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CPOHZIORD

Volume 3 presents an account of E-25 design, engineering, snd pro-

curement activiiies, excluding work connectod with the mpecial chemicals

development and procure ent prograc, which is covered in Book VII.© The
purgose, agdministratlion, preiiminary pianning, an: baszio design principles
are discussed, and an account is presented of the development and finsl
design of the diffusion process sysiem and its component parte, the equip-
ment used, and the various auxiliary Installation:.’The volume c&hcludes
with a deseriptive resuue of assistance obtainmed from British sources,
safety and security feutures, ocosis, orgenization, and perscnnel,- Other
phases of the K-25 Froject ars dealt with in separate volumes of Book Il

&e follows:
Volume 1 ~ Genoeral Features
Volun+s 2 ~ Kesearch
Volume § -~ Comatruetien
Volume 5 - Cpsration
Activities described extend from the earliest O3ED econtracts, ne— -
gotiated in July 1941, for the study of the diffusion process, to 31
December 1946, by which time the busic k-25 design had bsen completed,
and aduinistrative responsibility psssed from the Manhatten District $o
the United States Atoumic Energy Commission, / |
4 nuuber of appendig:s sre attached to 1llustrate the text by means
of tabulations, plsr drawings, charts, graphs, photographs, file refer-

enc.s, documentary exhibits, and & glossary, - Ref -rences indicated by

parentheses, as (App. Bl), (App. C12), etc., refer to Item 1 of Appendix

B, Iter 12 of #sppendix C, eto.” hqfarence to the Glossary, ippendix ki,

¥ .
is made by means of an asterisik.-




The Summsry contains an abstract of every major subjlect trested in
Volume 3. - Faragrayh'nﬁmbers in the Summary correspond to soctien numbers
in ths msin text.-

i detailed dasceriptive account of the ¥-25 Froject with specisl
emphasis on design and development has bear prepared by the Kellex Corpo-
ration: "Comiletion heport on the k-25 Gas Diffusion ilant" (Contraet Ko.
VimTh05-eng-~23) January 1, 1946 - K. 0. Levey, J. F, Hojerton, and J. H.
irnold.  This report has provided an outstanding source of raferanée during
the preparalion of the present work. ~ Kcore extensive treatment of the design
gnt engincering underlying many of the subjects discussec in this volume
may be found by consulting the Kellex repori, frequent references to which
are inserted in the text.- Also referred to are the Kellex Engineering
Descriptions, which are tubulated in Appendix D5 of this volume, and the
Kellex Coerating Kanusls, which are tabulated in ippendix C3 of Volume 5.7

Theae reference norks are on file in the K-25 Division Cffice of the U. &,

ttomic Energy Commission, Oak.Ridge, Tennessee. -

15 sprid 1947
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BOOK II = GASRUUS DIFFUSION (K=-25) PHOJLCT
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T=b Cell Design

8. HNumber of Stages per Cell
be Cell Inverse hscycle Lines
¢. Cell Direct Recycle Line
d. Cell Instrumentation
El) Inverse Rscycle Flow Neasurement
2) ODirect Reaycle Flow Control
(3) Proceass Stresm Analyses
e, Miscellaneous Cell Connections
1) Cell Cffj4 Connection
2) Gell Fluorine Connections
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7-7 Building Design
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¢, Inter-building lines
d. Building Inetrumentation
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1) Valves
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d. Section Recycle Lines
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8, Purpose
be Operating Statue
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e, Description
f. Speciel Considerations
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1, Introduction, = Ke25 Project decimm, ensineoriag, end

preouramant eotlvitiso 4nvolved work Ly rany of Lo Ition’e Joadin-
equipront ranufacturers, end conoiderible asgistuneos fror Britich
sourcen, ¥ Owerall reaponsibility wie wosoted Infticlly 4n Tho e W
Kolloqy Corpany wndor 0570 gontract (Blser=800, and finally in The
Eollox Corperation undor lrnhntton Dletrlcl contruct VWe7400ec: =23,
which wos adrinlaoterod by 4the liow Yorl Area of the Fanhethen Dicteicts -

2o Instic] Vtorl umlsr tho O0ffico of Selontif'is Rosoarch and

Devalopmont, « Iy &anry 1942 Colurbin Universily worbors hod ebiuined

some fundarentnl passous diffucsion dosim datn,” At this tire Fho

¥e %o Eollopy Company woo amnrded G57D contract OFlor-40C which c.llad
for en-ineerin-~ cnd production etudies, and pilct plint construction
and operotion, directed toward the desipm of e lorqe seale proeous
diffusion plent for the locotopic concontration of UranlummZdl, © Im tho
benis of this work, the Ke20 production plont wao later aut-origed
under tenhoatten Districl oontroct We7400monpe=23, -

Se lopotiations and Prclininory Plopnin~c, = On 12 Boverbor

1042, tho Eilitory folicy Cormittoo decided thet e worl: ahould be

. oontinved, end thut e Eellosr Comsany should bo euthorigoed to nroosed

with the enrincorin:- of a B0OO stupre plunt eunbinpont uron domoustration
of gclentific an! twehnolosdeel ebiliy e ¥ 0u 14 YNownbor 1842, at &
mrobing with Jencral aoves, !hbintten Distrdct officlals, und ropro-
sonttives of tho Fellor~ Compmmgr, o 08 7 L=l txooutive Canmdtivo

rogolvod thet thoe work be prosned fovunrd on boll: the Kelloge pilob




plint en? tho GO0 ctope production plunt. 4 priority ratin: wos
assirned to tho smesous Aiffusion plont altor the Cirst 2000 tmitd ol
the prpposod oloctromarmotic plent, end aftor the first contorplatod
Iplu{:onim-:- production piles’ The plant wes esotimtsd to hove & noi
trungport of 1/2 to 1 kilogras por doy o U235 et double congone
tration, and wap %o be so dosirmod that & oould bo fittoa, 12
deamcz; ints s larger plant for the produotion of €0 por coni
miariol,” On 21 Hoveober 1942, Gamoral Sroves appointod e Heosscsdw
mont an’ Reviewinr Comitboo in order to study roletive advontapes
end disndwntepges of the gaseous diffusion prooecss.’ This ocomzzitice
reoocrended prooseding Imredintely with desimm end construction of a
4600 ptape plont with & oepacity of one kllogron pur dey of U=230, 7
(1 10 Decomber 1942 tho Eilitary Polioy Comdttso euthorised Genoral
Groves to arrence for construction of the 4600 stnge plant with the
Eellopy Cormpany an enrinears.” (n M Dac;mber 1942, lstter contruot
We7405=on =23 s excoubod with Rellos; for desizm, develorrent,
procuratant, end related sorvices in sommwotion with the ecnstruction
o7 & 90 per cent grseous diffusion plant, © The formml fixed={oo
ocontraot woo sipnad on 11 April 1944, effective a3 of tho lebter
contract date. Eatimiod cost wis $?.54,5‘/80,698.00 a.m" the Peo wua meat
ot $2,424,547,00," The Under Hecretary of War approved the contract
en 20 Horoh 1944,

4, Dosirn Prinoiplos of tho Gareous Diffusion FProcoss., « The

process mtoiel ie woniu hexafluoride, which werporisgos nt sube
strosoherde preassures and moderutc tomporptures, * Tho horecl conocne

trotion of tho U=235 isotope 18 0,71 mol per cent, - Tho principle of




paseous diffusion (more proporly ‘“muwlcoular effugicn”) rofors %o tho
tendency of confinad ms rmolecules to 4 esSonpo throush {ine apertures
in tho rotainin; wlls, «In tho ooso of & mixture of two fypos of
molocules, the relntive robos of esoopoe ero in pi-omrtion to the
respective mwan velocities, and therofore in Ilnverse proportion to

the squaro wroots of the respective molooular rmssece In order 4o
maintoin o gtoady pressure an? conoontyution sfute, gs must bo cone
tinuously withdrawn, whillc enrichod diffusate i5 concurrently romoved
fro: the outer rocoivin: Epaoco, ¥ In the oase of soparution of U235F6 |
(rwlocular wolisht 549) fron ITZ%FG (roleculnr woight BiR), tho
theorotion) maxtmm concontration obtninod in & single stugo process
usin® norml foed 48 1.0043 timen 0.71, or 0.{?]5 por conts.” To effoct
sirnificunt enrichront, it therefore bocomes necessary 4o repoat the
basic oparttion reny timec in & oontinuous multiestnpe rocyoling eporme
tious A ppooous diffusion ocascade concistc of & multiplicity of
stapes, < Diffusate (A" strean) from & given stupe io pu-:;_.méd to the
noxt hirhor gtupo for roprooscoing, and partinlly depletod mtorial
{("=" stroan) is piped to the noxt lowor stuge,’ Faoh singe ic thus fod
with a corbination of enrlched diffuseie fror the etops below, and
particlly donloted rosiduo fror the ptopo above,” Cascede food i
introduced at en interrsdiato atupe, fimal product is withdrown from
the top of the etooade, and waste io fakon off et the bottoms ¥ Thw
procoss mboriel, W, possessos the indispensablo ehnracteristic of
ecse o yvolotility, but praconts o provo discdwanteyce By rocacn of

1ts extrnordinery corrosivencau, ¥ Ito extreue rovcllvity sovorely

mirrovs the field of evallable matorinls of construoticn, end imposes
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nrprous restrictions on plarnt desim. Thus, tho trerendous intermsl
exsoned surfmeo ercas of tho plant roquire et e:x‘a-emio.praamztions bar
talen in order to Modt the corrosive consurpbion of wlueblo proooss
roterinl, ¥ Tho nocessity for opereation el subsaimoopheric pregsurcs,
togothor witl: the deletericun consumptive und plurgin: effects of
intorection of Ury with wtor voror mkes it neocsoary to insuro that
ti:o entire prooass ayston will bo extrorwly €isht ageinst inloalnmse of
atmosphordo air and moisture, - A furthor necessity imposed by the
esrocosive noture oF the subgtanoe ic tho conditionin: of all procoss
equiprent with elsrentnl fluorine, vhich mininiges eorroocive attook
by formtion of & proteotive fluoride Film, - Effoctive conditioning,
in twn, requires that all equipment previously be sorupulously cloaned, ”
lti=atopy ohemiocal elsaning procaduros were socordingly set up both
et the site ond at the plants of & mmber of equipnent suppliorse

Ge Smrll Sonlo Testin- of Plant Deocipne = 4 toot floor wms

sonztructod et the Fellopr Jersoy City Iaboratorles in 1942, © In April
1344 ¢he oonstruotion and tesiing of o ton=sb:re ocasconde ma completod,
and opémtions wore Blortod, «Equipment end operating ocvnditlons
simulotod those o the Em2G plant, but dusry diffuser tubes were usoed,
sinoe diffusion barrier weo not yet awilabla,’ Test oparations cone
firred the foosibility and soundnacss of propoced equinment decipgna,
vacunm=tightmoon feuturss, oleaning end conditionln: techniques, and
procoss oonirols - In addition to tho operation of tho ten=gtugo caseeds,
& munber of purp and oold trep dsctn wore run in ordor to obinin

dosirn and perlorrnnce datn, *

Ga "lent Site, = The Ke23 plent vais locabtod withln tho Clinton



tn-imeor Vorlz miiitery ressrvatics slnce thic aroc was suiteble, end
bad alroady boon ohtmired by the District for other projiets,” A
apecific eitn for tho Ke25 power plant wos ohocon adfasont to tho
Clinch River end to Doplar Crosl, v ACt-r consideration of ninsioocn
posaibla procese arec sitos within tho C.U.W., the plaut wae placed
&t & Jooation due west of Melinno, Ridpe on R4 hmo 1043, The
polectlion wus baeed upon eonsiderations of topogrephy, isclation and
diasparsion of C.E.W, plants, and ecocssibility to reil, water, and

powr fuclilitics, ”
7s Procoss Dosim. = Tho geseous diffusion plant, as aripgtelly

piamsd 4n tho Kellex Corporation®s “First Progress Repbrt“ (15 mrol
1943) was dasignsd tc produss 1 kllorram por dey of DO per cont U=235,

g‘_,___ —_— I i
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“on 15 A& £ 1943 the Diotriot th iéﬁ -
_ I urus ¢ Dintrio En{;inser euthorixed the oon b (3.

struction of a 0w kilograr per day 80,6 per cont plant.” On 16
doquary 1940 ¥Kollax was a.uthorizéd to procead with engineering and
procurerent work necesacry to exbond the plast for the prodmfion of
8% par cont miorisle  On 16 March 1940 this proposed extonsion was
ecancallod, a.m' on 51 lorch 1966 the gomstruction of the Ke=27 plant wae
exthorised as & 640 at:zme side fead anmmax 4n order ¢o inaresso tlw
production onpacity of 8040 per oent mmterisl, ” kn fcdeal diffusicn
easoade aalls for contimuwously wvarying equipment size, or process
pressure; fron stage to etnpo. The ectual E=25 oasecade &5 set up 4n
nino proasss sections with equiprent elze end preceurc Jevwel verying

from saction to poction. It contalns 2,622 ginpes ebowe the point of
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feed introduction, and 270 balow.

Each stape contains a diffuser which enclossa the diffusion
barrisr, and a prooesz oocoler which utilizes perfluorodimethyleyclo-
hexane as ooolant, end which L& fabricated integzrally with the diffuser
to form the “econverter". Two ocentrifugal pumps are provided: the "A"
pump for moving enriched diffusate to the mext higher atage, end the "3"
pump for supplying the convertsr with a mixture of diffusate from the
stage below snd pertielly depleted residus from the stage sbove., A oon-
trol valve is used to regulate stage pressure, and sultable instruments
are provided for measurcment of procsss pressures, temperature, snd inter-
stege flow, B8ix ztages are grouped to form a cell, which ig the smallest
individuslly oporsble process unit. The piping arrangement permits of
by-passing a cell, operating on inverse recycle, or cperating on direct
recyole, m‘m“ﬂ%d is a mode of reoirculation wherein the "A"
strean leaving the sixth stepe is sent to the "B" pump of the first
stage, an? "B" gtream leaving the first stage 1s sent to the "B" pump
of the sixth stage. Dirsct recycls operation involves sending the flow
from the top stage A" pump to thu suction of the "B" pump of the awmw
stage, and 1s employsd when a back pressure tonds to develop in the
discharge line of the sixth stage “B" pump. Cell comnectiona ere avalil-
able for withdramal of process asmplos, far cell evacustion, and for
admission and removal of conditioning and test gases,” The next larger -
prooess unit above the oell is the process bullding, of whieh there are
El, esch containing from & to 14 colls. As with the individual cells,
piping and valving facllities huve been provided to permit by-passing

of an entire building, and operating on inverse recyole.” Two lines
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gro provided for hundline Interbuildlin: willow, an? to for intor=
butldin: downflow. ' Flow motesurin: aguiveent s instwlilold &t the
buildin- instrzons boardse.” Tho nine prooess sechions aro e Iarpest
individunlly oporable portiorns of the ensoado, and oonsist, pospuot=
troly, of banks of from ong t¢ twolwo process buildings containing
oquiment o identionl 8ise, and sorvod from separato sourceos of
powor, Boitor: Anbersectiorel eells provide cwrgo oupasity, &n? top
¢ntorseotionel ecolls provide nitropen pursin- fueilities to pormit of
independont operation of individwual sect;pm.

In ordeor to provide facilities for _pralimimry marificution
of feed motorial, & two=otep distlillatlon sysbon wos sonstruched
invelving e strincing dowor opersting et totel refhux snd removing none
ecordenseblan, end & ro=mm towor opercting et & Bl reflux rolfo end
rorovin: oonevolatile Yrpuritics, Sines tho feed matorisl is reosived
in grecter purlity than woo oripgimelly antioipated, em? sipco 4% lms
been possible to rolax the feed apecifications sorevhnt, 1t has boen
unnecoessary to operate the feed purification sysbenm, which 4s in
stundby atntus and awmilasble if 4t shouldd evor o desired 4o esceont
gub=spocilfication hexafluoride, Asurps and vests system wac provided
to ahgorh oononde low nnd pressuro fluchuntions, and o afford &
monns for withdrawing. Ceplotol maderial frum the casondes A surpe
dru: resorvoir commwelnd te the cascndo receives domflow fror tho
hotton stepee Rooyole flow prumped baolk to the cescadu is held
gonstent and independont of stape drux pressuce fluetwationn, The
three buildin-g of fectlon 312 ecomprise e pureing gysiten nhilisin:

t o princinle of grsecus diffusion in ordor 0 romovo lipht diluent
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mace fron the proeecs strecns burpe steros conbein £lot pleto

diffusers, oxtsrnel proceas ooolers, and & single bellowsesonlod
rociprooatin- purpe Bach bullding contuing 21 twowobuso collo, Tho
proooas peg recovery sysben provider B means for rencvins the proeess
smaterdnl fror & ooll to be opened for maintomroe, The gyston employe
L procces gos voouus puem éischarsings to o refriperaiud beat exchanper
("oold trep") whersin th. UP; solidiflos. Each precess bullding was
orizinnlly designed with & Growtrzp rocovery rooma Irproved mathods
of opormticn have eliminnted the use of the aquipmont in pregsent
apamtioﬁs. but tho process recgvery ayston provides & slandby method
for prooeso strooam purginge X320 product ip withdrowm Ly passing:
progsss ratorial through product contniners Smmerss@ irn 1iguld nitropen,
Corgweting lino:z run fron the line reoorder panifold in Building
k=506=T, Difforential proooss preogsure drives the matorial throush
the product trap, the 1isht diluents puéaiq; on throush and back to
the linc recorder manifold, Portions of the casonds were placod in
operation ay repidly as comploted, Temporory purzing and product
rorowl facilitics wers therefore required, and woro instnllsd at the
toz of Sectiont 28 and 2bh, Ths princlple of operstion is based on
selective condensetion of W, An the presence of lisht gases by resns
of 00ld trapa, rejection of non=oondensables, end roturm: of the purped

reberinl to the scacada,

84 Deglrn and Proourocent of Frocess Egulosment, « As the result

of &n intonse resecrch prorraw, the material known &6 A berrier was
solected for initlal srall soule produstion and fwther study in pillot

plants, Purther develoswnt was earriod on by tho Boudrllle=Harahe
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Corporetion et Decntur, I1linois. Frominent qmtributing contrectore

inoluded the Bharples Corporation, who conducted warioua experimentsl
investigetions and research studies, snd A. §. Campbell, Inc., who

developed speciul production techniquss. In Jenuary 1944, the worl on

A berrier wns disoontinued becsuse of inordinate manufacturing diffi-

oulties, and plans wore made for the conversion of the Houdaille-Hershey
plent to the manufecture of X=1 or DA barriere With the oooperation of .
e lergs mmber of firms, mass pr&ductim was achieved in ten months,

under a program coardinsted by the Carbide and Carbon Chemioals Corporation,

DELETED DELETED

\ _ J.’ The basic Kellex

N

" design was developsd by the chmi& Corporation who manufectured the

. unite.at their faoilities in Detroit which were expended for this pur-
pose. The Whitehead Motal Products Company memifectured flat-plate con
verters for the ‘pur'g;e cascede using rectengular backing etrips produced

by the Borron-Zimmers Moulding Company.

. fhe centrifugal &;go imp- wore produced by the A11{s-Chalmers

"llamxfmwr!ng Compeny ‘st a apecially eonstructed plent in Milwaukee, Wis-
consin, using nickel-clad }gouk supplied by the Lukens Steel Company.
Rociprooating, bellows-sealed, purge pumpa were manufactured by the Valley
Ircn Yorks, cuiditi;:ning purps by the Elliott Compeny, eocolant pumps by
Pacific Pumps, Ino., process gas vacuue pumps by the Beach-Russ Compeny,
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fluorine yaouum pumps by the F. J. Stokea Machino Company, end high vacuum
pumps by the Weetinghouse Eleotric and Menufacturing Company.

Prooess gasé coolers are of shell and tube design, and use per-
fluorodimethyloyclohaxane, CgF1g, as the coolant mediwm, FExternal (inter-
oell and inter-sectionul) cocolers were supplied by the A. 0. Snith Company,
using finned oopper tubes prodused by the Wolverine Tube Corpany. The
integral stage coolers form & part of the converters produced by Chryslers
Coolant coolers were produced by the Whitloock Manufacturing Company. Monel
tubing for process piping was supplied by the Internetionsl Nickel Company
in sires up to four inch diameter. large aizes were prodused by the Bart
i‘abm'atoriol who developed & method for nickel plating steel using the
rotating piping itself as the plating tank, and circulating electrolyte
at high veloocity. Process valves wore required to be reaigtant to oorro-
sion, vacuum=tight, and of minimm resistance tc flow, A spscial valve
soat materisl was developed by the Britlsh,oonsisting of a fluoroccarbmm
wax~impregnated "C" rubber. This material wae the best available end
therefore was installed in K=25 procesa bloock valves, However, a program
{8 under way at present to replace all valve seats with the later developed
and more sstisfactory MFP-10 [lucrinated plastice The principal walve used
is the ¢-17A bloock valve which involves a double~seat, bellows-senled, gate
dosizn with e wedpge-type actuating meochanimn oepable of sxerting seating
pressurea up to the fetigue point of the metels In all, about a doszen
valves of specialized desigzn were developsd for process and auxiliary pur-

pouses, The process valves were manufactured by the Crane Company.

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

inating omscade cperations. Control of the basio prooesss variable,




stage inventory, 1a woomplishod by means of a vast system of pressure,
transmitting, recording, and ocontrolling equipment. At each stage, the
pressure of the comverter tails stresm sctuates a tranmmitter :‘hﬁh son-
verts a fired range of procesz pressmure to a fixed range of alr pressure
to be fed to a controller, the latter then actusting the stage control
valve. The controller is of the proportional plus automatis reset type
with provision for reset cut-cut; the sontrol valve is of the disphragme
actuated, bollcélealod, butterfly type. Pressure control of the process
casoade is based on the use of a datum system which utilizes a mitrogen
header at sz ascurately mintaiﬁad pressure ag a reference for pressure
measuranent. The majority of the K-25 electronic instruments were de-
signed, engineered, and produosd by the Gensral Eleotric Company., The
Taylor Instrument Companies fumished oonsultant and engineering services,
and manufactured many of the specialized and standard ppneumatic instruments,.
But terfly control valves were produced by the Republic Flow leter Company
and by the Figher Governor Company. .
The ocold trap is s device which serves the purpose of ssparat~
ing UFg frox nam-oondensable gases by solidifiostion. Efficient cold
trap design depende upon proper arrangement of heeting surfeces and
gas flow pasesges s0 as to effect deposition of solid without cbstruste
ing sither heat transfer or flow of ges. Two basic designs wers ulti-
rately worked cut and applied. The larger site cold traps are of the
double shell radial fin type, and were manufasctured by the Patterzon~-
Kelley Company. The smaller sires are of the single shell, parallel fin

type, mnd were mmnufactured by the Scheck-Guasmer Company. The shells
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are equipped with oalrod heaters for use in warming the trap oontents
for removal, snd all types are heavily insulated with 8 to 10 inches
of asbestos felt, Carbon traps are used to supplement tha. use of oold
traps in the recovery of UFg from vent gases. Az finally designed, the
oarbon trap oonsists of a oylindrical steel shsll tapering at the bottom
to form a omical section. The oone is oharged with alumina, end the
main body with mixed carbon-alumina. The carbon acts as mn adsorbent;
the alumina prevents exoessive tempersture rise and oeking. In higher
ssotions of the plant the alumina is Iimpregnated with caduium oxide mo
as to avoid speoial hazards. 7The carbon traps were manufactured by the
Aloo Products Divigion of the American Looomotive Cowpany.

9. Prooess Buildings and Utilities. = In external appearance,

the process plant proper sppears ms a large "U"'-ghaped structwe. It

is made up of a series of 54 contiguous bulldings, three of whioh house
the purge cagondes, and 51 of which house the isotope separating atages.
All process buildinge are sgimilar in form and general arrangement. the
basement of each contains ocolant and lubricating cil handling equip-
ment, process gas recovery equipment, and ventilating fans snd air
filters. An moloiod vault houses slectrical gwitoh-gear exd trans-
formers. The ooll floor oomtaines the banks of sheet-metal-enolosed

cells each w1£h six converters, twelve process pumps, snd various aux-
1liary equipment. The oslls are® arranged in two parallel rows separated
by & motor alley, and the osll floors of adjmoent bulldings are separated
by withdrawal alleys. ‘The pipe gallery level includes prooeas piping and
ralves enclosed in sheet metal dry air compertments. COperation of each
bullding is controlled from the top floor level which contains instrument
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panel boards and control equipment. Each bullding is provided with
an extensive ventilation system designsd to disaipgte heat,und systems
for heating by unit heaters, lighting, and commmication. Converters,
loak detectors, and other heavy equipment, are moved in snd out of the
buildings by mesnsg of trailers, tractors, and truoks.

10. Design of Process Service Installations. = Five 10,000-gallem

tanks are provided within the cascade court for storage of proceas gool-
ant, perflucrodimsthyloyclohsxane, Cyf'1g. These are oanected by pipe-
line to the prooess bullding coolsnt headers. The CgFyg s olrcmlated
through stage coolers, interosll ooolers, snd interseoticnsl coolers.
Each building is equipped with & ccolant transfer pump taking suotion
for the building drain érum, by means of whioh contaminated coclant is
pumped back to the wet coolant storags tank. The scolant purification
system removes water, grease, lubricating oll, and ethai- non=volatile
fxpurities by distillation. ZThe reociroulating cocoling water gystem
includes a reciroulsting puxp house, s make~up pump house, two cooling
tewers, and two individual suply and return leops. A total continuous
olroulation of about 120,000 GMM is maintained through the two lsops,
and respeotive prdoen coolers and cooling towers, by means of a battery
of reoirculating pumps. About EOO0 GFM of make~up is supplied by means
of a ssoond gnd smaller battery of pumps. The dry air plant suppliea
minue TSCF dew point air for equipment emclosures, pump and valve serls,
and for various purging purposes. The installation includes reoirculs-
tion air compressors and ccolers, make~up alr compressors anxi coolers,
alunina dryers, an ammonis refrigeration system, a br:l.ns oiroulation
system, snd 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 o provide a supplemsntary source of
supply in oases where the m@uﬁorthdwdrplutlmrmhlw
the demand. The oqruic house oembains five oORpTessers.
Fosilikise 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 amd esaling operations, end as a referemce
prensure medium to the building wd cell instrument datwm system.
Movile high vaouum pumping units are used in lesk deteotion wark,
n-perfluorcheptans supply, pumping, snd diqoﬁl,';itm in
comeotion with preliminary equipmmt perfarmsnce wwating. Fluorine
eupply wmite are used to supply emditioning 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
eamditioning area by weensz of a permanemt piping gystem and portabls
fluorine vacuum pumps. Two temporary UF; absorptiom uaite wers pro-
vided for evacuxting snd disposal of proocoss gas when negessary, befaore
the permsnent prooess gas recovery gyvtem aculd be set in eperatiom,.

e Camditioning Area Design. ~ The ecnditioning building was
degigned basicslly as un extensive and epecialized meintengwe plant

whore squipment could b prepared foar servios in tle prebou aroas The
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bullding was desigued by Pord, Buoom, emd Dxvis, Inc. Un the besis of
best analywes of tiw olesning, oonditioning, snd maintenance activities
planned, a cs-story m'l frame end brick wall building was Seaigned,
400 feot in width, 1000 feet long, and with a 72,000 gquare fook base-
ment,. Floor ares was allocated smong & omditioning furnaoe room,; btest
sbtand area, olesning snd vaouum terting areas, and _v_urim- repair md
maintsnanos ghops, squipment storage aress, offices, wad misoellaneous
servios facilities.,

Righteen large sise, and eightesn smll sise coaverter com-
ditioning stands were degignad to provide a means for pre-treating the
stage ommverters by o:lmuhﬂn; fluorine-ui rogen mixtures, leak=testing
the mssembly, mnd checking barrier porosity before snd after eonditiceing.
The hesrt of eash canditioning stand {s en eleetricsl, horizontel, bell
type furnace furnished by the Gemersl Electric Company. It is provided
with en insulated, welded steel casing and a refractory brick floor.
Heated air i ofirculated through the ossing, end over thres separats
‘heating elemmnts, by means of three oontrifugal fans. The wpper pordion
of the furmaoe oonsists of a ssmi-oylindrioal, removells heed with a
aiirt-snd-trough water seal arrsngeswnt to prevent the escape of hexted
urnehgumamopmtm. fhe lower portion is fitbed with a
oanpletely flexible alipgment device for esmtering omverters of vary-
ing aise end aligning in all directione for proper camsstion o mongl
econditioning gas eiroulating piping whioh passes through the floor and
acnnects with the canditioning pipes, vmoum pumps, snd fluorine removal
pusps looabed in the basement, together with the gus feed lines, sxhaust
lines, and furnace instmment panels.



fwnty process pump canditicning stands were providsd,
sach oonsisting prinoipally of e uc_qtrol panel, puwp sub~base, mud
s hood for snclosing the pump casing during fluworination. Siztesn
800 watt strip hesters are inatalled in the lower section of the hood.
mmh suxi liary systams are installed for the mpply} regpoctively,
of fluorine, nitrogen, lubriocating oil, instrument air, and elestrical
power, sud for fiuorine disposal, seal and hood exhaust, and Snstru-
mentation.

It was originally proposed that each conrverter should de
testad afser conditioning to determine its perosity and separstiom
performemce under conditions olossly simulsting prooess opontm.
and 19 "ruming dest stands® wore planned for this purpose.  Sub~
soquemt work with a prototype test stand at wmm
sorroborated the basic permeadbility Mmaﬁon theory vhich had
been doveloped, and the approximate sscurscy of caloulsted friction
drops insids the wnit. It followed, therefare, that msasurenmts of
permesbility mmds on the eonditioning stand with mitrogen st atmoe-
pheric pressure and low prunn-i drops could be safely translated, by
oaloulation, o permesbility ef procens gas undsr operating conditioms.
It also developed that & sirculsting method would be preferable to o
wtatio treatnent on the conditioning atands. Flow masrwresmmts would
therefare be availsgble at that point, and the rmumning test becams wn~
neosssary as a finsl acosptamoe dest. Four rumning test stends wore
fioally installed for the purpose of msasuring separation efficiency
of converters of eash of the four gtandard sizss. The test stande are

arrsnged in a row along & trench in which are located OyF1g supply and
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return maing, nitrogsn supply snd exhaust maine, snd water, :I.nlﬁ'u-
meut .1}'. and lubricating ofl lines. The trench lesds to s service
pit containing equipmet for supply and removal of CyFyg and CgPFyg.
Kech test stand asssmbly inoludes a base for receiving the omverter,
md permgnently installed "A" and "D" pumps of sises gorrespending to
the sise of the convertsr to bs tested.

The pipe assembly shop was used by the Midwest Plping mnd
Supply Ocwpany for assembling of process piping befare !.nlhlhﬂm.
Cleaning area facilities include a degreasing tank, five mmll aux-
iliary solution tanks, a set of turming rolls for large oylindrisal
veassls, filbers, drying wits, and twelve 34 x 6 x & foet deep eloam-
ing tanks used for alimline cleaning, water rinsing, scid plokling,
sorateh brushing, and surfase passivation. Tie vacwm testing area
adjoins the olesning ares, and ocmtains six portable wasuum gtands
for leak testing pipe aseesblies,

| Af'ver somplekion of the initisl uuvtﬂoﬁ involved in

oleaning, omditicning, assswbling, and preparing for ingtalletion,
the ln-‘o-qumtttiu of process equipment and piping requirsd for
the d1ffusion oascads, a mumber of internal design sad arrangement
shonges weres mude in the econditioming Mullding, Bix oonverter econ~
ddtioning stends and tlgﬁt purp canditioning stands have been moved
in order to make room for development work mow being carried out ia
this ares, Maintsnanos shops have besn grestly expanded and diversi-
fied, and a sonverter re~tubing end testing area has besn set wp in
the northern third of the building. Censtruction of a barrier testing
1gboratory in ths northwest corner of the building was begumn in Oetober
1946, and 13 now about 95 per cent cemplets,




Asocessory cenditicning struoturss inolude a sontrol houss
oontaining elsotrical mmd eomtrol equipment for spparatus located im
the oomditioning furnace room, a fan house oontaining five B0,000 0PN
sxhaust fanis Cor handling fumss from clesaning srea astivities, end a
storage and pump house far handling hydrochlorio and sulfwris soids
required for clemming operations. |

Tre E-25 fluorine plant was designed % menufacture, hamdle,
and store the large quantitiss of elemsntel fluorine gas required by
the Projeot for conditicming purposes, - The ganeral design was devel-
oped by the Booker Elsotroohsmioal Compary. Detailed designs and oo~
struation drawings were prepared by Ferd, Becon, sl Davis, Ine.
Beversl speoisl festures were warked out joimtly by Hooker, Eellex,
snd Oardids, Iﬂu fluorine plant omsiste of three bulldings of gtesl
frame and brick wall construction lesatsd ssverai hundred fest morth
of tiw oonditioning bullding. The gemerating building houses gensrat~
ing and auxiliery equipsent, mechanical ecmpressors, e offies, sad a
lsboratory. Fluerine is mnhd by ohatr&:mu at 1009 of a solu~
tion of potassium fluoride in hydrogen fluoride, 4 meximum of £000
ssperes of direst surrent at 9.5 volts is supplisd to each cell by
means of edght oopper oxide rectifiers. Carbon enodes mnd stesl
sathodes are geparsted by a soresn., Rydrogsn fluoride oomtained in
the orude, gemerated fluorine, 1s removed by passage through sodiwm
fluoride tray sbsorbers, -nih,ﬁh"&’ piped to surge temks (losated in
the storage building) which provide damping of pressurs variatians so
as 0 winimiss the load on the automatic comtreol lys:hn. Three sdditional
nickel olnd tanks 6 fest in dlameter, snd 20 fest long, provide storage




for about 1-1/2 days' fluorine production. After various msans of
handling the fluorine were sonsidered, pressuring by liquefaction

wes selected as the best available method, but provision was mads for
subssquent coaversion o mechanical &nnprndon {n the eveat of success-
ful development of a suitable cmroinr. Twelve cubicles were set up
in the liquefaction and bottling building each capsble of liquefying
the gas and re-vaporising it into edther the storage tanks or portable
orlinders. The design ealled for gas adsission to sn all-nickel boab
Lamersed in liquid nitrogen, and for subsequent warming up of the bosb

~ and pressuring of the conteats. However, by August 1944, Hooker, aided
by Kellex, developad a satisfactory diaphragm-type pump widoh was fabri-
cated by the Wilson Pulss~feeder Company. Two compressors and contral
equipment were then installed in the gensrating bullding, and a revised
method of oporauoﬁu :Igem .‘.n February 1945, wherein generated fluorine
is compressed and delivered to the storsge tanks in a straight-forward
pasping operation.

The fluorine disposal plant was designed to absorb the toxie
and corrosive fluorine and hydirogen componenta of warions waste gases
befors veating to the atmosphere, by means of a 200 subic foot sbsorp~
tiocn tower (or alkaline scrubber) lined with earbon bricks and packed
with sarbon Raschig rings. OGas flow iz mintained countsrourrently to
a descending stream of 5-10 per cent caustic solution flowing at 50-100
GPM. A 4 inch diamster, 70 foot high emergency stack wes 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




H - B e T
Pl Bl B s W U de W

sodium fluoride is treated with lims slurry in order to presipitate
caleium fluoride and regenerate the caustic, a 22,000 gallaa settling
tank for decantatiocn of regensrated elear liguer, two 26,500 gallea
caustic storage tanks, and a coatrol laboratory. In pressat operations,
spent gases {rom cascsde conditioning operations sre allowed to enter
the process stream for ultimate removal im the purge cascade, and all
gases routed to the disposal ares are ventasd dirsotly through the amerg-

| enoy stack. These procedurss are nade possible becausn of the small

—
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quantities of spent oondiunni.ng ganes handled in present opsrations,

An acid 'm;.rnuug plant, constructed for the purposs of
disposing of scld waste fromeleaning operaticas in the ecoditioning
bullding, includes 2 small storage building coataining s lime hopper,
foeder 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
peutralised solution is discharged to a holding pond 410 feet leng,

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

Proceas and equipment design for a mitrogen plant, designed to
spply Project reuireasnts for soisture-fres gasecus aitregen and liquid
nitrogen, was supplied by the linde Alr Products Company; building design
was handled by Fard, Bacon, snd Davis, and the work was coordinated by
Kellax, The installation coansiste of equipment for receiving, storing,
and filtering liquid nitrogen, vaporising the liquid, and supplying gas
by pipsline at constant pressure to the (rocess and conditioning aress

a3 required.
In & large muxber of carbon traps throughout the K-25 plant,
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the carbon sharge mast be d:u.ut.d with alusina pellets in erder te
avold caking of the carban in the event of a flow of concentrated
uy 6 A earbon mixing plant was tharsfore provided in order to ecarry
out the neosssary combining eperation in such & way as to fora a
uniforaly mixed charging material. A feed bhopper and vibrating feeder
deck for earben, and another set for alumine, deliver to a commoa
blending hopper which empties through a flexible seck inte the drume
to be filled.

A 120,000 pound per hour stesa plant suppliss steam at 175
p.n.i, for building and process heating purposes to the process, can-
ditioning, and administration areas. The original faoility sontained
thres 40,000 pound per hour bollers, one 175 foot chimney, ud mier
treatasnt and xiscellanscus suxiliary squipssat. When the K~25 plant
was constructed, steam gemsrating facllitiss nr- anand by io-
stalling three additional 50,000 peund per hour boilers, the nscessary
sdditional auxiliary equipment, and a second shimney. The steam plant
was engineered by Sargent and Lundy under Xellex supervision.

12. Pows Plast Design. -~ The powsr plant area covers 160 acres,
end is located on the Clinoh River about 8800 fest southwest of the
main process arsa. Gensration facilitiss are designed to supply elee-
trical power of extremsly high dependability fastor st frequeacies
varying from 45 to 130 ayclea. Total design capacity is 238,000 XN.
An additional 110,000 KN of 60 cycle power Lis available through
connections with the Tennesses Valley Authority. The desision te
sonstruct an on-site power plant was based on the importance of an
uninterrupted supply, relative ease of protection, the variable
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Aeture of required frequencies, and limited availability of T.V.A.
powsr. Conelderations of simplicity mnd reliabllity of deaign and
installation led to the decision to generate power st deaired fre-
qasncies by means of steam-driven turboe-generstors. An underground
eystem was designed for transaiesicn of power to the process ares,
wsing three-conductor, papsr-insulasted, lead-eovered cables, at »
transmission voltage of 13,800 velts which is the level of generation.

Thres 750,000 pousd per hour bollers were required. Two of the de-
sired type and capscity had already been coastrusted for use by
snother project. Theee wers ohtained and a third mc‘:dé’rdorod of
identical design. Fourteen turbo-generators weres procured. Design
and enginesring for the powsr plant was handled hy Sargeat nndlnncb'
under Kellax supervision. ' |

An sxtensive coal handling aystea includes eight conveyors
furaished by Robins Conveyors, Inc., a track scale, two duplex truek
boppers, a transfer house, & breaker house, a sores: houss,and a
250,000 ton starage yard. Eech boiler is served by a 1,000 ton bunker.
Raw erushed cosl is deliversd from the busker through sutomatic scale
faaders which supply the pulmhm. Cosl is discharged tangentially
through thres burners at eash corner of sach furnase. Cosbustion air
is supplied to sach furnace by two 96,000 CF foroed draft fans. In
the spring of 1946 one boiler was adapted for oil burning service.
-Combustion gases pass through a luﬁurhnater, sconaniser, air heater,
and fly ash precipitator. A flexible eoatrol system permits either
autosatio, seal-sutomatic, or msnual coatrol. The boller house eontains
three Combustion Engineering Cospany boilars, easch rated for 750,000
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pounds per hour of superheated steam st 1325 p.s.i. and 9359F. Zach
unit consists of a three—dirus, bent-tube bodler equipped with water-
ocooled furnace walls, & supsrheatsr with by-pass control, an econoaiser,
and & tubular air heater. S8ix elght-inch, six-stage Worthington centrif-
wgal boller feed pumps have a capasity, essh, of 600,000 pounds per heur
againet & head of 1600 p.s.i. Twenty-foxr All{s-Clalmers condensate
pomps range in capacity from 40 to 600 GPM, and in discherge head from
840 to 900 fest. A 75,000 pound per hour Permutit Company ocald carbon-
aseous water trsating plant is installed for initlal trestast of raw
meke-up.

Fourteen turbo-gensrators rangs in capasity frea 1,500 to
35,000 KN. The ccndensers operate at vacuums of 28 to 29 inehes of
mereury, have a total heat transfer area of 224,870 square fest, and
a total condensing eapacity of 1,737,846 pounds per hour, using 254,000
QM. of sooling water. Cooling water from the Clinch River passes through
o orib bouse and pump house to the condensers. It is seat to Popler
Creek (which delivers to the river at & polst domstrean from the in-
take) by way of a 1,006 foot reinforced concrete discharge tunnel, a 2200
foot stone=lined flums, and & second consrete tunnel. '

The alectrical distribution system incluies & constant fre-
quenoy system supplying €0 syele powar, and a variable frequsnsy aystem
inclnding seven sub-systems which operate separstely at desired fre-
quensies between A5 and 65 cysles, and two which operste between 90 and
130 aycles. Utilisation voltages are 2400, 480, 208, and 115. The main
switoh house is the control ceater for power transaission to the precess
plant. Connection with the T.V.A. system is made through an outdcor
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suitehyard containing thres 40,000 KVA transformers which step in~
coming power at 154,000 volts down to 13,800 volts. The yard re-
seives powar over direct fesd line from the 7.V.A. plant at Fort
loudon, & $ie 1line from the Ko. 2 Elsa Substation, and s tie-line
from the K-27 switshyard, Power is earried to the utilisation sares
by means of underground cables enclosed in fibre ducts m.uud in
eoncrete. Thare are thirteen banks of 6 ducts each.

13. The Adwipiostration Ares. - The administration area in-
eludes four J.M:t-orilu,. a two~story, four-wing main sdministration
building, as industrial relations office building, two field office
buildings, and various personnel facilities, warshouses, guard houses,
and garages, Most of these are of a temporary, low-cost type, and
most are situated in an area southeast of the main process area.

k. MM,_ = The K=27 plant is a structurally separate
snnex to the main K-25 cascade designed to insrease total U-235 pro—
duotion by 35-60 per cent. In most sases, specific portions of the
Kk~2] work were performed by the same contrsctors who had handled
corresponding phases of the eriginal k=25 plant. E-27 buildings
esoupy & 60 acro plot of land just scuthwest of the main cascade "U",
Design prineiples are identisal with those of the min K-29 plant.

In erder to wxpedite the-speed-of construction, the general poliey

m followed of axtending the diffusion plant procsss feoilities by
sonstructing duplicates of one of the process bulldings of Section 2a

of the main cascade. Only those changes were aade which were absolutely
necessary, or by means of which signifisant improvement could be sffeot~
ot without deleying the progress of consmtruction.




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
Gon;w, and as partiaily pﬁca‘ased UF6 recgycled from the bottoa of the .
K~25 cascade, No purification equipment is necessury for the lormer
saterial, fresh feed stock belng vaporised direstly by immersion in hot
water baths and sent through feed filters to the K-27 cascads. The re-
cyoled stock may be passed through a batch still purificstion system in
order to remove such impurities picked up during prior_ processing as
ocolant and light diluents. The installation ccnsists principally of a
packed tower and re-boiler, a .ltill pbt, condenser, and reflux drum,

A UF; disposal system is provided in order tc recover hexafluoride Iroa
vent gises, purge gases, and relief valve discharges by absorption in
sater, precipitation with cauastic, and filtration in a plate and frame

prees.
s A completely spared surge snd waste aystea is provided, Mhr \f(
« in design and purpose to that of the main cascade. The bullding is equipped
with a uni.qut ventilation systea in whish certain areas where process gas
is handled at super-atmospheric pressures are nﬂntaﬂad at pressures below
_atmospheric, so that leakage of process gas to the atmosphsre will not con-
taminate other parts of the bullding. I1n those parts of the building where
Process pressures are below atmospheric, the pressures are held slightly

above the normal barometric level in order to minimise further the Ilow

of contaxinated atmoaphere into such areas,




The purging systea for the K«27 cascade is based wpon the
use of the top two to five process cells of the cascade to produce
light diluent of high purity. A purge streaa ias taken from the "A®
stream of the uppermost stags, which norsally operates on direct re-
sycle, and compressed to ntﬁnsphnrie pracsure by means of a Beach-Ruas
vatuup pump, Jt is then passed through a cold t.ra.p-cnrbon. trap systea
and exhaustod to the ataosphere. |

 The K~-27 procesa ;u're.covcry system differs from that of
K-25, in thet a single, central station is provided. Thres two-puap
veouws pumping stands, spucad at equal intervals along the cascade,
axhaust gas from process equipment when necessary, and discharge
through =ist filters to a header leading to thes recovery station,
which includes three cold t-raps,_ and auxiliary earbon traps and mn-
trols. _

The K-27 product withdrawil gystea serves to transfer K-27
product to K-25 st a metared rate, and provides a msans for stookpiling
K-27 produet, and continuing cperation of either XK-25 er £-27 when the
sther may be smt dom. Product is taken off from a cell near the top,
where light diluent goncentration approximates thres mol per cent. It
i» normally transferred io K=25 in the wapor phase hy mesana of inter-
connecting pipelines, but facilitiss are slsc avallable for liquelying
the process material and transporting it to K=25 in tared druma,

K-27 converters are identical with the Sixe 2 converters
of the K-25 cancade, but are equipped with *2® barrier which is an
improved form of ﬁ]ookqd DA barrier, and makee it possible to oporate
st somewhat higher process pressures and interstage flow rates. For
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this reason tha "A" end "3B" stage pumps are respsctively equipped

with 75 horsepower and 150 horsepower motors. The various other
special punﬁs reguired are similar to those utilined 4in the main K-25
process area with the exception of one new model developsd for service
in both the waste aystea and product aystem of K-Z’, whers a positive
displacesent machine wae roquired to compress UFg to 35-55 p.s.i.a.
prior to liquefaction. A pumber of deaign modifications were msde in
a Beach~Russ process gas vacuum model, and a ﬁw_o—shp unit was devel-
oped with inareased cylinder clearance and an improved lubrication
aysten. The K-27 cascade contains no intercell coolers, and utilises
stage coolers identieal with those of the K~25 cascade. The only
ehangs in progess piping at K-27 involved the use of nickel~plated
steel in the three and four inch sixes, Process blogk valves contain
fmroved seat ri.uj utilising WFP-10 fluorinated plastic. Changes in
stage control valve design and other i.nutmmuuon wers lad'a in
oases whan it was found possible to effect eimplification or improve-
meat without delaying the program. Cold traps used in the purging
nysten were salvaged Irom cancelled recovery rooms of the K-27 casoads.
K~Z7 pecovery traps were spocislly designed, and represent a modifica~
tion of the radial fan design. Carbon traps are sisilar but somewhat
larger than those of K-35,

The K-27 process eoolant system differs from that of K-25 in
that &t contains a number of winor mechanical improvements. The 55,000
GPM K=-27 recirculating cooling water aystem contains a 1li cell induced
draft tower, and draws make~up from the K-25 system. K~-27 dry sir 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 instrumsnt air, which is compressed to 10-55

LR Tid Baaiai -
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PeSei.g. by means of four compressors. "“Flant air" for miscellanecua
parposes is dram g:::h. K-25 eompressor house. Thae lubrisating oil
snd dry nitrogen supply systeas munbl- those of x-z?'; exoapt in sdnor
details.

The K~27 plant was designed to run entirely on sonstant fre-
quanay 60 sycle power. The X-27 switchyard receives 154,000 wvolt powsr
from the T.V.A. Watts Bar Staticn, the Klsa No. 1 Substatiocn, or the
K-25 switchyard, and steps it down to 13,800 volts. It wupplies the
K~27 switch houss which is similar to the larger K-25 switch house.

In order to provide for possible future expansion, all electrical equip-
mant down through the 13,800 wolt switchgear has been designed for a
saximua load of 150,000 KK. From this poiat on, the K-27 elestrical
distribution eystem is deaigned for 100,000 KN, which is based on &
stream officiency of 100 per cent.

The k=27 plant is ssrved by the conditioning and adsinistra-
tien sress in the seme way as in the main X=25 cascade. |

15. Assistance from Britieh Sources, - Prelisirary talis with
the British group were begun in February 1942, at which time the
prineiple of diffusional separation was discussed, The plant desige
mrMa:l'odinthlflllot19B- Included in this review were barrier
materials, the stage recyele prineipls, the sascade of csscades prin~
ciple, the purge casoade, pressure cartrol, flat plate diffusers, and
sold traps. Although their suggestions were not always conoordant with
Amsrican theories, thay wers valusble, and later assistance with theo-
retical probleas, such as exact caleulation of equilibrium time, helped

LM Ror R T, e areg moy o
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anticipate probleas of plant deaign. The British siggestion for the

development of soraper ocold traps was followed, although this type of
trap, after having been wuccessfully saglnesred, was abandoned becuss
of the difficulties anticipated .tn controlling its process gas invan-
tory.

16. Safety and Sesurity. - The New York Safety Committes, com~
prised of Kellex persoansl, s llaison offficer from the Distriat Medical

 Seation, and & represeatative of the SAK Laboratories, served in a con- |
sultant and adviscry capssity o the New York Area kogineer in safety
matters pertaining to handling of fluorine, wranium hexafluoride, and
other hasardous chemicals. By April 195 the responsibdility of this
sctivity was transferred to the Carbide and Carbon Chemicals Corporatioh.
The security program included personnsl elearance, visitor sontrel, edu-
oational programs, and designation of restricted areas.
17. Copts, - X=-25 design, snginsering, and procurement costs
{exclusive of the specisl chemicals progrem) amunted to sz”:m,rrs
as of the elose of the fiscal year 1m,umnu-mmmn
estimate for cempletion of mt.mt.a was 3275:5&9.699.
Seganisation and Persoingl. ~ The New York Ares Engineer was
respoasible for supervision of all Kellex design, saginssring, and pro-
surexsent activities. To fasilitate the work and permit closs assccle~-
tion with all contractors, additional sub-areas were sstablished to
bandle adeinistrative detalls connected with Allis-Chelmers Mamfustur—
ing Company aotivitles at iilwaukee, Wisconsin, Houdaille-Nershay
Corporation activities at Decatur, Illinols, and Cirysler Corporation
astivities at Dotroit, Hichigan., On 7 Jamuary 1943 1t. Cnlonel J. C.

g&\'“ara‘. T




Stomers was designated both as Unit Chlef of the K~25 Froject and
New York Area Enginesr. After 28 February 1946, the latter position
was held by Major %, C, Cumpbell until the Area was dissolved on 23
August 1946. On 23 February 1943 the ¥ilwaukee Office was opened and
It, Colenel R. C. Gregory was assigned as Froject Engineer, Captain
R. C. Bi1) aslunod-bho position of Area Engineer on 15 July 1943. This
position uas‘gubloqucntlr-held by Mejor J. L. MoCormick, Jr., nﬁd Captain
J. D. Apderson. The ¥ilmaukee Area was dissolved on 30 June 1946.
Captain J. H. Brannsn was essigned to the Decatur Office as Project
Enginesr on 24 May 1943. Re assumed the position of Decatur Area
Engineer on 20 July 1943 and wae pucceeded in that position by Major
C. K. Choate, Major J. J. ¥oran, and Captain R. L. Cramford. The
Decatur Area was dissolved as £ 1 July 1946, The Detroit Office was
opened by Major N, R. Archer on 17 Ié; 1943, On 21 July 1943 Ls.
Colenel A. Tammaro was assigned ss Area Engineser., He was succeeded
by Major F. H. Belecher. The position is naw held By Captain J. D,
MoCormick. |

\ Because of the magnitude of the undertaking sontracted for
in %7405-eng-23, for accounting and security ﬁhrpoles, The K. ¥.
Kellogg Company organised the subsidiary Kellex Gorpor;tion for the
purposs of prosecuting the work in the K-%E’Projcct. Aw orj;l Earch
1945, total Kellex personnel amcunted to 1,676 persons with 354 stationed
in the field, and the remainder cperating in or mit of the New York Offiece.
The K-25 activities of the Kellex Corporation were directed by P, C. Keith,

vice-president of the norporatioh, and i, L, Baker, general manager.
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1=1, Juwrnoscs = Tho desisn, exgincering, and proowre. «nt
eotlvition dog-ribod in this wolwo vore eived el le specificstion and
plannin: of facillties, equirment, ary retorials regquired for the ropid
construotlion o the lerpe scalo meosus diffusion production plant which
was bo fors tie hoord of the K=20 Projocts «

ied, Eacpe, = The unusuul nebure and pize of the plant, thoe
first of i%o kind evor ettemplod, prosonted & larpe mumbor ¢f nractionl
end technionl) prreblens which frequently enpecred fnmoluble {Voi, 1,
Sonte H)e It was nooessary tc eall 4n for oconsuliution ey af tho
netion's Jondin. otuipwent ranufaoturers to permit subseguont dovolopm
pont and renufucture of egnoolnlly deslyned equipmenta ¢ In order to
reat eunstruction schedules, lsportant dooislon: offten had to be rade
bofore eorplole dute wers awmilnbleo rerardin- rverforvence ené propore
tias ol eyuipront and mteriels - In this conmeetion, wlunblo cocpars
atior wo obtained frum e proup of Brltish sclientists und onpincers
{Hoote 2i)e”

1-%, Authorizations ~ Lutherizntion of the eotivitios doseribod

in thip wolixo was hondled einmdleri: o oth.or phoses of tho Kell I'rojoot
s roationed in Yoluw 1 of this book, end degseribod roro fullyr in
Voluro 1 o Bool Ia-

1sd, Adninistration. = Guorall pesponsisility Cor the dosimn
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S egulowent for o ReZ2d plant son vesbed
St Follew Corporeticn (Initiclly L. the parand orpanleotion, the

Lo Ve Fellop Corptny), ori-inelly vnder (9D gontrect U0 ar-40G, and

)

inaldy wdoer Nenkatien Distric co trach CeTLQlmenrelie < The dminlse
maftio:': ef thiz sontrect and 1tz subeo ba-is was kendled By the Now
Yort Arec of the District; aldsl by eubwsrens ssietlished & cover
procuracent sourcens ¢ the Eellex Corporaiion, en? losstsd et Milwsukee,

Yieconsing Dedrolf, Miehipang an Dedstur, Iliinelss -
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SECTICR 2 - IMITIAL ¥ORK UNDER THE OFFICY OF

GOILNTIFIC RESEARCE Al DEVELOFMDRT
;

2-1, Introduotion. - TWhen the M. W. Kellogz Company began their

' wofk,'a pethod of preparing uranium hexafluoride had been worked out -
(Book1f1, Par, 2-3b; Book ViI), and Columbia University hed obiained
some fundemental dgta on produstion ancd testing techniques, barrlers,
barriér plugging, seslants, materiale lnert to UFg, and methods of
mensurament of quantities and pressures for infinitely smell echanges. *
4 gystem of oclose cooperation wes now set up between the Columbie Uni-

i versity grour and.the Kellogr Company in the development of the gnsaous

diffuston process. - The Kellorg Campeny, and leter, The Kellex Corporation, -
fock these fundamental data, developed then furtier, and spnllied them
to the design of the gassous diffusion produotion plant at the Clinton

Enginosr Works, «

2-24 Frellminary Work by the ¥, W. Keilogz Companve

a. Contract 0EMsr-406. -~ In January 1842, the Office

of Scientific Resoarch and Development swarded oontract OEMsr-406 (App.
F1) to the M. W. Kellogs Company, providing for preliminary investigatiom

of the gaseous diffusion method as &pplied to the production of Uraniume

235.”

b, Soope of Contract. - The scope of the work muthoriszed

by the oontrect, with its subsequent modifioations, inoluded Tive
principal 1temas
ls An engineering atudy looking towsirds

a, Design of & piiot plant te ecarry ocut the separation

2.1
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| E oy e 1 I I
el Urunigs=oliila

be An Bralysic of U poquiremends o © lor o pland
o effect sush separoticis 7 |
2e Studios anﬁ emmrirentl invenil ﬁs‘;iomé nrineirelly in
oormdobion witls
&s The gorrosicn of vuriows moinls when subjcted
wraniun hexalluorides -
bs  The suitability of v.r.*.ritm trooe of Bmell pumge ¢
0s  Tocty of diffucion mmbmﬁw. !
Ea Constpuction of & pllet plant exnd awaﬁaor‘,}' exquipmant
for production, -
4o & stady of methods of Lrprovement of produsticns
Bas QOporstion of the pilot plante 7

¢s Lovorolisimonis, « Tort wder s sontroct rogullel

prirerily in the desiiz of e pllel plant, developrent of a g:roqaas flow
Qiarer for & darze producllon plant, prelisdosey estinnles of mqa:.iz-e.w
mute Por mierinls ¢ conciruction, spocial equipment, eherionls, &nd
R 1iEles, and preliminery deslms O princisel meclerdosl egulirmeni
guch a3 pmng,; diffussrs, evolors, ool veivess ' Thie worl &8 guzerized
Sn & pesort entitled "Thoe Diffuzion JlemY ~ Firs® Prorress Beport’,

Cﬁ?}"' P2la’

de Sulsojucst Actlon, » O e besls o those studiesz, the

eeratruistion of o profuetion plani wey lafer suthorized under lonletiss
R ' '
Tigtrict aonthrect ﬁ-?é%-fm‘f-zﬁkg Exsopinontel end povosrel work wlor

gontprol O ler-800 wou bopsineded o of 1 April IS, exespl for the

eoumletion of ko pilot p

siant bullddns oouaivuotion, shich exbondad

L.




Prounl 80 Suwe 1948, 7 Daporiranind ed poLonpeh work; a7 inelude? iv

the soobe of this pontroel, wes curriod ¢ effer 31 Mereh 1043, undop

the dopiotinr Msteicel contwel b the Ve We Eellep Comptimy snd $ho
& i A

rellex Corporctions <
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SECTION § = FECOTIATION: AMD PRELIUIRARY PLANNING

=1, {bnaul.
%s Docision to Continue the Pilot Plant, = On 12 November -

1948. after condiderin; various sspeots of the lantattan Froject, the
ﬁut_.n.w'?ouay Oompi thew l’aeldo& {Apoe )1 first, that work ac Uw |
.-;neu;i siffusion ﬁliot plant, being handled by the ¥, W, Xelloge
Oompacy, nder contmet; OElisred0d, muumm. but tat
mu!m rnmmxnhmhmmmmmuum
to interfere with the pile and omgmt!o piant umtim ‘
pro:}och] and, sooond, tiat !!’ tho Me Wy Iennm Company should mt
hthtmhry m of uhnt!.ﬂn ab11ty %0 the OSRD 8-1 wn

" Committes, and mUatuctory evidence of enginsering ability to Mpﬂ-r |
G-nm:r..n.m. MMH&WMMI&&% _
eszineering of & M"l SReSOUN 1¢rusion prulmt!.m ;:hnt- v

be 1!' mua DI.fMlm PM! The ‘hﬂ 'm—.‘hgc
--amaerauﬁ- mmm-tntmumum.

' wmpwunur the plants ‘ Desien and mglnuﬂng plsns wers mot
mworylhnhdnt t-hlttin,tndﬁn mtmﬁnd‘n‘hmm
Still & twtative figure, © S

| $-2, OSED Azprowsl of 800-Stere Pruduetion nite
e nuoluﬂap oel' the OGED §=1 Executive Commf tteds - o

" 14 Novesber 1942, represeutatives of the ¥, W Xelloge Company met with
General Groves, representatives of the Msulmtian District, and mesbers
of tho OORD 8e) Empoutive Comnittes (App. F5)e” Afber tho Eellogs
Couparty ﬁpmmttim md roported on theipr previous work in Man




with the s diffusion process, the OSRD Sl Impoutive Comrdtbec paasad

& rosoiution, the ossense of which wms a5 followes

¥

Tat 1t ws tauihh, and would £t into the progrsm, %o
proosed with tho k‘;ln;:g‘ macous 4iffusion pilot plant
and the proposed S00-stare produstion plant simule
taneouslys

ety o & pri&i,w basia, the §00=stnpo plant should
como after the firet 2000 production moits of the
proposod elootyummnotic plant, and after the firet,
but before the seocnd.plile of tx mmktad pile
pma' for th= prodostion of plubonimm, -
fat the plant yeferred to In the yosplution was one
whioh, st double comocntration of 1eR35, would have

an Assurod pot transport of 1/2 kilopan por day, with
& reagonablc smpectation that, by fmprovemsnt of the
hrﬂt_’l' mtcrial, the net tnmpart would boe increased
to one kilogrem ner days 7 |

nattmphntmmwmuuunmzmme

it oould it into & pisnt which would bo enpable ef
produnin; waterisl oomtaining 90 per cent U=235, Y

b, Belative Priority, = Dre A. He Cospbou of the Sel
Bapcutive Conmittes, reserved opinion s o thr relative priority of

the propossd plant and of tho pile plant, and Dre Le Jo Briges, also on

the
the comsittes, we of the opinion ﬁntﬂ “nseous Diffusion Projeot should

some aftsr the Piret Y1000 but bafore the gocond 1000 tanks of the

sleotroma netic rlent, / In sccordance with tho previous decisiona of the

B2




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. Selesticn of the Contraotor,

&+ Decision to Construot a uoo-stqr Plant. - The ropért_ _

- @f tho Rnueamnt and Reviewing comittee, u well as & favorable
polrt s to tho_cngmerins ability of the .l. I. Nellogg Gc-pany, was
prassuted to the Military Polioy Committes 'by Mrit Groves, and on |
10 Duonhlr 1942 (App. N), this a.anitt".n. nﬁthorind Gononl Grbﬁl :
to nrﬂ.nga ror the sonstruetion of & “Oo-ltusi ;Aum dittualm phnt

with tho M. %, Kellogg Company as ongl.nur-.
b, L.tt.r Sontraot I-'Mos-unl-ls. - Dn 1% Desember 190.

thc l. I. Iollogg Company was infamod 'by aononl Grms of the ;onrn-
.”llt'l dnln for them to procesd with the duign ef t'ho difm:lnn 7

. phnt. !‘n dayl htor segret httor oontrmt n.-rwn-on;-zx was mcutu
" (App. ?l) for d.uip, development, amd pruu.romt services a.m! for 111

‘ other thlngu munry to proom all préuu lquimt l'ar a phnt to

,' onrluh wanius hexafluoride from the nomx 0. 71 por sent to §0 por

aont U-ISS by the gassous urruuu pruou. 2

" 'S5, fhe Kellogg OGomtrast,
" e Boope of Work. = -ﬁin’l&oﬁ.stim for tha hllo;;

_ co-pm nntrut extended over a omaiunbh poried ar time. v lhum
of tho nny basic problems that required lolutim, it ws nuunry to
mlt n proli.nimry analysis of the Project before a reslisgtio dthnﬂ.n-
ation of the soope of the work and the estimated oost uﬂ.d_bo mide, ’
The !‘;_rlll oontraet Wa7406-eng-23 (App. .A, F3) was exeoutéd on 1l Apﬂl
1044, ‘effeative as of 14 Decsmber 1942, and provided ﬂut. the eontrastor
- would furnish "ressarch and develepment, precurement, mhitntﬁil.,

enginesering sad aupsrvisory, and scnsultant gervises™, on a costepluse

e L



a~fizod~Cos basis, loadins to the construction of o corplete plant neay
¥heat, Temesgoe, for the mnufacture of & "Produnt”™s The word "rrodust”
was dofined, and the quantity and purity thereaf set forth, in & scoret
letter datod 14 Deoeubor 1942 (Appe P7)a “The Boope of tho work inoluded,
in agdition to the deaipgm of the min .pmmn plnnt end tho pmn‘h
of the prooess equirrent, the desirn of & eorplets stoan-slestric power
plant, with all auxdlisry facilitiom, -
be Unump] FProvisionss = The sl pm_viaima of the

oontrect are as foll@ut

1. Deonuge of the wnwewmal mataro of the provess, sl boonuse

aft the fect that 1t wes in an experinmial stepe, the
 emteuct relieved the omntreotor of &ny pmprentes of
respcnsibility that the plant eould be susecssfully
dosimed, encinsarcd, sonstructod, or Gperateds -

2, For purposes of fee ocomputation, the perlod of service
ws estimated s thitty mumths from 14 Doomber 19482, /
Provisions ware mde for an extension beyond this period
with equitable adjustrent of the flwed foe, -

8, For peesons of scourity, and & facilitete mooounting,
the rirht wes grantod thoe sontructor to orpanise a
whollyeowned subsidiary corporation, The Eedlex Corpo-
milon, for the solo purpose of pmmut!n* the wark
‘oalled for by the contrests ¢ |

&e Bevause of the mrnitude -o*." the Froject, the contmctor
requastod, and the goverumsnt grented, miief frou the
finenelal burdm !.n.voi\lvod in thy progurement progrem, ’




4

Ascordingly, nunh of the oquipmn‘lﬁ and saterials wore
purohksed under standard Covernment supply centrests,
with the Fellex Corporation metin: as & ropresentetive
of ths Cantreoting Officer tn inspeetion, tosts,
&ooepinnoe, and ogther teohnioal plmgns of the work,
Tollex also purchaged gortmin other mmtorinls, ” Shipe
ments wore usumlly eonsimed dimu& o tho smstructor
at the plant site, v

It was rmg:n!.llad that it would probably be nwosssmry

to smploy uwwuswmlly qQualified pesrsomel at salary retesy
aver ths maxirum rates presoribed by the Beoretary of
Wer for costepluselixedlee mwem. “ Provisions

- wore therefore made for the pelmburzement of salariea,

as approved hy the Contmoting: Officer, wp to hzs.mo
per year for top amceutives In the Kew York home officse’
Salarios were limited, however, to '9;000 per year for
persomel at the plant site, the normal salary limits

" for povernment cesteplusefixed«f'es oontragts, -

e

m. = The fixed fee arrved mon afdor no[;othﬂml

-3 tz.ws.uv.oa o An estimmted cost of sza&.aao.soa.oo (App. ¥8),

which wea approved by the Under Seeretary of Wer on 24 Pebruary 1844, 7

The Under Sesrefary approved the m‘l:nolt on £8 March 3944, A breake

{
down of the estimmted ooit of $2564,660,698,00 is shown in Appendix 1,
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ZECTION 4 = DESIGN Pﬁmmw T2 sn0 DIFFISION PROCESS

4-1. h-ummudhsmmﬁm.&-weom __
mmmpunthmimhmmumwmsﬁ.wm,w
ﬂttmimuf mym:;l mmc, wim hmﬂmruu mm

'htultafm'mhtnﬂyhnhthn Mltm&mh m&b

-.m and MMMo mu ‘ !he mmnﬁan af tiw m’m_ =

my a.m per mt_' i'
Lome235 and e ) per mm&m, uzek nnlra trees of T
_ __ ( nma ﬁw ﬂmaim M .'ut mmm m nf M C

'tx mﬂ__ mmmm mm‘

wrnn!tﬂuatmw&rm“.mﬁmumﬁmﬁahn“

m. m a

N

_bq_ 2

. ’_muh#&iuimefm. uuaﬁul Memmmm,
. msmamumwgbumwmummmmm

them, Y !hua mlmlu mam mmta mg, md rove et mh-
tively hich mmma.-/ Troy trwvel sbout in & yendon tashion so tat
thay smpariencs frequent collisions with one 'mﬂﬁr and with the mlls
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wmmwmmhummwmmmummﬁmz
wwemww&amnlmqfntmﬁwryﬂuehﬂea
Are Minﬂwmhluwulh,thamwiumwfwatmml
Mumaﬂth&am&mzhrmbim Mntmuecrmmﬂspmthm
ferrod euumxmkr sftustony’ . - o

m mm w voruus Yolssdar m_g,_ - cmiw .

' -mhmmﬁ»umwm mmﬂmmmmﬁm
Sghter ipdrogen m ummm waammmmm
,mmr holium wimm and thag eime m:m -au be may pﬂu—

eule; with & mss approxiuately Mif that of helitm, humit wwm ER

umwmm twmaa)ﬁmuwh/

(2) Seperation by Btfustons = :acmaﬁmu:

Wmmmewme&ménﬁﬁ:mm
| ;"ﬂrmmwwmfu mmuwmmmw
- ﬁ&em wmwmghmmmwmm

. but mm1ler e the averege dintanos hmu Mﬂ, Foam, ™ wm,'

"mwm"fmmwmummwmmmlmw

the box Por svery 300 haummhwlm/ Gonsequntly, the diffused

| wmmmmawmw@nuwwmmmme_'_'
mgmnnmmfmmnmmmnmwm

' #!“mimfl | _ _

& emumarrﬁ « Au the diffuston or passage

of gs throuh the parforuted wall eontinues, the hydroren in the orkgi-
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ual mixture cbvicualy beomes depleted, < Therefore, the mumber of
hydrocen maieauhg 4ifPuaing for sanh 100 of hfaliixm‘ donreugons < Fop
sxample, onco _t?ze ntﬁ:e:" of hydrozen moleguler within the box les fellen
0 80 per oent of the hellun mleeulaa'. ouly BO per sent of 38}, or 335
mlaanles of hydrogen, will 4iffuse for each 100 moleculos of heliwme
Therefore, if a seriein mz'ia!mm: of hyarogm ia pequired, 1% bm

nevcapary either to Sntoppupt the process periodiseily, or o replenish
‘the supply of pdrogen moleoules eontinuouslye ' The latter method s

prefereble from the engiusering potut of view, #inco soutiouous process
is éasimhh. and s mwamnmwpwmgn stosdy steeam of
fmhgnsnixminw the mmim.mﬁ&&mﬁngméylm of
earichod mud partinlly deploted mds -

s Bl ofw Mse = A &aﬁfﬁwlmmt&nw,
the wolecules in ths diffused frestion outeide the sontataer collide
wib&:mmoﬁwr. m@m&mﬁmaﬂ t}ug, &cao mti). mumﬁmu
arsin a:ti_mly randmay < A8 & regult, there 1s-a sendenoy for some of
the enrichod gas to flow tack fntc the sontainers’ Thia tendency,
wewlly reforred to u"buk asfruston”, & allowed &% prewsil, eome

‘plotely vitlntes any separtion, / Singe the gre flewingz bock wlttmntely

Fessues tho same pomposition a8 the diffusing me, the met effect is
soro eeparetian, 7 M aif'fuslon ean be elimtuated to o larce degros by
smcusting the outaide of the box and thereby sweeping avey the moles
oules almost ar fast ez they diffuse,’ The higher the wuowm,the mope
effootive 8 thin methods « However, there s & practice) Mmit to the
wvaoviem ottaimahle, imposed by the sige of numy required and by the |

- powror deslndeds © Therelors, some back éiffusion eccurs in all systems,

R LI PEY SN




e _'__itgmr mma 2 u,g, 140 @y

ﬂunby mﬁminu tha d‘ﬂo!w of amﬂm v
fe Applisstion o Prama aug = The wm mﬁmt&m :

| mhwﬂhumnwmumﬁmwwmmmmm
'-_ﬁmlm.hﬁwmhmﬂm (eommonly wefeyred teu?ma

Qus) as they & b mixtures of heltun and ydrogsne < Agatns thore are

- fnvolved two “types ef w:lennlsa bmhg dﬂ'tmt masecy m,. mu,

mmng at diﬁememm/m ﬂnﬂhﬁw tﬁ"fm L

! _MW in mmﬁh mlith“ mw&mﬂhﬂw ms d’

mnlu erm mhlﬂag mm i aw, mm ﬂnﬁ w RCE

ﬂm wms " m.( m,. th- m «rm mwu ey
_'hmpm:mmmwmmmmmmam

L ﬂnu - w&u mt nfm m

hﬁmmhu’ﬂwmt, mmwmmﬁm

_' hmwmuwmhuwnuhghﬂrfmtmimuw

%y mmﬁmﬁmﬁhm&wm

m&um&hwmh?ﬂmmtd%mﬁﬂm
I_uumarmammmemmhmumomww

lwﬂm mm(Vd 2 Par. 3= 2d) -

) , Loy - Inﬂnofthamnm-
stion MHM ins ll.ngln &iffusion step Or stage, i‘t is obrious et
tmmmﬂthmhdnm-rqrﬂmhnhimsdwﬂ-.

.mamcmmuonmmtammm:muhm

to produse tho dosimn mmhnt&m or the diti‘nﬁm plaat, uimllhv
thoumends of stn;en are muiﬂd. v :
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be Schemitls -mwmum. # The ptages are arrenged

mwst of feotively mn Yinkad inbo "3 ainple m-riea or mnmde, ag mm-.
tratod by Plours 1;/ Five utages are ghown, aach parmad by a
rootancle, - Broken linee, mmmtinu porous a!.rf\m!m ba.rriars, divide
.the roetancles into oo mct&am, & lmr mkﬂm mich mpnnmh the
3 fesa ﬁmuﬁaﬂm !1!59, end an uoper segtion ihibh ﬁu!:‘hhw ﬁiﬁ mﬁeﬁm& |
diftumate fmnu piven ah,m“ . |
e smwm%- mmze, or tmm, m.aﬂl.nﬁm
d!.ngrma 15 typiesd of all stuges of & mmﬁa\, viﬂ'n threo exoeptions o .
._.banahdmw; mwmwma ﬁw lmrsaeﬂmafﬁw
nitdls stae from W righ‘h-"i“nr%ds.fmen 0 mwnwﬂmw |
wwmﬁm“lm.mﬂhmtmwmm‘ﬂ  the
residue flows out of the msﬂaﬁmwmww The diffuned
, fmmanw umaa o %houhpanbm, urtwﬁsmm m 1t
. sotns mmlfmﬁm“a" lowiny down from the w,wm&,." "
;'mga.  fhe sixture is then mm to & sceond Siffusional wﬁm
mem!ﬁm.le*a“ l‘mthh m&ﬁfm&mlmmmm
t0 form part of the feod to the middle atage, ! The residial fracton
. _-‘B”rmﬁwwhnﬁmfmamumnhgemm, arseumﬁ
stuze, where 4% Joing with the diffused frastion from the bettom, or
firet, staze, and this nt:em 1s sleo subjeoted to auother d1ffustomal
opers tlony / Fho diffused frasticn "A” fron this diffusiom) operetion

16 puzped to the middle, or third, sters and, with the residwml fraction

mmrm ahge,fm mrmmm:&aﬂu stagss
e ﬁot?hwf’a.ttm.- mamebmafflqurtho-pknﬁ

booomes ¢lear from the ramgz_:eing deacrif:ticm of & typical stage,’ There

445




ie & continwel flow of dffused mberial towerds the top of the planty -
and ¢ cowstor flow of residwl mtorisl toward ﬁm botbom of the planty’
The diffused nnteriai besomos ranher m& richer in 1isht ca:@mmt as
) 1t travels umd from m re tn m,ge, and the rosidum} mwt«: bow
gomss heavier &s it flm dﬂmrda / the flow of mﬁsri&h émar{'lwd
$5 the vegult of ;fremm dfPerancss aoross cm'fuaim rriers
prodused by e pums, ad 42 controlled vy euteantio wlves, ‘The
ro— "top” snd ad "botban® of the plant are wed for maim m:.y.'
aod have o relation to ulamm sj.nse ﬁw f*me of mﬁw ts not
hwl'mﬁw _ .
| e m-mmsm-:“- mmwwwm
mml stage ays the enp aﬁge, ﬁw bn’abm #tage, ma m: fect mgw o
&tt&emnhgai mnmmar mmmuﬁmu
pﬂémtﬂ:ﬁ: ﬂm!mlk oiml&‘beﬁ bnn’aw puﬁ’swthe ohargs to tﬁe L
gtsces’ In a wiul nhgm this pnrﬂb af the aharme 4 the miﬂm&
nm Prom t&e ahe;a above, “Ms. 8% the hwﬁa sage & mn
\m%atﬁmmiémlamutiﬁmmumw,w tmmiﬁéar
olroulated bock to the paus stages/ The fesd Stage 4iffers from the
WMIGm@mthﬁuwrﬁmﬁﬁhaMm%&hmg#n%a |
m%ehargawfe&&%tbuaﬂﬁm.’%fuﬁﬂhgwhbnmm .
betwcen the bop end bot:ton thm, ond 1t divides the osonde in@ Loy
gogtions,. tha wper or wiah&ng uwkiaﬁ. and the lowesr or ltripping

T

scotlone «
fwde mw:*s Daterminine Sepmyation mm%
| 8y ﬂaaanée Chareoterlation,
(3} Peed P”olngz - Obvicusly, the degree of sopoe
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ration atiaimbles with un;y maea»da i paﬁ:inn:, dotornlined by the
umrcfatageainthamw; Samvézatlmmwi;miaﬁmf&ot
that the ecncentration of the gredm{} is ohlefly &i‘mﬁm& by the nuzbey
of stages above the food polint, and the oompentyution uf the wazteo by
the mzber of stages below the feed potnte’ |

5 . (2) Siroulation Tmte, = 4 socand factor emtributing

| to the dogros of separation 14 the rate of civroulation of materiel through
& staze whﬁw ea the feed uta./ e hmwr the rate ﬂfﬂmﬂﬁﬁm
the grenter B #ogﬁmﬂmq ) | |
(). Optlmus Conbtmtions m tosronsed musber

of steges and inoreased oireulstion rate yeprocent inovénsed eapiinl
Savestiest and Insrensed cporating oonts’ The desien of the most
sosnorionl plant fﬁr W wtimhr Sob invelves tha aah’bl&a!mﬁ ot
the sptimm canbimtich of the twy’ | | '

be  Yolatilty of Ureniue Mlmfi&h « The arenius
heantIuoride molooule, as tho meme Lmplies, S8 eomoscd of B3x Atoss of
fluarine and e of wentum,’ $he hemfluwride is & white sulid et room
teuperature and norsi barcawtrle pressure; however, 16 sublimes mg tho
pressure is redused or the temperature inoreassd,’ For emimple, 5t will
ctmpletely shance to o 1f the bemersture I raissd to' JOPF,’ It will
| %_Mgom.mat%%ifehamsme is volluned &0 lese than mew
fi¢th of an atwospheres /At hipher temeratures mod preseures, Osfes
160°9F and tw> atmosheros, the hemfluworide exists en & 1iquide: Yo the
mm:s of operatingy sonditieny meintained in the diffusion plant sasode,
| the hexeflusride sxista &5 & g,anj otherwine, the prosass would be

incperebles




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
yete of corrosion were u;mﬂ to inoreass indefinitsly, the mtln

mﬁw‘kiﬁi’tbephntmulﬂhewmmd. and henoa ﬁaﬁp’l&tmﬁpﬂt
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 plant, the desw

atruction of procesa mms would be prohibitives’ To avold thls eondition,
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s I n,,.‘-/;...ns FA DY

ail equipmn‘!‘. haa baen msde fapr i:ighﬁar ren customary Cor induntﬁ.ul
‘inetalistions, ands in additfen, has been blankebod with dry alre |
48  Cenditloning, = The extramely corroalive ei‘fect of uranium
hexsfluoride has tmde necessary the- "conditioning"ef all surfaceq
which coms into contact with the Aroaess g&i. ‘Prior to agmmtion,' all
aotive plant surfsooy Iare Wm flvorine under condiiions Jeading
to the farmtion of protective supfuce £ilms of satursted flvorides,
Bineo the hwluMde iz resctive only as a ﬂmrimting azent, that |
is, 1t gﬁmupthﬂ!%mm #hemlmuhnfﬁhamml
beine attecked, $6will not reast with materials already mmﬁé with
Lluorines’ By w‘lact'ing sah‘barh.ls which form sieble £ivoride ﬁ!m, tbe
meﬂmmhat%hﬁﬁmﬁ&hnbmmﬁbutmlw
valuoe | | |
4By CUlpanlinegsy = Buecessful owmditioming, posulting in the
fopmiien of an sdhepmt, protective fluorids £5im, requires that the
surface to be Fluorlnated Piret be meda Ssrupuleualy olean, / Purthepe
m, eontamination by fereisn mbter leads o proomss stream cons
mﬁm or dilution, and & b&!’x‘w plugring, / Epan!ﬂa&tlm for
varrier plugg!ng Mm and fopr Wy consuptitn rates ss a yeault of
hmﬂnmmmmmm In Voluow 8, mmnwum
the wpectfimtion snd malntenance of $leanlinows aﬁnﬂﬂv&a for all -
setel equipment swfaca& to bo sxposed 1o the oroceas mu, the elosest
prectiosl appmah s mde to surzionl conditiense ! chan!.m; proceduren
are Gimed at oomplete remowl of dirt, greass, _mau. aamle, {hass,
and othsr srbreansous matisrs / Such material, aslids fyron 148 tendency
to comgume Wy, oan work loosc end cloc barriors, wlves, sud inn&m#a--”
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In the ease of eartain pi.pt uunbnu and niu«llmm oqnlpnent. .ltm,

1t was found more oaamnimt to earry ant clsaning oporaum ab thn
K-25 plant site.’ This eireuutanu led t-o the dnim and uomrnutien

Chrysler Corporstion - tubular gonverters -

£11is-Chalmars NManufacturing Company ~ precess pm:p- ‘
Lukens Stesl Compsny - nickel ¢led perts -

Crane Company -~ valves -

Fisher Governor Company - valves -

Republie Flow-Meter Company - valves *

¥Whitehead Msta) Produsts Company - flat plaie conurt.eu ‘
A. 0. Smith rporat.im - goolers v

Fulton Sylphon Company - ballows -

Glifferd Manufacturing Company - bellows ‘ _
The William Fowell Company — valwes’

Westinghouss Eleectric dénd Mapufasturing Company - mist tiltnra ‘)
mr.:.mhumeom vhouum pumps .
Patterscn~Kelly Corporstion - cold traps <
Schosk~-Gammer Company ~ eold traps - :

Cook Elestric Company -~ bellows -

The Beach-Russ Cempany - vactum pusps -

Chapman Valve Company - valves - '

.. Hoore Produgte Compeny - arnmn.iu msmu hmuit-t«ors -

Yalley Iron Horks Gmpmy pumps <
The Elliot Cempany ~ pumps

Tho Webson Automotive Equipment Company — mobile a,rlé units - i

'l'hl Iork Gnrpention = mobile (.‘-'71’“ tmif-l -

of the eandluoning area (8»&. 11)
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SECTION 5 ~ DMALL SCALE TESTING QF PLSNT DESIGN'

&
h=l. Introddiion. - The sarly development of the design of the.

gaseous diffusion plant was.dﬁna under The k., ', Kellogg Company's CORD |
gontract OiMar-406. 7 With the aelection of this 6ompany by the Manhattan
Pistrict, and the formation of The Kellex-ﬂorporatioﬁ sarly in 1943, the
design snd engineering ol the produciion plant procseded at an increased
tempo. ' AL the same time, experimental resecrch and development on junda-
asntal problems G’i?) ceritralized at Columbia University.” Experimental pilot
plants sonstracted and opbrgtad for the purpose of studylng and solving
probleus involved in the XK-25 research prbgram hive been discuased in
Section 7 of Volume 2,  Volume 5 presents an ascount of the experimental

operation of one of the prcceaé'buildinga ss a "“54 slage pllot plant",~ The

present section treats of inétalla.tiona operated for the purpose of

determining or confiruing various data utiliged in K-25 equijment and
process design.v All installatdions described bslow were erected st the
Test Floor, a part of the Kellex Jersey City laboratory. v

5-2. The Teat Floor.

a. Censtruction of Filot Plant. - Contract Ozuar-406

provided for the_déaign of a-pilot plant to test the assparation of
urasnium hsxafluoride by gas diffusion methods.” This contract wus
supplemented to provids for the construeticn nnd operation of the pilot
plant., v ¥ork was ztarta& about 1 July 1942 on the buildings to house
Lthe pilot plant, the control lsboratorles, and the maintenance faclli-
tiee, ' These buildings were erected aithin the yard of the Jersey City

plant of the ¥. ¥. Kallogg Campzny. v
b, Conversion to Test Floor, - Originally, a is-ataga

* 5-1
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. eassade pilot plant was viamed, vdti‘; ite ovjeative the progurement of
basisc engineerin: date from which & pmdmﬁim. nlant gould be dszxigxxeﬁﬁ
However, 1o view of the uz-tenasr of tho gaseocus diffusien progrenm s &
whole, and the noscssity for obminiﬁg; quentitios of U«256 at tho
‘ earliest possible momont, it was foresosn that the R=25 preduction plunk
would tave to be desipned, and erders for cortalin equipmmt would have
to be plaped; bsfore it would be peoszihle to ab&ln full spd camplete
anginesring: data from @ pllot plants ' The pilot plant was mboordingly
conyerded bo & tagt £loor, wherse the desim priﬁ&ipl@n of septain
specialised equipment for the production plent eould be proved bafore
full mla mrafecture of Ithm itorns was beswme ~ On 81 Mareh 10543, the
pilot plant progren was placed widor the Kellex Corporetion smirect

o Opepetion of Yoot Floow, Considerable prelininayy

rork s wnéwtad m rrious ploges of eguipment mnwmnt with the -
depion of the larce plants < The fundanental studies on the nhmim'y
80 physies of the prodess wore alsc continuods Emphasis wes placed
. wen verfoun phases of the experimental work, as distated by procuse
and mochanionl enpinsering requiremts, ' Te chlef sbjeative wha to
pot the larpe plant fnto opsretion at the eaprliest possidle dnte,
mm, £ho umm@nnhmnt of more limited objectiven, auch a8
cmpletlng the tfsat floor ssmendo, wWere givan lomr prioriw.

B4 The Tanwitnro Casonde,

fs Congtruction of the casmﬁc. = Onee preliminkey wori

on oquiw*aant development for thoe fulleecale plant we sufflslently
sdvanoced to glve e rcegomable probability of eucsess to the wndertulking,
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plans were lald for the ereciion of+a ten-astage cascade pilot plsnt. It
was considered advisable to have those manufacturars providing the prinsipal
equipment for the large plant produce the units for the test floor
cascade. ” This led to some delay In delivery because of higher priorities
generslly given to orders for the large plant.”

b.  Operation of the Camecade. - In April 194/, the

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

l operations ware started.  The squipment of this pl#nt was similar in
ill inportan£ Yespecie to thnt'baing nnnuraétured for tﬁa production
pluﬁt, with the exception of the dirrusofs."rhe diffusers &id not
gontain barrier tubes because material for their construstion was still
in the research etage nad,'thcrutor-, was not avallable in time for |

| their manufasture.”” Perforated tubes were used instead, eo that flow
aonditions could be reproducsd, although no aapafation could be effected,
However, prnsaurti and temparatures slmulated doaign.conditicna of the
large plant, and flow coﬁditionu wor: similar to, but slightly lower
tbén, those.of Sestion 3 of the lerge plant (Par. 7*8).”0pora§}oa
of the casgade was contimued thfgugh December 1944. v Some Aiffieulty
was encountered with various mechanical features of the plant, psrtiscu~
larly pump seals,” The frequency of such troubles was reduced as oper-
ating experience was galned, and amooth eperstion waa.aohiuved durlng
the last few months of operation,” A large number of technicalmen, later
conasrned with the operation of the production plant, wers tralned ;t

the test floor cascads.’

o, Results of Cascade Opsrations. - The cascsade per-

formance was equal to all expectations.” Detailed results of the test




flmar* ceapnde npeputions are prosented in & sepies of fen technieal

reports (ADpe F10)e” Amens other thdnps, 3t wis deponstreted for the

Pirvot time that:
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Equlpnent desigzng for the Imrpe plant were .fm&amnﬁuy

. soundy v

Bquipment of this fype end sige eould be sscerblod 5o as

to bo initdelly weeuum ticht, and remin so durinz

wxtended opurations | . | |
Equipmemt of this type and @ire eould be mide sorupue

" during amr&lar;

The tmer surfacoe of & Meﬁ‘mlhﬁmw
readily Pluorinated, unfer stnivelled conditionej by
cirgulstion of Plusrinesaitrozen mixburets ”

Adegrate ooatrsl of pme, tonporature, mé Flow sould
be ronliged v‘ﬁi the ingtruents developed for the Inr e
plent, ana a1} surges whish oould be niticted in &
cestade of this number of ¢tz could be quickly dmmpody” '
Operetion with the hexafluorife was o more diffioult
than with the fvert croos, 1f cortedn preseutimns wore
gheerved, -

Inort jmses Iooulé. be cantinwmlly pursed l’m the gygten
hy :ave_id trens of' the seme fundamental desipgn as planned
for the larze plante 7

The fluorccarbon coolant sirculation symstem ooulld be
essombled and muintained sufficimtly ale&ﬁ 26 thet &f‘ﬁ'er



soveral months' use the coolant would ecntinue to pass
the ririd gpocifiestions Cor chonlerl inerinoss,

_54. Pumn Test loopas
®s Flow Tost Loops = Tho Piret Test Floor wnit wes builé

for the puvposo of teating an AYMa-Ohalmers pumy, & RBepublic Flow
oter Comeny maetic elubch butterfly control valve, end & Fisher
Compayy mowstio bu%arf'ly eontrol valve, ‘4‘1& propaptiss for ums.m
hamf‘lmri&a wore desived 8t werious pressures and whaiﬁieau/ Cperetion
of the it aldo provided date pertainias o the probles af" wmm

i piping desipns and we:}ﬁiﬂg

tightnens and leak deteotions Dprove
tochaiques wore mﬁmmfmﬂmm in pemsral Jod to the
ersation of & T wg&aaer&m: suhool (Vols £e
_ by s> Tost 1oop. = If;m m-igvimllar thourht
et any standerd vasws pup wonld be guitable for Wy or Cluerine
sorvics assuming the use of & uitable inert otl. /A% & result of tosts
mzde on & nod=) prodused by the Kimmey Ehmzf‘wﬁﬁﬂng ﬁmwg in whigh
| i'& wag found that Ea25 ﬁghkmss gpocifioationn oould mot bo met aud
trat the Py wes m‘b muy &&p‘h&lﬁ o r«aﬁwign fur vacwmuy uemwu,
vee of the Y:’.nmy P WLS Hmiﬁad to rough Wm gervics, *

8¢ Siobos ?m@ Toat Ipops « & veoumn pup mnufachured
by the Stebes MemPecturing Coipedy presontsd & partinl solution %o the
problemy /Upon pedosim, tho mmvad mdal wms i‘amd aatisteotory for

Kimev_ s

fluorine service {(Vols 2, Eﬂ.z'. Bed) o’
de Beaghefiugs Pump Tost loove » A loop w3 aet wp for

testing & specially develosed vecum pump mmoufecbwred by the Beache

Russ Mumfueturing Comeny (Vols 2, “ere 5-0).° Dnta obieined were
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utilizgod in the degimm end mnufecfure of the R85 proeess (28 vaswun

puEpBe _
0s Amorican lmeline Dafange Pum Test Loona = 4 ssmle

reciprooating pump for use in'the I=256 purre @mda wo buellt by the
American iaghine Defonge Comprnys and wae studisd in uranium hmflmrm.
sexvios at the Teut Floor {Vol. 2, Pur. bebb)s” Diffigultics encountered,
peprtioularly with veeum lesslage and oxcessive vibrution, lod *bo the
Savelovment of & greatly modified and improved dssié;:, whioh w8 uded
&z the bagis for quntity mnfaom of ;_aiu-ge purpa by the ?allw
Tron Workss '
Huby 41155 Chadmora Puny Seal Teatin:, = A pepricn of teats were

P 40 deternine the 1ifo und operating sbarecteristios of sleeve and

. diac sonls (vols &, Par.. Be2)s (It was Poumd that the sleovs senl had

‘& tandensy to selse the shaft and deatroy ftaelf et times of pum
ghutdomm, ’/ Tous, in the w;uciw mnga of 800500 RPY, ms luwmtim
was poore/ This findinz, together with tho fact that tho sleeve weel

gould not taks Hhe full differential from atmogsheric o procsss pressure,
disoloned the m:z!ﬁhﬂiiy of the glesve poale/ Diso goel testa, on the
gthor mand, derumstruted swerior rusgednoss and ability to take tho full

- pmesgure ameﬁnﬁ.nl, and confimeed the cholee of thw disg fype sl |
for generel propess pumy uges / |

B, Oold Trap Tostinge » T experimentnl cold treps, built

respootively by thce Sohookwiusmer Company, vnd Joseph Fopperman and Sens,
ware tosted Por eanmity, heat tmnsfsr, nd oRETy=Gvore ‘ﬁm unita wore
etwilod under o wida rance of eonditiong in owxder o eolleet dafﬂ which

would apsly in the gpeciel tomepsture ranre required, and which would

GG
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covey the heat transfer propurties of tho Wg provess fluld and
metalllo otsetruetion materdals of sultable gorrcsion rosisenges © .
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SECTION & -~ PLANT SITE -

6-1. Site Selestion, - Immediztely following the decision to

build a gaseous &iffusion production plant, consideration was given to
the selection of & suitable site.  Prior to the selection of the actual
vitse, _md bafors n‘ncuraﬁe dats wers available regarding space require-
ments for the process o.q-uipmant». the K_allux Corporation, in collabo- .
relt-ion with the Carbide and Carbon Chemicals Corporativn, ('Ap'p. F23}, |
uhich had been selected a8 the aperat.!.ng cantuctor, hgam o Iormlatc
1dm soncerning the plnnt. amngmt. | S
a. Iocat.ion uithin Clinton Mur Works, - Pr:lmry

consideraticn was given 4o tha,-.nllc_ﬁa_n of & ﬂ&c_vd.t-l_u.u t&o__ Gnnt.on

, Engineer Works military reservation (C. s.w.) » sinoce t.h:l.n arsa hed already

baen wquiud (Boat I, Vol. 10) for other Hanhattan District &n’sivit.iu.

The first interna) site inspection for the purpese of losating tho

gesecus diﬂ-’ua.‘.on plant was made on 18 Januery 1943 h._;r roprpnntat.in-
of the District Enginser, Kellex, and Carbide (App. F27).” A series of
further inspections was made by Kellex perscnnel d:aring suocseding months.”

In addition, surveys condusted by Kellex disclosed two other luit.q.hlo

J.oeatienn A site on t!u Big Bend of the Columbia Eiver in the state at
ﬁuhingtm with power available from the Orand Coulee Dem, and a site

in the Sacramento Elver Vallasy in Ualifornia sdjecent to the 3Shasta
River Frojeot./ Some al:l.ght advant.ago would have obtained an account of

“the lower natural humidity of thess areas, bui because of the availabllity

and suitsbility of the C.E.¥. area, and the appreciable tims delay whioch
would have been involved, if it had been docided to ascquirenadditional
land, the District decided that ths 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 [
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within the Clinton Fnglnear ¥orks area were initlially considered,” The
spplication of factors 1; 2, and 3, above, to these narrowed the number
of suitable eltes down t;: fiva. These mere studied in detail; and &
site in the valley due south of ¥eKinney Ridge, ne_a.r..!'fhoat Sghool was |
tantatively selected in February 1943 (App. _Fil.). v At the time of this
declsion, production plant design was at a nhgq whieh indlcatad that
all required powsr could be obtainsd from the ‘l;mnassas_ Valley .#uthbri_.ty,_./
- d,.  Powsr Flant 311{'-. '-,- As discusged in Ssction 12, suhscé
quent _cst.inht”_;of _pque_ffng_:irmmﬁa led to the decieion to construct
& steam-slectric power generating unit t.a sarve the pr'odﬁaii&n plang_',: v
The aite for the power pianf. un selocted by Kellex with the appi-qnl of
- General ﬁmni, on 3 l!q 1943 __ “pp. F29). 1% -I_as situated roughly one |
rile southwest of the l;focass ireg, and immedistely adjacent to bho "
Clinch River, on the western extremity of a bend just above its int,oz;- .
seotion with Poplar Creek.’ Thia site was chosen because it provided
a means of cbtaining cool condenser water from the Clinsh River, and of
. diuaha.rging it into Poplar cnak uhere .ﬂ. would not nffaat. the t.empor-
ature of the water at the intake./ It alss had puitabls terrain z_‘oatm-as.

for rall facilities and coal storege.’ | | o
o. Final Cheige of Prouu Area 311-... After the eite

for the E-25 phnt. near fheat, Sohool had besn selected, it was det.ominﬂl
that an estimated saving of over one and cne-half million dollars could
be made 1f the main plant were moved from the Thest Schiool aite to a

’- lecatfon due west of HeEdNhney Ridge and near Poplar Creek. ” Furthermove,
as more definite knowledge became available of the space requiresents

for process equipment housings and btmctma, dotailed studies discloscd

that a somowhat larger site than that originally choaen would be de-
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_ s:lrnble. v ‘I‘he neﬂly rropOsed locat.ion LEL: also more uccessibla to rail-
road aidingu, and closer to the poner plant s:lte. v consequsntly, on 24
.Juna 1943, the new aite ®Ras {ormally aporoved, after t.ha concurrenca

of the Kellex Corporation and the Carbide and Carbon Ghemioals Corgo-
ration had bun obtained. / .q dcacr'ipt.ion of the terrain and 8, discusaiﬁn
.. or-sit.o preparation aqt&v_it;gg p,m .pmaanted 4in Volume 4./ Various meps
and plet plans of the K-25. ﬁi—éa 'if?ahoun 1n Appendix A of Volume 1, and
B of Volume 4, Photographa are ahoun in Appendix E of Yolum 3, E of

Volune 4, and D o.t' Volma 5 | |
62, Sectionsl Sits nui%t,f s, - For reference ‘and scsom g

.pnrpanéa, the E-25 plant aite has besn broken down into a mubesr of
" sectional parts;, each oonbuia!.ng a group a: ‘tmildings which serve re-
lated functions, or which ara accessory to one another./ The numerioal
sastion dasignation provides a ¥kay for numbering individual bulldingas:

he Mﬁ-‘ﬂr a bullding nunber 1s fdentical with the firsh dloit
of the section number,  Thus, building K~T04 i located in Section ?0.0.
Seetion designations are shomn in Table 1.7 Thia ayat.em of 1dant1ﬁ.cat.ton

16 used throughoat t.ho remainder or Reok 11,/




'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

YT Y e

b. Nead for Further Invesiigation. — The above quantities




belore the plans could be translated into sz working plant.. 4s related
in Volumes land 2, sspecially difficult problems %g;;arﬁd in connecticn
with the corrosion ol melals and other plent materials by the uranium
hexaf{luoride process gas. Barrler dev.lopment regquired the exploration
of @ nusber of materials and menufacturing methods,  Frocess design
necessitated intensiv? reaearch and development, especlally for those
ﬁnibs required for ﬁhu upper stages of the plant handliﬁg material
higi:ly concentrated in Uranium-235.x/Fiant design was further cempli-
cated by the precautions necessary for the protection of perscnnel
against the process gas itsell, which is an extremely toxie chemical,
and also emits eertsin types of injurious’radiati;na.v In addition,
protection against possible chain-reaction hezard, the extaﬁt of which
was unceritain, had to be provided for by appropriate equipment design.-

T-2. Major Fodiey Decisions., ~ Delays encountered in the

research and development work mentioned above materially affected the
decislons thel had to be mada-ralative to the sise of the plant, and
the order in which variocus ntagaa'of the plant were toc be désigned, |
developed, and conatructed.? The progress of design calculations
involving caacade characteristics and number of stages neceasary is
discuesed in the Kellex Completion Heport, Section III, (1) B. Major
decisions of Distriet policy are suamarized below in chronolo;icsl

order,

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

good many of the various detailed equipment problems were partially or

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

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




36.6, and 90 per eent production plants (Apo. F16). Based upon these
data, the construction of & 36.6 per ceni production plant was author—
ized by the Distriet Engineer on 18 August 1943 (App. 1327 Design,
engineering, and construction activity was now limited to equipment
required for the 36.6 per cent plant. - Devélopmant work however, was
continued on & emsll scale for the higher sections of the plant, in

cuge eﬁnstruction of additional stapges should later be authorized in
erder to produce & higher concentration product, The significance of
the 36.6 per cent polnt, is tha£_§; this point désign celeulations
showed thét radioal changes would be nécessgry in various impartéﬁt
features of protess design.” At 1cwe£_conpqntratians, tubuler cohiverter
deslgns are most effective; in higher sectiéns, the flat plate type is
prérsrablu.“'SLmilar&33 in pnaéing from plant sectiony handling meterisl
of aon&anﬁr&tien'inwar than 36.6 per cant, to higher sections, the most
practieal stage pump design changes fron 8 ceﬁtrifugal type with roteting
seals, to the gas bearing type (Vol. 2, rar. 53), By concentrating on
the lower gections of the plant(up te the 36.6 per cent point) it would
be possible to svoid sll of the proéeaa and sguipment deslgns peculiar
to the upper sections, the lower plant program could be carried on at

an accelerated pace, and the first productlion of partielly enriched UFB
ecould be reslized ai a much ssrlier date.- Furthermore, successiul
design? construction, and operation oif the lower sections might very
well provide a log;cal besis at a later date for turning attention to
the new problems irvolved in the extensicn of the plant to higher

cencentrations. <

b. Deeisicr of 16 Janusry 1945, = On 16 Januwary 1945,

7.3




waen the fMeab sells of the plent were about to voe inde operation
{¥ol, B)s The Yolisx Corporation wos authorized o prosedd with the
enginearing and proourement of eritical gmierials end squipment
nacessnry o extend the plant for production of mhterial et 86 plug
or minugs § per cond concentration {Appe F20)e 7 This axbansﬁ.cv.n was Lo
be desimmed as Seéisinn Bs & rovision of the orizimslly plamed Seobions
6 and § of the 80 per sont plant,in thed only ons dype of squipment
wd to be used in lieu of the twe types origlmlly sontomplatod,

¢s Desion Chanrs of 8 Yarch 1045, = Utilising the

Jatest awilable data, and the most alfuctivw end acouwrnte methods of
dosign enloulntion, Section 6 wno ohenpged on § March 1965 by incroasing

the wasber of wtages from 1008 to 1440 {Apps Fil)s 7
¢ Decision of IS ¥arch 1845, « On 18 M¥erch 1945, aftor

intomaive study of tho perforpence and gapabllitlen of both the eleoiro=
mienotic plant end the abrideed geecus diffveion plant, the plans for
the sonstruction of Section 5§ of the gar ALCfuRion plent to produss 50
por cent mbarinl were abardonsd (Appe PR}, 7 ‘

ve  Addition of K-27 Pacility, - On 8% March 1945, the

ﬂiaﬁis'& Enginssr auwthorived an sddition to the plont consisting of
540 stupos &8 & side foed, which preatly inerecssd i4s output of 5646
por ceut mboriale ??115 addition wns lnown as tho K87 plant (App. F24),
Twle Plant Capegitye
2, Degipn Capacity, = That portion of the gamtlzus difw

fusion plent eripinolly sonstruched (L.0., the Be25 plent proper,
axoluding Ke27) was designed to proeess 960 Idlomunms por dey of mabural

wraniun hexelluoride, &nd to erbruct fronm 16 4.1 kdlogams of hexie

e feam RTTRE M8
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fluorido having en isobopic concentretion of 35648 por cont Ureniim=-256,

e md w0 o wtsy B

Sush 2 product contains 1.0 kilogren of Uraniums235 motal or 22 por sont
of the Us235 initially present in the foeds -Tnder such conditions, tho
ropidue or wmeto contelins approximtely 0«6 per cent of the 235
igotopo,

be Flexibilily of Oporotions. - Thers is considerable

£1051b8244y of eperntion inharent in the design of the iffusion plants
The eapeeity of the plant will wary with the Ssotople sompositions of
the produst end weste, and with the Quentity of hemafluoride proscssed
por £aye 7 The reletionahip betweon these festors 18 complexy fur
puarpocss of $1lustretion two ¢meples may be oftsd, “ With the feud rate
wizﬁng urltersd et 969 ¥llograns per dsys but with the isotople
- gonmentretion of the product reduced to RO per cont, Gypleel _d@gigz
 caloulatdona predioted e produst rate of 9,1 kilogrens per day of hewne
fluoride, equiwmlsnt w 1.2 Wlograms of %a-ms.m-zas netel, < Sinilarly,
mintaining e produst soncentretion at EQ par oonb, sl noveneing
the chargs rate o 2430 kilogrems per day, the desimn pmduat rude ves
Increased to 5e8 kiloprume of hmmfluoride or 1.6 kloprums of ﬁr&nnau-
232 matal per day, |
Y=ts The Plent Casecade (Sootion B0G), -
ke Jdoal Desicng, = Thoe most effielent plant o ammh

the dusign soparation, l.0.,tho plant requiring the least powmr, and the
lenet berrier surfaca, end hoving the lomeot inwntory of hooafluoride,
is cop in which there fg no mizlng of sliresms of wegnl concaunhretiong, -
In sugh & ctrpoade, the light freeotion from omo otage and the heavy

fraction frow the popond einze ebove {Fig. 1, froing pe 4.5) hawe




$donticol conapntrations, Yo eatinfy iz ocondition in & plant of
umiforn berrier quality requiresn ~& variation in flow fyom slage two
stagee ' In the K-zs oagonde, this would mean that the upflow would have.
to deorvnse from o walue ey timgs the produstion rate at the feod
polnt, to & wlug at the topmest etupe equel 4o the production roto.”
(1) Yariable Stape Control Prosouras = Stoge wpflow

is directly preportiom) to stage ecuipmont size snd to Bimpe control
prossure,’ A Ynmitine plant which oould funetion ez an ideal smscade
can b ecncelved with equipment of wiforn sige and verieble stapgs
sontrol presaures © The practical disedventepes of such & design aras

s  Pressurcs must be controlled over B wide renges, Mo
Re25 gporation thore would be g 200,000 £old pressure

. PRRES,

2. If operated ek comparatiwely lpw pressurs, tho equipw
ment st tho ends of the carende iz wmecessarily larpe
and ﬁxmf‘nm wntononiaals -

5. I oporedsd pt comperatively bipgh prossures, oone
warter sffislonoy Lo adversely saffoated, -

(2) Farioblo Poulomont Siss, = & sooond type of
ides) onmsgade would fnwlwe verisbls equipment gise and sonsbont elege
eontrol precsure, / Tho jargest sigo stupe would bo at e feed polnt,

exnl sach sueoseding stape, in efither divection, would bo slightly

g ller taon 1t predeconsor, - The procoss pumps would wry In enpeoity
fron: owsyr 12,000 oubic feot por minutw ot the fead point, t lsss than
2,000 oublo oot por mimibe 8t the top of the plante AL ofber bnglc

stape eleronts would bo slzed proporbionnldly, Obvicusly, such an
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arrnaerent would not be practicnbls for a pland of thic eise, ” It
would involw e gtupendous menulfecturing job, reguiring on enormous
nunher of glwes of squipsent, saoh with its ovm sparo.-

be  Squnpd Plants = A third funderental tipe of plant i

& sguare ctacade in which the equipment Is ell off identical sige and the
upflow 48 o geme for nll _I_S‘&xg&ﬁ," & plont of this Lypo reguires o

 sonvertsr tube aren pany times thet required fur an idew] casonde, howe

avery aud the time required for the plant to core to equilibelum éuring

the porlod albor the plapt hag Leen smébad Hut before produstion aa.n

bopin is mich preater than for an ideal onsoadés ” Thw prim&pal Bl

vantuge of the sguere ceccnde iz sinplicity of desipn sxd operaticn.
pe Agtunl] Deslgn, = The Ee26 design &8 & oompromise

eombining Peatures of ssch of the three fundsmenial doaigese - The casonde
%c divided into nine seciions, - Eguiprent sise and pressere lewl wary

~ from sectlon to seotion (Pary 7«8)s” By sectionslising @ equipment,

it hes been posaible to approwch closely the wopt effieient plant, neling
enly five gizas of sontrifuzel comprassars, end four siges of #iffusers,”

© The F=25 sagsonde 15 ptrpared gmphically with the Sdeal casoude and the

f

squere cagonde in Figww 8, in which interstage Tlow rates are plotbed
borizomtnlly, knd stnze serial mebers vertleslly, Thus, for the petinl
Km2f plant, mpma&ﬁwﬁ by the block disgrum, each rectangle slemds for
2 omaende soetlon, with 1%s lenglh proporiiomnl to the intorsioge flow
rote 4n the seotlon, mnd 1ts hwight proportlionrl to the number of stapes
in ths geotions " An overall peoecass £low dinprom for the E=00 csscade

g ghown In Appondix B2,

de Thombor of Stmres, « The min coaseade gondaing 2892
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inatalled stages.’ All are arranged in & single aeries, with 2622 above

the feed point, and 270 belew.’ The K-27 plant contains an additional
540 diffusion stages of which the top 12 to 30 may be used for purging
purposes. ¥ The remaining puragraphs of this sectién deal with the main
oaaoa_do and it.a suxiliariea; deacx‘ip;ion of the K-27 plant s p'res_cntm
in Saection 14.7 | _ |

a. Typiecal Foui&éiagg Cascade. ~; Figure 3 presenta anf

isometrio drawing showﬂig the basic slements of four stages of & dif-
fusion cascade,” Fiﬁng att.ontionz'&n any one stage, the diffuesd gas
'1naﬂng the ghell of the diz‘.‘rwur, is picked up and eomprusad by ons
of the two unt.ritugal nnmpronmrs, t.he "% pump, This strean Joinl :
t.ho undiffuged frnct.inn from bha ueond higher stage, and the nlxt.m
is comprusaed furt.hor by ‘the "B" pump of t.ha stage immedlately nba'u,
| ,nhere the gas is lub,joetad to an additionel auparation.r The rersidual
- stream Irom the lﬁt.'nrge undar’, cmi@eration is throttled by flowing |

throug’hﬁt.he control vallv"o;. Tha q;pmdéﬂ gis joins the diffused i‘ueuon
- from the second stage bql'ol'.at: the suction of lthe "B" pupp of the stage
immediately below. At this étagd; the lapmtigﬁ'ia agﬁiﬁ repeated. The
diffused fraction from the ntage_ :ﬁd}.ou, and the ns;ﬁﬁni.frantienl from |
. the stage above, jJoin a't.lt'-he sﬁotibﬁ of the "BY pﬁm_p 'ar the ot.‘ag\a in
question to form the charge _-fdr this at‘.agﬂe.' *‘Th_n {lqw pattern for all
normal stages 1s the same. » '

7-5. Stage Design. - The term "stage” s applied to the't’unda-—
mental operating unit within the K-25 plant (Fig. 4, facing p. 7.9).
a. Basic Elements.

(1) Diffuser. - The diffuser (alsc known as "gas

F
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fXter®) ig the heart of the strge, And savpies the &iffusion bavriers,
Serrier research and dewloprent is ddsoussed in Volume 2, Beotdon 4. -
(2) Gooley, » The oooler oonaiste of & peries of

-goils mde of small sopper tubes housed in & swonel metal caskig st the

entrancs wnd of the diffusor, /A soplant airoulsted through Ywse tubes
xmintains the desired operating temperatures, < Thus, the ssoler sud
drfuser are falrioated integrally to form the "eonverter™, / Converber -
dosign 46 Glecuseed In Parmgreph Bedy and shown by Flgare 14, fecing
Ts 8.0 /The dewlopument and Wﬁe&‘ e tmm eolnnt, |
perflucrodinetiyloyolehensns, OgPye, 3% trented 4 Book VI, ~

(3) Pums, « tw sentrifusml purps, (woms tizan

referred to ks “blowers" or *oosprosecra”) are provided for each provess

stage,” It 45 theoretioally possible to design m diffusion easesds vaing
only eoe pup per stape, Buch an armngement would negessitate throttling
the "P* streem, from the next higher stage, down to the pressure squel
6 that of the A" strean from €hs next lower stage before blending these
mmwmwﬂmmwmmwm¢ Bedueing e
mmﬁnmh%ammmmﬂwn&m
pressure would be dnsffisteont, 4 asoond objection to the singleepag
Systen 15 the very largs eompression ratio (sprruizetely 8) which

would be requived, This ratic is not easily handled by eenteifuml

puzes  The two-peg arranpesent $o thorefore expleyed, in shioh the
stnpe 5" pup fusds to the nhgemmmranmmuﬁ‘lﬂsofﬁ
mixture of diffusato from the next lower stnpe end partially depleted
mierisl fron the pext higher stags, and the stege "A" puwp remcves
diffusate from the converter, feoding it to the 5" pusp suoticn lns
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of the next higher steége.  Process pump rescarch, development, and
design is covered in Volume 2, Sectiocn 5, and Volune 3, Paragraph 86,
{4} Control Valve, - The control velve (Far. 8-12)

is of the hutterrly type, especially sodified t.a suit the neesds of the
K-25 plant. v It gccomplishes the rogulnbiqn of process stuge pressurea.’

b,  Stage Instrumentation.

.. (1) Converter Temperature., - For measurensnt of

convemr tsmpcratum,- & thermo-eleoment fa set in a well in the ¥B®

atrean 11:13 lsuving the di.ffusar. _
{2) Intor—St.sgo Flow, - Ths .flon rate of partially o

daplutcd process fluld luv:l.ng a converter is indicated by t.he poaiticm
of the_ stage gontrol valve. In most of the stages of the plant, a -
venturi method of measuring the flow rate is also availashle, based upon
the measurement of inpaa;. prsaénre &b the "A" pump discmge, and the '
dilference in pressurs betueen t.hia peint and the A" puap auction. |
} (3) Stage Prcuura. - Prumu'a is messured and con-
t.rallad et a point ln t.he - L tt.ream line aarrying partially depletoed .
na.terinl !mm the ntsge toward tha suotion of the "B® pagp of the !tage -
" balow, The aﬂcctiqn of this point for the oont-ral.valvc_ 1: based upon
the fact that pressurs loss in this nm'_iﬁ'MNi@ble, and no process
Lnufticioney is eaused by the introduction of & flow resistance at this
point._. Located anywhers slse in the stage piping system, it would
reduce the prossure ratio aoross the bﬁrriar for the same pump capasity
and brake horsepower, and thﬁ_a raduce the enrichment per stage for
equipment of a éivon sige, For possible future use in preasure nu,surc-;

ment, blanked off teps have aleo besn provided at the "A" pump suction, .
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A TiemrT CELL ENCLOSURE

Diagram of o Typical Cel/ ﬂ% ;j

,/;’-/é'awy lines indicote normal gas low.

OX Yolves ndrma//)/ opern Autornalic pressure

regula “ing valve.

CX Vatves normally cJosed




and st the gomwrter feod points The stage pressure contyol sguipwnt
'~ 4¢ desoribed in geeater detefl in Paregraph SeiZ. |
%afs  Coll Desimna « The “ooll" 15 tho srsllest ivdividually
-mhh nz'zs.e.«i-n d» gasende (!’13‘.. t)s It s !mpwaa&ia to bywpuss or
shut down & a!.ngh atege, ov any nuder of ;mgan s ﬁmnu mm
#ﬁug ™he wn 1 provided with piping, vweluss, srd. mm&m #®
et ltmy&mnymnwummmlmtwﬁm mmxm
et At sy q sltormtely eperated, wnder atnormal sonditions, as e
- gaparate wity or ro thed ttmyae st dovp for minlgnanee g othee
Wummmmmtmm»ma

E-05 and X0T sontein atx stagess Thare sre 2000 mimpws, or 482 m.
fn the K=26 min eeuoedes The declsion to wsploy six wiegee per sedld
. fnwolves a 'awwlm Yotweon two spposing censidevationss mg
sach uh@ﬁﬁt its o piplap snd n!ﬂngm mh Mﬂaw
tyepmssing would glve prestest Plexivility of eperation sm hApheut
stroan effistenays en the other hand, the ues of & grest magy st gon
por 0032 would rowult fn & vestly sinplificd welving and piying systene
“but would mooesiitats shutting down 8 largs meber of Stagey When ANy
coe hee o be talen off stren for repaira, Papected mistenance
sehwdules Jed to thoe prodiction of & stwean sfficiency of BS per sent
whon #ix stopes ware taken as & oell, {"Stroom efficlenoy” is Itha mtly
- of 'bha-.mmber- of singes sperating 4o the Wwind maber of stapged in the
plint,) The soll 4s & welf-nentnined opemating wnlt with 148 ow
control beard, eooliny systew, pwp sesling wystem, sud other

auxilinries,




W i

hefope putting the ool) on atyens,

LR LR
el W B owa Lim ﬂ'kD M

. bs 01l Yuwevee Reayslo Idness » In addition to the
piping provided for by-pawsing & oell, provisiun hag been wede for the
operation of & esll on "invorge yosyale®s Coll Smverss yweyele Iinmen
pormit peaysling the "A" stveam flow from the top stepe of dhe sell
to the "E" mew of dhe bDolbom stage, snd dhe VB ptrenm Flow fean the
bodtor stuge o the "B puep of the top stopss Bush ax arrhagesnt
perith operation of the ooll ax & vesirouwlnting wilé, or as en indie
vidinl sixsetege onsonde, in whish the ercicluent may be sareiod on,
tut wo produst i remcvod, One wmaagls of the w5 of gugh & pethod of
sporation i for the purpose aramus.ngun mmm pressures
Mmmmim“mwummewwwn,mﬂ

& Lel) Divest Nsoyele Yinn, « Ifm*&" Al

eall inlat walves, and the sell dnwesy veeywdo 1iwos should &)1 be

slonnd atmlaneously (Plgs 5), or §f € restetancs in the dfscherss

3oe of the Sopwatags ”A”mwmnww (ummﬂ;

abnuronlly Jarge meder of consecutive selle abuve e puep 4n Guestion

are bypissed)y Flow dhrough this A" pup might desrease &0 far Az €
vosult &n prop ewrglng and swrbmnting, The aell vest recyels Hire
wes therefeve previded, o divest Plow from tap piage "A® pump Afschargs
bagk to the YB' puwp suation of the satw atepe, In cpsen vhere the
mﬁmwmww“&“m&ﬂm“s%nmdehmﬁmm
mine,

(1) Inwerss Roayole Flew ‘ Yongurenende « It was folt

et » means of meeswring £low rete would be desirable for a eell




-mmmguanpurau satity (en inverse nmh)o A Zlow indiontor
wns therefors provided ln the ull "l" lﬁ-un inmn umh J.iu.
The original pwpose af this !tum for un in mur:l.m of the
domflow in an inohtod nmh mrutzlan ﬂ.th m upnn u indiented
by the stage "A" m Yoawri ﬂowindlutwu.. Ns ml % pernit
néjunhmt ef u:u inm'm-y hruu phuing &u un. h m main ossends,
uhuhmamideﬂdhumhhinmhﬂdmmmwpaﬁm
sus of osll l.ﬂ:litm. In mmt oporaﬁm tho un u Mlnuﬂy
rum. hmr. vrlﬁ: ummmmmzymmpmum
Exaot iumw mmt 18 not lq:mt. _' e '
| " {8) ptrect ﬂle_ph ﬂwcmtral.- ummgmmy
: hmm«mmmurmuuummhrmumm
mmuhombyn;ﬂsuuurb-hmmmmm#m_
| mwwmmwm mmmmhuamzhm_
,uumumm;mummnwmmm-m A
mmumamnumhnmwmum.nwwu
-m»mmmmmuumumum.;m
resistanoe flow pathe  Girouts belewe stodies later showsd that Whe pressuse
(=il flow charasteristion et this point were mich ihut &ho &:lmmn! ﬂn
Mmﬂnwmwmnlnwﬂy. The difficulty wns mont
mwmwwpumwmmﬁmmwmurmu'
paap dlscharge static prosmure.

(8) Froosss gtress Analywes. - Provision fis mels for
u&\arm oaxples for analysis from dhe "A" stream leaving the top
m.-mm-um-go'a“ pump 49 used to actusbe flow through &




®s  Hlscallsnpous fel) Commoctions,
(1) cold Oyfys Commootions = 4 abarging aud
smmntion serewoetion rar the Jntyodustion snd remcwvel of nwperflusrom

. hwptane, Cyfags 45 provided for ench osll at the sugbion of the “g"

pum of the PATHh etags (Pare X040h)s It was ordgioally planoed to
toat a2l procsss equipment by eperation with Cn¥ys tafere placing it "

on giretn,  Subsequent starteup mﬁﬁm showsd Hat L6 84 vemwooesiery
o m:m!mwmi Og¥yg tests mnnaguimh ﬁnm, _
the egfam law proven useful for sush W» N' e sote

W;:ummmmnhmﬁmmwesm@
the £1£th stapn *1° poep (Fare J0eHo)s An adfecent sormeotdon is
wwmwwmmwmzmmmmmzhw

| pormanent dlspeshl system piping (m. M)w

(3) 0s11 Prossss s Resovory Comeotiongs -+ For uie
in somawation with the proosss gha mamy uwﬂm {Para ?‘wﬁj
$0a8e), & ooll elargive hesder sud & oel) swomtion neader m

installed fn sesh bullfing, A Yeenoh froz the charging héader was

sormweted to the "B* pap gustion of the sixth stape of assh soll, xmd

& tronch from the ewowmtlon héadsy ws voxmwoted to the B pusp sustien
of the A% sisgs of esch eell,

IY*?; Bullding Desim,. «» The Wullding & G next Jarger ..
opareting wilt above the oslle The Sorm Whuilding” does mot ciuply &
smmny seporate houting, eince all 54 proowss and purge mmm
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P wn&imgw Mma!mmo mﬁumw strusture, swm:m
of pmm buildingn is dayoribed in Seatlon O, |
;M u)ls per Bu o On the beals of
upm*:o!ar sriPorm budldtng sise, m dearsaning stugs sise from the
Mwmwﬁmgﬂnﬂﬂmmﬂmﬁmmww&wwmﬁmﬂm
‘ hagmﬂiar%h wrdes between the 1&««%@:&%
(Apps DY, BR)y uu&wm&«wwwm@m por esld, thie

mu@ represents & WMw hsham a rge madey of suils ey
mmag with the sdwsntecy of mintuus wiving m Sxutpumontations
and & smell mmber of owlls per building with the ﬁmgu of whﬁww
- #anll rosivel of esooads Anventory when & bulMiug i Wunﬂa P v

| 8 Mu&mwaﬂummxm«mmmn o
| | bs  Bullfing Byesess end Heoyele Lines, w As with the
fidividunl “lhp pAping apd mlﬁﬂg faciliities bawe been provided in
ordsr o wewmwmmmmmwm opeyntion of the
- bullding ou Anverse wmlu | |

| dercbut1aing tines, « fwo lnes ;m wnd M) are
mﬂmmmn*ng wfmwmgmmw the waxt higher WdMiag,
632 twe Lines (Bl snd Bed) mmmwmmmmmw_

G of sach 40 normelly in ueo, the other serving 86 & apares
ton, » e LEtlding Instrunent

Mmﬂﬁunmmw:
7 A-xwummmmm.
S2 Al or A8 flow b0 building,
5, Bel or B:d flow from bullding,




f¢ Bel or B2 flow %o tuilding.
Be Bullafng " inverse recysle lins £low,
These flows &ro all msasured by fspeot ard differential pressure
dovsloped in Vemburlepiint flow elements
Pods So | Dosd o, « 1€ has heen pﬂﬂnhd out that ddenl

eonaiders tiong eall for 'y slight chango in ummt aixe fm&a gtaze o
ptipo Haoughoud the entire mueoades Praction) consideretions Jod %
the stanterdisstion of aquipmnt st four different slesn, splitting to
enseads fnto nine sostions, using squipment of wilform sise Yhreughout
8 section, and using pregressiwely smiler squipment sises in seations
further and furthar reavrod fron the point of introdustion of sasgade
fondy &*mﬂummammum»umm
ﬂﬁwuw;wnamwim{ﬂmimmmm. “Anide from
mmm,umumnm Jorgert Antividoally opewable
propess unity  the uis of the M‘Wﬂmmm# lg
prrsrach 45 5ot 65 he eenfussd with ‘he use of the sxw word to Gonvey
2. 8ifferent meanisg a5 expluined &n Ps.mmh 83,

s, Buber of Pulldines per Seotiens - AS ﬂmuy donigred,
Y Ke26 onnoede oonslste nfehmmmmmmmwmm '
aix segtlony sbove the feed points /The muder of buildings in essh
#ention wrien from ome to Swelve,and 4z shown by Appemity Ble' e
ewlntion of thils Gesim %s Md in Seotlon IXI, (1) ® ef.‘ the Kallﬂx

Corpletion Repord, <
hs Buxhoring fystem for Frocess Untte, = ALl process

bulldings {r tho wein omseade ere assimed o nucber sopaisting of teo
parts separedod by & hyphean, The first part 4s a three 4igit mobaepy
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bopiming with & "§% (Par, Ge2). The specifioc inmbsr for ecach sassdde
seotion is shown in Appendix Bl, 'The second part is obtained slmply by
pumbering the buildings ecnsegutively within each sogtions Thus, for
sxample, KeS0Z would be the prof