34,000 cubio fest per minute, Alr is distribubed throughout
the building at a series af three locations for eash row of oells, as
followas _ |

1o At the curbing between the withdrewal alleys and the

sonverter floors.
8, Acroaes the top of the 0ells on the withdraml alley side.
S In the wotor alley and a littlo abowe tho sonwerter fleor,
(4) Operstings Floar Ventilation, = The fans for the

operating floor are looabed at the esumber of the basament floor bebwesn
the two rows of oell fans, The mmber of wentilating fans for the
operating floor waries with the sise of ths bullding, With the exeeption
of Seation &, all ten=oell buildin~s have five opernting {loor fans, all
eight-cell buildin;s contain four fans, and all six=oell bulldings




U o lur caau W B Ua Lday &

have three operating floor fans, Each building in Section 4 is provided

with three operating floor fans.

9-5. Frocess Building Heating System,

a. Unit Heaters. - During extreme winter counditions, the

retention of heat by the recycling process may not be adcquaﬁe to

maintain desired temperatures for the operaling crew, Heat may then

be added to the buildings by means of unit type Trane Company steam

heaters, which have been inntalled in separate suction ducts in a number of

operating floor fans in every building. The six-cell bulldings contain

two of these heaters. 4ill other buildings have three.

b, Steam Radiators. -

Lavatories on the basement and

operating floors each gontain two steam radiators for heating. The

basement floor proper has no heating fasilities. The recyeling of -

ventilating air, and the heat given off from pumps and motors contained

in the basement is adequate for winter conditions.

9-6. Process Bullding Lighting System. -~ The building lighting

and instrument circuits for each building are powered by two sets of

oonstant frequency transformers. At each transformer bank, thers is

one normsl and ons emergency transformer, and a control center from

which feeders radiate to the various panels.

The panels are in pairs,

one normal and one emergency, and are located on the basement and

operaiing floors. Each transformer " nk furnishes the lighting and

instrument power for half of two bui
provided and are each equipped with .
case ol power failure, the switch acf

with poser from the emergency transfc

9.‘1

inga.

Two control centers are

automatic tranafer gwitch, In

vates emergency feeders and punels

aer.

41] essential items such as
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fuertrueont elrcwdisn, yooepiacios, instruent boord Migding, siair risaers,
be.serent eren, tronaforrer voulds, arnd varicws 18gits throuzhoul the cell,

w1lery, end oporntins floors oro foid frer thils erorpency clireult,

AL -

3
}e
2
o)
-

IS

Post of %y elreuiis, except these net in contimml uss, arc conirclled

fror the wenols, lLoenl gwitehin-~ hor hoon cut o & rinirmme

S~74 TI'rooear wdliin~ Cormmioniicn Sveton. = 4 sound-powercd

telaphone systen fe provided for edcl el the progess bulldinrc, The
srator eomslete of Yen osll gintions and onz muster stetion por tullding.
Euech syoton provides ecormlote inter-commmicction betrrmen sinitlons in the
grsbor propor on £ eoryeon telidng, scleotive ringine basis, The roster
stction provides for gimultznecusly rin~in- ell stetions on 1% respective
gyctom in the cmso of en emorponcys The rmuster stntions end three esll
Wwtleng are located on soc! operntin: floore The esll floors end

withdrrwel allers contein four eall entions en? the dbesement floors

hougse thyee cell atrtiora,

g=3, Comyrrter Fandlin: Loui-mont, = Thisc squipmont is furnished

for the purpoas of handling the sonvorters when they are instnlled or

withdrawn fro- the g2l vooms, end for transportin- perteble loak tosd

ecutrront, Convertors arc rovmid on deldlics an’ transporded by truclk

from the conditlonin~ builiins e the froni end of thie withdrewwl elloy
# the dosired building, £ trochor-drem fruiler (Fige 86) i provided
for deliverin-~ the eonverier to i%s point of instolloticon. The treller

iz egui-ped with a hydreulic jecl en” levow pechonisr Uy means of which

¥

ite keirkt can ke ediushed fo thoet of the frusl,  TE 48 further equipoed
3

il e nompedcioen wineh vhich novves i rove the centortor and delly

frar e truek o the freller, The twuiler is alsc uwsed for trensording

010

E———



other equipment iuto the procezs valldings
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SECTICH 30 « D/SISY O PROCESS SERVICL IIEDTRLIATICHS

10-1, Introduotion. « This section trects of process servioo

installations desipgnod and constructed for uwtoe with the rnin coootde,
Additiomal faoilities, lator constructed for sorvioce wilth Ke27, are
discussed in Seotion 14, Looation of installatlons described in thic
section is shown in the plot plans of Volume 1, Appendix A, and the
phobogrephs of Volurw 6, Appondioces DIC end D17,

10«2, Coolant Dryinr and Sborare Plant (Sootion 300=C),

Be I'urpose, = Sitwrted in the centrul court within the
e in ezsonde YUY, Section S00«C servos the nurposes of storin; proosss
coolant, purifyins it as necossary, and distributins 4t to the prooocs

coolers throushout the plant,

Ve Des ’.E }.

(1) Coolant Storare, = Fiw ctorape tanks, each of

10,000 gallons ocapacity, are usod for etorazo of CgFyce those tanks
are chargod with fresh, dry cocolant from shipping drums, or with
purified coolant fraa the dryins asysteme Totzl plant invontory of

Cglys in use and stororo 1s over 200,000 pollons.
(2) Coolent Distribution, = The sbore;e tonks are

conuectod to a ooolant header in oach process building throurh & olossd
distribution 106;) pired alony the entire insido of the oaseade "M, The
cell oirculation systons are initinlly fille! fror: tho storace tenks.
TheronTter, pwping is intermitbtent, and necessery only to replucoe lossss,
or contoninnted coolant removed for purifiection.

(5) Coolomt Circulntions = CgFfys 4o oirculatod through

10,1
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sthipge ocoolers, intercell coolers, and intorsectiomal eoolers, Each
oell is provided with an 1ndividm1 system for clroulating ecolant to
the six stape coolers, and an intercell gas cooler, Additiomal systems
are provided for .Antersectioml coolers at the top of tho surge and
waste system, and at the bottom of most oasoade sections, In sech of
these sirculation systems, CyFys 18 pumped from & smll surge drmum,
through & water-cooled heat exchanper (ocolant cooler), and through

the process gas coolers, thenos back to the surge drume Each coolant
oirculation sysben comnsots to a building drain drmm (App. Eﬁ) of
-utfiaung capacity to hold all the CgFyg of the oirculatdon sysbtens
in the building. Coolant oan be purped from the drein drum, looated
in the btessmant of each building, either back to the eireulating sysbem,
tc the plant storage tanks, or to the coolant purifiecation and dryi.ng

system,

(¢): Contaminated Coolant Returns = Each bullding is
equipped with a transfer pup,; taking suotion fyrom the drvain drunm by meens
of whioh contaninated ocolant 4s pumped baok to ﬂantcal'” storege
tank in Section S00«C, via & specianl ooolant return piping system,

(5) Coolant Purifieation and Drying Systeme = The
ooclant purification system (Fig. 56) 1s designed 40 remowe water,
groase, lubrioating oll, and other nonewlatile impurities, Coolant,

which has beoome ocontaminated beocanuse of leaks, is pumed from a feed
tank, throush & heat exohanger, and into a stripping tower, Dry CgFyg
is recovercd from the botbom of?éaur, and water wapor and some CgFyg
varor are removed from the topes The top wpors are condensed to form
& twoephase liquid, which flows into & receiver where the CgFyg phase




18 soparated from the water, and returned to the wet storege tank,
The aqueous layer is sent to an auxiliary separator which removes the
reminder of the CgFys present, before the water is disoarded, Dry
CgFyg fron the botbom of the towsr flowe Ly gravity to a steam heated
vo=boller, where it is wporised, with all nonevolatile materials

- resmining behind, Thus, the major part of the wapor is withdrawn as
purified Cgfyg, and the remainder is returned to the bottom of the
distillation eolum, A more extensiwe discussion of the K28 cvolant
systen way be found in Volume IT of the Kellex Operating Manumls,

10=3, Rscirculating Cooling Tiater System seection 8002.
8 Purposs, = The principal function of the resirculating

o0oling water system is o supply water oontimuously, at a controlled
terperature, to the proosss coolant coolsrs, An extonsive description
of the system may be found 4n Volurw V, Part IV of the Kellex
Operating Mamnls,

~ by Capmeity. = The following tabulation surmariges tiw
design eatimtes for plant requirements:

Seotion Building Maoximm Flow (aPM)
200 Feed Purifisation Plant 80
800 Main Cascade 04,808
800=C Coolant Dryin; Plant 300
500 Produot Handling System 100
600 Surge and Waste System ‘ 25
800 Wator Systen (line losses, eto,) 40
1000 Iaborabories = 800

1100 Dry Air Plant 15,000
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1500 Fluorins Geperating Plant 266

3400 Conditioning Plant 2,350
1600 Awxilary Steam Plant 120
s

The total desipn load was taken as 130,000 GPY or somewbat over 170,000,000
gallons per day, a flow approximtsly equal to the total mater require=
ments of a oliy the sise of Philadelphis, Of the 103,665 gallons
estimted abowe, some 2000 GPH was to disoharge to wasbe, Adding o
this 2500 GPM &8 estimatod ewporetion loss, and a blowiown of 800
GPLly the plant maleep requirement was taken as 5300 GPK,

os Designe. = e recirculating oooling water system
(rige 57) inoludes two pup houses, two water oooling towers, and two
indtvidwm] supply and return loops, Loop A" -im the laboretories,
the sonditioning area, and the east leg of the oasoade "U", Loop "B"
sorves the west half of the casoade, Comnecting fiumes with slulce
mtes are W. and tie lines with suitable walving, so as to permit
6F: orosseocmnsoting tho two cirouits vhen desired, Continuous oireus
lation 1s mintained through the ¢two loops, and respective proocess
cooders and oooling towers, by means of a batbery of reciroculating
DS Mn supplied by means of & second and smaller battery
of pupe, The punp houses and cooling towers are located Just northwest

of the mmin process bulilding “U%,
(1) Jskeeup Pup House (K=801), = Water fyom Poplar

Cresk flows through an intaks channel which is protected by & tyesh
rack, stop logs, and & trawlling soreen, 7The makeeip pump house is @
41 x 20 foot building with acocommodations for four punps, Three twoe
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L stage despwell turbine ¢ype purps are instulled, mamufactured by
Paoifioc Pumps, Ince, sach rated at 2000 GPH Ay.tnﬁt a 50 foot bend.
These pumps deliver water through 12 1mh discharge oonneotions into
& 16 inch mke=up water header, The flow is then divided into two 12
inch 1lines vhich lead respectiwly to the basins of the eooling towers,.

(2) Cooling Towsrs (H801, H«808)s = %wo, cooling
towers were supplied bty the lerlsy Corpany, with induced draft fa-
‘¢llities, part or all of which may be shut off during oco0ld weather,
Figure 38 shows the general sonstruction features of one of the btowers,
At the tase of sach towsr a 54 insh warm wter min returning fyrom the
oasonde ares divides and feeds into two 36 ineh mains, which in taen
oonnest with the wood dfstribution piping over the towers, Prem this
point, mater trickles dmmdhcbohdinih trawl to the tower
basins, Thess basins are connsobed by flumes to the oold wet wells
under ths recireulating puy house, Cooling tower "A", sontaining 18
‘oells and fans, serves loop "A", Cooling tower "B", containming 14
oells and fans, serves loop "B" In combimation, the towsrs are
desiened to ool 120,000 P from or near an inlet temperature of 100°F,
down to 85°F with & wet bulb tempereture of 6°7,

(8) Beoiroulating Pump House (K=802), = The recireus
htingpmphounmndinnliomaz" 165 by 94 feeta It houses |
twolwe vertioal Proifio despwll turbdine pups (six reated at 15000
PV, and six rated at 7500 OPK) and two fire watsr pumps. Space
aooormodations are provided for additiomal pumps of the mmller sise,
The bullding alsc houses such aococessories as an offloce, electrioal bay,
chlorinator rooms, and storage facllities, The 7500 &M puxps are of




the twoestnge type, and sise 50 inshes, They are driven by 360 horwe-
power, 2500 wolt motors, The 18,000 OPX pups are of the single-stege
re and sisze 38 inshes, They are dpiven by 700 horsspower, 2500
vwlt motors.

(4) Supply am Return Main loops, = The twelw

reoiroulating pusps tale thelr suotion from the ecld wells, and discharpge
inbo headers supplying the two resireulating water loopse The mains
range in sise from 48 inohes at the north: end of ths prooess area, dom
t0 € inches at the south end, Branch comneotions are talen off these
nlns.mdmlnto_cuhafﬂumsbuﬂdhphmlvﬁ»mn
ecolant ovolers, The warm mter fyom the proesss is rum into trenches
which connsot with the return maing, The warm mber return lines range
m-mrmnm:uﬁumm.uum--uthemeh
oooling towers, Defore reaching the towers, both return headers are
mmﬂm.Wmmmmmmwgmw
supply flune, MWMmumsMﬂnhoulngmhnt
wmbter tenpereture under wrying wather oonditdons,

(5) Prosess Building Coolinz Wter Piping, = Cool
mbsr enters sach proosss butlding through a 10 insh pipe which divides
to form & lead (ranging in diamster from 8 inshes to & inehes) extending
down each side of the tasement of the bullding, lllbrhuohmhnlt
epoler passes from the supply header through a three inch line o the
wmter inlet on the bottom of the coolant ecoler, Flow throush this
1ins is limited by & omtrol valw which is aotimbted by a texperature
controllesr. The quantity of wmter flowing through the eoolant cooler
is governsd by the tempereture of CgFyg lsaving the cooler, Dullding

30,8




SECTTLT

wisr return piping 1s parellel and similar to the swpply piping, and
feeds fimlly through a 10 inch pipe into the main reoirculating return

N B P N G
i’;k/ VB B sl N

loop, which lesds beck to tho cooling towers,
10w4, Dry Air Plant (Seotdon 1100).

&s Purpose, = The sxtreme necessity for sxoluding all
traces of molsture from the prooess system 1led to the construotion at the
K=25 site of one of the Jarpgest air conditioning and drying imstale
lations in the world, The dry air plant looated within the casoade
court, was designed to servw the following purposes:

1.  Frovide purge capaoity to flush wet air from the
Seotion 300 eell Qm!uml_ prior % placing equipment
in operation.

2, Provide a dry air seal for equipment enolosures looated
within Seotion 300,

5. Provide a limited amowunt of sealing medim for
Section 300 proosss p\=p seals,

4, Provide an interml ary air blanist atmogphere over
ooolant aystems in Sections 200, §00, and 600,

6+ Provide oontinuous normal opereting purge of eell
enclosures in Section 600 through earbon absorbers
% tho atwosphere,

6« Provide dry air for instruments whioch are looated
within the conditioned enoclosures, and shich bleed
air into these enclosures, .

be Capmoity, = Amdient air in eell, piping, and equiprent
enolosures is maintained at a dewpoint of «40°F, by a suitabls suwply
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of «75°F dew point eir, The following tebulation summrises the estirmted
desim roquir@nts for «76°F air in standard (measured et G0°F and
14.7 Po'.lo‘-c) oubie feet per minute,

BCFM
Losses
Veld leakape (total plant) £000
Prooess pump seals (Seotion $00) 2500
Constant purge (Section 600) 3000
Valve oasing seals, wlw sbexs,
scompresaor seals, ets, (whole plant) 2000
Drying plant exslusive of welwes
- (Seation 1100) 53000
Total losses 10,800
PE comimonaty) T e BT 0 21,000
~ Reeiroulation 45,000
Total 78,600

6s Desipm, « The dry air systen corprises recirculation
air eompressors and coolers, mleeup alr compressors and cocoloers, air
dryers, an amxwonis refrigeretion systenm, & brine sirculation aystem, &
network of distribution mains and brensh piping necessary for the
supplyinr and return of the dry air services, and a dry oompressed alr
systben roi' supplying alr to inastruments located within the ary air
equipaent enclosures, The gsneral arrengement of this system i1z shomn
in the process flow diagrums, Figures 85 and 40, The total demmnd of
78,800 SCFM of dry air is dlvided equally amonz three identieal and
parallel divisions of ths dry air system. The dehumidifying plant
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ws designed to process alr reocsived from two sources; reciroulation
eir roturned from tho warious enolosure oasings of Section 800, end
atmospherdo maie-up air used for supplyin: loas and purpge requiremsnte.
| (1) Reoirculation Alr. « Reoirculation air is taken

from & branch header in each of m plant divisiorns by two recirou=
Jation air compressors, which ooxpress it from o gauge pressure of 8
inches of water, t0 15 pesslege (Fige 39)s It is then sent to the
series«arranged water cooler and brins ohiller unit provided for each
division, whare 1t i3 oooled to BE°F, and 18 oonduoted to ome of the
o activabed alumime drying umits (“Hydryers") connected to each of
the throe divisions of the dry air plant, The air, whioh is now mixed
with rakeeup air at the entrance to the Hydryer, is split into two squal
streans within the éryer, and passos through two alumina beds arranged
in parallel (Fig, 40), The streams join at the Hydryer cutlet, where
the temperature is 88°F,, pressure 10 pes.i.g., and tho dew point
minus 80°F, The altermate Hydryer is alwmys on a regensrztion oyole

during normal operation, Regeneration is mcccmplished bty steipping

the adsorbed water by means of hot atmospherio air, which is discharged
baok to tho atmosphere, The hot beds are then cooled with S8°F air
bled from tho mﬁirouhtion air line, The bedegoolinz air is reocyoled
to the regiroulation system after being oocoled and recompressed,

(2) Makewp Adr, = Atmosphere air is drewn through
a glass wol filter and an absorbent cotton filter erranged in series,
and 4s then compressed to 15 peSedege It 48 next cooled to B8OF, and
partially Gehunidified by & water oooler and brine chiller, From the
chiller it is passed through a baffled separatar to remove any entrained




SEERET
oondensed moisture, The makewup &ir pipes are then sommected into the
reciroulation air stream at the imdet to the Hydryer.

(3) Refrigeration System, = A dirsot expansion
amonia compression refripsretion unit maintains the brine solution

tempereture at 3397, The ammonis compressor takes custion from the
ewporating smmonia in the brine coolers, for which peak load pressure

48 37 Po€elege, corresponiing to an armonis tenpersture of 230F, The
ocompressor discharge pressure is 200 peseiegs Flow is then through
an 0il separator and a watersgocled oondsnser, from which liquid
armonis leaves at a terperature of 10197, Frem the oondenser, srmonia
flows through & receiver and an expansion walve to the brine oocler,
whioh acts as the ammonia ewporstor, Flow is then through suetian
trps and baok to ﬂu’ ecxpressorses A photograph of ths refrigeration
systex is shown 4n Appendix Ell,

(¢) Brine Circulation. = e brine ofrculation
system was desipned for use of a omloium chloride solution of 1,1
specific pravity, The brine gireulation punmps tale guwokion from an
insulated brins storage tank, and discharge through the emmonis-
ovoled brine cooclerss The brine then flows through the air chillers
and returns to the atorage tank,

| (6) Distribution and Returns = The dry air

distribution system eonsists of cne main supply header, secondary
‘supply headers looated in the withdrawal alleys between buildings, and

branch hesders to the points of f delivery. The outlet pressuro of
the air conditioning plent (10 to 12 peselsge) 18 mintained in the
distribution system, ani is reduced at the point of deliwery by means
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of orifioss or cortrol walves., Thoe return system consists of warious
Ybranch systaums, ecch with & boogter fan which delivers the cir to the
oollecting min leeding dack to the dryins plant (E-1101)s The
onclosures and sesondary retwn systen ars held at approximtely one
insh of water colum pauge by & control walwe located {n the booster
fan dlschargs line,

(a) Imstrament Adre = A separate supply system
furnishes dry compressed alr to instuments Jooated within the enclosure
eusings, Dry air is takon from the Seotion 1100 main supply header,
passod through a suwotion filter, and ooxmpressod to 85 pessisze Heat
of compresaion is removed bty alpeto-air afborocolers, the air then
flows to & receiver, where it is maintained at a constunt pressure of
80 peSalege Dry compressed alr my also be fad into the plant nitrogen
system (Pare 10«7d (2)) should the pressure in the nitrogen distribution
1ins fall below a pre«determined level, For & Jull desoription of the
K«25 dry alr plant, reference may be made to Voluzw VIII of the Kellex
Opereting Mauumls,

d, Operating Stntus. = It was disoowred during eerly
plant operation that & "dead end systen” would be more efficlent than
the reciroulation systems Aooordingly, suitable shanges were made in
the piping system and opereting prooedure soc as to emble speration
without returning the air fiom the prooess bulldings ¢to the dry alr

plant, Instead, the process buildings are supplied with air at a
constant prezsure and essentially no flow (smoept that required to
make up for smmll continuous leakmpe losses and periodie bleedings).
At wriocus points in the sysben, provision is made for bleeding the
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dry air to the atmosphere when the dew point has risen to minus 40°F.
This air is then replaced with minus 756° air from Ssotion 1100,

10-6, Compressed Air Plant (Section 1200),
%. Purpose, = The funotion of the "plant air system" is to

i
1

deliver air at a pressure at 100 peseieg. to points of Seotion 300 and
other parts of K-25 where it is required for miscellansouy instruments,
(not located within the dry alr iquipmnt enolosures), uigli,h;mnco. and
other servioces. A secondary funotion is to provide a luppimnt.ry souroe
of minus S0°F dew point air for use in oases when the output of the dry
air plant (Section 1100) may fall below the demand. |

be Capasity. = The compressor house (K-1201) contains five
air oompressors, holud:l.ng two 3400 CFM Ingersoll-Rand wunits, and three
8000‘ CFM Chicago Fneumatio compressors. (:pp. £11).

oe Design. - Five air receivers (Fig. 41) connect to a
oammon header which dilﬂilll‘“l through two afterchillers snd two dry-
ing units to the plant air distribution system. The latter consists
easentially of a loop -kirting the proocess area and serving the main
prooess buildings, and branch headers leading fram the loop to auxiliary
buildings. One or more pressure oontrol valves in -each building reduce
the air pressure to a desired level when niouury for particular ser-
vices, Plant air, at a dew point of minus S50°F., is used for all ser-
vioces not requiring the minus 769 dew point compressed air produced
in section 1100, The plant air system desoribed in this paragraph is
interoonneoted with the special campressed dry air system (Par. 10-4c
(5) (a)) at Beotions 1100 and 300, At Seotion 1100, the arrangement

is such that, should the pressure in the dry air header fall below a
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specified level, the plant air wiil automatically thhup into the
dry air system to increase t.hq pressure. At Section 300, the systems
are complemontary; that is either system will supply the other. Air
from Section 1200 is drisd to a lesser extent than that froa Section
1100, but ita dew point is low snough so that it may be temporarily
used for dry air services without undus contamination of wvaluable ma-
terials. Furthsr details can be found in Volume V, FPart III of ths
Kellex Operating Manuals. |

10-6. lubricating Gil System. - Because the importance of the

procsss pumps to K-25 plant operation ranks ssoond only to that of the
stage converters, and sinoce successful operation of these pumps is

totally dspsndent upon proper lubrication, provision for an sxtensive
and carefully designed lubricating oil systes formsd a basic require-

ment for plant dssign. )
a. Purposs, - Facilities are provided for storing,

pumping, filtering, and oool.‘..ng lubricating oll, and for circulating
i1t through the shaft bearings of all proosss pumpe of the main cascadse,
in mmber approximately 5800.

b. Design. - Each building in Section 300 is equipped with
ita own indspendent gravity feed oiling system shown schematically in

Figure 42. |
(1) Drein Drum. - A horisontal, eylindrical, lubricat-
ing oil drain drus is locat-l in the basemsnt of sach cascade building
(App. E1), and is capable of holding the entire oll inventory of the
building. Drum sise is in proportion to the number of cells in ths

bullding. A typical capacity is 3080 gallons for a ten-cell building.




(2) 011 Conditdoner, = A portable centrifuge has
been provided for use at required points in ocoomsiomal oil eleaning
opsrations, which are nscessary because of slight sludpe bulldeup 4n
the drein drums The unit is a produot of the Ds lawal Separator Cocpexny,
and is oapsdle of removing water and foreign particles from oil at
the rate of 300 GPY,

(3) 04l Pups, « Two 011 pumps are required for each
tuildinge Under normal sonditicns, one is operating, and delivers 25
per oent exoess oil to the header, The owerflow is returned to the
building drain drum, and may be obserwed through a sight glass in the
run=iown line to the basement, In omse the pump falls ¢ deliver
suffictent o1l to the header, an automatio floatwoontrolled alarm and
cubein switch 1s sstuated, and the spare pump 15 started, The pums
are of the centrifuml type, and were supplied by AlliseChalmers, by
the Aurore Pump Company, and by the Worthington Pump and mohinery
Corporation, The sise of the driving motor waries with the mmber of
oells per bullding, A typioal reting is 256 horsepowor for a ten=cell
bullding using 340 GFM of oil flow,

{(¢) Filters end Strainers, ~ Foreign particles my
damape process pup bearingsy it is therefors luperative that the oil b
kept free from dirt and prit, Toward this end, sach duilding is equipped
with an oi) £ilbter desipned to remowe particles larger than 0,008 inches,
and a strainer which removes particles down to 0,006 inches, The Lilter
is located in the disoharge line of the oil pup in the basemsnt, and
the strainer is located in the line lsuding to the prooess pump bearings,

(6) Coolerse = The lubricating sysbem was designed



Al L e
A
Aty

for & 30°F temperature rise of the pil passing throush the bearings, On
the assumtion of & $0°F drop oaused by rodistion losses in the system,
the oil oooler was desipgned to reduce the oll tespereture by 10°F, The
coolers are standard Schutte and Koorting twowpass, waterecil heat
exchangers, 011 flows through the shell in a single pasa, Cooling
wabter makes two passes through the tudbes,

(8) mm:;uﬁon. « The lubricsting oil sysben
is provided with suitabls pressure, tempereture, and flow indicators,

(7) Piping, » The lubricating oil system of each
building is served by an eichteingh pipe header ruming the full length
of the building, and Jooated nine feet, four inches abowe the cpereting
floor, The bullding header 15 £itted with & domnch for each osll, and
15 provided with an "Heshaped riser in whish is losated an overflow
line and a float=oontrolled switch which opersntos tho spare pump.
011 flows Yy gravity from the main header to the sell brench headers,
which supply the process pumps to bs lutricated. A walw St bdefore

the oell henders, maintains the pressure at 4 peSelegs At this
pressure, the orifioes in the bearing feed 1lines will metor the flow ®o
08 GPM for the load bearing, &nd 1,76 GPMi for the thrust bearing, |
After passing owr a process pump shaf't, the oil discharges to the
building 4rain drum through a 3/4 inoch line, Further detnils my be
found in Volums VI of the Kellex Opesating lanmmls,

0e lubrieating 011, « The 01l wsed in the lubricating

systen 1s a turbine oil with an approximats rating of SAE #10, and has
& speoifio grevity of 0,866, The total inventory of lubrloating oil
for Seotion 800 is epproximtely 120,000 gallons,




10-7s Dry Witrogen Supply System. -

L 1Y

Pwposes = The funotion of the dry nitrogen aystem

is to deliver a suituble dry inert gas for the warious purging and
sealing operations required in the process urea, Operations requiring

the use of dry

nitrogen my be divided into two general olagsifie

oations; those whioh require nitrogen to be contimmlly awmilable but

40 not require

& oontinuous flow, and those which do require s continuous

flow, In the first group nitrogen is wsed to perform the following
"purge an? bleed" functionss

¢,

As & pedium for purging prooess equipment and piping
during the process of removing UPge
ucmunguumtopnmthahaowumpmu
air into piping or equipment containing process gs,
In osrtain oases as a sealing medium betwesn doudle |
walws on process gas lines of dlameters under 3 inches,
where singls-seated wlves are wsed,

For purging of portable CyFys units (Par, 108b).

For operating the bloweout preventer devise in the
process ms pup, (Vol, 2, Pare B=10)s

A continuous flow of nitwogen ia required for the following funotionss

1.
2,
8

bs

As & sealant material for the prooess fas puwps,
As an inert ge for the instrument datum header,
As an inert ges for the buffer gones in instruments

and oontrol walwes,

Desisn,
(1) Vaporiser Plant, = A desoription of the nitrogen
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govsrating plant (whioh 4= physieelly located 4in the cond!tioninz area)
is presented in Paragraph 117,

(2) DWW‘ Systeme = The dry nitrogen (code
ey Gu74) is distributed by means of . spooial piping systenm arrenged
to commeot the gemereting plant (E=1408) with points of use in the
prooess and conditioning aress, Any building oan be supplied with ,
nitropen at & pressure of 30 pes.is The waximm flow in the loop was
oaloulated on the assumption that 42,4 oells per day might be talen
off strean and purged, with half that muber being purged simaltansously,
The maxism voluxe flowing was oaloulated upon the basis m¢ the 21
oolls which might be purged simultansously would be distriduted among

the warious sections of the process area lnproporﬁontotbom
of oells in the sectionss Provision has been made for dry atr to
replace nitrogen wheansver an interruption in the nitrogen supply
oauses the pressure in the loop to drop to0 & dangsrous point, Suffisient
air is provided for those serviees which mmt opén.h ocontimously
such as punp seals, bulfer scnes, and datum headers,

| (5) Purge and Bleed System. « The funoticn of the
purge and bleed system is to provide dry nitrogen for purging equipment
and piping containing Wy, and for sealing valws ani desdwend lines.
During the purging of equirment, nitrogen acts as & diluent t reduoe
the conoentration ¢f UFg below 33 per oent, which is the maximm
conocentration the oold traps oan handle, Ecch oell 12 f£1illed with
nitrogen to atmospheric pressure, ewowmted to 60ld tyeps, re-{illed
with nitrogen to approximately 5. p.s.i.a,, and again swmoumted to cold
traps, The conwentretion of UFg in the cells in then at a point vhere

10,17
o NPT



it will be safe to open equirment, Purging of lines and druxs is
handled in a similar manner, To &void confusion in noeenslature, it
lhouldbopointedmﬁntpurgingwoﬁmoqmmm o
"process s recovery” (Par, 7-12), and 1s entirely distinot from purging
nitrogen from the prooess stream (Pars, 7«11 and 7=14), The headers
and branches of the purge system are desiznsd so that the time yequired
- to £411 the equipment and piping in a ocell, from 1 mm. pressure wp o
atnospheric pressure, will not exceed 7 minutes, All of the oells in
s typiocal 10 eell building can be £illed with nitrogen in slightly

over 30 minutoes,

(¢) Puwp Sealing System, = Pup ssels are spplied
from & storage drum through a spring=londed pressure oontrol walw and
a surpe tank, As nitropen is eonsumed by the sesls, the pressure oontrol
wlve allows more 0 bleed in from the storese tank, which has been
designed to hold enough nitrogen for ayproximtsly & 12 hour run,
Beceuse of tho mmall olearances involved in the pump seals, it s -
esaontial that the nitrogen be filtered to remove anmy foreign particles
in the 1ine, Each oell system is supplied with three filters for this
pnrpou. The f£iml filter is eapadls of trapping out partioles whose
greatest dimension is 0,0006 incheses A choks in the feed line to eagh
sonl 45 provided, sc that in the ewvent of a broken seal the inlecimge
will be no greater than tvelve times the greetest mormal inleakmpe, In
eddition to restristing the flow, the choke provides a oonvenient means
of indicating and looating & brolen seal from the inorensed pressure
drop aoross tho choke (Vol. 2, Par, 6«14),

(6) Buffer Zome System, = A buffer sone header

10,18
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supplies the buffer gones of the differontial trensmitters and the
process control wlves of the oelly, Thesge duffer sones afford proocoss
proteotion against air inlealape 4n oase of fallure of e dnphr% or
bellows, A oapiliary choks flow elemsnt indicates any radical ahange
in the coniition of flow in the buffer sone live, Normally there will
be no flow sinoe the nitwogen is deadeended in the imstruments, Ooe
curence of flow indiocates a break eltler to process or to atmotphere,
(8) Bulldin- and Cell Datum System, » The gell datam

systan (Par, 8-12b(4) ) is arranged eo that it can be normally connsoted
to & constant presswre bullding datum header, or, AP desired, to &
aysten which ﬁrio_u the datum as the prooess prescure wriss, Muorther
information is contained in Volume ITY of the Eellem Opereting Mammls,

| 208, Mobile Service Units, = Various portabls units bave been
dosipgsd to serve misocellansous becporury purposes at any desired point
4n the ocasoade, Many of the operating prineiples, designs, and functions
are analogous to those of equipment desoribed in Seetion 8, Hobils
units used at K25 are briefly discussed belows extonsive desoriptions
are available &in Volume IV of the Kellex Operating Vommnla,

| o Hiph Woum Pumins Unibs, = These wnits are twed

in leak detootion work, The pumping equipment is desoribed in Volume
8, Faragraph 8«10 the leak deteotion oqndpunﬁ in Voj.m 8, Paragraph

8=l

ba C=Ti8 SMPWEW.". and MI Units,

(1) Purposes ~ It wes planued to test the performance

of all ftems of prooess equipment, prior to placing in service with
uraniua hesafluoride, by prelimirary operation on neperflucroheptans
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{oode name: Ce715) as & proocess peo, This work 4s desoribed in Volume
6. Mobile servics units were acocordingly provided to servwe the follwawing
pUrpossss -

1. Yo charge C,Pyg into the cwlls,

%, 1o swmowmbe eelle contmining Cofyg at opersting pressure,

Se To swowte oells oontaining mixtures of air and Oy
at atmospheric pressure,

4 o purge air end nitrogn contimously from equipment
operating on CqFyg by withdrewing « mixture of alr,
aitropen, amd C,Fyz, vondensing and seperating the
CqPyge WMporising 4t, and returning 1t to the opereting
equimsent, '

(2) Designs = The C,Fy, swply, pwrging, and dispossl
aquipment 16 mowrted on & trmiler, Approximate owverall dimumszions are:
heipht 12 feet, length 18 feet, and width 8 feet, Oondsnsers, recsiwers,
and pumps are pyramided in the central portion of the trailer, Arranged
for maximmm uss of gravity flow, and held in postition by struotusl
atesl supports,

(2) OelleCharzing Equipmmt, = When CyFy, 18
to b fed to & oell, it flows from & storepre receiver to & waporiser,
from which 4t is piped to the osll, The waporiser is made of silioon
bronse, and has an externtl eleotrionl strip heater, The receiver is
a 58 gallon drun, also of silicon bronss,

(b) Remowal and Purging Equipswnts = A wecuus
pump and wapor condenser are used to remove paseowm c.,!'mh-emn.o-n

undqu-!y it, C.,Pyg is separated fyom alr or mitrogen by conden=
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sation when e cell contalning d1) e CeFyg is purged, Condensation 1s

achieved by means of an uxiliery mosstage Freomed2 refrigerotion sysbem
The CoFyg condenser is rede up of . bronme shell end finmed copper tubes,
0s Ce218 watl.'

(1) Purpese, = The Ce216 mobils suwpply wits are
desipnad to lupp-hr fluorine (ocode mmey C=218) to the oells for the
purposs of eonditioning oell piping afber assembly,

(2) Design, = The fluorine is suplied to the

prooess area in pylinders at eilther of two concentretions, Pure
fluorine 1s fwrnished when a elmulating eonditioning proosdure is to
be used, ard a 20 mol per ocent mizture of fluwrine in mitropgen when the
statio conditioning method s to b used, The eylinders are filled o
& pressure not sxoeeding 40 p.as! &t Seotion 1500 (Par, ll=li), and
mountbed on a dolly for sase of tyensportation within the proocess
Mdldings. The dolly and dru: are transporbted bstween proosss bulldlinga,
and betmwen the prooess area and s.guqn_uoo. by means of a speoial
truck, The drum is connested to he fluorine iulet comwotion of the
oon‘te be oonditioned by means & spesial seotion of pipe amd
flexible netal base, The Boldin drun is & /4 inch thick monel
eylinder of 49 suble feet eapaol_ , 8~1/R feet in length,

4, C-2)8 Dlml Units,

(1) Purpose, = The C«8)8 é&isposal system was designed
to exhaust fluorine-nitrogen mixture fro: eQuipment and piping, and
trenaport 1t by pipeline to the fluorine disposal plant, K=1408
(Par, 11«5), This disposal plant was not sohedulsd for corpletion
during the sarly stages of EK«25 opsration) one portabls disposal unit




gy e Coanld I o
i IR
o B e b @ band WG et

VENT
a fo ¥4 3 i L . Q ‘-7‘ mt .
SCHEYATIC DIAGRAM ABSORPTION UFg UNIT 3 MIST FILTER?
79 ,
[}
X Ve
| o /R
FLEXIBLE HOSE 1/ T
| 7 By
. ’ r J ‘ ’
7" ' o
s F —————— ,-‘

-

2

p—
")

et
=

CARAON
ABSORBER

_1__ porTABLE
TIL INSTRUMENT
2020| JTonLy avE]

SOLENOID VALVE

———— 2144

————— INST CON

PROCESS
— WATER

F8.46




vas thorafore designed to serve ae & temporury means for removing

flouorine from celle after conditioning.

(2) Design.
(2) Permansnt System. -~ The permanent fluorine

disposal unit consists of a system of fixed piping with portable vaouum
. pumps. ¥luorine-nitrogen mixture is withdrawn from the cells or other
pleces of equipment to bullding headers. 4t the front of eash 'h.ﬂ.ldi.ng,
these gases pass through portabls vacuum pumps which are used singly or
in pairs, depending on the sise of the equipment being evacuated. The
gases discharged from the vacuum pumps pass through mist filters, where
entrained pump oll is removed, and then enter a ¢gollecting headar whieh
eummmam,m.mmmhﬂnmwulmu
Building K-1405. &tokes vacu . pumps are used as desoribed in
Paragraph 5-9 of Volums 2. A typical portion of the permansnt piping
system, and the portable pumping twiﬁtht, are shown in Figure 43
(faoing p. 10.19).

(b) Temporary Unit. - Equipment for the tempo-
rary unit is mounted on a traller, “mhwbhmm
lnut.ionbym of a truck. The temporary C-216 disposal wagon is
shown in plan and elevation by Figure 44 (facing p. 10.20). A schematio
diagram is shown in Figure 45 (faoing p. 10.21). Fluorine-nitrogen
mixture is exhausted from the equipment, after conditioning, by means of
two vacouum pumps connected in parallel. The pumps discharge through
mist filters, where entrained pump 0il is removed, and then ¢o a salt

reactor where the fluorine is absorbed, and ehlorimne gas is released.
| This vessel ia water-cooled to dissipate the heat of the reaction. The
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.ffinmt gas mixture, consisting of chlorine, nitrogen, and scme fluorine,
leaves the reactor and flows through a soda lime trap where the concen-
trations of fluorine and chlorine are reduced to a safe value before

the gas 1s ventsd to the atmosphere.
e. C-616 Absorption Units. = Two mobile units were con-

structed to serve as a means for svacuating and disposing of uranivm
hexafluoride (code names C~616) from Case I cells before the process gas
recovery system was brought into operation. The mobile UFg, disposal
vnit, shown in the flow diagran, Mgure 46 (fasing p. 10.22), is mounted
on a trailer so that it may be easily mowed by an slectiric tractor. It
conmists, sssentially, of a flsxible hose conneotion to the esll to be
svacuated, & carbon trap, a vasuom pump, and two mist filters. Oas con-
taining from 10 to 100 per cant UFg 1is passed through a valve and
throttling orifice, wvhereas mixtures containing less than 10 per cent
UFg are fed to the carbon trap without throttling. The gases flow
through a bed of mixed activated carbon and alvmina where, at tempers-
tures below 450°F, UFg 1s removed from the gas stresm by surface adsorp-
tion. At higher temperatures, UFg reacts with the earbon to form
pon-volatile uranium oompounds and volatile carbon fluorides. Flow must
bs stopped if the temperature, as indicated by thermocouples in the
carbon bed, rises abowe 450°F. The units were designed to absorb 233
pound of UFg. An assembly drawing of the unit {s shown in Figure 47.




SECTION 11 = CONDITIONINZ AREA DRSTES

11=1, Introductions = In addition to the conditionins erce

proper (designated Sestion 1400), this seotion treats of Seotions
1500 end 1500, alaso physioally looated in the northoast region of the
K«25 site which is8 spoken of more broadly es the "eonditionin~ aroa”
in order to distinpuish facilitdes in this location from thoso of tie
process, power and administyation arease, Loocetions of structures
mantioned bolow are shown in Appendix Ad of Volume 1, and Appondix
D18 of Volume 6. The following discussion of eonditioning ares dosigm
my be supplersntsd by reference to Volume I of the Kellex Operating
Mnuals, Book IX of the Kellox Enginserin; Desoriptions, and Seotions
I1Y,{1) and I1I, {6) of the Eellsx Carpletion Report. Conditioning
area operutions are eovored in Volumes 6,

112, Conditionins Buildine (K-1401),
&. Purpose, » The conditionin; buildin; wes desizmd to

house equipront and fuoilitios serving e wariety of purposess
1, Conditioning of the fﬁlladng elassos of equipments
&s Converters.
be Proooss purpaa
e [dsosllanscus subeascerblios,
2, Testing of equipremnts
&s Porosity and separution effiocienoy of oonvertors.

be Vacuun testing.
8« Cloanin: of equipment,




4e Ropair of eguipment,

fe Stortre of spare equiprment cnd parts.

Ge FPipe fubricction,
The oonditioning building wns thus desizned basically es an extensive
and speoialisod mintenance plant where equipment could bs prepared
for servioce in tho process aree,

be Preliminery Encinepring, « It was necessary that tie

feoilities listed abowo be awailablo befare any prooess equipment
oould de instulled in the rmin prooess builldings, The eomditioning
bulldin: and acoessories were therofore scheduled for early oone
struction, and had to be engrineered in the ghortest possible time,
fhe building (exolusive of special equipmont snd systems) was designod,
under contract We7407-eng=19, by Ford, moon/ end Davis, Ino,, who also
renaced the construction work, Deolsions affecting leyout of the
buildinz and the amount of squipment to be installed wore primarily

influenced by two oonsidorations:
1. The inatallation would hawe to be large emouph to

handle sn enormous volume of eguipment dwring the
oonstruotion stages of tho Ke25 propgrum without
bYoooning & bottlemsok,

2. Owrsisliy was to be avolded, sinco it was plammed
that eventually the buildin- would be used for
mointenance purposes onlys

The problem was somplicated by <¢he unoortain status of the elsaning
and oonditionins develomont progems, Annlysis of the cleaning,
oconditioning, and mainterance activities plamod established the faot
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that & building 400 feet vwide and 1000 feet lon: would be required, The
building would have to be ecorweniently looated with respoct to railway
sidings to faocilitato reception of equiprent arrivingfgg, mnfaoturers?
plants, It was also irportant that acoess bo amilebls to min hipghweys
lsadin; intoc tho proosss arce, Fortunately, & stwel framoworl wes
found, of suitable sisc and deasign, and partly fabricated for use by
axbﬂxer projeot, A conciderable arount of time was saved by proocuring
this stesl; tho frarevork was reapidly adapted by Ford, Bacony end
Davis to meet specifio K«26 requircrents.

ce Original Desipn, = The eonditioning building,
situated 300 feot east of the ocasoade "U", is a 400 by 1000 foot, ono=
story bu’ildin; of steel Cremo and briok wall oconatructione, It 4s 25
feet hirh, and oonﬁaina a partial btesement of 72,000 sgquare feet aroa,
Overheod orenss sorwe operatins floor speoe, Floor arce was origimally

allocatod as follows:

Conditioning furneoce room 64,000 square foet
Running test stands 24,000
Pipe asgombly shop 41,600
Clsaning area 26,800
Vacuum tasting area 12,800
init assembly 28,800
t sborage 82,000
Storare = parts 28,800
tinintonanos and repair shop 52,800
Instrument ehop 6400

Trunsfor lanas 67,200




Cefeoteria 4,800
Offices, laboratories, eto. 11,200
Dagonont 68,000

468,000

(1) convertor Conditionings Stands, = The converter

conditloning etands wore desisned to provide & reans for prestyreating
tho diffusion atape converters by eirculating Cluorinsenitrogen
nixtures, leak testin: tho entire meserbly before treating, and cheoking
the porosity of t¢the barrier tubes before and after conditioning. It
ws nsoessary to release detailed drawings and spocifications to equipe
ment ranufecturers before adequete laborutory datn were aweilable,
For exampls, 1t was not known whethor conditionin: for a few hours at
800°F would be preferable to conditionin- for longer tires at lower
mmm;; whether static or circulating treatmont would be roquiredp
and whether dilute or concentrated fluorine me ooman&ntiom would
be rwet efficient, Thero ws also uncertainty as to whother the
presence of an ¢xide film would interfere with the formation of &
proteotive fluoride coatin: and whether msans could be found for
remowl of objectiomsblo orpanio impurities durin: barrier mamulecturo,
It was possible thit a hydrocen treatment aud/or desmssing micht be
required to prepare the berrior for conditioning, In arder to provide
for all continpencles, the converber conditionins stunds were oricsimally
desipned to permit)

1, Hydroren treatment at bemporatures up to 600°TF,

8¢ Depmssing under high wvaocuun,

3s Conditioning with or without ciroulation at terpere=-

ay FPac @
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tures up to B00CF for as long as 24 hours,
Provision of sonvorter conditioning facilitios was based on tho
following antioipatod dally production of converters at the Chrysler
plants

Bise 1 . 2 units per day

7
7
4

20

3

[ T <

The required mmbor of stands waz set at 18 large sise unitis (rm-‘ Sise
1 end 2 comverters) and 15 smll sise umita (for Sise 5 end 4 prooess
oonvertsrs, and purpe converters)s Sewerel months after the orders had
been placed for the convertor and pump conditioning stnpd equirment,
and at a time whon the enginsering of the conditionin;: arca was woll
under way, conolusive laborutory data beoame awmilabls, Optimm
oconditioning salled for a five howr olrgulation eyole {p dilute fluorine
at 300°F, Mydrogen treatmsnt and degmasing were found to be wmesses~
sary, Hydropgen treatinz faoilities wure therefore elimimatad, and
rug;ht desin modifications were mnde in order o adapt the stnmis for
toat operation at S00°F,

{(a) Furnaoede = Tho furnacos proper (located
on tho main floor) are of the elootric:lly hoabed, horigontal bell type,
fittad with romowmble hende to permdt settins the converters in pleoo,
The furneces and elootrical control equirment were furnished by the
Gemeral Fleotric Compeny, Bach larme furnace (Fipg. 48) is 7'=11-1/2"
in diamstor by 16'=0" in lencth, nnd 4s provided with a passtipht
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welded ateol oesing with 5 inches of insulation on the sides, end a
reﬁ':ctory briock floor, Heating eleronts with & total capasity of 150
K sxtend below the supports alons the longitudinal exis of the furnace,
They are divided into throe separatoly oontrolled groups of 60 Fii
capacity sache Tho hoating elements are fittod with stoel oasings which
are oonmotod_ to the suwotion of three centrifupml funs, ench of which
is driven by a ¥Y=1/2 horsspower motor. The fans eirculate heatsd air
throush the heaters and around the oonvertsr in such mammer es to provide
effioient heat trensfore The upper portion 1s a serd=oylindriocal, re-
mowvable heade A skirt on the edge of the hood fita into a trough around
the edge of the lowor portion of the furneos, ard provides for a wator
seal to koep the heatod air from esoapin: through the Joint botween the
two moctions, The lower portion of the oasing is provided with & 1imit
switoh which 48 open when the hood is remowed; while in this position
it prevents the olosing of fan moter and heater ciirouﬁs. and affords
protection of operators workin: on the furnaoe, IThree 4 inch vent
walwes aro placed along one side of the furmece, and additional walves,
of 5 inch sise, are located on the upper portion of the hood, Thesce
are used for admitting sir to, and discharging air from, the furnace
in order %o assict in eocoling the furmoo and the sonvertsr at the end
of the oonditioning poriod; The mmll furneoss are 6'«3=1/2" x
127-5+1/4", and sixiler in desipgn.

(b) Allprent Device, = The lower portion of

the furnmace 1s fitted with an aligrment device for loorting oonverters
in the proper position, This dovios conslste of two rollers with axes
parallel to the longitudiml axis of tho furmace, and serves as the




supsort for tho convortore The rollers rest upcn mountinga at eithor
end which permit the assembly to be éhifted laterally by moans of Jaok
sorews,s The rollo;-n thomselvos my be moved toward or awvny fyom each
other at each end, Such movemonts shift the points of support 6o as
to ralse or lower the conwrter, at eithor or both ende, in ordor to
bring the flanped nozsles to the proper elsvetion for aligment with the
pipinge A dog, with & turnbuckle attached to the framework at ono end
of the furneoe, supplics the means for shifting a eonvertor longl-
tudinally along the rollers, AdJustrent is thns provided in thres
directions, Gpacer piasoces to0 be mounted upon the rollers are provided
for the support of the Sise 2 convertsr so as to bring the elewtion
of its cenbor lino to the same height es that of the Gize 1 oonwerter
wh@n sottin: 4t in pluoe for oonditioninge

(o) Pipiny, = lonel eirculating piping for
conditionin; grs 1s treced with cooling eolls end strip heaters, It
passes through tho floor, and connects with the oirculating pumpe,
wowun purpl, end fluorine romowal pumps looated in tho busercnt, Also
instelled in the beasement are tho furneoe instyuent pansls, gera feed
lines, and exhaust linss, This arrangement reduces tho required base
aéea. and serwa % soparate the operating crews fyon the handling
arews. (Aipp. £9).

(d) Pups, = Tho olroulating purps (Vols 2,
Par, 5=3) aro driven by 7=1/2 horsepower motorc, a:ﬁ;:leeai@ad to
eirculato mses at the rato of 350 CFY, The fluorine remowal purps
(Vol, 2, Far, §=0) arco rotury type wvoouwun pums of 60 CFN capacity,

t .
capable of reducin: ¢t pressure in the assembly 33 1 m, of meroury.
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They take suction from the circulating piping botwesn the discharge
side of the circulating puzp and the furmeoe, The fluorine wowmm
pume are lubrionted with speoisl fluoa%arbon 0il, and provided with &
mist filtor in the disoharge lins, whiol louds into ome of two fluorine
disposel headerses A hipgh waowmm pump (Vols 2, Par, B«10) is commectod
to tho "A" end of the converter, and is used for ewacuating tho unit
prior to troatment, In oonhunction with a leak dotector (Vol, 2,
Fare 6=4), it 45 also usod for leak teating of the entire sssembly
Bofore & rune Each amall stand is equipped with a 2000 CFH weouun
pump, and sach large stand with a 4000 CFI! pumps Appendix E9 shows
a photographioc view of converder ¢est stand furmeoce pipins and pumpa.
A dotalled description of oomverter conditioning equipment may be found
&n Volume XXIII, Part I of the Eellex Operating lammls, _

(2) Pump Conditionin: Stands, » Iwenty oonditioning
stands wore provided to facilitate fluorimtion of process pumpse Esch

consists prinoipally of & ocontrvl penel, & purp subsbase, and a hood
for enslosing tho pum oasing during prooessing (Fize 49)s The hood

16 made in two soctions, tho lowor section being fastomed to the floor,
and contzining a mnifold of fiwe bellows=eonled walwes, Four of

these walves ocontrol nitrogen, fluorimo, comon, and disposal headers.
Tho £4fth is looatod at the ocommon Junction of the othor fowr, Adl
have extension handles for opercting from outside tho hoods A flexible
tube runs from tho laste=pemed valwe to the intake flanpre on the pump,
and & preusurc measurement tap is provided in this line, BSixteen 60O
watt strip heaters are located in tho lowor hoode A 1limit switch on
the heators (open vhen the hood s off) is installed far safety purposes.




The intorior of the hood can be wontilatod by means of the carp exhaust
systen: which owountes tio pup seals, Fach pum stend hood 18 cone
mdcted into this gysten: throush @ quickeopening welve, Suitable auxe
1liary systems are installed for the cupply, respoctively, of fluorins,
nitrogen, lubriocating oil,instrusnt air, and elsctrionl power, and
for fluorine disposnl, seal end hood exhaust, and instrumentation, A
full desoription may be found in Volums XXIII, Part II of the EKsllex
Operating lamrls,
(3) Ruming Tect Stands.

(a) Prelimimary Enginecrins, = When it was
uncertain what deelins in btarrier porosity would be mormml during
oonvorter o_onditloning, and whother or not thoe oconditioning operation

would be ocarried out under static or circulating conditions, 4t wus
eririnally proposed that each unit (or a large mjority of the totnl)
should be tested after conditionin; to doterrino its porosity and
separation performanoce under conditions which closely aimlated sctuml
operation, For this purpose, tho "rumin; tost stond" was developed,
and the convorter test ares wos oripgimnlly desipned to acoormodate
nineteen stends,
(b) Purpose, = Specifically, the conterplated
funotion of the ruminc test stonds was three<fiolds
1, To provide a performance test in ordor to domonstrate
that eonwrbters (and proocess purps) would operato at
procgure lewls, friction drops, end flow retes in

oonformity with plant desipgn,
2« To moacwro the porosity of units as § £imnl ecooptance
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test in this respect.

3. To measure the separation performence of oonverters.
(o) Purther Development. - Work with a prototype
running stand at Chrysler, howsver, ocorrobarated ths basioc permeability

transformation theory developed, and the approximate correctness of the
oaloulated friction drops inside the wmits it followed, therefors, that
measurements of permeability made on tho oondi tioning stand with nitro-
gen at atmospherioc pressure and low pressure drops oould be safely
translated theoretically to permeabllity of prooess gas under operating
oonditions. At the seme time, the leak flow theory showed that demage
to the barrier oculd be more sensitively detected by low=pressure-drop
flow messuremsnts, than by measurements of deoline in separation effi-
cienocy. It also developed, subsequntly, that M1ﬁmh5 of omverters

" by olrculating dilute fluorine-nitrogen mixtures would be preferable to

static treatment. Flow measurements at the oonditioning stand would
therefors be available, and the rumning test eansequently became un-
a.douu:y as & final acoeptance test. This was fortunate, sinoe ex-
perience had proved that the ruming tests were ﬂ&oonmiing. and

very troublesome, mechanically.
(@) Test Stands Installed. = Four running test

stands (Fig. 50) were finally installed for the purpose of testing
separation effioclency of oconverters of esch of the four standard sises.
In addition, one was provided for testing the "A" pump Venturi meters
(Par. 7-6b), and two were castructed to serve as "breaking in" stends
to determine the most desirable type of instrumentation far running
tests. The test stands are arranged in a row along a trench in whioch
are located CyFlg supply and return mains, nitrogen supply and exhaust
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maing, and water, instrument air, snd lubrisating oil lines. The
trench leads to a servioe pit ocontaining equipment for supply and
removal of CqFyg and CgFyg. The serviocs pit is 25 x 26 x 10 foet
deep. It is provided with acocss ladders and with a ventilation
system capable of handling G000 CFM of air. The converter assembly
for the four standard size rumning test stands includes a base for
receiving the omverter. An "A" pump and a "B" pusp of sises carres-
pading to the oanvertsr sise are permanently installed on ocmorete
mb-bases at each end of ths oonverter base. '

(o) CqP1g Supply Bystem. = n-perflucrcheptans
(CoF1g) 1s used as a test fluid, The utilities for the supply of CqFyg
are located in the servioce pit from which test fluid is furnished to

the several test stands and removed fram the oonverters am test in
thess stands through pipe mains in the dlstridbution trench. CqPyq 1s
introduced from shipping drums into a drier, which is mounted over,
and drains into, & horismtel charging tenk, From the oharging tank,
the oirouit leads to the CqFg fluid huﬁr. This apparatus omsists
of seven double-pipe elements, and serves tc preheat the test fluid
with stesm. From the prehsater, G.,l‘u is delivered to a reboliler.
The vapor generated in the reboiler is dslivered to the trench dis-
tribution system.

(£) CgFig Supply Bystem. « Process coolant
(CgF1s) is supplied to the ooolers of ocuverters under test. The

OgF1g system is degigned to furnish a oamtinuous supply of ocolant,
at omtrolled temperature, to any single test stand, or to sy number
of test stands operating simultaneously. The gystem inoludss a storage
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tank, ocoolant cooler, coolant pump, and spare pump.
(g) Pump Seal System. - Frooedures for the

testing of oamverters on the running test stands call for the oir-
culation of nitrogen, CqFyq, and mixtures of the two gases. Nitrogen
is used principally as a circulating medium for warming the system.
During this step, the mechanical work of the circulating pusp is om-
verted into heat, and warms the comverter and piping. During this
stage, nitrogen must be used for sealing of the pumps. While testing
with O7F3g or mixtures of O7F1g and nitrogen, it was important that
there would be noA dilution or change in dilutiom of CyFige 7The seals
acoordingly had to be supplied with CqFjg vapor. Thus requirements
oalled for a seal gas supply from two gsowroces. Nitrogen is delivered
to each stand from a main under a reduced presnwre of 6 pes.diege
Cq¥1g 1s taken from the main vapor line in the trench in which the
vapor pressure is 8~ Peseicge BSinoce c,ri, will eondense at atmogpheric
temperatures when under pressures above 1.8 pesei.n., the main 1s
stesm traced as are also the branches leading to the seals of the
pups. At each pump, the nitrogen supply passes through a gas filter,
and branches alongside the pump bass. One branch leads directly to
the pusp atmospheric seal; the other joins the CyF)g supply line. The
oamon line camneots to the inndr seal of the pump. The vacuum chamber
of ‘the eeal 1s connected to a vacuum header serving all of the test
stands. Two 15 CFM Stales wacuum pumps maintain the seal vacuum header
wmnder vacuim at all times during operation.

(h) Instrumemtation. = Primerily, instrusenta-
tion is provided for the purpose of measuring the gas flow rate and

.12
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pressure losses through the barrier tubes of a oanverter under test,
together with the corresponding rates of flow and pressurs losses
under ostabli;hod pressure and temperature conditions. BSeparation
factor tests require smmpling and analysis to establigh the percent-
ages of nitrogen in CyF)g~ mitrogen mixtures at the inlet and outlet
points of the oamverter.

(1) High Vaouum Pump. = A 2000 OFM Westinghouse
high vaouum diffusion pump sonnwoted to the inlet at the "B" end of the

oonverter assembly produces the vacum necessary for leak testing.
(3) lbricating System. < lubricating oil for
¢the pump bearings is piped through branches from the supply and return

headers omneoting with the central lubriocating system (whioch also

supplies the pumps under treatment in the emverter conditioning stands).
(4) Pipe Assembly Shop. = This area was used by the

Midwest Piping and Supply Company for assembling of process piping

(vol. 4).
(5) Cleaning Area. = Cleaning facilities inolude a

degreaser capable of hendling any unit dig-assembly, five small
auxiliary reservoir tanks for olsaning solutions, a sst of turning

rolls for oleaning large cylindrical vessels, water filters, snd four
drying units, Steam and acid fumes are exhausted by means of five
80,000 CFM fans (Par. 11=-%). ZIhe cleaning operstions are carried out
in twelve tanks each approximately 34 feet long, 6 feet wide, and 4
feet deep. Fiwe are rubber-lined, and three are lined with acid re-
sisting brick. Three oantain steam heating coils, end six are squipped
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for foroed oiroulation. All overflow to a trench gystem depressed
in the ﬂour. The trsnolws are linsd with aoid-proof brick, snd
oonduot waste oleaning acids to Bullding XK=1407 for neutralisation
(Par. 11=8), The cleaning shop can handle equipment ranging from
small valves o large pipe assesblies, mnd is equipped for solvent
degreasing, alkaline olssning, water rinsing, msid piokling, scratch
brushing, end surface passivation.

(6) Yaoum Testing Area. = The vacuum testing
area adjoins the ovleaning area. It containe six portable vacuum

stands for testing pipe assmablies. Vacuum testing of equipmsnt to
be newly installed in the process plamt, or re-installed after repair
snd/or reconditioning, is oarried out in this ares. In additien,
mobile equipment is used for wacum testing at various locations
throughout the building, Vasum testing equipment is discussed in
Volumo 2, Paragraphs 5-10 mnd 6-4. |

(7) Unit Assembly snd Storage Area. = This space
was used for the assembly of process piping, After original K-2§
oonstruotdion and equipment installation waus finished ands conditioning

of the proocess piping was begun, thiz area wns convertsd for use in
disassembly of units befors olsaning.

(8) Maintensnce snd Repair Shop. = 8ix divigions
wore originally inoluded in this space; machine ghop, tocl room, heat

oxchenger shop, pipe and welding shop, sheet metal shop, and electrical
shop. These faocilities were capable of making general and speoifio re-
pairs to all olasses of process equipment.

de  Pressnt Design. = After completion of the initial

11.14
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activities involved in cleaning, oonditioning, assemdling, and pre-
paring for installation the large quentities of process equipment snd
piping required by the diffusion cascade, a mumber of internal design
and arrengemsnt ohanges were made in Building K-1401, in order to make
most effective use of the facility. The present lgyout is shom in
Figure 85l. Faocilities currently installed may be broadly classified

under the following headings:
(1) Conditioning Stands. - &ix oomnverter stands and

eight puwp stands have been removed in order to make room for develop-
ment work now being carried out in this area (see below).

(2) Running Test Stands. = Thess units are being
minteined in standby omditim.\

(3) Cleaning and Vacuum Testing Facilities. - These
areas hun not wmndergone importent changes sinoe their initial com-

ltruction.
(4) Maintananoe Fecilities. -~ Maintensnce facilities

have been greatly expanded, and at present oocoupy the greatsr part of
the entire building. 8inoce the start of plant cperations, ths amount
and types of maintsnmnce work dane in the oonditioning building has
increased steadily, with much of the ropd.r work previously dome in
temporary shops set up at various points in the process area being
transferred to Building K-1401, which mow includes the following shops:

l. Carpenter shop
2. Paint Shop
8. Pip. Shop
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4. Insulation shop
6. Telding shop
6. Vaowm pump shop
7. Electriocal shop
8. MKachine shop
8. Equipment test and inspeotion shop
10, Building end grounds shop
11, Valve repair shop
12, sheet metal ghop
(§) Re-tubing Area. = A converter re-tubing and

teating ares has been set up in the narthern third of the bullding,.
Equipment shipped from the Chrysler lynmch Rosd plent has been in-
stelled for this worke, Thisg includes epparatus for aszsembling and
re-tubing converters, test equipment, and the air oconditioning system
forrerly used at the Chrysler plant. A process pump snd geal shop is

also Jocated within this srea,
(6) Barrier Testing leaboratory. = A new barrier

test laboratory 4s being set up 4in the nortlwest sorner of ths build-

»mg. Canstruction of the laboratory was started in Ootober 1945, snd

is now about 96 per cent eomplete. The department consists of fifteen
offioces and individual laboratories cmtaining barrier msnufacturing
and testing equipment, which was shipped to K=25 from ths SAM Labora-
tories (Vol. 2), end the Houdaille-Bershey plant. The following

equipment has been installed:

nE LEIE D
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2. Two oentrifuges. ‘ B

8. | o
[ DELETED DELETED _
| A Dos
«C  DELETED ____DELETED / //3)

T m———— e e e

§. Eleotric ovens. wéé}
6. Electrophoretic equipssnt. ‘

7.

8. DRLETED DELETED

-

10, A large group of flow and pressure recording instru-

rsits for testing efficiency of barriers.
11=8. Accessory Conditioning Structures. =« The following small
bulldings are located adjsoent to the conditioning building, and serve

8CO08EArY PUrpPOsest
&, Control House (X=1402), = mo cantrol house is a ane-

story and basement structure sdjacent to the west well and near the
north end of Building K-1401. It houses electrioal and control equip-
ment for apparatus in the K-1401 Munsce roox.

be Fen House (K-1408). ~ Tho fan house, & cna-stor}

oconcrete and hollow tile structure, is looated just east of the oon-
ditioning building oleaning area, and houses five 50,000 CFM motor-
driven fans which oxhaust the acid fumes rran‘clfaning operations.
To eliminate any possible recirculation of fumes, ths air snd vapors
are discharged €0 feet above the ground through e speciel stack.

1.17



c. Acid Btorage House (K-1404). = A storage system wxs
omstruoted along the east side of the conditioming building for handling
and storing hydrochlorio and sulfuris moidse Two 10,000 gallom tanks are
located adjacent to a railroad siding, Pups and valves are exnolosed in
& pup house for wnloading acid, snd for transferring it to the oleaning

tanks.
11-4¢. Fluorine Gemerating Flant (Sectiom 1%00). .
. Purposs. = The K=~26 fluorine plant was designed to

mgnufacture, handle, snd store the large quantities of slemental fluor-
ine gas required by the Project for oconditionimng purposes.

b. Preliminary Enginesring. = Research and development
on wethods of producing fluorine ie discussed in Book VII. This wark

was ooordinated by the Kellex Corporation, and involved studies and
investigations at a mumber of :I.ndultﬁd and university laboratoriss.
 the decision was made to provide manufacturing faoilities at the site
because of first, the importence of sn uninterrupted aupply of this
special chemical, and, second, the desirability of aveiding the physi-
cal dangers involved in atbtempting to trangport large quantities of
the substanoe over long distances. The general design of the fluorine
plant was worked out by the Hooker Eleotrochemical Compeny, who also
carried out initial operations, under contract W-7405-eng-268 (Vole B).
Detsiled designs and construction drawings were prepared by Fard,
Baoan, and Davis, Ino., who also managed the camstrustion under oantract
W-7407=ang=19 (Vol. 4)s A number of design features of the fluorine
plant (e.g.qinstrumentation, safety devices, and HF removal system)
wore developed jointly by Hooker, Kellex, and Carbide.




o Capsoity. - The intermittent and variable nature of
eonditioning operations plamned, made fluorine gas requirements
diffioult to prediot. Best estimates prepared by Kellex, indicsted
that a supply of 180 pounds per day would be necessary. BSeven fluor-
ine production cells were installed in hudlding K=1301, with space
for seven more. Each can produce more than 80 pounds of fluorine per
day. Becauss of the importance of avoiding ocontamination of equipment
being conditioned, particularly the barrier surfaces of converters, the
following fluorine gas product specifiocations were laid down:

Oxygen less then 1 per cent

Rydrogen flucride less than 1 per cent

Mist | less than 70 parts per million
Fluorine grester than 66 per oent

Seotion 1300, with a maximm storage capecity of 8§40 pounds, inoludes
me of the largest fluorine-under-pressure installations in the country.
de Design. - ﬂmolpt for a single pilot plant installation
(Book VII), no industrial utilisation of fluorine had sver been under-
talken prior to the X-26 Project. Fluorine is the most reactive of all
olements. Because of its extraordinarily sgressive chamical mature,
special designs and precautions were necessary throughout the proposed
installatione The fluorine plant as emstrusted, consists of three
bulldings of steel frame and brick wall ommstruction, located several
hundred feet north of the conditioning building. Oertain of the equip-
ment is enoclosed by brick barricades, special ventilation is provided,
and an elaborate slarm system is installed to warn of equipment failures
or other emergencies. The plant is briefly described below, and a flow

11.19

{, Y




,' 52~ 4y

GLNERATOR. GENERATOR. GENLRATOR. QLMLRATOR. OLHELMATOR.
&ty LY ry 4o .

GLNLMATOR
‘o

A'kntﬂirl B0 ¢ zﬁzm < ﬁﬁ ‘: | :fﬁ z

TO POTLNTIOMETLR .
RIO)]
1Rl

DRAWING 25656-C FTOAL
NFIEAL WIKING DIAGRAM

0.C.POWLA.
supPLY

Al
2 +
VOLTAGL
CATROBE LIME ANODEL N

DIOLO . ® ©

SAMPLE Ag4 L1 —
P e ' . o \) “o
l
1

!_ TO 10V, }
TEMPERATUAL _‘:’P—&L—tr DC. YOLTAGQ

CONTAOLLER.
REGULATOR.

1)

surrLy

N

TO AC POWER.
SuppPLY

opLN
TO ATHOSPIERE

opeEN
YO ATHMOSPHER

BAUR

TQ 248

MECTIFILAL
BDANK
"W

TORTAICTIFIEA T AC POWLA_

=
|
|

= =

CATHOOL | CATHODE] ANQOL | AN MANUAL SWITCH

PRESEURE LeVEL | LEVEL px:?spsr.!. 1 ":'LOQDOK'
+

At ) Al Al vENT *
Yn:a.rgL NS YALVE NAME
% Al | G-74 MAlnT SHUT-OFF
N

BUBBILEAR.S
A

MANOMLTER PANLL

YENT TO
LXKAUSY _ SCALLS .G

A20 DUCY@

A Ay 1373 4
Als Al6 A10| A1
A2 DAY AIR_H
MA N

A-q | ANODE MANOMETER, SHUT: OFF
A-10 |ICATHODE MANOMETER. SNUT-O"
CATHOOL PALSSURL DUDBLERA.
A2 ILEVEL DUBBLERS
A-1I3|ANODL PALSS UKE. BUBBLLA.

JA K )
CRET 15 |ACH
Ci0

JACHLT QVLAFLOW
>

SHUT-OFF FOR AUTOMATIC

A-25| HAND CONTROL WATER. COOLING
A-26 AUTOMAYIC WATER, CONTROL
7] SHUT-OFF FOR, AUTOMATIC

h{

AM TO JACKEY SHUT-OFF

AUXILLIAKY AR

INSTRUMENT AIR. SHUT- OFF

JACKLY DRAIN

CUBICLEL DRAJN SHUT-OFF
ADLRA. |

L]
>>>>

ACID FLED TANHKS I

A4 A7 Al8 E
A6 & A%2 J
T [ A%
t

>¥r>
8!838&’-13

PURGE
C-2186 MAIN PURQOL
DRAIN NIPPLE SH O

¥
Sk
-

IX1% =

0f /N2 INSTAUMEKT AIR.

58/ 1l sTEAM

400/ 1IN WATER.

DRAIN
tg L 5 LYY 03 lz N - 1 l
SEWER.
-DG. K-1301
. sare | we 2 | HOOKER ELECTROCHEMICAL CO.
7 NIAGARA FALLS. N, Y.

. CHG. No. uapa v HE Kae Sca I
N TRACRO Y - DATER r

P‘{ 5 e I . 0. No. cHECKED By WA asemove. o
Fia. 9 2 : e DWG.2 54 74-C
FLOW DIAGRAM BLDGS.K-1301,2 & 3 PART A




GLNLRATOR
*7

HOSLy ARl 1B P-S:b DRY AIR G-74 MAIN
As T U FAOM CaCly DAYER
AMq C-216  VLNT
o]
[
5_4“3 2 C-216 MAIN
Adl 4]  c-216 MAIN
e
L t2 Hp MAIN
\
N M Hp MAIN
BLIND FLANGE
My AZAIME AS X Ae
—_—att
(] .
; ’s
N .4
I
&6
J @@ SEL DRAWING 25686-C FOR
L RECTIFILA. WIRING DIAGRS
EXTIOMLT
D.C. POWER.
SHUNT suprLY
34 = 2000 ANP
o e bt .
VOLTAGEL ) P
- CATHODE LINE ANODE -l
»l >
w o E.J o3
4 OO oot
w H . ® ®Zg§ N
-5 HH g 2 sl
-0 olz SAMPLL w L — o
aX ofl~ S \) \J < (.). -
o, < oy <
{ '-":;:- 0
9_ 2 | R;lrol.‘i ::OGE r
TEMPLAATURL Fa
CONTAOLLER (—_l:/'—‘ AT
MANUAL SWITCH CATNOOL
cATRODL]cATNOBL] ANooE. | AwopL
nu.uouj tivel | LeVEL | RESSURE ™ IN CORN-IDOR- PRLSSURE
Al A A vLnr + + . An
P ] THREAMAL
| | ltie
BUBBILERS .
+ +
3
MANOMETEA. PANLL o
vEuT TO 2
Jexuavsy SCALLS b 4Y >
irzog DUCT o
-
’ el
q - o JACWE]
<
N =
o AT A3
X s AlS
ACID FLED TAMKS '
\ AL4 é AL
‘ it N
oA ®®
Ats $H—
H
= 2 20¢ / 1n3 INSTRUMENT
w8/l STLAM
409/ 1N2 WATER,
. DAAIN

BLDG. K-130I-




sa2- /B

MAIN

o-14

"
3PS

Aq0

C-216 VYENT

Aq)| E A8q 100 PSSy G-T4

PALSSURE
NEGULATORN

FROM SUPPLIER

Y2 C-216_MALN

Tl C-216 MALN

YANLC FLAME
ANALSTLA

ABY

LN
sLOW OFF
SCAUBBELR

ATROSPHERE

|

TO | ATMOSPHENE

T0

Cc.Zié

T
]

)I' YENT

X
QO

Y2 vIRT

_-1 LIQUID
SEAL

LIMESTONL
'

TO SEWLHK

|

DIAPHAMAGM
rume

%M1 PRESS Y Low
HAKE GAS

T0 ®-1308

L

R

—1® siGKAL LIGHTS

L]
G OPLMATING AISLE

66

110 V. POWLA
surrLY

| )

SWITCH

X

a2 veny

FRESSUNE
4

coPPER
TUB NG

[

4 L|Nq[h CNLINDE P

PIAPHRAGM
PUMP

G-74

" Low
PARLSSUAE

[

IR T
MARL OAS-
TO %K-1303

1" VLNT,
Y

N

om.»(
TUB! NG|

VALVL NAME
A43(f2 c.216 PAESSURE rick-up
A44[F1 C-216 . N
A45[82 Ay, MAIN - .
Adsl#T Ap o ¢ . .
AATIVERT FROM # | ADSORMDBERN
A48l81 c-ue TO ABSORbI’.h

A4qte Cc-2186 -

ASO{VENT FROM # 2 AbSOnbEH
BY-PASS P2 MAIN TO!I ADSORBER
BY-PASS¥| o vz .
A8 nv-rAssNAasonan Tode MMI
BY-PASSP2 . a8y

A 55|AIR TO 9 ) ABSONDER

C-216 TO® [ MAIN

c-216 ~ft2

ASBIAIN TO$#2 ABSORBER

50 P.5.1. A)Im HLADLRA SHUT-OFF
IRSTRUMENT AIN SHUT- OFF
FILTEN BLOW-OFF
(NSTRUMENT AtR SHUT-OFF
FILTER BLOW- OFF

A-64{0-74 SHUT-OFF

A~6jo-14 PRLSSURE REGULATOR

SEAL TANK RODODING AND FILLING
SLAL TANK DRAIN

TABSORBER REGENERATION YENT
vz . . «

A76 surpLy Alh 'ro 'z “«
A-77 LA -

Avq AIn CONTAOL TO PRE-HEATER
Ae WATER TO #2 SCRUBBLA

zle sAnm.r. Llll’. rm auLM
216 SAMPLES | NEADER BLFORE ABSOM... A
s €7 . L) '
LA Anr.r. -
. . $2 .
G'H BREODUCEN SHUT- OiF
. BY- PASS

. . SHUT- OFF
MAIN Al SHUT-OFF
AR MAIN CHECK VALVE
AUXILIARY AIR SHUT- OFF
AVA NEDUCL® SWUT-OFF

. . . "
WET YO DRY INSTR.AIR CONNECTION
Aln nwucm SHUY-OFF
A-99 ] [

G-74 PURGE ON MANOMETEA LINE
LOW PRESS. C-216 CUBICLE SHUT-OFF
C-216 SHUT-OFF PUMP SUCTION

-

L) . . .

PUMP OISCNARGE SI‘UT'OVF
“IGN PAESS. CZIS CUIICLE SﬂUT -OFF

. " CHECK YALYL
ADTOMATIC PUMP BY-PASS

A 119]G-T4 LINE CHECK YALVE

HIGKR PHRESS GAS

G. K-130lI

i

Evistame

HOOKER ELECTROCHEMICAL

NIAGARA FALLS. N. Y.

S ~.:‘~ - - CHG. No. ::ACl;'lvch'. b mﬁ I5- 4‘
. N _ 7 " Tw.o.Ne. b S5

v CP. we25475- g

FLOW DIAGRAM BLDGS. K-130124&3 PART B




VENT STACHK

150/ 1n2 pav A
Jm DA (K3 K- 1301

C-216 VENT

] ] *2 C-216 MAIN ] g jree J
] J J i c-216 MAIN ] Cow paiss J
[] J X A6T l KERCOID,
2 Hp MAIN BUZZEM ~
J ] ] ] .J 1 Hp MAIN ] } ] J]
< N Ab6
M43 X Ad4 A45}LA45 ——J
—_—
80 P51 AIR AeT
FROM F.B.4 D —Aob
OIIV!CI&
i &
Aqz A67 J J J J
ALARM lu %HO %Aa
Agy . ]
PALSSUMEL L
REDUCER A4TY A4B X A44X AS0X [‘_' — Au%us ABT Xass
ABI A52
N Dt ¢ 49 [
, | BLOW OFF BLOW OFf
I 68 "Aeq X SCAUBBER| SCRUBBES
sy c-216 2 c-216 i
ABSONDERN
Cacly ABSONBER
Al DARYEN
M -
AsS A4
el ) h . LIMESTONE LIMESTON
quy 55X A36X ABTX As8X
A100
] To 440v surrLy
. THERMOSTATIC CONTAOL
) J SLL DWG. 25710-C
ATq
(e
% ] ¥ onrFiIcE
>4 AR PRLNEATER
ELECTAIC BAYONETS
AUXILIARY Ath (SRR .
COMPRESSOR § TANK Piss
SET AT 70 PS.I. N ¢
: PRLSSURE
JRAKRSM ITTER|
30 rSi-
GAGL VACUUM PRESSURE
DIFFERENTIAL
PRESSUNE MLACOID MERCOID
CORTROLLE A
Qntconoing O 30 P8t
n'lloljfg:oln CORTROLLLA GAGE
BOOSTER ] L i FILTLR
PILOT VALVE
Y N\
€€ CenessumE
P REGULATONS —]
€<—¢ x: €
Assg
154/ (N2 DRY AIR .
—><}
4
80% k2 ALD XAe2
€
150/ 1IN STEAM j
40%/1N7_ WATER i ]

BLDG. K-




/ﬂ-l)OZ VENT LINL\

R-1303 _CYLINDLR AREA VENTy

/G- 74 MAINg
£C:216 YENT RUPTURE DISCSy
£C-216 VENT CUBICLES S
EMERGL
,C-216 PRESS MAIN; e . Qwupu
iy BN
(€216 L.P. MAING N Sas
t
‘; seanct
(G-74 NORTH HEADER c40 /
cyX
; n
— Y
. . o ~ -
p o wf E3 0| SENER kc1q \ CIRES & 24 o Ea\ ‘&”“’ B G &
IR 3 ! 2 P
- VENT VEINT E M s 1 5 ;
] a
3 i g L2
4 cusicLe #3 < -3 5 fe
bes ml 3 e kce & * e gei| 2%
c7 PUPSTICRIR SO ol 3 RUrTURE o~
[ DIsSCS _— - DISCS F o
o o -
C8  Xcs 4 e fcs  Xcs bc 4 1;:;
g bt L
C
4 J 2
t TO POTLNTIOMLTER TO POTILMTIONEIE
—l 2 0 o)
3 L]
3 ! |
- L “{C.o p *A-q P i
Iwouuﬂounakl
216 CYLINDLR COLD TRAP 216 CYLINDER COLD TRAP
CuUBICLE ¢ 2 cudIcLE #]
lponnnom.'rf_k. i
‘q
t CUBICLE * 10 cusicLL 49 cusicLe 98 cusBICLL *7 -
| .
3 - o 4 - - - o
> S 3] 5 3 5 5 5
';' ~ T ; ~ T L ~ 2 ~
JTBT:,'- u'?sgé =% (3 5??8
)
- D¢
\
Ne VALVE WAME N VALVE WAME
ci|veNY lcz1]8-74 SHUT-OFF TO CUBICLE '
C2|C-216 INLET SHUT-OFF C22[G-74 TO L'28 TRANSFER TANK '
C3| G3-74 CONTROL C23[G-74 TO 128 BUBBLER -
C4|C-216 'NLET CONTROL C24)G- 74 SHUT-OFF TO PURGING AREA
C5[C-216 OUTLLT C25]G-74 SHUT-OFF IN PURGING AREA
C6|C-216 OUTLET CONTROL 26JCHECK VALYLE
CT|VENT FROM LIQUID REC. C27[G-74 FELD TO PURGE STAND
CB|VINT FROM C-216 CYLINDER, C28]YENT FAOM PURGL STAND
Ca[C216 CYLINDER INLET CONTROL C29|C-216 FROM PURGE STAND
CIO[C216 CYLINDER. VALVE ‘|C3O|LVAC. LINEL FROM PURGE STAND
CII[C-216 SHUT-OFF NORTH INLET HEADER. |C81{#1 VACUUM PUMP INLET
C12]C-216 SHUT-OFF SOUTH INLET HEADER. [C32[®2 VACUUM PUMP INLET .
C13|C-216 CYLINDER. PURGE AREA C33|#1 YACUUM PUMP OUTLEY
C14/G-74 SHUT-OFF TO K-1308 IC341#2 YACUUM PUMP OQUTLET
, C15|G-74 SHUT-OFF TO NORTH HEADER  [C35[1 OIL FILTEA. SHUT- OFF
IC16]6-74 SHUT-OFF TO SOUTH HEADER, [C36{#2 OIL FILTER SHUT-OFF
CIT|C216 SHUT-OFF MOATR PRESS.HEADER. [C37[LP.C-216 SHUT-OFF TO x-uoa} 7]
ICI8|C216 SHUT-OFF SOUTH PRESS. HEADER. |38 = » N N IBRTYY
lc19)c216 OUTLLT SHUT-OFF FROM CUSICLE [34H.P.C216 SHUT-OFF FAOM K-1301
c20JC216 INLLT SHUT-OFF FROMCUBICLE [C40) » = CHLCK VALVYE
.. azvisiemp earu | we Agvisiems marg HOOKER ELECTROCHEMlCAL fola)
. N NIAGARA FALLS. N.Y.
] [} a
= 1] ] CHG. No. - _oared:h ..
Ls} Py 18 W.0. NO. CHECRED BY A 7%  APPROVER
i3 L] 31
. i u cP. .|oW6.25476-C

FLOW DIAGRA

M_BLDGS. K-1301,2

&3 PART C

N —




Th-1301 VENT LINES
€216 VENT
*2 Cc26 MAL N tMERBlENCY
JUMPER.
EMEROENCY [y DY — ol
\(.luuwr_n. ~e/ *\//'* b
¢ \: \\ ’t p. C38 (A1}
1 c2i6 MAS "Tc-26 spant kou
216
B Y B4Xn3Y ne [ 3 &0 O 1P S
__1 S S S B O R
i | & o 20| SEQ CG#DOE"
I '" 883 'Y c13 . S o o [ofv U{U
= | Ik
cescos]
VENT VWY VENT VENT VENT VINY
c2
| L0228 punce cusicLe 46 cusicLe ¢ 5 cusicLe ¥4
C2d STAND' !
. —______
ts
c2y
|1 _C2% puacL
STAND®2
. . POTENTIOME'
'
J) V] [RTEY
MERCURY STAL
SURDEL ORUM SUAGL DAUM
2 1 czy
L4 PURGE POTLNTIOMEY
syanols
< ty
i
*io
G —0 cusicLe ¢ 12 cusicLe ¥ 4y
cay N . - —
PURGL g i 3 =
STANDYL > > > .
!L -3 - o J -
o 8¢ |& 5 =%t | s
RUPTURL DISCS ~,
= = VACUUM cip o- 14
COMBINATION _9 GAGL 3 {SOUTH HEADER)
PALSSY VAC. cw c-216(L.r)
GAGLS — . e P
== ey c-216( H.r)
\\UPYUI\L olscs/ el
C-216 VINT
L] te
STOKES VACUUM
PUMPS
oIt FILTERS
0 YALVE — Namz
B1[C216 FAOM #1300 TO LXMAUST
82)C216 TO k1303 STACK
B3|C-216 TO VENT f
84[0-74 PURGE TANK 2
B5IC-216 FROM K-130!
©6]C-216 TO H-1303
B7[C-218 FROM %-1301
B8IC-21p TO H-1308
BR{C2(6 VENT "
™OIG-14 PURGL TANK T
BING216 FROM K- 1301
BrfC-216 TO M- 1308
-

BLDG. K-1302————




—t
9 SN

X4
; i
5 p5| ’ .
1SCS K:1303 J 3
K-1303 10 pi1srosAL PLANTAY - &
OPERATLD oY ovun,s*(r *
vy, s e Eman g v
€M‘ i gromeaase sy A M0 pR W | Q l 10 USE
190 P51 GAGE 160 P31 GAGE AUTOMATIC
PRESSURE
foq §o7 §pe Fos Xp3 Xo2 X049 fo7 ¥o6 fos Fos Xo2 CONTROL YALVE
S _— CONTROL STATION
- pi8 SUPPLILD BY OTHERS
4 04 o1
foe o020 ﬁ o8 o4 o P20 Iq ?_»russun.r.
ARELDUCER.
021 [171] oI?
r—-‘ —
100 P51 G-T4 FAOM SUPPLIER.
T g o6
B ey )
& é ]
6— ° i
‘4 *s
TOARAGE TANK 216 STORAGE TANK
-_j -
t
\ :
Ne VALVE NAWME
DI {C-2t6 7O USE
p2[C-216 YO USE
[ D3|C-216 OUTLET VLRT
D4 [TANH PURGE
DS [TANK OR VENT LINE PURGE
06| VENT
T y DT{INLET VENT
RUPTURE D8] C-216 INLET FROM K-1303. .
| D16CS Dq|c 216 INLET FRON ¥-1303 m
D1O| TRANSMITTER. SHUT-OFF 8 [
: DI|TRARSMITTER. SHUT-OFF
PRLSSURE D12] G- 74 TO INSTRUMENT SHUTOFF
INDICATOR, & D1s| FILTER, BLOW-OFF SOUTH HORT N
0103 TRANSMITTER, DI4|MERACOID SHUT-OFF FAN FAR
ong | DIS| RECLIVER SHUT-OFF
0] O DI8| H-P. G-74 SHUT-OFF
DI7| ALPUCEA. SKUT-OFF
- 20P51 pren i8] REDUCER, SHUT-OFF
012 DG REDUCER. BY- PASS
A D20{C-216 SAMPLL SHUT-OFF
PRUSSURE oeijc-ere saupLE cONTROL
REGULATOR. VENT SAMPLE SKUT-OFF
!
| —s, J
+ ’
15 F1
|sTACK
SR UM
M UM
)G, K-I302
we] mevisioms | sam fwe] acvisiows | wm | HOOKER ELECTROCHEMICAL. CO.
y NIAGARA FAKLS. N. Y. o
—~ ) : : e,V maka mm
o . 10 W.0.No.. . § "
. € . . " cp _ Iowe. 77-C |

FLOW DIAGRAM BLDGS.K-1301,2 &3

PART D




48

~ 1307 VENT-

£ K-1302 VENT

L H-1303 CYLINDER. AREA VENTS

£G-T74__MAIN

£%:2)6 YENT RYPTURE DISCS K-1303

_£C-216 VENTCUBICLES K-1303

o]

R0 PS|

FILTER bi2

PRESSURE
RLGULATOR.

] N . £C-2t6 PRESSURE MAIN
- —+ —+
sPARE; 022 k S EMEAGENCY
J - JUMPER.
: 160 P! GAGE
.
¢ 1;:7 06 ¥b5 D2 toq ]w
os D4 ot 020
1o v,
suvm.v{ (21}
h\ _\
&
> PEN ALCLIVER
HANUAL .
RLCORDLA SwiicH ] o— o——
2
f V)i -~
2
=
P .
v .
32 5 4
27 216 STORAGL TANK 216 STOMAGE TANK
g | '
[LRY]
wI
o
G —_—
ngung
ofo :1 D14
| 4 —
14
PALSSURL MERCOID
CONTACTS BLLOW 8PS|
]
PRISSURL PRLSSUAL é
| {NDICATOR. 4 INDICATOR.
DIo TRANSHITTLR, D10} Tr\uswn?n.
|

o1t )

FAOK *1 sumGEL DARUN

raoM %2 sumnct Druwm

BLDG. K-1303

BLDG. K-13C




. o ReEmEA £

diagrem for Seotion 1300 is shown by Figure 52, in four parts;
further discussion is provided in the Kellex Completion Report,
Section III, (1) E.

(1) Generating Building (K-1301). - Building
K=1301 houses fluorine generating and auxiliary equipment, meschan-

ical compressors, sn offioce, smd a laboratory.
(a) Eleotrolytioc Cells. = Fluorine is genera-

ted by electrolysis at 1009C of a solution of potassium fluoride (KF)
in hydrogen fluoride (HF), the camposition corresponding approximately
€0 1.8 mols of HF to 1 mol of KF. The HF is decomposed into hydrogea
(Hg) which forms at the eathode, and fluorine (Fg), which forms at
the anode. Each 0ell requires a maximm ourrent of 2000 emperes.
Direct ourrent power at 9.5 volts is supplied from eight copper oxide
rectifiers per cell, The anode assembly omicﬁ of 28 ocarbon blades
(1=1/2 x 6-1/4 x 18 inches) bolted to a copper bare A stesl soreen
diaphraga surrounds the anodes, and two steel cathodes are placed out-
side the soreen. 7Two per oent lithium fluoride is added to the electro-
lyte to retard smode polarisation. 7The oells are equipped with warm
water cooling coils which can be used as steam colls at time of shut~-
down to keep the electrolyte molten. The cells operate with ocontinuous
HF feed, and ocan run for long periods of time without replacement.

(b) HF Absorbers. = The crude gensrated fluorine

is contaminated with HF, It is purified by passage through sodiwm
fluoride (NaF) tray absorbers, which reduce the HF cantent to a valus
below 1 per cent. HF is removed from these abgorbers psriodically by

regenorating with hot air; regeneration off-gas is piped to the dis-




posal system at Bullding K-1406 (Pare 1l1=5). The HF-free fluworine
gas flows at & pressure of several inches of water to a surge tank
in Building K-1502 as desoribed below, The hydrogen gas waste product
is sent to & water sorubber to remove IF, and is then vented to the

atmosphere.

(o) P=~1sure Control. - m cells discharge
fluorine into a single header, which is interomnected with the hydro-
gon header by means of a differential pressure control gystem. Im this
way, when the pressure varies in the fluorine main, the hydrogen pressure
is sdjusted to an equal valus by throttling, so that the electrolyts will
be maintained at the same level in both the anode snd ocathode eompart-
ments of the oells, If this were not dene, the hydrogen would find its
way into ’tho fluorine chember,/ ﬁl‘i_!h with a resulting explosion X
that might break the cell. If the pressure in the fluorine main rises
above & pro-determined lsvel, (e.g. 4 inches of water), the fluorine ~
1line is vented into the disposal 1line, Conversely, if a vacuum dewvelops
in the fluorine lines, the sutomatic control system bleeds nitrogen into
the fluorine header to break the vasuum, thereby preventing the poasi~
bility of moisture inleakage into the system. (Moisture rescts
violently with fluorine.) A signal light system affords warning when
fluorine begins to empty into the vent line, or when nitrogen begins
to bleed into the fluorine line.

(d) Compressors. - A prooess desgign ohange was

effected in the methods of handling fluorine, when suitable compressors
becams available. These were installed in Building K-1301, and are

disocussed below.
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(2) Btorage Building (K-1302).
- (a) Burge Tanks. - Surge tanks in Buildimg

K-1302 provide daxping of pressure variations in the fluorine lines,
loubdninutbloumtbm@uomolmtao Two tenks
are provided, one of which normally operates floating on the line, the
other acting as a spare. They are of nickel-clad steel, 4 feet in di-
smeter, snd 12 feet long; gage pressure is normally seversl inches of
water. The gas flows fram the surge tanks to the liquefaction ocubicles

(or compressors).
(b) Storage Tanks. ~ Three additional nickel-

clad tanks, each 8 feet fn dimster and 20 feet lmg,v provide storage

for sbout 1~-1/2 days' fluorime production. The originsl design was

based on the assumption that the tanks would be operated batch-wise,

one tank being filled while ths other discharges to the conditioning

building, the third being a spare. However, ghould it beoome desirable,

they oan be operated floating on the line. The tanks are designed for

a working pressure of 100 pese.i.g. and fitted with 80 p.s.i.g. rupture

discs. They ars equipped with nitrogen lines for purging fnto tlw

disposal plant, K=1405, and can be evacuated from that polnt if necessary.
(c) Pressure Control. - ~ Converters to be con-

ditioned camnot be gubjected to pressures greater than 5 pe.s.i.g., and,
as & safety precaution, conditioning building fluorine line pressure
was limited to sbout 1 pe.s.i.g. B8ince storage pressure was to be in
the range of 20-30 pescic.ge, an air-operated, monel "s" type valve
(Par. 8=11c) was developed to maintain the pressure below 2 pesciege




As a double precaution, in ocase of failure ol_‘ this valve, a second
valve was provided, designed to shut off automatioally in case the
pressure should tend to rise above § p.s.i.ge 70 allow for sweeping
fluorine from the lines in the event of fires, or bafors opening them
for mintenance, it was initially intended o runvc'ou eanneotions
from the fluorine pipes to nitrogen supply. Ilastead, however, at the
request of Carbide and Carban Chemicals Corporatiomn, a high pressure
nitrogen oylinder, ssparated from the line by a rupture disc, was
placed at the end of each line, With the development of vaouum pumps
to haadle fluorine, adequate means for quickly evacuating the piping
became available.

(3) Liquefaotion and Bottling Building (K-1303). -
After wvarious meaus of handling the fluorine were considered, pressur-

ing by liquefactiom m,uologtod as the best gvailable method. Other
altornatives studied were mechanial ocompressiom, pressuring with nitro-
gen, operation of vessels and lines under partial vacuum, snd pressuring
by refrigeration and heating. The choloe of the liquefaction method was

based upon considerations of flexibility of opsration, and minimm operat-

ing hagards, However, provigdion was also made for subsequent conversion
to mechanioal compression in the event of sucocessful development of a

suitable compressor,
(a) Liquefaction Cubiocles. - There are 12

oubicles in Building K-1303, each one of which is oapable of liquefying
gas and re-veporizing it either into the starage tanks at K-1302, or
into portable oylinders whioh can be plesced inside the ocubicle. Cubio-
les were operated batch-wise, with one always followed by another in

11.23
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such manner that the flow of gas to and fram the building was contin-

uous, The gan was adnitted into sn ell-nickel bomb immersed in a
larger veassl cantaining liquid nitrogen. Condensation of the gas
created a vacuum in the borb, When approximately 10 pounds of fluor-
ine had beern adnitted, as indioated by the soale from which the bod
wug suspended, the admigsion of fluorine was stopped, and the liquid
nitrogen bath lowered sway. 1he subssquent warming up of the bosd
vaporised the liguid fluorine; when the presswe reached 30 pesei.gs,
the gas was allowed to flow into the storage tanks at K-1302. When a
pcét.bh oylinder was to bo filled with fluorine, 1t was brought into
the oubiole on & buggy, snd filled ip the sume marmer as a storages tank.
fpace is provided at the west end of Bullding X~1305 for oylinder main-
tenance, as required, and for oylinder purging, Vaowm pumping faecili-
ties are also available for svacuation of the cylinders. /
{b) Conversion to hMoal Compression. - By

August 1944 Hooker, aided by Kellex, devel _»d a satisfaotory disphrage-
typs pump, which was fabricated by the Wilgon Pulsa-feeder Company. At
the direction of Ksllisx, Hooker then made an enginsearing analysis which
indicated that, from the standpoint of operating ecamomy, it would be
very desirabls to chmnge from ligquefaction to mschaniscal sompression.
Accordingly, the installation was designed, cooperatively, by Hooker,
Carbide, end Kellex, '!lro ecoupresscrs, with related omtrol squipaent,
were installed in Building K-1301, According tc the revised method of
operation, which was bsgun in February 1845, generated fluorine is com=
preased and delivered to the starage tanks in a straizhtforward pumping
operation. The liquefaotion installatiom im Building X~1303 ig now in
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standby status. The pump consists of two diaphragm heads spaced
some distance spart and hydraulically cormected. The power side
diaphraga is comnecsted to a reciprocating oil piston running at a
spesd of §0 strokes per minute; the impulses are tnhnitbd toa
monel pump diaphrags through a two-inch monel pipe filled with fluoroe-
lube MFL. The pump disphragn transmits the impulses to the fluorine
through a sustion and discharge valve head. The pumps are located in
a speoial ssotion of Building K-1501, and take suction from the surge
tenks in K-1502. Fluorine is delivered under pressurs to the storage
tanks ot K-1302, or to portable tanks at K-1303,
(4) Fluorine Distritution System.
(a) Distribution to Conditioning Building. -

8inoce the fluorine generating plamt oould be looated adjacent to the
oconditioning building, and only one portion of that building required
fluorine, a permanent piping system was chosen for this iorvioo. To
insure reliability, amd to exclude the possibility of eantuinntia
by dust, mist, or sir (which would be intolersble, for exmmple, in gas
to be used for conditioning of barrisr surfaces), a welded, all-momel

system was designed,
(b) Di=tribution to Frooess Area. ~ Fluorine

was to be used at hundreds of widely soattered, and frequently vary-

ing, points in Section 300, and was to be required in intermittent and
oxtremely variable smounts, These considerations led to the choiee of
mobile eylinders for distribution to this area, instead of a permanent

piping system (Par. 10-80).
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11=§. Fluorine Disposal Flent gx—uoa)_.

a8y Puwposs. = The fluorine disposal plant was desigped
to sbsorb the toxic mnd sorrosive fluorine and hydrogen fluoride som-
ponents of varipul waste gases before venting to the atmosphere. Thase
gases arige from the following souroest
l. Manifold vents and sylinder maintenance in Building
K-1308%,
2. Dehydration, oell purging, and B sbacrber regensra~
tion in Building K-1508.
S, hnk evacuation and pwrging in Building X-1302,
d. Vent lines from Buildings K-1502, X-1503, snd K-1401,
and pressure relisf of the ﬂmrﬁo feed line from
Building K-1802 to Building K-1401. )
6. Discharge from vaowm pumps in Building K-1406,
8, Eight inch speat eonditioning gas return line from
Sooction B500.
be Preliminary Engineering. ~ Research snd developmnt
work on methods of disposing of wasbe fluorine was done by Johns-Bopking

University, Prinoceton University, snd the Chrysler Corparation. The
studies were coordinated by Kellex; consultation services were rendered
by Carbide, A disoussion of this work snd of altsrnate mesthods eon-
sidered is presented in 8eoction III, (1) E of the Kellex Completion
Repart, YThis parsgrabh desoribes the K-25 ﬂuu-lnp disposal ingtalla-
tion as oonstructed; further details may be found in Volume XXIII, Part
ITI of the Kellex Operating Manuals.
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6 Capacity. = The disposal plmt was designed to handle
all fluorine generated in Seoction 1300, but is sufficiently flexible soc
as to be capable of operating at much lower rates. The disposal tower
oan handle 78 CFM of gas oontaining up to 20 per ocent fluorine and 10
per oent hydrogen fluoride, Maximm fluorine content of vented gas
was specified at 6 parts per milliom.

d. Design. = The fluorine disposal plant (Fig. 53) is
loocated in Seotion 1400, mortheast of the conditioning bullding.
Building K=1406 contains a caustic regeneration tank, vacum pumps,
lime storage space, sn office, and a control laboratory. Outside the
building are located the disposal tower, caustio storage tanks, de-

oantation tank snd settling tank. |
(1) Disposal Tower. = The fluorine absorption tower

is an alkaline scrubber of 800 cubio foot volume, lined with carbon
bricks, and packed with carban Raschig ringss. Gas flow is maintained
ocountercwrently to a desoending stream of 5-10 per oent caustic solu-
tion flowing at a rate of 60-100 GPM. Contact time h at least e
minute, Gas enters the tower at three points in its base, Sulfuris
acid seal pots prevent moigture from #iffusing back into the line.

To avoid spontanecus oombustion of the gas feed piping with the fluwr-
ine, these lines are constructed of monel. This also minimizes the
possibility of eorrosion by liquid fluoride solutions formed in case
of baok diffusion of water into these lines. Spent conditioning

gaves from the oonditioning and process buildings are sent to the
tower by means of pumps in these buildings, but fowr 100 CFM vacuum
pumps are installed at K-1406 to serve as emergency standby equipment.

11.27



(2) Emsrgency Stack. ~ An emergency stack was pro-

vided to dispose of the waste gases when the absorption tower is out
of service for repair or cleaning. The stack was oonstructed of 4
inch monel pipe, and extends 70 feet above the swrounding grade.

(2) Reaction Yenk. -~ Effluent liquor frem the tower

18 pumped to a 2260 galln reaction tank where the dissolved sodium
fluoride s comverted to insoluble ealofum fluoride by msans of lime
slwry pumped from a 90 gallon lime slaker. The neutralization re-
quires 20 minutes of vigarous sgitation. IThis reaction also regener-
ates the oaustio, which can then be recycled.

(4) Settling Tank. - Reaction liquor flows by
gravity to a 22,000 gallan settling tank from whioh olear liquar overe
flows o weir and is pumped back to the tower. The tank is equipped

both with a preheater and a preccoler so that the 't-poum sy be
adjusted in either directiom. '

(6) Caustio Storage Tanks. -~ 7Two 26,800 gallon steam
heated oylindrical tanks are provided for storage of 20-25 per oent
osustic solutiom, with pumping facilities for unloading 80 per oent

caustic from tank cars. Piping is arranged to permit the required
dilution in the storage tanks. Required malw-up oaustic is pumped
from the storage tanks to the ssttling tank.

(6) Control leboratory. - A chemical laboratery
was installed so that a cantinual check on operations ocould be main-

tained,
e, Presence of UFg in Waste Fluorine. . 1¢ has gometimes

been necessary to vent geses oontaining both prooess gas and fluoerine

‘11.38 .
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to the disposal plant. This introduced technical problems which were
studied by Kellex with a view toward prevention of sccumulation of
snriched material and special attendant hasards. The Kellex Completion
Report, Seotion III, (1) E, disousses methods developed far prevention
of precipitation of process gas in the digposal solution, and for
solective removal of UFg from UFg-Fp mixtures. In September 1945,
Kellex recommended temporary avoidance of hazards by msans of a porte
able alumina trap for UFg removal from waste gases to be ssnt to the
fluorine absorption system. Subsequently, for permsment solution of
the problem, Carbide proposed that in order to minimise new construot=
ion, they would proﬁr to allow UFg-omtaminated fluorine wasts gases
to enter the cascade and be removed in the purge system. Kellex gtudied
the method and found it advantageous. This necessitated the substitu~
tionofulmh:fwmofthoubm%nthnurbmtupwﬂu
top of the plent (Par. 11-8),

f» Fluorine Disposal Piping. = On the basis of con-
siderations similar to those which argued against the distribution of

fluorine canditioning gas to the process arsa by means of a permanent
piping system, it was at first thought best to exhaust end ducgb the
waste gas from oonditioning operations by msans of mobile spparatus,
and it was plaoned t0 prooeed with design and oonstruction of twenty
such units. These, however, necessarily developed into large, bulky
sots of apparatus. Carbide therefore requssted that the use of this
type of fluorine disposal equipment be reconsidered. After a thorough
review of the problem, it was deocided to abandon the mobile fluorine

disposal units; cne was retained for emergency use. A permanent

, 11,29




piping system was then installed to collect spent odhditioni.ng gases

from both Beotioms 300, and 1400, and channel them back to the K-1406
disposal system. S8tandard seamless steel pipe was applicable for his
service, gand the system was set up for use in oqi,'jmotion with mobile

fluorine evecuation pumps (Par. 10-84).
ge Bevision of Disposal System. - In March 1948, use

of the dmoﬂ.c disposal tower was discontinued, and the fluorine ¢ »-
.posal system simplified by arranging for the ocontinuous venting of
all conditioning gases directly to the atmosphere through the emer-
genoy stacke In the procéu area, off gases from a reconditionsd 111
are bled into the process ocasoade for ultimate removal in the purge
system (Section 512). This eliminates the problem of uranium loss in
waste oconditioning gasss. These pfoooduros are made possible beoause
of the small quantity of spent canditioning gases handled in present
operations. In order to handle fluorine gas which may arise from the
rupture of a pressure control disc in Building K-ISOZ. a brick chimney,
oquipped with a Blower at its base, has been construoted to dispose of
waste gas from this sow'ce, When the disposal tower was dm?‘m, the
sluige content of the settling tank (containing small mmounts of uran-
ium compounds) was transferred to an umdsrground oonorste pit pending
ultimate disposal. '
11-6. Aocid Neutralizing Plant (K-1407).
& Purpose. - This facility was designed by the Kellex

Corparation for the purpose of digposing of the acid wastes from ¢l m-

ing operations in the conditioning wuilding .
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be Design. « The eoid meutralization plant (Fig. 54)
is ocontalried in a 25 x 64 foot bullding looatsd northeast of Building
E=1401., Adjacent to the building is a oconorete neutralicing pit whioh
leads to a holding pond 410 feet long, 160 feet wide, mnd 5 feet desp.
1iws is unloaded from railroad cars, end stared within the 'b\d.ldi.n’;.
It passes through a hopper snd feeder to a. slaker tank squipped with
a high speed agitator. The slsked lisms slwrry thus formed flows by
gravity to a 26 foot dismeter, 10 foot deep neutralization pit which
is lined with aoid-proof brick. At this point, it is mixed with waste
acids having the following approximate maximm analysis:

Sulfuric acid 30 per omnt by weight
Hydroshleric moid 15
Nitric Aoid ]
Sodium dishromate 3/2 pound per gallon

The acid runs through a 12 inoh line to the pit where lims neutralise~
tion is effected by means of agitation with a heavry duty paddle type
xixer. The meutralized golution is disoharged from the pit to the
holding pond by msans of two 200 GPM stean ejeotors. Suspendsd solids
ars settlsd out, and olear effluent owerflows to Poplar Oreek. The
rates of run-off from the pand iz set by adjustmont of weir gates at
each end,
-7, Nii gen Plant (K-1408).
8, FPurpose, = The nitrogen plent wes deaigned for the

purpose of supplying Project requirements for molsture-free gaseocus
nitrogen (code nemo: G-7T4) end liquid nitrogen (code name: 1=-28), The
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nitrogen distribution systew desoribed in FParagraph 10=7 is supplied

from this source. -

b, Preliminary Engineering. - K-26 nitrogen gas re-

quirements were estimated at 2,000,000 eubioc feet per daye Kellex
recxmended that a plent be erecbed at the site to produce nitrogen
by liquefaction and subssquent fractional distillation of air, but
the Distriot decided against such an installation beoauss of the
shortage of cmstruction personnel, Construction of a plant to pro-
duce nitrogen by removal of oxygen from air using hydrooarbon ocow-
bustion was also considered, but ruled out, because loss of combustion
eantrol over even limited periods would result in the formation of
earbon monoxide. This was considered a possible souroce of barrier
plugging. There wus also evidenoe indicating that oarbon monoxide
oould react with fluorine to form a highiy toxic compound analogous
to phosgenc. The final decision involved the selection of a liquid
ni trogen vaporisation system. PFProocess and equipment design was
supplied by the Linde Alr Products Company; building design snd
constructicn magmn‘t were handled by Ford, Bacony and Davis; the
work was goordinated by Kellexe ’

6e¢ Capacity. = The vaparisation plant has an spproximate
design capaocity of 1600 standard oubis feet of gas per minute at a dew
point of «1009F,

do Design. - The installation (Fig. 65) consists of
equiprent for receliving, stor:l.ng.k and filtering liquid aitrogen,
veporising the liquid, aud supplying gas by pipeline at oconstant




#
buk G G L lwaw W b B

pressurs to the process and conditioning areas as required. It is
housed within a 20 x 31 foot, cne-story frams building, north of
the oonditioning building, and sast of the fluorine gersrating
bullding.

(1) ﬂ%’ﬂlu- Two vaoumm-ingulated storage
tanks are filled with liquid nitrogsn from tank ears by means of

transfer pumps.

(2) Pumps and Pllters. = A twin pusp asssmbly
removee 1iquid mitrogen from the storage tank, and foroess it through
A battery of filters to a pair of omverters.

(3) Couverters end Vaporisers. - The "omverters®
provide temporary storage, and are maintained under slightly higher
presaure than pipsline rq:irmu. Liquid flows from a cold oon-
verter through a vaporiser, and through a pressure r-guhtdr to the

line., 7Two amall receivers are provided for acoumulation of the
normal evaporation fram the omwverters., 7The rate of gas produstion
is ecﬁtronod automatically by a liﬁo pressure oontrol valve, A
drop in line pressure opens a valve in the steam line, evaporating
1liquid ni trogen to maintain the desired pressurs. Outside the build-
ing, two four inch hsaders branch from the main nitrogen gas supply
header, These supply Sections 500 and 1400 respectively.

11=-8. Carbon Mixing Plant (X-1410). « In a large mmber of
onrdbon traps throughout the plant, the carban charge must be diluted

by aluminga pellsts in order to avoid caking of ths earbom in the event
of a flow of conocentrated UF . When carbon and alumina pellets are
liinltunooully poursd into a vessel, or when a uniform mixture of carban

11,38
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and aluming is poured into a vessel in such a way as to allow a

D W B e weck 4 B b4 olwd 8

oonical pile to build up at the center, a natural segregation of
the oarban ooours around the outside. Oonsiderable care is, there-
fore, required when mixing the carbon and alumina pellets, and when
charging a carbm trap with the mixture, to avoid this segregation.
ae Purpose. = It is the funotion of fasilities in
Building K=1410 to provide an adequate inventary of properly mixed
ocarbon and alumina for charging the earban traps of Seoctions 100,
300, 600 and the mobile disposal wnits. The specifioc services
provided are:
| l. Volumw mixing of oarbon snd alumina pellets
into storege drums.
2, 8torage in drums and barrels of carbmm, alumina
and mixed carbon-alumina blends.
fhree kinds of ocarbon alumina mixtures are prepared:
1. Two volumd of 2-4 mesh alumina to ane volume of
2«4 mesh carbon; used in Sections 100 and 600.
£, One and one-half volumes of 2-4 wesh alumina to
mo(voh-o of 6-8 mesh carbon; used in all process
buildings from K-311-1 through K-302-§.
3. One and one-half volumes of 2-4 mesh alumina coated
with 2 per osnt cadmium by weight to one volume of
6-8 mesh carbon; used in all prooess buildings from
K-303-1 through K-512-3, including temporary purge
system at K-310-10 and, af'ter Case II operation, in
the purge system at K-302-6.

11.34
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b. Design. - Building K~1410 is a single story 68 x 122
foot building. It is mot located within the conditioning area, but is.
approximately dus west of process building K-306-7. Drums of carbon
and barrels of alumina are received for storage at the loading platform.
When required for charge maks-up, each drum is trucked to the mixing
oquipment (Fig. 56) under a trolley and electric hoist. One feed hopper
is provided for carbon, and one for alumina. From these hoppers, the
two materials drop to respective vibrating feeder decks, which deliver
%o a eommon blending hopper. The mixture is charged to druss through a
flexible sock. The drum is manipulated by hand during filling so as to
prevent coning, which would cause segregation of the carbon. Each drua
is filled tightly to minimise joggling of ths eontents during later
handling. A more ox’unliv'b description may be found in Volume XXIV of
the Ksllex Operating Manuals. v

11-9. Auxiliary Stesm Plant (Section 1500).
a. FPurposs. - The auxiliary steam plant furnishes steam

.

for building‘and process heating purposes to the procsss, Sonditioning,-
and aduinistration areas. |

b. Capacity. - The original capacity of the steam plant
(K-1501) was 120,000 pounds per hour at a pressure of 175 p.s.i. With
the addition of the K-1531 annex, present total capacity is 270,000
pounds per hour. |

¢. Design. - The heating plant is located several hundred
yards east of the north end of the conditioning building. The origimal
facility contained three 40,000 pound per hour boilers, one 175 foot
chimney, and equipment for water treatment and miscellaneous auxiliary
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services. When the K-27 plant was constructed, it became necessary to
expand the steam generating facilities by imstalling three additional
50,000 pound per hour boilers (which were housed in a structure formed
by extending the existing building eastward), and by eonstrustion of a
second chimney. Additional auxiliary equirment was housed in a struc-
ture formed by extending the western portion of K-1501 in a southerly
direction. The final layout is shown in Figure 57. The final overall
structure is 197 feet 1on§ and 43 feet wide, and contains a 32 x 52
foot wing. The steam plant was designed by Sargent and Lundy, and
built by the J. A. Jones Construstion Company, under Kellex supervision.
(1) Coal Handling Equiment. - Coal delivered to the
plant by il or trusk is dumped into one of two trnck‘hoppon. Con-

veyors located in the basement accept coal from the hoppers and deliver
it to crushers. The crushed coal is then picked up by the elevators
which in turn dump it onto seraper conveyors located on the roof. These
dunp the coal either into the boiler bunkers, or through a discharge
chute leading to the ground, where bulldosers move it to the storage
area. The eoal handling .qﬁipont is composed of two 30 ton units, mak-
ing a total capacity of -60 tons per hour. |

(2) Stokers. - Bach of the thres stokers located on
the main floor receives coal from the bunkers through a ooal distributor
which feeds coal to the grate through feeders on the front of each
stoker. The 40,000 pound per hour boilers have 70 ton bunkers and three
feeders per boller. The 50,000 pound per hour boilers have 85 ton

" bunkers and four feeders per boiler.

(3) Ash Bandling Equipment. - The ash is collscted in

11.36
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a hopper located in the basement under the stokers. A vacuum aystem
rezoves the ash to an outside storage bin which discharges into railrvad
cars or trucks. The vacuum is created by a stesm norsle which dis-
charges to the boller lweeching of sither stack. Ash handling capacity
1s 7-1/2 tons per hour.

(4) Boilers. ~ The six boilers (Fig. 58), manufac-
tured by Combustion Engimeering Cuampany, Inc., are of the two-drum,
bent-tube, water-wall type. They are fed with 212°F feed water, and
oparats at a stemn pressurs of 175 p.s.i., and a superheater outlet

" tamperature of 477°. The three smaller boilers (sach of 40,000 pounds
per hour capacity) are 24!~4-1/3" long by 14'-5" wide, and are spaced
on 22'<9" genters. The three hrﬁe boilers (_uch of 50,000 pounds per
hour capacity) are 24'-4-3/4" long by 17'-6" wide, and are spaced on

30'=0" centers.
(5) Ohimneys. ~ The two ohimmeys rise 175 feet above

the main floor lewel. They are of radial rick eonstruction supported
on a reinforced concrete foundation. They have a diamster of approxi-

mately 17 feet at the base, and ¢ feet at the top.
{6) Combustion Control. - Mecessary oontrol equip-

ment is provided so that the bollers may be operated either avtmmatic-
ally or manually. The methods are analogous to those used in the power

plant, Section 700 (Par. 12-5e).
(7) Water Treatment Equipment. - The water treating

eQuirment conaiste of two complete and similar systems, each composed
of a lotuﬁar, three filters, a deasrating heater, lime-soda feeder,
phosphate feeder, flash tank, and heat exchanger. The mals-up su<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>