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Volume £ prosents an socoount of K«26 ressarch and developuent age
tivities, excluling work conmwotod with the speoisl chemionls dewelope
nent progran, which is eovered in Book VII, The purposs, adminis-
tration, contractunl arrangexants, end genernl theory are disowssed,
and an asoount ia presented of thu dewslopment of 4iffusion bkrrhg.
special pumps, ond speaial instmments, This is followed by & de-
soription of pilot plant work, chemiocal and physionl studies, safety
and seourity aspects, coets, orgsnisation, and peraomnel, Other phasea
of the Ke26 Project are dealt with in separate wolumes of Book II as

£ollows)

Voluw 1 « (onwrul FPeatures
Voluze 3 ~ Design

Voluw 4 « Canstrustion
Voluw & = Opsretion

Aotivities desoribed extend from the sarliest OSRD eontreocts,
nerotianted in July 1941, for the atuly of the dtffusion process, to
81 Decenmbar 1546, by whioh tim the basio K«25 researsh progrem had
beon earpleted, and sdministrative responsibility mud from the
¥anhattan District to the Mnited Statea Atowlc Exmergy Commission,

A number of appendines are atteched to 1llustoabe the text by rwans
of tabulations, charts, photographa, file references, doowmantary ex-
hibits, end & plossary, Reforences indieated by paronthesop, as {App,
B1l), (Apps ©12), #to., refer to Ttonm 1 of Appendix B, Item 12 of
Appendix C, ebee Astorisks refer ${o the Glossary, Appendix Fo

The Simmmayy contains an abstract of every mnjor subjeot treated
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in Voluwe 2, Paregraph muxbears in the Bummary oorrespond to sootion

mrherse in the main taxt,

4 April 2047
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l. Introduction. -~ Research and devalopment activities directed
toward the solution of problema encountered in the concentration of
Uranium-235 by the msthod of gaseous diffusion, comprised primarily,
the choloe of a suitable feed materisl, the development of diffusion
barriers, process pumps, seals, and csontrol instruments, and the adap~
tion of this equipment to use in the presance of provess ges. Research
programs were centered in a pumber of university and industrial lsbora-
tories under goatracts administered principally by the Coluzbia Area

Engineer. .

2. Contractual Arrangements, - The diffusion method was first
seriously considered at Columbia University in 1940. Coluzbia was

subsequently awarded ocontract OEMsr-106 by the 0ffice of Scientific
Research and Development, covering the pariod of 1 July 1941 to 30 June
3942, the work to be directed by Dr. J. R, Dunning. Cantract OEMar—4l2
authorized an expsnded mrogram under the direction of Dr. H. C. Urey
from 1 Decesber 131 to 30 April 1943. Effective 1 May 1943, the
Colurbia diffusion studies wore placed under Manhattsn District contract
W-7405~eng=50, and the laboratoriss came Lo be known by the code name

of "SAM Laboratories.” These contracts called for research and develop~
ment work looking toward the design, construction, and operation of a
production plant, and evajuation of the diffusion mathod in somparison
with alternate isotope separation methads, In fulfillment of their
major comnitments, it was necessary for The M. ¥. Kellogg Company and
the Kellex Corporation also to engage in considerable research and
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development work on such subjects as barrier manufacture md propertiss,
corrosion, specisl chemicals, pusps, valves, and control instrumenis. -
In discharging its responeibility as operating contractor for the k=25
plant, the Carbide and Carbon Chemisals Corporation sponsored a nusber
of research activities at the Linde Air Products Company, Bakelite Corp-
oration, Union Carbide and Carbon Carparstion, Metals Disintegrating
Company, and the Sharples Corparation. Effective 1 February 19,5, the
basic diffusion process reasarch prdgun was transferred from Columbias
University to Carbide under contrast W=7405-eng-26, Other principal
prime contractors include the Bell Telephoie Laboratories, Princeston
University, Oblo State University, California Institute of Technology,
and the Intercheamical Corporation.

3. Genwsl Theary of the Gasecus Diffuiien Process, - W the
fissionable properties of the U=235 isctope were discoversd in 1940,
the inpu"tancc of separating it from the non-fissionable Urlniul-m
becaze apparent. A groyp of im_ut.igaur's at Columbias University attascksd
the problem by the method of gaseous diffusion. The basic working
principle of gaseous diffusion was discovered by T. Grahanm in 1829, but
the K-25 plant represents its first oamu'c:hl. application. The funda~
mental theory for ; practical diffusion separation plant was worked out
by Karl Cohen at Colunbis, Xf & mixture of two gases is Phcod in a
container whose walls contain a large number of small parforations, and
the vessel is surroundsd by an evacuated space, the respsotive rates of
escape of the two components will be in proportion to the respsctive
concentrations, and inversely in proportion to the square roots of the
respective molecular weighte, ﬁu , the diffusate wdll be richer in

lighter component than the original gas., In order to prevent the bullding
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up of & back pressure in the outer spacs, and the continuous decreass
of light component concentration and total pressure within the container,
4 steadystate may be maintained by contimuously withdrawing enriched
diffusate from the outer space,and pertially depleted residue from the
container, and continuously supplying the container with fresh feed.
4 i'ho K-25 cascade is a repesating series of squipment duplicating this

| procedure continuously, 24 hours a day. The "outer space” iz enclosed
by s diffuser, or "converter.* The perforated wall is referred to as
"burhr." A ocontrol valve and two gas pumps are providad to regulate
gas flew and pressure, and & cooler removes the heat of pumping, These
ars the elements of a praatiocal n-u;q*. The K~25 cascade contains
2892 such stages; the K-27 cascade oontains an additional 540. In order
to prevent ordinary, non-separative mass flow of gas, the sise of the
barrier apertures ehould preferably be below the mesn fres path of the

Process gas molecules, or on the order of 0,0000004 fmch. /

| o DELETED actors tending to
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reduoe the ofﬁciﬁcy of asparation are: back diffusion of diffusate,
vjostling” (intra-sperture collisions in which light, fast-moving mole-
oules are retarded by striking heavy solecules), non-separative viscous
' flow, surface fi}m flow, mixing inefficiency (formation of depleted
ragions'.tmdiat.oly adjicant. to the up-atream barrier face), pinholes
and leaks, and m:'_nuom in barrier permeability. The gusecus diffus-
ion research program was expanded in December 1942, at which time the
Manhattan District requested t.}’w M. W, Kellogg Gompw (which was work-
ing under OSAD contract OFMsr-406) to continue its resesrch work and
undsrtake the Modi;t.e design of & 1 kilogram per day 90 per cent U-g35
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“ gasecus diffusion plant. The Kellex Corporation subsidiary was created
to prosecute this work. Fundamental research was to be done at Columbia
under Dr, H. C. Urey, with special studies carried on at the Eell Tele-
phone Labaratories, Princeton University, and the Jersey City Laborator-
dies of the Kellogg Company. In early 1942 discussions were held with &
group of British investigatare regarding fundamental alternative pimt

designs.
Le Development of Diffusion Barriers. = In the latter part of

1941 the search was begun for a barrier material of the required porous
structure, snd with sultable resistance to ecorrosion by UFg. The first
orude samples were tested with UFg in 1942, and a method of routine
barrier testing was then developed bamed on the use of mixtures of
heliua and carbon dloxide as a working substance. The separation factor
iz defined os the ratio of relative concentration of desired componeat
after procesaing, to its relativs concentration before processing.
Relative concentration is the molecular ratio of "2”?6 to 0238?6 present
in the process materizl, From Graham's law, the idesal single stage sep-
aration factor is —y352/349 = 1,0043, The sctusl separation factor is an
increasing function of Iineness and porosity of barrier apertures. The
porosity of barriers is rated by defining a “permeobility" concept aQ the
ratio of actuesl flow through the barrier, under specified test conditions,
to the flow which would occur by molecular effusion if the barrisr were
not present, Pormeability ie dependent upon operating pressures, in-
creesing as the difference between fore pressure and back pressure is
increased, 1t is also sn increasing function of the number and size

of barrier sperturss per unlt aree. Important chemicsl properties of
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barrier include its plugging characteristics (tendency of perme-
ability to decrsass with use us & result of UFg eorrosion products
lodging in the apertures) and its consumption rate (tendency to

react wdth and conmume t.ho nluablc but comsive process fluid,)
| I - L

DELETED
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L e ) 0(3/
\ Idsal considerations call for a continuocusly decreasing
eize of diffuser from the feed point to the ends of the cascads.
Praotical plant design required nt.md.l.rdizat.ion of a amull nunber
of equipment simes, T ' \‘
DELETED D O
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Prior to 19.3 many prclilim.ry types of barrier were tested

at Columbim. WhehA the university was awarded contract W-7405-eng=50,
a divielon of the SAM Laboratories was astablished for the specific

purpose of ut.udﬂ.ng new harrieﬂ.
j
i L4
{ DELETED
r\j . Jihe:; barriers were brittle,
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difficult to handle and manufacture, and poor in resistance to corrosion.

OELETED
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_ The product, however, showed an unsatisfactory upcﬂt.ion
7 fastor, {” DELETED /] ac
Sssples examined by Kellex showed good process properties and fair
sechanical strength.
GELETED
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£ ﬁ(.uu coopsrated, and undertood a survey b (3)
of Mdﬂltr’ to find » com to handle ulti.nt.a manufactures h
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A oumber or othar eont.ract.s were nardod to out.nido a;anc.tes .for lp-cm bo

development of critical items.
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L /mlm, a sontinucus pro-
duction pilot plent was designed at the Columhis Schermarhorn Labors=

bory. During the ressinder of that year, a steady improvement in the
propurties of A barrier was effected, but in January 194hL, at & meeting
of Manhattan District officials with Houdaille-Hershey, K_-L’L-x, Carbide,
and SAM repressntatives, plane were made for the immediate conversion
of the Hoxlallle-Hershey plant from A barrier production to K=1 {later
known &s DA) barrier asmufacture, The A barrier was sbandoned becsuse
of unsatisfactory mechanical properties, and difffcult mamufacturing

problems. At this time responsibility for coordimtion of all future

o

barrier research was assigned to Cartside. e
| ) R e e s e it Dot
!|| DELFTED 1 b(’)
|' f The method produced samples which lhoud

good diffusion process proparties.

b DELETED | pot
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The DA barrier was studied by E. O, Norris and W, F. Libby
at Columbia during the period wher emphasis was being placed on A barrier
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development. It was also studied by the Bell Telephone Company snd the
Kellex cag-g;tm:d."“ |

/ DELETED )
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/" ' formed into sheste by passage through a calender. This much of the
- manufacturing was handled by the Bakelite con;unt.m., "
[ ]
i
1_
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materisal showe axcallent eom“:i:n r:;i;t.unco after fluoyination sad
exposure to UFg, superior segarating effficiency, and good mechunical
stability. Noreover, the mnfacturing mrocess i oomparatively simple.
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WB barrier exhibits a greater plugging tendency than DA, but is capable
of very satisfactory reconditioning. Produstion was carried out by the
Limde Alir Preducts Company from January 19,5 until March 1946..

DELETED ]
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J “The majority of the stages of the K-25 uuadn ars t:l.t.ud

uith DA barrier; WB has been used in abaut. 50 stages.
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\ | @ennoua efforts were

o e - -
made to utilise domst.ic powdegra, and two sogsptable varieties were

eventually developed, one manufactured by International Nickel at
Huntington, West Virginia, end by the MetalsDimintegrating Company st
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Klisabeth, New Jarsey, and the other at the Elirvabeth plant using
nickel oxide obtained from the lLinde Alr Products Company at Tonawanda,
New York. A third type was subsequently developed and produced by linde,

using an isgroved process which greatly inereased the rate of produstion.

DELF_TED
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It nl'_lumtact.md by

s

Linde for several months, and will be tested by installation in several

stages of the K-27 cascade,

5. Development of Specisl Fumpe, ~ It was realised in the early

stages of the process pump development program that a satiafactory

stage pump would have to have absolutely no loss of process gas, very
l1ittle inleaksge of inert gases, no inlsakage of oil or condensable
vapor , sinimum holdup volume, high resistance to corrosicn, z wide

range of capucity and compression ratio, ability to handls very dense
gas, and high -hicioaoy of operation. Thess requiremants could best
be nst by devslopment ﬁf & centrifugal typs pump. Ultimate choice was
nade of a single ptage arrangement with overhung shaft, a single triplex
soal, and a compr;saion ratio of about 31l. ALe producsd by the Allis~
Chalmers Manufacturing Company, t.fu impellar is built up by welding
from plates, r:l.ngn,: and blades of sheet monel,snd consists of 20 equally

spaced blades which are curved with a backward sweep. The front and
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back plates are cold formed in af hydraulic press. The soroll and
diffuser are made of internally nickel-clad steel, and all casing
Jointes are welded. _ |

Early pump seal studies at Colusbia University ware centered
around three maln types, using, respectively, inert gas, special Jubrd-
'?‘n'u.ng olls, and positive contaot fluorocarbon polymer sealing rings.

' The gaseous lul lhond grestest promise, and was ultisately sslected.

An inleaking u-rmnunt was chosen, rather than an outleaking, for
reanons of relative _-upue_n.y of construction, avoidance of rejectica

or resovery processea for outlssidng prooess gas, and avoidanse of the
" dnherent inefficienoy of mixing outleaking process gas streans of |

different ooaemtrntl.nnl / DELETE
S D
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/ Various meshentcal mwl were studied at ths

laboratories of the xn;omu-nmd Company, Kellex, SAN, and Carbide. .
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Simltanecualy with the developmnt of opsn-motor scentrifugal

 punps, various diaphragm types were investigated in order to provide s

ssal-less design in the event of unsatisfactory performance of the
nitrogen-ssaled machines. A diaphragm paop was also considered as
specially suited for use in the contemplated upper ssotions of the
plant. Gas bearing blowsr development was prosscuted by Westinghouse
and by General Elsctric in close assoolatdon with Kellex and SAK.
Various designs were studied involving a thin metallic dlaphragm in
the air gap of the motor. Bearings were libricated by mesans of
process gas, the motor ran in norsal atmephere, and no seal was
negessary, A totally enclosed type was also studied, in whioch neither
a seal por a diaphragm was required; all parta ran in proocess gas,
This type required special inert lubricating oil and motor insulation.
The density of the gas handled in the purge cascade varies
markedly from point to point. Deoreasing the density of gas handled
by centrifugal pumps decreases thelr capasity. Positive displacement
pumps, homr,}"m hl_ndlo ganes of different densities without thie
disadvantage., Shaker, paddle, rotary, and magnetic designe were
studied, but a reciprocating type was ultimately aalected for purgs
cascade service, | A bellows seal was designed with a tw Lnch stroke
distributed among six bellows,units, sach indepwndently supported and
constrained by a “lagy Jack,” which was Iubricated with fluorinated oil.

The piston is lubricated by the procesg gan, and pump valves consist of




nsht. shest metsal springs. The purge pumps were manufactured by the
Valley lron Works.

Materials of construction suitable for process pumps were
used for the conditioning pumps, but the lightness of the conditioning
ges required a very high periphersl speed. Special motors were devel-
oped by Weatinghouse for u.,:.oo RPA service. The pumps were provided
with two~stage Sopellers and a disc seal.

For service with process coolant, a vertical pump was devel~
oped, to be mounted at th.bottuo_rumrg-dm. Pump bearings are
lubricated by the ooolant. Ths pump shaft passes up through a tube
rusning to the top of the tank, where & seal permits outleskage of
nitrogen confined as a blanket gas under slight pressurs above the
liquid surfece inaide the tank.

Early in 1944, Kellex and the Beach-Russ Company started
development of a special rotary, oil-sealed mechanical vacuum purp for
prooess gas, of weided oomt.mtio_n and with a special ses) so as to

provide a very low leakage rate. A magnetio 0i) level indicator was
developed, and, for sasy access to the interior, welded vasuuxr joints

wre duimd 50 that they could be machined or rewslded with relative
simplicity. A quadruple sheft seal was provided, and flucrinated seal
oil used. A heating system was incorporated fa ocontrol of oil vis~
cosity, and a ocoling system for use at steady operating spesds,

Work was undertsaken early in 1944 by the F, J. Stokes
Machine Company to develop a special, rotary, oll-sealed, mechanical
vacuun pump suitable for [luorins service, and meeilng requiresents
similar to those for the process gas vacuur pumps. Soms difficulty



wes experienced with the units developsd in that the seal oil reacted
with highly concentrated Lluorine, On the basis of a series of Kellex

B T T

tests, an operating procedure was worked out in such a way as to obviate
this disadvantage.

The k=25 high vacuum pumps must meet requiremsnts for high
speed, high oapacity, and extremely high vacuum. The system finally
developed calls for connscting equipment t§ be evacuated to & prisary
pusp which discharges to a booster pusp, both of which ars of oll dif-
fusion denign. The gas then flows iato a rofary piston, single-stage,
high vacuum, oil-sealed fore pump., A refrigerated vapor trap is in-
stalled ahead of the primary pump. Development wark was carried oa
st the Kational Research Corporation, Westinghouse, Distillation
Products, Inc., and Kellex laboratories.

The k=25 instrument

progran was complicated by such apecial conditions as the negessity

for determining process purity at hundreds of points, the sub-atmos-
pherie nsture of aperations, the corrosiveness of UFg, the nesd for
dsotopic assay work, and the ultra-sensitivity of the diffwsion process
to steady state disturbances. The mass spsctrometer principle forms
the basis of a muzber of the more important Snatruments in ues at K-25.
It im, Steelf, baned on the concept of fonimation of gases by electron
bozbardment, formation of accelerated Son rays by electrical fields,

- deflection of these rays by a perpandicular megnetic field, and differ-
entisl bending of the paths of lons of differing masses. The line re-
oorder, working on the mass spectromster principle, records the concen-
tration of nitrogen, oxygen, hydrogen. fluoride, perfluorodimethyleyelo-

. hexane, and CO~N;0, Numerous sccessories include e Firani gege for

\ Sk



pample flow measurement, an "adjustable leak" for extremely small flow
control, & cheaical trap for UFg removal, a ‘].l.ll trap for remonal of )
mercury carried from the ddffuston vaouum pump, and an icnisation gage
for pressure measurement. Used in routine testing of all process
squipment priocr to plaocing on stream, the leak detector provides a
maans fo;- rapidly locating any and all very mmall munmllukl. The
smethod involves playing a jeb of helium probe gas over a suspected
surface while the squipment is under high vacuum, and detesting the
presence of the probo gas in & mass spectrooeter type Andisator. The
assay machine is a modified mass spectromster used for determining
lsotopic concentration of proceas material sasples.

The fission oounter works by imducing fission in a sample
of process materisl by means of nsutron bombardment from a radiwe-
beryllium source. The resultant spurts of positive lons are detected
by collection at & grounded slectrode, and are proportional, in musber,
to the U-235 soncentration of the sample. Designed for amalysis of
process gas containing relatively high proportions of fapurities (as in
the purge cascads), ths space recorder effects measurement of total
alpha uhd.m; by electrisal colleation of resultant gaseouws ioas.
Cosbining this moma{:iah with the known isotoplc composition of the
uranium present, the totsl UF¢ concentration in a mixture of uranium
hexafluoride and light diluents can be computed. The t.h-ml conduot-
ancs osll Mdoa another method for determining the smount of light
diluents in mixtures of UFg, nitrogen, and axygen. It is based on the
principls that an electiric current passing through a wire inoreases
its temperature, and that the differsnce in temperature between the




wire and the gas surrounding it reaches an equilibrium value, which is
dependent on the percentage conposition of the gas. Since sleotrical
resistence of the wire is a function of its temperature, msasurement
of this resistance indicates ite temperature, and thereby, the gas oon-
centration,

Used in the purge cascade, the acoustic analyser determines,
indicates, and records the volumetrioc consentration of light diluents in
the process stream, and actuates a control mechanism so as to prevc;tt
overloading of the purge cells because of increased UFy ooncentration
in the process streas being fed to a purge tuilding. The primary ele-
mant oonsists of a resonance tube ocontaining & diaphragm at each end.
One diaphragm is excited by an electromagnetic coll, and sends sound
waves through the gas ohamber which axcite the second diaphragm and
cause it to induce a voltege in a second coil. The sound intensity,
and, hence, the veoltage induced is greatest at the natural frequency
of resonance of the chamber, whish in turn is 2 function of the compo-
sition of the process sample gas within the chamber. The HF analyser
utilixea a visoosity bridge which is analogous to an electriocal Wheat-
stone bridge. long metal capillaries are used s the four resistances,
process gas passing through two plj'allsl pairs of “resistors.® A
differential pressure transmitter and recorder is oconnected between
xidpoints of the bridge arms to indicate unbalance. A stdium fluoride
trap, which removes HF, i inserted between the two capillaries of one
branch., This results in a diminished flow through the second leg of
that branech, and unbalancing of the bridge. The degree of unbalance
affords an 1nd_1¢at.‘1on of the HF concentretion of the sample gas,

816
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cn.pabh'of detecting extrezsly low UFg concentrations,
trace indicators were developed to provide s mesns for monitoring
W4 ooncentrations in the atewsphers, vent gases, sen)l exhaust lines,
and purged cells. Trace indicators work by sxposing certain chemical
reagents to suspected gases, the presence of UF4 being indicated by a
characteristic coloration. The sensitive slament may consist of sali-
eylio acid crystals, or absorbent filter paper. Ths latter type is
psriodically checked by chamical treatment with potassiua ferrocyanide.
1t may be arranged to provide c&nt.inuaua and automatic trace indication
by setting up a moving tape inpregnated with potassius ferrocyanide,
and allowing a besam of lighi to pass through the tape and then sotuate
a photooell oconnected to a microsmmster which measures intensity of
light transmission. The infre-red absorption mster is a portable leak
detector of special deaign ussd for checking coolant lines, ooolant
tanks, and process ococlers. Air samples from the vicinity of suspected
cooclant leaks are pumped through & teat chamber, thxough which two infre-
red beams are passed. One of these hmnialll? passed through a
lithiur fluoride filter which absorbs all infra-red radietion. The
intensity of this beam will therefore be independent of the coolant
soncentration in the chamber; that of the other will vary with this
concentration. The two beans are fooused, respectively, on each of a
pair of resistance thermomsters connected into a theatstone bridge eir~
ocuit, A differsnce in tempsrature between the two thermometers results
from the difference in intensity of impingent radiation, and causes a
msasurable difference in slectrical resistance. The dew point recorder
was dcaim-od to monitor the plant supplies of dry air and nitrogen, and

517




S to warn of excessive amounts of water vaper in the gas. Intenaity of a
reflected beam of light from a cold mirror is dimmed by condensation of
soisture an the surface. Usasuremsnt of the mirror teapesrature reguired
to prevent dimedng of the reflected ray provides indication of the dew
point of the sample gas, The differsntinl pressure indicator was |
specially developed to measure the extremly smil flow of sealant nitro-
gen gas to the process pump seals. It detsrmines the gas flow by sleo-
- trically messuring the differential gas pressure across an orifice of
known dimensions, Variation of the differentisl pressures is convarted,
by means of a ballows arrangesment,to a moveaent of the iron core of an
electromagnet, thersby indusing voltsge changes which are a funstion of
the differential pressure, and thus of the gas flow, to be determined.

. Pilot Plant Development, - '
" Flat Develoment.. oot
b(?)
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| m;mt_:u-;ed at Colusbia University for further study of the
process, Pilot Plant No. 1, initially operated in October 1942, was
mmgcd Es & twelve-stage totsl reflux cascads., It was run for over
3200 hours, ncldc'd. dats pertaining to csscade bshavior with A, M, and

7B barriers, and provided operating experience with various types of

procesa equipment and instrumenta.
On 10 Ma$ 1944, Pllot Plant Ko. 2 was placed in operation,

consisting of & six-stage total reflux cascade using reciprocating pumps.
It sfforded the first opportunfty to study the behavior of coatrol in-
struments and tubular and flat plate designs of A, DA, and WB berriers

818



under conditions approsching those anticipated in a full soale production
plant.
Pilot Plant Ro. 3 was erscted and operated by 3AM personnel;
Kellex furnished design, proourement, and supervisory services. An elght-
stage cascade was set up, using Westinghouss gas bearing blowsts and dumny

'/ aiffusers. Operstion on CoFyg was begun on 15 June 1944, The instellation

was found {0 be hydrodynamicslly stable and subject to sstisfactory process

control, and vacuum-testing and welding techniques were developed. Studies

of process gas consumption and b]ﬂnr p._rtmco wers then sade, using

uixtures of nitrogen and urs._ /
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In order to cbtain performance data for single~stage blower
opsration, a Westinghouse gas bearing blower was wsed at the SAM Labora=-
tories in the summer of 1944 to circulate process gas through a sst of
45 tubular diffusers. The sxperimesnts provided significant data pertain-
ing to hlowsr behavior, carrosion, amd barrier plugging.

8, r P the o o, = From 1940 to
1942 extensive efforts were put forth at Iowa State College, the Univers—
' 4ty of Chicsgo, %Ad the laboratories of the Ethyl Carporation, .t.o prepare
an organic ursaium oolp;:u.nd suitable for use &% a gassouw d.itfusion
working substance, but no sstisfactory substitute for the corrosive
uraniun hcutluori;lo was found. The corroelion and other chemlcal
problems anticipsated with the pse of UFy led to the sstablishment of a
chamical ssction at .thc SAM lahoratories., Study of the physioco-chemical
properties of UFg was begmn in 1940, involving methods of handling the
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gas, and new ways of preparing it for chemical analysis. Other chemi-
cals studied included nickel ard nickel carbonate, barrier materials,
and uranium compounds other than UFg.
The mechanical propurties of barriers have been studied by
peans of bending, tensile strength, rolling, fatigus, and flutter tests
| ¥ involving thousands of routine sxaminations which were necessary in the
courss of the barrier development programe. The barrier chesistry re-
search prograa inoluded the development of fluorinating, or sonditioning,
m-onodm-u, and study of msthods of sdnixdsing process gas aonsumption DG'E.
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and barrier pligging. 3j,(zsﬁ
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J “ The tlmniqtal were m.ndod to inglude

nsApUrenents at barrhr porosity, and ware also modified to apply to

tubular samples,

9. Bafety and Ssgarity. ~ Features of the Coluabia Ares safety
prograx included a safety department and a mediocel division set up by
the SAK Laboratariss, sad a 3afety Advisoxry Committes with gupnnd.—
bility for antioipating and coping with special safety problems arising.
The Columbia Ares Engineer supervised contractar safety programs, and

' maintained 11aisq with the District Medical and Safety Sections. A
CQJ.umbh' Area Security brogrm was slso instituted in accordance with
standard Manhattan District policies.

10. Costs, - Tre total cost of the K«25 research program was
$1;,073,004 as of the end of the fisoul yeer 1946, at which tima the
estimated Lotal for completion of contracts was $15,811,663.




1. Organisstion and Persannel. = In anticipation of the awarding

of contract W-7405~eng-50 to Columbia University, ¥sjor B. K. Hough, Jr.
was designated Columbia irea Enginesr in the spring of 1943, He was
sucoeeded in Janusry 1944 by Captain 1. L. Urotjan. The war research
activities in nuclear physics at Colusbia University werc organized under
the nams of SAM Lsboralories. By February 1945, the work and eyuipsent
had been tranaferred to the Kellsx Nush laboratories. On that date re-
sponsibility wes assumed by the Carbids and Carbon Chemicals corprtt;m.
SAM activities wers dirested initially by Dr. H. C. Urey, and, after
February 1945, by Dr. R, H. Crist. Dr. Urey was alded by Associate
Dirscters, Dr. L. N. Currie, and Dr. H. 5. Teylor. Dr. J. R. Dunning
directed research and development in mechanical enginearing probless,
pilot plaats, procsss operations, and isotopic assay methods. J. H.
Arnold directed XKellex research and development, and Dr. Manson Benediot
had gharge of process design, and planned experimental corroaion studies
and studies of barriers, cold traps, and other scuipment. Other key re-
search personnel include Dr. R. M. Burns (Bell Telephone Laborstories,)
Dra. H, S. Taylor and G. G. Joris (Princeten University), Drs. 4. E.
Gessler and Di K. Gans (Intorchusmical Corporstion), Dr. R. M. Badger
(California Institute of ‘l‘ochnfalnn) , and Dr. A. L. Henne (Ohio State
University).
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IAMIATTAY DISTRICT WIS ORY
BOOK IT « GASTIOUS DIFFILION (Ke25) PROJICT
VOLUIE 2 » NGSFEARCH

SECTIOR ) « XITTRODOCTION

1=1, Purnoge, = Ee«2§ nooaml;. and developrent aotivities woro
direotsd tomard tho sclution of problers encountayed in the separation
of Uranfum=236 from maturnl uranie: by tho method of raneeous &iffusion,

1=2, Soope, = This wolums treats of fundamentnl or pure rosearch
and asoociated laboreatory deweloprment of muterilals, equipnent, end
processes utilised by other branches of the R=25 Projoot in the desipn,
oonstruction, and operation of tho diffusion plant, Fesoarch inoie
dentnl to the porformanoe of these othepr fumations, ws differentintad
from basis ressarch, 1n discusced in Voluw 8, The fundarental research
noativities corprisod the cholee of a suitable feod material, the
developrent of diffunion berrders and aumxiliary equiprent sush ao
umo, sezls and control instrunents, end the adaptation of this equip=-
rent to use in tho presenos of the proosss s, It wis meoessary to
volvo very sorious oorresion yproblons, and to develop a nurher of
spooial ohewmionlse The hasard of oorroslon lay not only in tho obvious
possibllity of eguipmont dotoriorcdion, but in tiw ruoch nere detrimontnl
effect of produwot consurption, whioch ocours in e¢von nild forms of
corroslon that do not reach destruotiw inteneity. The roceerch and
devolopment progrem for special chenicale required by the Fe20 Projoct
iz deseribed in Book VII,

1a3, Authorieation. = Authorisotion of researoh wus hondled

1.1
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aimilarly 4o othor phason of the K=25 Projoet as pontionsd in Volums
1 of this book, an! deseribed rore fully in Volum 1 of Book Y.

1=4¢ Adriniestration, = Ressarch programs were oentered in a
mrber of universityy and industrial laboratories, under oontreot to

the Govermrent, In accordence with established lanhattan Diatrdot
proctios, omtraots (Appe DO1) were administercd by speoifiod Aveas
of the Distyiot, Adminintratdon of the mjority of tiw contracts
dealiny with fundarentn) Ke25 resoarch and development (ml;ilng
work on special chemiocals) was tho respansibility of the Colurbia
Area Enginser, with the reminder under the jurisdiotion of the New
Tork Aree Engineor (App, Bl)s A roswuw of rescaroch and developmant

contracts is presented in Appendix A,
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SPCTION 2 » CONTRLOTUAL ATRAYT HNTS

2=, Colurh i Tiivorcitve

as Selection and Vistory of Norotistliones = Tho difw

fusion rethod was serliously considercd first by E. Te Rooth, 4. Von
roase, and Je L Iuwmin:- of Columble Uniwercity in 1820, GSineo ihle
pouy alreedy wos directly conocerned with the diffusion process, it
w0 decided to ex-and ts nrosrum under & sories of Covermaent contriotz,
03%D Contreot Ol ar=100 wog nerotiated with the Truateos of the niw-
versity to covor the perlod 1 July 1541 to $0 duno 1942, the work to
be dons wunder the direction of Dre Je DRe Dumninge Contract 0Mor={12
permittod an expanded prosyam under the directim of ﬁr. lis Co Urey to
be oarried oo at the University fron 1 Decenmber 1541 to 80 Avrid 1043,
Effective 1 1Ry 1045, the 4iffusion studles at thls Institution were
embodied in lnnhatian Distriot Contraoct WeTd0bmen =50, the work to be

 directed by Dr, Uroys The luboretorics at Columbis oame o be lmown

as the "Si) labornbtorica”, Thiz wos & cods mane peening "Speclnl

Alloysd iatericls™,

be Hoope of Contreotzs = Tho above comfaructs provided

that Colurbia ‘miversity furcish the peseord: and devolojooeat wori
necesseyy for the desirm, conctruction, end eperction ¢f tho diffusion
{K=25) vlnnt, and continue experimentotion tc & peoint where cortnin
eltsmets icotoro smratio_:': mcthods could be ewmiluzted, The .Uni-
verslity we further requirid to develor sneciel sroocumes, instmummts,
and meterinle, Tho Metrict “nrincer elec accl-nod ¢ thie contruct

&8 numbeor of misesllaneous goecial shdios for wiiel e Universiiy

ol ¢
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S poasesned truined solentific persommel -E equipment,

3«2, The K, W, Xsllope Carpany « Ksllex Corporation,
8y Beleotion and Bistory of He tions, « The negotiae

tions leading to the selestion of The M. W, Kellogg Corpany and the ul=
timate organization of the Ksllex Corperation as ArchitesbeEngineer to
,4esigm, engineer, and procurs speoial equipment for the gassous dife

" fusion plant are dessribed in Voluw B,

be Soope of Resesrch Commitwmnts, = In fulfillment of their
w0 jor oomitments, 1t was mscessary to The X, W, Zellogg Company and the
Xellex Corporation to engge in ccnsideredle research and dewelopoment
work on barrier mnufacture and properties, corrosion, special shemiosls,
PmDs, valws, instruments, etes Though much of this !:.wl.-. doe in
mww-.c.ﬁ ?apw»ﬁr-. consideradle engineering resserch and dewelopment ws
performsd Yy othay comtvastors tmder Mellex spormorship, Thweae activitiss
are desorided in Sections § through 7 of this wilum, and in Yolume 3,

23, gﬂopﬂggﬁggﬁﬁ
[ '™ ?gﬁﬁmﬁggiﬁ?gna T™he Carbide

and ?380% Corporation was engaged inder aontreoct We740b-ange26
to 8.!,:. P. gaseous diffusion plants Detmils of selention and
. megotiations as%ppt scutractor are recorded in Yoluss 6,

' be Seops of Research Commitzwnts, « In the discharge of
this vespomibility, Carbide sponsored & mmber of rescareh sotivitiss at
1inde Alr Products Company (Subsontmaot 2), the Bakelite Corporation (Sube
contract 3), Mion Carbide and Carbon Cheriloels Corporation, (Suboontmeot

Corporation ?onﬂ.now.a..ﬂpalna&nau. ! —mm.rm._.ma - | ) m&wu

22
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lhlmm-,y 1946, the btasio diffusion prooess research progren was transe
ferred from the Columbis University contwact YWe7408-enge80 to the Carbide
and Carben Chemtoals Cerporaticn ocutrast WeT400~enge16 ey Supplexent
Noe ¢ The same “SAM Iaboretories” was retained by this organisation,
uhiohmw its work progrem until 15 ikrch 1048, st which tirw ite
facilities, and 1ts remining work groups engaged in problems of a cone
tinuing mature, were moved to the K=28 plant et Onk Ridge, Termesses,

:3<8¢  Boll Telvphone Iadoretories (Western Eleetris Company)s
8. Seleotion ent History of Negotiations, = Contrant

We7406sng=142 wa negotisted in August 1043 %0 comeolidate and extend,

wnder -un Munhattan Distrist, inwstigations on performance testing, heat

treating, and rolling of barrier which were being condusbed under GSRD,
be ‘Boops of Werke =

i~
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S 2«6,  Ppinceton Wivorsitye
6s Colection and History of Morotiaticng, = This contraae

tor was gelegtod boosune of tho aaxperionce of Dr, He 3. Thylor, who
directsd the projoet work, and booause of the existonce of eortnin fa-
o111ties not available at Columbia University at the t!‘m of the ne:.o;
Jﬂaﬁm. Technioal npoﬁu of the nroresed sontrent were disoussed by
Dry Taylor and Dr, e Cy Urey or 256 luy 1843, and the oontrast (Fe7405~
onreBd) was negotisted on 3 Juno 1948,
be Socpe of Works = The Frinoeton contrmot required that

mothodn of protreating niokel btarrisrs, to indues eorrosion resistance
to sroocess e, ba investimted, beosuse, at the tirw IMringeton hemn

1ts work, awaflable informticm re-nnding pre-=hydroremation ond pree

P

Slvorination was decidedly inadoquatos

I DELETED | Dog
| | b (3

—

T

2=8y Othor 'weearch Contwhota,

ts Intorchemiocal Corpomtiony = Under contract Fe7407-
mp=25, e Intercamionl Corporctisn was enragod 4o develos mothods for
the production of nickol powders puiteble for use in the ¥ix tvoe powe

depred nioel barrlor, 4 pilot plant wns cometrust:d Lo rodude powr.orc
in toentyefive pound betohen for teotin- and research surnosess Tho

ultirate objootive wns to adapt and cperwte an existin;: Intercherdoel

pimmt pl:mt. *r.o nroduca M.lw*tm: o.. niokol mmlcr por ronthe ‘ “'>

C . DELETED Vy

P . : - o e P T ’
- » ﬁwéoéﬁ




o —

/ DELETED

—r - N T A T s e n b Y

e e g sy W

b. Ohic State University, - The three principal problems

, 8signed to Ohio State University under the Vanhatten District comtract
' (*-7495-eng~95) wera: (1) Purification of n-perfluoroheptane (Vol. 3),
to be used as a standurd in establishing specifications for inertness eof
fluorocarbons t: process gas; (2) Freparation of fluorochlere compounds
to serve as a atart.ing material for the preparation of poiymerio |
saterials inert to process gas; and (3) Investigation of possible
preparation of organic liquids wxhich would dissolve process gas and

oould be cooled to form glaszes, these glasses in tum to be used for

obtatining the abserption spectrum of process gas.
e it

c. California Institute of Teschnology. -

I
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STCTIOF 8 = ENIAL THODY OF 71T AAOTOUS DIFMIETNN TROCTNN

Sels Distory of Diffusion Thoorve
Qe Imorience of U236, « Tmmsdintely after thoe dlasocowery

of nuolecr figslons in umnium by the Serman investimtors, O Unhn, eand
Fo Strassmamm (Appe D1) in December 1936, the effect wnz confirmed by
other ascientists worldn- in wrious labomatoriocs, Amoag those to do
80 wore Jy Re Dmning and his collaboruters (Apps DB) $n Jenwmry 1939,
at Colurdia University, Petwoen this tine and !nprch 1940, thepeompleted
several rosearch studies -.'aioh. omatributed to an wdarstanding of the” '
coeplex sbencewere involved in nuclear fission, On the latter date,
they "rosentod experimonial evidence (Apps D3) establishing o foot
alrendy predioted (Appe D4) on theoretiosl rrounds, mamely, that suolear
fission arises from the presence of the uranium isoto ¢ having an atorie
wel-ht of 235 und comonly oalled™i.285%, In their experinents, pore
formed with tho ald of Ay Oq Ylor at the University of Yinresota, thoy
had susceedod in separatings rdouds amounts of Ue235 from mmturelly
cocurring wonlun, Since this isotope ie present only to the extent of
0s71 par oent in matumal uranium and ita compounds, thoy coneluded that
1t we inportant to offest urnnium isotone sorerution on & lapror ssle
for the investirction of chaln reaction* possibilitios in wrantunm,
Furthor confirmation of their rosults wvns ehortly obtained from exporte
zonts performod et the Univorgity of Mimesota, Colubla m.&wrs_;.‘.w
(Appe DB), ond the Gemorel Flootric Comany at Schenectady {Appe D6)e

be Isotops Sempakion by Diffusion, = The investi~ctors et

Columbla nroccednsd to considor wave of soparntinrs the uranins igotopes



In ordor tn obindn =285, and from ths olzonhle rudhor of rethods
praviously Imowm or propoped, thry selcetod tho ;aseous diffusion rothod,
Llthouh thie princi-le wup discovercd by Te "rabam in 1029, the R=20
plant iz itz {irct comreroinl apolicutions This had boon onc of the
firct mothode attcrpled for other elemente by Aston with pertial

gucocss in 1013 for neoy, end leter by Yeriing, Pertg end othors with

.nore gatisfoctory rosults for ohlorino, arron, hydroren, nitro-on,

carbon, and othor elepwnts, Tt had bren shown that the method was
operetle In these ongesy end 1t was believ:d that 1t oould also be
&-plied to wroniur cormounds, owover, t:o low yleld of roduct por
upit of timo, &nd the lar;e guentitios roquired for studyin- chein
rewctionr, rade it impomtive thet tho theor: of the diffusion metioed
be poemcxarined, This wae dous by 'arl Cohom end cthers st Colwmbis,
their results glowinr how the engyrlier experiomtnl -reeedurcs for
other elenmts should bo modified wien oplied Lo wranivwz, In an
Srmortant paner (Appe D7), Cohon doplved the funduanmental thoory for
o ~.seous diffusion sedaratios plants This Lea been uncd, essentinlly
wehan-ed, in tho desin of €0 Ee25 production wlant ot Clinion
En-dnoer Works, (! ld-c, Tornmesses,

3«2, Thsorotioul i'pinainley Ipderlyin - Merction,

e Tmothation]l Vwxnerimont, = Tho prinedrle ol olucular

effusion can bo vismmlired by Amirinin-~ o closed container, say o
rectanpulor bex, conteinin: a lapry nuher of very smell opsnin e

e bax 45 £illed with 2 rancous somound, wnd surrounded by an
evactnted g'acce Accordin~ to the Kinetic Thoory of famees, the -yriads

of individunl moleculss ers in o ptute of ovocilost cetivitye tech



roleculs trevels ot hich sooed tn ¢ streipht line wtdl 4t ocllidos
aiiher with another woleoule, or with a wall of the coptainor, Tuvee
walen haincen {0 entor one of the arertures in the wall, nass throv
and esomna to the outer anaces This azounts 0 & doopousc in 4he
Quantity of pus withir the container snd would be svidesncod hy v drop
in the presaure witiin the ocontariner, If the experiremt is renceted
with a gus of greater density (ndgher moleculor wei ht), the result
will be the u;m. excopt thet the rute of effusicn will be sluwer,
tsosuroment in each of the two onses would ghow that ths rates are.
‘inversely rrovortional to the mQuare roots af the molecular wei-hts
of ths two corpowndio, The two teits mwd Lo run at identioel termer=
aturess Under euch ¢ coudition the .inetic Theory strtos that the
‘averays kinetio enerpy of individukl eolceulsc ﬁ;a oqtal in ecachk
oaste Sinoe kinetic ener:y is sgual to ore half the rpodust of TRSE

tiows squure of wlookty, the followlnr eguation can Le writieny

1, n®s inm,v,?

—
2: /=
¢ /7

Whero v represants l%um;:e nolosuler velositly, and n represonts

thorefores

wlaoular maas, The ratic of mleoulir welociticn is tho sa-n as tio
r=tic of effugic: mtses, end the ratic of moleculay rR3go8 is the

rotlo of soleculor weirhtae This constitutns, therefors, e mthormtioal
for--fle tieon of the apr?imtnlly obae.r-md nhenoonone A third exroris
moat tAr now he visucliscd in whioh @ mixtwrc of o mses of difforins

doeaity ers useds Tho pogpoctive retos of emonve wlll lostenlly be




foA ir aroportion firat to tho respoetive concentrations, and scoond to
the reapeotive avere; o roleosular wlcoities, hence inversely to the
squurce roots of the molecular wolrhtse

be Continuous Operutions « As the process of sffusion
takes place, two chanpos oocure Firat the as eseapin: into the
evccuc tad apec~ builds up a Lmek presaure, whic: bends to drive molew
oulos back throuh e perforeted ™lls inte ths contelnere Sinoe the
gay whioh hes passed throush the container we)l (diffusate) is richer
in 1i-hter component then tha startin- cixture within the contminer,
o oi‘f"act is doudly disadwantmgoous boctuse & freater rrocortion of
baokediffvsin~ as will cm;ut of the decirod li-ht scrwmenont then
would be the eccsoe i this iap comtnined only the conoontratism of
1iht eompancat vhich exisbed in the ataridn- mixturee This iv in

sooord with the roasonin:~ apclied above vhere reaprotive offusion .
Taton were vigualired in procortian 46 reasgprotive concentretionse
Tho cecond chanrc takin- place & +ho provess pous on 46 & drop in
the quentityr of ms, end bonec of rwasure, within the conininer,
This 45 unfeociriblo beoausc 4% 45 this sowcalled “fore pressure”
which gpotivates tho bacio process, forcing eleculos o flor throurh
the veriormted wolls to the outer spaens This effest 1p also doubly
disadwanta cous beosuss,as time proeasds, tho concentretion of

11 :hter oozponcut deorctgcs within tie ccatelner, snd, in sroportion,
i3 eomeontration in the &iTusalo passiz- throush $ho woll i6 decrecsed.
These dh&dvan‘hl;"on/ my Le obrinted by pesortin: to continuoun
ororations A Yetendy stade” io set w by suwnlying rew roc o the

eontniner, by withdrawin-~ undiffuesd, “pordlally depleted® e fron
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{hie cortainer, and by remving "ourielwd" vy fron tho downatrren gide

of the porfaratod wzll, all &% comstant rctos, In “iisc way cltnces

i: prosaurs and conocntmtion ero olimdnated, Plow petos Lre adjusted

in order to kvep desircd factors, sush as conceatretion of 1i-kt

'com;;-onent end total pressurs within ho ocontainor, as Lii L as fcasible,

- 84llerly basck pressure le minimized,
te I'mictlonl Applicetione « The heert of the 7«27 plant

15 the 44ffupion onseade, which 18 cssentially a ropeatinp serica of
eguinmont dupliceting sontinuwowely,; twenty-four hours a day, thu'.
pimlified nrooedun; discussed above, The "santainar® 1s celled &
diffuser or converter, The ‘perfoﬁtcd wall" &s roforred 4o ea
barricrs A cortrol valve epd oo "urpe are rrovided to rersulate flow
and pressure of the gus, and a4 coolor nravonts tho heat of pumsing -
from reisin: the terperaturc of *he ooermtion, Theze spre the clemmts
of & nrectical "otere®, 2302 diffvzlon ateron are provided in the
rain ciccade &b Kel5, The F=27 f25ility pr-nfides an additiomal 540,
An irmoricnt conoideration is the sirze of the apertures in the barrier.
It is apparont that ardimi‘y "holee” 7111 normit ordinery mes flow
o mxad'w;;aa throu-h the merbrane, without the desired senaretive
effoot, It is me‘a’as&ry to keop the diamet-r well bolow thé len ¢h
of tho "mean froe path® of oroocse uwg ralecules, Thic 1o the avorw-o
distanes trvelled by an Indivldial molecule hobeoon tao sucenzcive
oollisions with noirhboring molecules. A vory ei'ficiont burri:s

e e e
would beve mn aperture diameter of 0,00000X4 fneh,

DELETEF) | b ( 3)




| ' de Mootors Tordin- to Reduoo the Ufieicnoy of Soparntion,

(1) PBagl: Diffusions = As discussod t‘b'ova, tle bock

pressure o2 the dowmstrean side of the barrier mst be held et o low
walue in order to miuimize diffusion of diffusats buck throush the
mezbrone to the upstream sido, resultins in separaticn in the wrong |
dirootion,

(2) Jostlinc"y = lmny ecllisions ccour betwoen
13rht and heavy molooulca while they are paseinr trwu'»;h the barrlier
openince, On tho scele of mlm mmitudes, those operincs should
bo viewnd as long tortuous passareways theoush the thick wall of the
barrier. Singe 1irht molooulss flow faster than heavy moleculoes,
00lliglons in which a 1i-ht moleoulc hits a heavy ono from behind arc

N rore frequont tian those in whioh & heavy molecule Hits & light molow
oule fro- behind., Av & .renuzt, heevy moleculea (Uzsa!‘s) ars, on the
avore o, apeeded us by collisions with 11-ht molooulos (U25F,), end
sinilarly the 1icht molecules are rotardeds The effoot of this
"dostling” s to reduoc the 'low of desiroed corponont, &and inerease
the flow of undesirod emonent throu‘;-h thes barrlor aperturea, Te
separction is oorrodpondingly reduscde The inefflolency is less
pronounood with smllor ratio of holo mige to men froe path of the
molsculess The soparation frotor will thercfore imwove at lowor
oporeting prossurcs, since under this condition &0 nocn freo peth is
groators This Jostling eff'ect.is opposod by tho btmck difiuscion
effoct, which poduccn the prepondorencs of collisione of 11 4t molew
oules areinst henvy molocules fror hohind ‘over the revorse 4ype of

cocllizions

e W e pm e e F




flow ocours with any -raetisal hole gize,
(¢} Surfaoe Flow, = A surfacc flow somotimos ocow's

Rlens the £1lm of e5 moleocules wilch are adsorbed a: the 'mlls of the
holos. Visoous flow and surface [low arc minor ef'fects,
(5) !ixing Inefficiency, = A® in rost oasos of

f£luld flow, & staoant filn tendes to form in contnct with the hish

prossure side of t.l;o barrior, This becoomos dspleted of tlzsa FB‘ Ade
ditional U258 gy omt diffuse throu-h this f1lnm bofore passing throurh
the barriers The result 15 a retapdin: of the separetive actlon, The
offcot s minipised by wines high e velooitica go thet the resultine

turbulence will rodwoo the thickness of tho stapant filme
~(6) ?‘1nh§1es and leaks, =. Pinholes in the berri r

and leaks in the oconvorter aaimbly rogult in nm-ﬁopamtiw flow from
the hirh pressuro ¢to the low pressure Eons, Tach converter in the

K=25 plant has boen tested to keep this leak flow below 2 per cont of
tho total flow in the "A" otreams

(7} Variation in Fermoability, = Varlation in

permoability fron point to polrt in the burricr cuuses inefficlency
because of inequality of gesar:ticne The term perneebility refers to
the ense with which the ms m penetrate the barricr under glve:
conditioms of fore nrecsure and back oressure, The Kellex Corporation
ewlmted this irefficiensy thcopretionlly in July 1044 in terms of tho
pe-nitude of the waristiona, The theory woz weed to sot spocifications
for tolerable desreo of variability in barrier permeabilitye For more
comrlete discussion of moleoulor effusion and desi;n prineiples,

rof’erenco ghould bo rmde to the ollex Comletion Renort, Seotion
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3-3. iork on frocess [eveloiment, ~ Frior to the graniing of
OSRD contracts at Columbia, find during the earlier period of these
contracts, sxperimental work continued, in addition to further theo-
retical studies. The sxpcrimental progresa is described in later
sections of thie volume. It may be stated briefly that menhanical
devices and material were in the very early stoges of development,
with many of the detalls under investigation., Theorstical consider-
ations had reached a stage where design, con:lt.ruot.ion, and operation
of & plant could be fully envisaged. This state of affairs led to the
oonclusion that the process apmd to be very promising agd capable
of being opsrated sucsessfuily, and that further research and d.ﬂlo;;-

ment should be pursusd vigorously.
a. Bxpanded Research Prc;gral. - The incentive foF this

ocontirued development came in December 1942, whan the ‘iar Department,
represented by the Manhaitan District, requested The ¥. ¥, Kellogg
Company, which was working under OSRD contract OE¥ar-406, to continue
itse ru_nrch work and to undertake the immediate design o.f.a diffusion
plant for the production of one kilogrem per day of U-=235 at a concen~
tration of 90 per cent, A subsidiary fim, the Ktl.l;x Corporation, was
areated to undertake this work (App. D8). Fundamentsl reu‘arch was

to bs done nt'. Colunbia University (App. DY) under the direction of

Dr. H, C. Urey (App. D93) with somc study of special problems at other
places such as Bell Telephone laboratories (App. D10}, irinceton Univer-
sity (App. D11), and the Jersey City Leboratories of The K. %. Kellogg
Company. At this time, the pgas diffueion work at Colurbia was being



! earried on under OIR™ contr ot "E'gre4l?, but nerotiations for trongior
of the work to tho Manhotitan Uistriot wore in pro-resse 48 tabulttod
by rellax, 1t wes reoonised that the Project involvods

1. Twe degim of 2 plant vtiliginr & nrocess never boforc
atterntod on othor than o laboratory soulo and for
whioh even laboratory datn wio incom:lote,

2, Tho enrineorins of an opera. le dAiffusion cusoude
oamrisin: several thousand stares, wnder conditions
vhich mndo it anparent tint imortant decisions would
heve %o be mpde before adequute proocces dats wuld be
availatlao,

¢ Tho construstion of & plant of unusual oise Bnd come

pleaxity oonteininr lsr;e quentitles of special equipe

ment « the resultin- instellation having to be for all
- intnn& and purposcs vecuisa tirht and sur:icully cleane
4e The desim, enpineceing and construction of extensive
auxilinry facilitics and utilitiecs,

5 Tho devolopmont and fabrication of awa:_-u.l mﬂlidﬁs of
squmro foet of barrier = a totnlly novel and hi hly
specinl rmmtorinl,

Ge The develepment and febriention of alx or sevun thousand
sp-ein} pum @ of vurious sises cné clarectorlstics,

7s¢ The development apnd fabrioution of six or soven thousand
hiphly speciul nrum. sealirs dsvicose

te The deavelopmont, febrliestion and assembly of nsevertl

thousad converter vnite of mevernl cizcne
“l ui..éu!"d doud 4! ! !!




Pe e dovelorent ernd i:nbrict.tion ¢f Inv-c cuntitics
of spcolal wilves, rine wnd other proccss ¢ quirtonte

10¢ Zhe dovolopment end ranufoeturoe of tovs of thousaude
of g-ccinl meterin- and sontrollin- instrunnts

11s The dowelormemt of e ourpraonensive vacuun technolory
en? of mnociel lenk tontin: deviccs,

12 The develomaut and production of sisoable quuatities
of & mmbor of eprcial chemionle of Lich purity,e

1fs The solution of unhrecodontond corrcaion problens,

16e The procurerment of & larre blool of wuricbtle frequency
nower of ultraedopondehilit s,

3=de Dooimn of larcc Sonle ilent, = é‘bﬂilm the thoory

dovaloed trr Cohen, ot a & rogult of f‘urthf*r studleg L 455 o
ox;inocera, unv fellex Copporation, vortin- wwer OSRD contr.ct, “ado a
recort of pro.Test in ‘arch 1943 (A t22),  Thie "First ‘pogrosg
Roport' ou tho @iffusion plant wou basod on the oonocepts ¢f st/ and
oascade opernt on us discwas~d in e wvah 2el of Voluwe 1, Comvros
heansive nrocoss coaim wre included for & lar~o soals diffusiomnl
separation plant ".:o ~roducs one kilo par of ‘=235 nop day, YO nor cont
rure, fron 2105 nowids rer doy of feod coninﬁnin" 0.7} nor cent 236 E"s,

Dogl-n of apxilierr equinnont wis clso prosented in con:ideruhle Goinile

_“_:otkm”e ilant Wﬁa._}- In the mrl:.r pert of )

1042, & prow: of inglish ccleatists, .‘moludmr- ‘OOBrG, iy he Abara and

Fe S4rum, visited this oomtr,}r end explained thoir schor of plu.nt dew
gimie Tre Amoriown ole-h, as developed by the Kollox enpincors fror

the $htory of Columr o Lors, s mlommed to oporets et polelivw)y

il
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requisito purity mey bo obtaireds I the heldwn io deereascd, the

hirh <8 precowre, a¢ honoe wnder conditions of turbulent mixin o

Tt wao algo desli-ned for rinimo Larrier aree heldup end ccuilibriun
tirce W halﬂur:‘ iz the an~mnt of diffusing reteopricl wliich 1t talos

to £311 w» the blant, or that rocins in the rlant ond cannct bo withe
drann: ua. producte Tho equilibriu time is thot neplod durin~ which [

the -iant rst onercte et totnl reoirculetion hofore e rroduct of the

Ay aize

equilibriur time also deorcaseg, The Pm~lish nlant, hovwever, wus

deviced t0 orerabe with Aiffusive mixin~ and thus wit! lower &g nreas

surag then the Anerlionn plent, "hlle there are advantm ez two boih

PR

schenwes, tho hnerioun en-incers rojected the Dritiech desi-n primpelly
boomusc of the lar-¢ pas voluwrws roguirced in the latter, sovorel.

othor altermative British dosims wore considercd ut they too wore

- rejooted beotuse of the ler-e mominr loads and comnlicoted equl-romt

roquired, Those are degeribed In detail in the British nublicatione

(Appe [15)e On @ lator visit by lesars, F. Simos, E. Peicrls, and

.

othe~ mephers of e Pritish roun, alternative nlant desi-ng wore & tin
disousocd, end similar conslusican wero resehed by the Averican inw
voatipntors (Apne P14)e Further disocussion of Ppritish assistonce in

sorncetion with deal n -roblems is nreoonted in Volume 3, Seotion 15,
———r
S=le later Viork ou Tlont Theory, = The thgoreticcl proun at N

tho 2 lahorcutories eontinued its study of tho lar—e peale -~laat, ate
tontion beln; centerall : ostly on nroblers of eontrol end stability of
oneration, The r;nnﬁlts htive beesn :vrealentod in sevoml revorts (Anpe D16)e
These woriers elso investimntod the bobavior end crerction of tho E4

git.~¢c ~ilot Hlant (& rortion of &the roin nroduction plamt) erceted
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at Cl¥ndon Tn-incer Vorke, Ool: 1f~e, Tonn “.éraoo, and dovined ¢ ~rormun
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of exporiemts slmmad t6 w35l thoe oorretin, theory (Anp, [15).
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SPCTION 4 = NTYULOTITNT OF PIFFUSTON BARTYVRS

4-l. Early Studies, = In the latter nart of 1941 the senrch vus

berun for & barrier material of the required porous structurs and with
snitable resistanoe to corrogion by urenium hexmfluoride, Then the
firet oruvde barriers were tested with UFg in 1942, the separeting ef=
fioienoy observed left much to be desired, Sinee very little work hed
been done on rasecus 4iffusion theory prior to the F=25 Project, the
phenomens involved were not well understood, It wmes not mown whethor
the ipeffioimoy of the early -epunﬁm chteinnd wes due primrily to
fundapentel ehl.mtsrilﬁes of the rolsecular eflusion process, or %o
LUerfect desirn and construotion of the darriers employed, To avold |
the difficulties and inoonvenienoe of handlin: WG' £t was doocided to
enrry on routine barrier teatin- with & workinrs substance sonsistin- of
a mixture of helium an? carbon dioxide, It then bdooums necessary to
determine the relatiocnship between the experimental results obtained
with a paprtioular berrier when ssparating wliunm from carbon dioxide,
and the separative effiocliency whioh would have bsen obtained with the
same barrier under the sams oonditions, but usin~ the X=25 working
substance, 1.e.,8 mixture of U-255 hexafluoride and U=238 hexafluworide.
Disgouraprin~ly slow pro-ress was made in workin- out such a mathod of
oorrelntion, as wsll as in the devolopment of & besfo understonding of
phenoamens involved, In the fall of 1842, when tho first plant desim
enjoulations were mde, htrrier development hed been in pro;ress at
Coluzbis Univeraity for over m year under QSRD oontruotc., It was clsar

that ommsiderchble improvemont in barrier properties wos to be exnected,

i ¢
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but, in order to proceed with plant design, it waz neocessary to fix, at
that time, ocertain specifioations {App. D94) for the darrier. Subsequenmt

development was then directed toward meeting or exceeding these specifi-

oations,

4=2. Barrier Properties,

8+ Prooess Properties,

(1) Separating Effisiensys - The most important

property of the barrier, as far as plant design is oomoerned, is the
ssparating effisiemsy, the effectiveness of "'fntreti.ln" of yi3t L L
molecules from process materisl. The "upu-ltl;n faster® 1a ‘defined as
the ratie of the relative eoncentration of desired eompoment after
prooessing to its relstive concentration befors presessing. .By relative
ommoentration .h nesnt the moli¥ Fitio of p236 Fa to yt38 'Fs present in
the proocess stresm. The "single stage separsticn faetor® would be based
on the ratio of the eenventration of the A stream leaving s omverter to
the oomesntration in the ntoﬁd stresa supplied to the eonverter. The
®overall plant separstion rutgr' would be based on the ratio of comoen~
tration of the produot material to the omoentratiom ef feed materisl
supplied to the plant. It follows from Orahax's law, that the ideal
aeparstion faotor &K for a single gaseous diffusion stage is the square

root of the ratio of the molecular weight of U238 py ¢o the moleoular
wight of T*3® p,
M - — @gn - 1.00‘8
T\ /my * 349

In practiee, with other variables such as eperating pressure and tempere

sture fixed, the metusl single stage ssparation factor is a function of
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barrier struoture, inoressing with the fineness and uniformity of the

aperturese, If the separstion faotor reslized with the actual barrier

is lower thean that chosen for plant design, either the desired produst

eonaentration cannot be reached, or a lower sutput will have te be
accepted, To produce eme kilogram per day of urenium at s sconoen-
tration of 90 per oent of the light isetepe, as originully plaenned, the
separation fastor would have to equal or exoeed that specified, In
June 1944 a minimum separstion factor of 2.3 was specified when testing
with a mixture of helium and ocsrbem diocxide, &t a fore pressure of 80
sentimeters snd a back pressure of ¢ centimsters of meroury. It was
not vntil June 1544, by whioh time the ereotion of proeess buildings

at the K-25 plant site was half completed, and the imstsllation of
equipment well under wmy, that s satisfactory theory of effusional sepa-
retion was evolved, together with a sstisfactory method of sopversiom
from htliu-uri;m dioxide to UFg separation factors, This date oame

a3 & result of intensified and combined efforts of the SAY, British, and
Kellex groups, as well as the Californie Institute of Teohnology.

(2) Porosity. = The next most important property of
the darrier is its porositys Of all the gas moleoules striking the
surface of a barrier at & given instant, only a small portion pusses
through to the ether side. The freotion of total impinging molecules
which succeeds in psnetrating ths barrier wall will depend upon a
nupber of varisbles including ths fore pressure, back pressure, nature
of the process gas, and structure of the dbarrier. It is important te
establish & porosity comoept which will have e definite mathematical

value, which will be conveunient to measurs, end which will be reedily
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reproduoible under specified to;; oonditions. Such a concept ia necea=~
pary in order that numericsl comparisions may be made between various
types of berrier under consideretion, and #o that the flow rates snd
preseure drops to be expeoted in a plant designed to use = partioulsr
type will be subjest to nunor}cal prediotion. In the early stages of
barrier development, it was oustomary to rete the flow chareoteristics
of cxpnrilnﬁtal barriers in terms of the “specific flow", which was
o-lcuilttd by dividing the observed flow rats per unit ares by the
pr;lnuro differential sausing it. A gpiven barrier specimen would show
widely different spscifio flows when tested with different gases.
Further, the apecific flow had to be expressed in a oonplioath unit
such as oubie sentimeters per secemd per square sentimeter per centi-
weter of meroury. To sorrslate data obtained imn different laberatories,
1t was neceasary to somnvert all values reported to the same system of
units, A more convenient oonoept was later sstabliehed hy ineorporsting
into the speoifio flow a frotor oconteining the lolooula; weight and
absolute temperature. The new quantity was termed “permwenbility”, and
oan be thought of as the ratio of actual flow to the flow whioh would
ocoour by molecular effusion if the barrier wers mot present. It is a
dixzensionless quantity; the numerical velus is independent of the units
exployed for flow and pressure 20 long as the systex is consistent, A
further advantsge in the use of the permeability comcept instend of the
speolfio flow is the frot that its numerioal value is xmuch less dependent
upon the nature of the process gee used, partioularly at low preasurss.
Finally, the psrmesbility as above dofined has s theoretiocs) basis in

simple molecular sffusion theory. For these reasons, the permeability,



designated by ¥, was generally ldoptad throughout the Project for
sorrelating darrier porosities, Further studies showed that the perme-
obility of barrier 1s made up of two partse One part () is nearly
independent of the ges used, and the test conditions of pressure and
tempersture, The second part is da!‘i.n!.toly a funoction of thess veriables.

Thus, it was found thet when ebserved permeabdility wasz plotted egainst

| "pressure sun” (fore pressure plus back pressure), s nesrly.atreight

line was cbtained which oould be represented by the equation:
T = \ro [_\"' S (PL h 4 'b)) I

in whicht ¥ = permeability

F1 = fere pressure

Po = back pressure _

X. = extrapolated walue of permeability st sero
pressure sum _

§ = the "slops fastor®

*

‘The porosity properties of a berrier cen be specified by giving velues

for X, end 8, /
w
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Berrier Type ¥1e 8 A
m 0o b(3,
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Permenbility 1s dependent upon tiu operating pressure, inoressing in
magnitude as the difference between fore pressure and back pressure ia
ireressed, Permeabllity is slsc a funotion of barrier structure, in-
oreasins both with the number snd sise of the holes. A h-rricf of a
sertain permeability with & large number of fine apertures will show a
greater uparntto? faotor than one with & smeller number of larger
holess. It is necessary to spesify both upper and lower li.nitll for
permsability, simoe 1f the permeability rises ‘above the upper limit,
or falls below the lower limit ohosen for plent design, proocess pump

+ affioisnoy deorsases, Process pumps became unstable 1f their inteke

falle below a specifled limit, and as permeability inoresses, either
the horrepowsr of the prosess pumps must ingrease, or the total pressurs

of the plant must decreases

be Chemioal Properties.

(1) Plugging Oharsoterfstics, - The barrier must be

ohmonll; inert to uranium hexafluoride, n. very l:grautn subetance.
Resoction of the fior material with prooess gas can lend to ssrious
redustion'in permeability by growth of rescticn products within the
poro;. Moreover, oorrosion at other polnts in the process system oan
form solid products whioch may lod:e in the aperturos smd produce the
sume resulte E£ince six months wes oonsidersd to be the minimum allowe
able life from the point of view Yot replacensnt and plent mnin‘l:enanoo,'

e tolereble plugging rate for barrier wae &et et 0,16 pef cont rer daye

e



i I RIS S SRR

! _ (2) Prrocess Gas Ceonsumption, ~ A second aspeot of

coerrosive sotion is its inherent sonmmption of valuable precess material,
This would be partisularly undesirable in the higher seotions of tae '

plant, and eamstitutes a seommd reascn for develeping a berrier whieh ia

T

shemically imert to UFg.

e
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L Wechanisal Properties, -
-2 8 propereise. =) DELETED )

/ It {ia diffieult te ulouut_o the stresses emoomtered and set

—
—e—

up within the material during operatisn, but developmeat studies have

s

L5

shosn that the substuzoe will be asuffieiently rugged $f it ean be
designed and fabricsted in sueh & way as te withstand the rether severe

stresses imposed during menufneture sad imstallation, The area of
barrier required for the plant was sstimated to be five million square
fest. It was thus apparent that the fedrisation of barrier ealled for
n' materinl shieh weuld be both avallable in suitable amounte, and
smenable to as simple a manufasturing precedure as pessidle whieh would POk

o

A

b3

result hl. uniform quality. '
t i ; DELETED )

4~%y Barrier 8ize and Shaps, -~ The idesl plant az demanded by

theory ocannot be realised in practies, 1In sush a plant, for exampls,
4

diffusers, pumps, and ether squipment should theorstiocally desresss in

size ocontinucusly from the feed p'oint to the ends of the easssde,

Pr'notionl plant design’requirements oslled for » small number of equip~-

o7
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mont sizes, and lowest possible plant cost with respesoct to this faotor

lmd other muuu. The distrivution of barrier surface throughout

e S

the plant is desoribed in Yolume 3, '

Dz
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} h order to nantrel th- qullity
e —— e —t
of product as fer as leaksge of darrier tuhu is esemserned, & "loak

flow teat" has deen devised in which ropruutntl.w tubes selected at
random are plased {n a speoial test machine and subjected to internmal
air pressure. 7The presaure is adjusted 4111 the rate of flew of air

diffusing through the barrier is 300 eubic semtimeters per mimuts, and

e

the upltrn- presaure is mesasured, Dag_

— “‘“' , ) b{3)

DELETED

¢-ds Barrier Types,
gs First Types Studied, - During the early peried of the

work at Oolumbia (prnr t0 1943) many proposals for barrisrs were ine

vutuatod ud ad uod tor variocus num.

o o e e Y — - [P

| e
/’ DELETED b(?)

thn ocntraect W-Td0b-eng-80 beoare

orrutin, a dl.viun of the BAM Laberatories was established for the

speoifis purpose of studying now barrierse. During this period, msny

attrsotive products wire developed, some to a greater extent tham others,
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_) It soop beoame spparent that there were many promising barriers whieh
deserved exploitation, but shortages of manpower, difficulties in proe-
ourenent of materisls, the neeessity for repid development, and similar

faotors determined the partioular types to be selected fer further study.

DELETED
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J The properties of some of the barriers

were very promising, dut most were eventually dieearded for reascas te

be eiteds |
b. Primcipal Types Cousidersd, « In the original plant

deaign report (l.p%!; Di2), three prinolpnl typos of barriers were under

ecnsideration (App; D17). f _ Dog
-. ' DELETED | b {3-)
Jlo; Miw‘haimdm of barrier
development is given in the Xellex Cempletiom Report, Seotion III, (7).
- DELETED )
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work on the developmsnt of preduetiom methods was slwe dtme by Sam

Tour, Ins. under a loééi'cx subsontraet, Y o
- (3)‘__i'owdar' Nieke) Barriers. = | \
DELETED /
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;) This work was started under of 3)

ey e AL

OSRD oontrast ORMer-1126 (App. D18), and oantinued under contraot W-7406-

eng-142 (App. 020), /

2
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(3) | )
! /hlll oxsmined by Kellex ﬁarlmcl toward the end of
that year le good process properties and fair mechasiosl strength.
/ o
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The Fellex Corporaticn oocopersted and supplisd same of the technical
personnel for this installation. Kellex also undertook a survey eof
1nduatry to find & oompsny to handle the ultmt- manufscture of this

barrier. On 1 April 1543 the Houdaille-Hershey Corporation was l.p-

e

« promched by Kollo%md Arzy repressntatives. ' }
DELETED
e e e e [
P -~
/ It was deoidod to build . new plmt adjnoent to thu b(-?»)

ﬁoudaille-ﬂorahoy Oakes Productl Plant in DPecatur, Illinois, A research

laboretory was also orgenised in part of the Oakes building to suprle-

4.12




ngcﬁciu for atudy of scme of the more oritioal items, f

_ ; —
ment the Columbis progrem./
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_/‘A nuzber of oentrnctl_ ;nro umdad“ to outside
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] This, in turn, was

) d DELETED

it -

superseded by the DA barrier (forwerly called X-1) which wae aotually

4 g S i e T T

ussd 1n the Xe25 production plant. |

——— I — o e
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b

’ﬂun sarlier experiments were made in ocllaberstion with

the Co O Jolliff Namufaeturing Campany under subsoutrast §11.148 te

contraot ORMer-412 (App. 4).

—_— : " ,
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(2) FPredustion. -~ lLaboratory production of this

barrier in sizes up to B by 14 inches, and in amounts up to fifty square
fest per wesk, was obtained in the Pupin Laborstory of Columbia University

N
e o0

and 8 0 62 wind a4y




. »

during the latter part of 1942 and the early part of 19‘8. In Jeapunry
1943, steps leading to the continucus production of this material were
taken by planning for pilot plent produstion in the Schermerhorn
Leboratory at Columbis University. Ths design and oonstrustion of the
neoessary machines was undertaken by the New Jersey Uschine Company

\;(ipp. D21), with the cooperstion of engineers from the Kellex Corpo-

| ration, Comstruotiom of the meashines begsn im February 1945, and by

1 qu‘lots, installation and erection of the pilot plant was well under

ways Initial operatiom of the msohines wms started ia July 13, and
_--—_-‘"-—-.,_

the plant eventuslly opsrated an a tweaty-four hour bLasis

ey
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1 [ (3
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Af the

ternination of oomtraot ORMsr-41Z (30 April 1948), it
sppeared likely éiat this barrier could be produced in

sultsble quentity end acceptadle quality. Simulteanecusly

 4ele




with the comnstruotion of the Schermsrhorn Pilot Plant,
becsuss of the urgency of the Project, design and oon-
struction of machines for large soale productien e
carried forward at the Garfield Divisiem, FAoudallle~
Hershey Corperation, Decatur, Illinois (Appe P22), Clem
! oooperation between the groups at Decatur snd the Columbia
investigators was maintained during this period, .
(3) MNeohaniecal Properties, = There was a stesdy

improvement in the propertiss of the A barrier, espeolally during the
Iatter part of 1943, Hewever, its mechanioal properties were diffieult

to ocntrol, snd oomsideradls research cu these problems was nndortnn;u

B e ———— ———— P

DELETED

bl
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“report o0 the 4 barrier by Edward Vaok, Jr. (App. D23) provides complete

detalls of the produst ss finally obtained,
j

' DELETED
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J The latter is desoribed in suanseeding paragraphs.

(i)' Abandonxent of A Barrier, « At a meeting held at

Desatur, Illinois,on 16 January 1944, attended by representatives of the
Vanhattan District, the Houdaille-Hershey Corporation, the Kellex Corpoe

retion, ‘the Carbide afid Carben Chemioals Corporation, and the SAE

ta

T



S . .

laboratories of Colunmbla University, plans wore made for the imwediate

conversion of the Fouwlailleeilershey plant from the production of A

barrier to Ke1 tarrier (App, D24, Bl), 4

o a——
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[Mush of the A procedurs and -qu!pn;ntut Decatwr was directly
B e

- applisadle to the new tarrier; hense previows experience and ressarch

sould be utilised, (m the basis of these considerutions, mjor exphasis
at the SAU laboratories was immediately shifbed to DA barrier, and
research on A barrier wms oorpletely disgontinued within a few monthe,
It was also decided at this weeting to assign overall responsibility for
cuporduon and coordimation of all futurs barrier research and dsvelope
ment to Carbide, Supervision of produstion ant control at Decatur was
wented in an engizwer on loan from the Dakelite Corperation, A liaisgon
group of Carbide tochnioal men was asaigned to the Hellex offioce in New
York., Thia prowp reviewsd all peports on btarrier devslopment materinls
proposed for manufacture at Deoatur, and wes responsidle for deoiding
which materials should go into tho Desatur plant for prosessing, whioh
were unsuitabls, and ihleﬁ should be further developed,

4410
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(1) Procedure, = The sarly histary, as well as the in-
wventor of the DA barrier (formerly oalled =1 tarrier) are wtters of some
wioertainftys studiss of these points are now being made by the inhattan
Distriot Advisor an Fatent Jasterss The matersal was known to Ee O
Norris and W, ¥, Libby, at Celumbia, during the period when greatest
sxphasis wan hug plaeed on A barrier, It was also inwstigted at the

P R

laboratoriss of thn Bell Telsphons Company end the Kellsx Corporation.
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(2) Production. « As indiecated previocusly, in the

-

early part of 1944, work or the 4 barrier at the 5AN Laboratories was
Jtc’rni.utad, and the faocllities and poraosnnd available were diverted to
study of the DA barrier. The Schermerhorn Pilet Plant st Coluxbia was
altered to produce DA material, mxd an intensive study of optimum
standard manufacturing processes and evaluation of presess veriadles
was initiated, To expedite progress, the Xellex Corparation likewise
operated a pilot plant at the Wash Bul.ldling in Yew York for research om

the DA darrier, with the work ef both plants scordimated,

DELETED | Y
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. The process, as nporatad by the Houdaille-

T it g R AT e e g

Hershey Oorpcnt:lm in Doutur. eventually attained a duily output of
'

86,000 tubes of D2 barriere ——
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J e 1 Boptubcr 19“ Iollu poﬂonml “and “the

[ —

pilet plant t’mriy loeated in the ¥ash Building were transferred to

the SAM Laborateries, On 1 Jenuary 1945, the Sohermerhora DA barrier

pilot plant wes dismantled. The major part of the research hed been

ucoampliihoﬂ snd from them on, attention was ocsntered on another type

of barrier, In u}:m K«%25 casoade, plain DA bBarrier has been

%

insterlled in 1982 ltagu. | ]
!
J

e e
-

1 e T

f, WB Birrier., « Au acoount has been given, of the

- ool " .



powdersd niokel barrier as studied at the Bell Telephone Laboratories

and at the SAU Laboratories, first by Celumbie and later by Cerbide,

el i e v ® e e
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DELETED

H{Ti;'loparatin; effieiency was the highest eb-
_—;orv.d in the porosity range of 1nt.rllf, both separating efficiency

snd porosity being readily oomtrellable end reproduoible, 4

DELETED

1 January 5 Produotion was started by Linde and oentinued through
Varoh 1946 st whioch time the berrier plant wes plaoced in stanﬁ%y
. : A

oondition,

£,28
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\) (1) Procedure, -~ The pilot plant development of this
materiel, wus assigoed to the fAM Laboratories, was begun during the

latter part of 1944, and was continued through ey 194%.)
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(3) Produstioem. - The Wn barrier, which was prodused

at the Linde plant, was used 1a & small pertion of the K-26 pruluﬂiu'
plante It was first iastalled im six stages, and later in forty-eight

sdditional stages whish were selested for experimental operstion and

proof of ite suitadility.
|
| l
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Es linor Typed.
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. _...-—-—— T T B N, - -
- \_—_J They oontraeted with the Globe Utnien Company who worked
4350
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\ on the prcblem lor several momthe, T - - %
A - DELETED Vb j
| _ B A
‘ | j The development was not
oonsidered promising, and was therefore stopped. - . pe B?
T e —————— . — i \5(3
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(3) Y-Barrier, - During the spring asd summer of 1944,

specimens of pre-formed barrisr tubss desigasted as "Y' tubes were D‘ag

produced by the Beutex Corporation under the spamsorship of. the Xellex b(j’
/ _

corporatiiqn.
DELETED /
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establish the fessibility of producing the Y tubes in volume, the A
‘ /_‘_-_ﬂ

Campbell Company undertook s program ef researshk and dmlapunt.;-

i E——— -

fni order to
- s.

4
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4-5. Powlered Niakel. _-)
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. ﬁ—v:;tunlly, two other varietiss were shown to be

= ——

suitable, One galled powder B, or *Virzinia® pewder, was msde by the

International Niekel Company st Huntington, West Virginia, and by the

Veatals Disintegrating Comvany at Elisabeth, NHew u:-ruy; the other,

632




~> oanlled C or *Elgmﬂ' powier, was made at the Elizabeth plant from nickel

——e.

oxide obtained from the Linde Alr Produots Company at Tomawends, Kew York,

DELETED i)
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J Subuqmtly. mothor n.lok.l pudor, ealled D pe-dor, e L {3

J!ﬁ.lopod and preduced by linde usinmg an improved process whieh greatly

" inoreased the protluotim uto.
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The produt pououotl th. advantages of a eontinuous nnufuturlng
prosess, lt required lnly s short furnacing time, and it employed the

prcvioully wntut’autory domestic powders which were readily sveilsble.
Yod”
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f‘l‘ sheet was sscoordingly

placed in produoction st the Linde plant in February 1648, sni centinued

until the plant was pleoed in stand-by eonditioco several months later,

4
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SECTION & = DEVELOPKENT OF SPECIAL PUMPS

b-l. Process Pumps, - One of the basioc slements of a diffusion

stage 1a a suitable pwmp or pumps, ¥ith the sole exoeption of the
barrier development progrex, the decisions made in oconnection with the
ohoices and evolution of process puxp sizes and characteristics hed a
grester offect on the shaping of X«25 cascade design than any other
single fastor. An sxtensive treatzent of the development cof pumps fﬂf
proosss use and other purposes esan be feund in Beotion III, (8) of the
Kellex Completion Report,

&« Reguirements, - Im 1941 E. A+ Boorse prepared ¢ psper
disoussing the general problem of gasecus diffusion plant puwps {App.
D27}e. It was recognised that the follewing requirsments had to be
st

l. There must be effeoctively no loss bf proceas gas from
the aysten, The volume of gas to be handled by the
pumpe, most of which ia repestedly rescyoled throughout
the plant, is very large in oamparisom with the rete of
fesd to the oasosde or the rate of preduct withdramal,
The smallest fractional loss of the process stream ae
outleaksge would constitute a very lﬂriﬂulIIOII in terme
of feed or product,

2. Inleakage must he limited to & very low tolerance set
by censiderstions of end product loss and purging

oapaocitye.
3. There muct be sheolutely rc inleakage of oll fop or

ey
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coridensable wapore Sush ratorial would rouei with the
rroooss mterinl, eud would imeir barrier ceorformncc,
In omer to roduce thi nlant cquilibrium tise tc as low
e veluo e poscsible, holdus volume of ths rurms rust be
minimigod, This amounts to the requiremont of wery

hiph nurmine svoadse

laterials of construstion mwt be particularly resistant
to uraniuwn hmi‘luoﬂ.do. hoonuse pwy parts are subjectod
to0 higher as tameraturce and velooitica than any other
part of the plante Corrosion will haston fallure of
thin metal parts suoh ks a bellows, and solid corrosiom
products oun interfore with proper perforamncs of proe
oipion perts. |

4 wide yange of oapacity and compression raf:io.iu

roguircds _
The pump muat be upnble of tandline & e of wusoally

high rolesular weirhty the denoity of Urp is sbout
twulve timss tint of Rire

tfrislency of operation is esnecially dezirable in ordar
o ninimize tho power daranded hy thn savorc] thousand

Preeess DUy

Colection of iwrp Tyra, « It war pomerelly bhelievo?

(Appe T'12) that oentrifyzal purmns satiafied these yeQuiremants rare

sommleotely than any otier type, but bellowseacaled reaxinpoentinr pups

were re-arded ap crobably acce—table auhctitubes 4 Hie entleinated

dovrlanment of o esntrifurnl Gy abeuld rmwove vacvocessiuls  Tin ade
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vantages of a centrifugel machine over g positive displacement type are:

1.
2,
3.
b

5e

it can be built in larger capscitles,

Holdup wolume is lower per unit capacity.

It can operate at lower suction pr;snuma.

The centrifugsl punp has no valves and presenta fewer
mchan.‘lca.J. problems,

Delivery of a centrifugal pump is non-pulsing.

~ However, the centrifugal pump also poasesses certain disadvantages:

1.

3.

b
5.

Pressure delivered and pumping capacity vary with gas
density, and therefore with the eomposition, pressurs,
and temperature of the process streas. |

There is a punping limit, or minimusm suction volume,
below shich instability or surging develops,

The high spesd requirement results in high welocity
process gas scouring hor the impeller and casing. -

The pump is affected by small changes in spsed.

A campression ratio urusually high for centrifugal

pumps 1s required.

Keoiprocating pumps were considered desirable in the uppsr sections of

the cascade because of the low pumping speedes required, and prior to

the succossful development of an ext:mal seal for centrifugsl pumps,

or alternately, internal motor besarings and seal, reciprocating pump

development was believed necessary as insurance agalnst possible

failure of the centrifugal pump prograx. Conslderabls work was there-

fore done on reciprocating pumpy development (App. D28, D29), but, since the

decision wse later made to0 cancel plans for the construction of the upper
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' WITH CARTRIDGE SEAL
’ /THI& 1S THE TYPE ULTIMATELY DEVELOPED FOR PLART uUsE
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apctions, arid since the centrifugal pump progrum proved highly successful,
this type of pump was never used in the zain casgade, However, a recipro-
cating tyﬁa was used for the purge cescade { Fsr. 5-§).

¢. Centrifugal hump Developcent, - The work was divided

into two portions: the design of the pump proper (impeller, diffuser,
and casing), and the design of either = shaft seal sultable for use

with the usual separate motor, or tha_dsaign of @ motor to be enclosed
within the pump casing snd of such nature &s to withstand exposure to
the process materiasl. Ultimate choice was made of the special scal
rather than the totally oneloud'arrmgmnt. This decision was based
on such disadvantages inherent in the closed type is larger site,
complexity, and necessity of auxiliary pleces such as an oil pump,
cooling fan, and internsl seal. Difficulty wmas also experienced with
the development of specisl insulaetion and lubricuting oil, Furthermore,
delivery schedules for the manufactured items were alarmingly leng. In
the early stages of the process pump prograsam the decision was made to
lixit the number of shaft seals to one per unit, thersby specifying an
l'wcrhung l!:att.. It was aleo decided to use a single stage pump design.
"Ihi- regquired a compression ratio of from 2.3 1 1 te 3.2 : 1 —Iut.mely
high for a centrifugal pump. This dfcilion also made necessary the use
olf peripherzl impeller wvelocities in excess 22 the walocity of sound. As
Linally manufacturad (App. D36) by the thousand at Milwaukee, Wisconsin, by
the Allis-Chalmers Manufacturing Company (Fig. 1), the pump includes an
open-type slectrie motor, and a triple-disc eeal. The development of
the seal is discussed in I'aragraph 5~2. The impeller iz built up by

welding frox plates, rings, end blades of sheet monel, The front and

by,

weo

Py



CTEEE ,,._;uau'n

baock platez are cold formed in a hydravlio press. The blades are
provided with edge tongues whish project into holea in the plates,
Exvept in the 1200 eublio foot per minute size, four "equalising tubes"
pasas through the impeller to balance the pressurs on both li'd.l end
elizinate end thruste The impeller consists of twenty equally spaced
J"bladu of 1/8 inch monel sheet. The blades are curved, and are assembled
ot the impellsr whes] with & backward sawwep. They are enclosed at baok
and front by manel hub end sover discs. The backward sweep featurs of
the blades gives a steep pressurs=volume charasteristie, lowsrs the
pumping 1imit, and provides a noam-overloading power-input characteristie.
The scroll and diffuser are made of internally miokel-clad steel. Al
oasing joints are welded; all bolts, stays, eto. are provided with
welded or scldered seal caps. Bearings sre slesve type, babbitt=lined,
feod with oomtinuons nmu lobricant from & seatral system, At the
motor end of the drive shaft there is s flexidle ooupling, with a
removable spacer leng eaough teo pcrnit removing the sesl oartridge
without disturbing the shaft or motor. A "blewout preventer® {(used
-:1;; duri.eg seal maintenmnoe) is provided to prevent leakage of air into
the pump while changing the seal. Wearly 6000 of these pusps are |
instslled in the x%zs oasoade aystem.
6-2, Cemtrifugsl Pump Seals, -
as Early Biudies, - The Columbie investigators devoted

omsideruble effort to the development of centrifugal pump seals and,
o9 summarised in February 1943 (App. DS1), three main varieties were DOE
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agh of these typos possedsed ceriain disudvanta;vs, and none was finally

aocepted for use in the mseous diffusion plant, For & discussion of
the wopk or. these tmes the reador is r-ei‘og'red to the Fellex Corpletion

Egport, Seotion 1II, (8) Ae
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The baslo operation of the
seal asasnbly is simple,
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Desirn prinn!.phl lnd opontl.ng ehluotorhtiol were found to bs suoh
ae 167 adoquately st the requizements for gentrifuml stage pumps,
_ ;
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o ] mvuﬁptlcm were oonﬂnud at the BAN nbmm-
ﬁu‘w@n mm. 8, siultanecusly with the produstion programe ' |
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w of gmaeous diffuwion plant operations, o host of prodblems wore o=
oountbered having to do with punp seal operution and msintemanoe, these

problems 4id not easily lend themselwes to solution, apd soon grow to
astuwe mior importance gﬁoaﬁﬁaﬁ!«aﬁeﬂ»g delays in
inkui% génp‘*iuﬂ.zgagulﬁ
senl troubles redussd to their present low reate of ineidences Carbide
oarrisd on teshnionl pump an? seal work at the plant site, snd alse
mintained o seal development growp at the SANM Iaboratoriss, whoss sole
ain was 0 conduot research and Lxprovemsnt stulies, and carry out tests
on sesls deweloped by Carbide and other agencies, The Zallex Corporetiom
.a%u, research at the Jersey City laboratory, and joined Carbide F
the work at Oak Rldpe, he AlliseChalumers lunufwoturing Company also
sollaboruied with both Carbide and Isllex in puwp seal dewvclopment, s
Sﬁﬁégafgu’.zﬁoggﬁ
on this subject during the period whers seal 4iffisultics were of para~

. mount conoern, & mumber of additionml walumble suggestions wers made by
. ni.onlﬁ_aﬁoa ountractor, the Jo As Jonws Construotion Company. o
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A wariation of this pumpy which retained the same seal wmnit, was tried,
but with no batter suovess, The oonosnsus of all agsnoies econcernsd
was that & re~design of the pump seal would be requived,ir efficlensy
wore 0 be attained in operution, A liaison growp, caposed of OCarbide
sngineers, was assigned to guide this work to susoassful ocxpletiocns
4 The prowp was %o recelve é-ﬁﬁ-nﬂ%ﬁgsﬁ agenoies,
correlate them, and pass them on to an enrinesring prow shich would
prepare the design, Testing of naw desipcns was oarrisd out by the Seal
93!!6!&5_Edﬁwﬂonzf_ﬂﬁ_ﬂiﬂl_?nfl_xﬁiﬁlﬁilnﬁﬁE-h!iﬁﬂ
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nﬁq laboratories,,
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Much of the material aibodisd in the suggestions fop re=design Wire the
result of the experience gained at the plant site with seals during |
sarly operations in the experimental building (Vols S)s ~
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ket which Wb vsed m the seal,
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(2) Prevention of Seal Rmm.- Mmuslm

a great step forward, but 1t was not the fiml answer % pump seal troudbls,
Original shipments of seals were found ¢0 bs rusted on arriwml at the

4 plant am.'ammhuormmmwmumﬂm
Carbide, After a mubor of attempis, & solution wag worked out so as

to prevent any deteriormation of the ses] betmuen the time it lafh the
mnufacturer and 1ts arriw] at the I8 plant, Then the ssals were
mmmwmomw-mmummmu
silhyuhutmpbndﬁummmmew_
teiners sseleds This ended the mst diffioultys In additicn, the entire
sealwas shipped e5 & oartrides, ant ws so kept Wntil yeady faor assembly

on & PUNpe

(S) Improwement of Seal Gaskwt, « Trouble with seals

$n the plant oontinued to be the mjor cause of 0ell dowmetine through
the sorpletion of the 308 Section, and for some time during the opee
ration of that seotiome One zajfor phase of the problem was run down
wﬁoﬁouummuxmatmpm A muber of leaks which
hdm‘mm%hmhmmhhduwmmhttadm
the seals, and not to the seal itaslf, Ammm developed hy Carbide
at SAY has olimimntsd this troudble, This new part is & rubdber ring
gsket and 1s rore sooncnionl o mRmufacture and to wes

| (4) Seal MoAificntions for the 306 Section, = Sown
m&oamanﬁwmpmlérunlt'mnpmmtml
fellures wers ooowrrihs at such & hich rate as to reduce tho effectivencss

y _ Geld
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of the uppcrpu.rt_of the oasonde to a dangerous minimm, Operation of
the whols cascade with reasomable econory of production requived utie
Maation of the 308 Sectien, but sea] failures in exoess of 200 per

month posed a serious problem,

DELETED
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These studies resulted in the predustion

of a sexl designated as 1~7, which uﬁnmoﬁﬂ.ly wt all of the require~

ments for eslls in the 308 Sestdon, After thelr imstallation, an

. N

lmadh.tq drop of frequency of seal failures s noted, and the rate
muhﬂﬂy improved, At the pressnt time seal failwe stands at less

¢

than € per cent ofg.u sarlier nhg_!
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(B) Km27 B“h."

|
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They wore vory thoroughly tested hy the group at SANM defore being

installed, The sucoess of these senls 1s witnessed by the faot that
J'tﬁo rate of seal fallure in Ke27 stands at & very low incidence. The
cperating strean sfficiency of the oancads hu been over 99 per oent,
‘as opposed to the B7 per omt originmally predioted in design, In
iapge mensure this high efficiency is dus to the very thorough research
and btesting carried cut by the Carbide Seal Dewelopment Group at SAlL,
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/ th!u‘m pwpl require no mh. md. thonfnﬂ. n-!.thor .
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Jeal ms system nor & sesl wouum systems At the same time, the motor
windings oan be aitunted in the atmosphere, a0 that conwentioml
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Muht&m oan be t-od.,’
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nprumbod [ 3 mn totally enslosed tn-ohp eatinghouse desipgn with
an oil lubricated Yearing and an oil seal, The rotating elewments wre
. pouabed o o singls short rigld shatt, The asseubly could be shart=
cowpled and flangeenumbed, and required no base plate or foundations.
Tt 414 require & specisl mcter insulation rosistent b0 process gas,
and & speoial We= reaistant lubrieating oile, It also rwquired o
000ling fan and & special type mcosssory oil pump, Serious difficulties
wore snoountered with the oil and frwulation, and with the dissipation
of heat, Dewelojpment of enclosed mobor design was discomtimued with
the susoessful evolution of the cpen-uotor sealed wlte
Gaby P_ur_g_p- MMMuyhmM'um
extension of ttw u-:m prooess ossoade, Wultiestass diffusioml seps=
ration is oarried cut in this section based upon the sears passous dife
- fusion prinoiples u; in the rest of the plant, The pt&:ﬁu at this .
point, however, is not to effect the separntion of different isotopis
waprietiss of urmnium hmt“lwrid‘, but rather to remcw any 1lipht

dilvents whigh may have found thelr way into the process strean, The

G810
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density of the pag handled in the purge onsonde weries markedly from
point ¢o point, The molecular weight werics from that of nitropen
(28), to that of uwraniua hexafluoride (352)s Dscreasing the donuity‘ of’
gae handled by eentrifugnl pumps, deoreases the discharge presswo, and
therety the papacity. This resulta in the requiroment of higher mpeed,
larger Lmpollers, or more stapes, These required charscteristios wary
from lﬁp to stage, Positiwe displapement puxps, on the other hand,
can handle Erees; of different demsitiss without a detrimental effoot
on the compression mtic. The progren which was wdertaken to dewwlop
the machines which would be pecessary for the purge oascads, and which
night alse sorve as acosptadble a.luﬁntu for the min eascade in onse
a suitable oentrifugal pum oould hot be found for that eppliostion,
s mﬁ with the problems of internal inertin of high speed pumma,

apnd minimisation of holdup volume,

&, Altermbe Types Considered, = Brief deseription is
presented of the four main altsroate types of pui.,tln displacexent
pums which were stulied for applloation in the purge easonde, Nons

of these wWere fimlly chosen for the reasons noted below,
(1) Shaker Pum, » The shaler pum, Anvestigated at

l:umhmctta Institute of hMlow. showed early prordiss, It oon-
siztad of a loose piston inside a cylinfer whioh oscillated in en

axial direction, The pum required no liquid ludrisation, and no seals,
- sinco there wore mo plston rods, but it 414 require flaxibls mms inlet
apd outlet ecnneoctions, Shaker pumn> developmsnt was abandoned when it
was doolded that the mny problems involved would require an inordie
nately lon; timw for solution, The interrolationship between piston
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wolght and stroks, speed, and work dons mede proper ecmtrol for werying
conditions quite diffioult, The walve inortia problem was also serious,
(2) reddle Pupe = Desifn work in the paddle type
machine was done by the American imohine Defense Corporation (Appe A)
uier suboontrect with Columbia Uniwersity, The pumps oonsisted of
an oscillating paddle trawelling on &4 ourved oylinder, The paddles was
mm&odmubeml&m;on.andthnpaddhndna sealed by & Doe
tallis bellowss The paddle 44 mot have to roly upon pressure aginst
eylinder wmlls for guldanoe, & large piston displacenent oould b
obtained with only smll bellows dsflsotion, and bellows 1ife was longs
but the mit was omplox and reqQuired warious bearings, oranks, oone
neoting rods, rookers, eto, The paddle wes deformed by large inertis
forosse A great anount of dewelopment work would have been reguired

$o adapt this puwp to large soale vae,
(3) XRotary Compressors = The "Roots Blowsr™ 4s o

nodiffied rotary compressor with extermal gesrs and bearings, ent two

" figure "BY impellars, No internal lubrilsation iz neoded, since thore

are no mbbing surfaces, lsaknge 1s not ohjeotiommble through the
fow thoupandths of an inch olsarancs between oan and housing booause
pressures handled ars generally low, The "Elllottelysholn™ rotary
oooprossor retrins the adwantages of the Roots type, dut has greater
officiency dDoceuse compression 18 more nearly adiabatic. Helloal
impellers are provided, snd discharge an! inlet parts are at opposite
ends of the easing, In lay 1644 the Flliott Company wes asled to de-
termine the feasibility of a 800 oubio foot per minute nodel, That
oompary propossd ¢arbon oontnot, bellowsesupported senla to bo oooled

Ge21
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with nitrogen, Iwo seals were to be uod at each exvd nr the rotor, the
lpe,oe betwoen being filled with seal r;ul. 04 seals were to Lo provided
at tha gear casings, Further work on the roh.ré oarprossor wag dise
eontinued in August 1944 beomwse of such disadwantnges es the requires
ment of four seals, and the long timo necessary for s corplete develope
wont, Furtlermore, at this tisw the status of peciprocatins puryp
dewlopment wos evidently satisfaotory, .

(4¢) MWpwtic Pum, = This type represented a develop-
mant of & rodless platen puwp without the defects of the shaker pum.

{ mgoetic piston, encased within a non-cmgmetio, thinemalled oylinder,
wae pade to osoillate by means of an sxterml meohanisally osolllatsd
OMMM The puep required nls.‘l:har unh nor flaxible lsads,
portant problems involwed had to do wlth Sevelopment of a lui.ta.ble

- magoety fntermal lubrisation, and squilisation of mmgmetio side pun

on the piston, In order to provide gms film lubrication, & rohry
motiocn was glven to the phﬁn; by adding & three phase inluction motor
muon}e the $0p of the platon. An experimental model was built at |
the SAH Laboratories in July 1942, uwsinz a magnot supplisd by the
General Electris Companys Teats showed that at 400 RPE inertin foroes
pulled tho piston sway fron the magnet and coused §t to striko the
oylinder hoads, ' Devolopment wus discontinued, sinoe it was felt thet
the pum was o0 _null'n in relation to itz eapacity.

be Choioe and Dewlonrent of Resinrooatin- Pume = The

reoiprocating type pup was ultimtely chosen for use in the purpe

otponde, Oripinnl dewveloprent was done by the Amsrican Maohine Defense
Corporation, sn! production waf handlsd by the Walloy Iron Workse 132
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reciprocating stage puups are instelled in the purge cascade., This pump
possegsed advanisgzes over the types mentisned above in saddition to the
relative simplioity and ease of ommstruction, The smount of develop-
nent work required to work out the detailed design wes considerably
lexs than would heve bdesa required with me of the more speeialized
types. The entire pump deaign (Pig. 3) was very greatly 1n.t1mqod

by the type of seal chossn.

(1) Spals = A bellows type seal was selected. Other
methods were oonsidered such as the ume of a leong, straight, heavywwalled
rubber tube. The anly rubber which showed & possibility of being
sufficiently resistant to attack was butyl rubber, btut its mechanicel
properties were entirely umsatisfastory. A carbm seal was devel aped
whioch called far & !t;tring box of mush simplar design than the bellows
arrangement. - The sealing meterial was gampounded fram carbon and &
spscizl ihighly fluorinated organic polymer. The meterizl was found to
be sericusly subject to chemiocal attask by process zas, but might be
suitable for use at concentrations below cme mel per eemt of UFg,
Iﬁtorost in the oarbom seal was greatly diminighed when it wae found
that by reducing the design speed fram 1000 to 760 RPM, the life of the
bellows senl would be 0 greatly inoreased that seal rsplacement would
no longer be & groatlproblam. To insure & reasonable length of life,
the stroke was limited to 1/3 of an inch per bellows unit. The maximum
tolerable unsupported lensth of pleton rod was taken as 24 inches, which
ellowed the use of six bellows units, The totel pump etroks ws‘ there=
fore set at twe inches. Yo counteract the destructive farcec set up by

Inertis wuvos, eech bellows unit wus arrauged to be iodependently

6.25
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supporded and constrained to move a cerinin distence by means of a
pantograph or "Iasy Jeok™, To avoid the possibility of roaction of
prooess gs with oil, & fluorimted 01l (Ca2ldde) wes used to Jubrie
oate the lazy Jecks Tha bdellows wore mmde of phosphor bronke,

(2) Wlves, - I..n-go wlye ares and 1irht mlve
action were required for satisfuctory volumetric efficienay, Leaf
wives were chosen eonsisting of 1ipht sheot metal lpﬂ.nga ohqn'vd at
one end and opereting over slotted valwe rarts,

(8) Lubrioation, = Proosss gns serves ss ltbricant,

To mininise leakage of gas past the piston, & clearance of 0,005 inches
wy ahount.nﬂprowduﬂlw.. ) |

58y Conditionins Puma, = The sonditioning purps (Fige &) are
weed o oiroulate nitroganefluorine wixtures nt slewted tompersture
throuch the commerters pricr to insiallation, imterials of eonstrustion
suitabls for prooess pwyps were 8100 used for the sonditioning pums,
Conditioning ras iz mueh u@m'm proosss,gas, and & peripheral
spesd was required far in excess of ﬁat'-uitnbh for process pums,

Two atage iupallers were meseessary, both stages being eqQquirped with
d1ffuaers, A rotery speed of 34,400 RPY was speeified, and special
FIES TOTD developsd by Veatinghouse for $ phase, 240 oyale oiurrent.

A diso seal 1n provided, but since leakmge requirenents are sse severe
than with the process pumps, ouly one rotary and two etatiomary dises
wore recessary, Tightness was attained throuwh the same construstion
tochnique used slsewhere &t K«26, Fo inlsalnpe was percmissible, but
outlealnre specifications woro lesc stringont than in the case of
proosss sumse The punts wore manufectured by tho Elliott Company,
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‘67, * Codlant Pumpse = A punp 1s required to oiroulate the
speciul process coolant, perflucrodimesthylayolcohexana, through tho
cooling systan of each six-stage cell throughout the progess casocade,
About 700 sueh pumps are instnlled in sizes warying from § to 560 oFY
mdnh;ndlwzztol'(srnt. Horpepower wries from 2 to 160, Since
t!}. coolant 18 expensive, it is Lmportant to minimize inwentory and
losses by lsakage, The punp dewveloped (Fige 6) 45 of the vertionl typs,
umaatmmmun-wm'mm-mﬂmaw
from the bobtoa head of the tank, Pump besrings are lulwicated by the
ccolant., the ahaft passes wp throuh a tube running to the top of the
tanks 4 seal 45 placed at the upper end to prevent outlsaimes of nitrogen
mintained wder pressure in ths top of the tank, The motor is mownted
on top of the tank, mm.nymllquidwﬁhm'éﬁ:nmﬁao-nl
axoept the syall amownt whioh might waporize into the mitrogen, Wagner
mﬂwﬁuod.mmopmnnmmchymmu'm. Inoe

SeSe Proosss s Wowm Pups.

| 8y Requirements, = Mpmmrbrommtingpmu
mtmwulpuntprmtonmqm. ‘n:nnrm.ﬁuw“
faniliar specirication of no outlsaknpe and very littls inlecimpe was

nPosREATY, MThereas an ordinry wowm purp posseasss & leakepe rete of
about 50.060 nioren cubio feet per hour, a rate of 1400 mioron oubic'
feot por hour wes the maximm perxissible for a process gas vaownmm punps
Veldod construotion and & special secl were mecessary, All organio me
barials were ruled out to prevent consuwmtion of process pgas,

bs Dewwlomrwnt. « Farly ia 1044, Kellex an! the Beach~ ’
Rugs Cormany started development of & speolnl rotary, oilegealed mschani-
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PROCESS GAS VACUUM PUMP
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otl wowm pup for proosas gase A mmgpetic o1l lswl indicator wun
dswvoloped to replace the conventionnl glass sipht gmugc, The uswnl cast
iron was replaced by & muterial similar ¢c SA%-05 bronse, and by low
carbon steel, For easy socess to the pum interior, wolded wouum joints
wore Sesigned so that they oould be mmochined or reawlded with rolatiw
sinnlisity, A quadruole shaft ssal was provided, and special hiphly
flworimesd inert seal oil was uwed, Fleotrio heaters were imstalled to
mintain an slsvated tepereture whils the pups were not ruming, faor
the purpose of redusing lubrionnt ﬂ.ioutwq e wll as to prevent
condensation of the prooess gas, Howewer, at steady operating apesd,
heat penerated 1s more than suffislent to miztain proper Jubricant
ﬁuuityudhapmpm-s gag in the wapor stcts, A eooling smtor
systam therefore had to be instnlled, and required a doudle metal sepa~
rating wall to sliminate any possibility of waber finding its way into
the UF, stream, Copper tubing wes wrapped srount the shell of the pum
and soldered to ebtain good heat transfery Figure € shows the fiml
deslpn,

' a9, Fluorine Vaouun Pums, = These pups are for ewomting
eoniitioning gas from proosss squipmsnt, Requirements are similar ¢o

those for the proosss ghs vaoms: puwps exospt that the outlealmpe
specifications can be somevhat lsss severe, Tork was undorinken early
in 1944 by the P, J. Stokes Mohine Campany to dewlop a spscial, rotary,
oll=senlsd, machanical weouum pusp to handle fluorine, Gusket and
flange desnigne were ecxpletely revised to wse aluminum and “British
Formula Rubber®, A rotary shaft ses) wus medo up of mmtorials resistant
%o ﬂmtf’.m. Caatinco were rigidly m;poobod to elinimto & possible

oF ey



sowcs of lenkmpe due to porositys As in the prooess gas vacuun pps,
o specinl seal oil wns uwsed, vequiring an slsotric heating systen,
During oporation, wate; oooling wis requireds This wuz provided by means
of eopper tubing in the ecoling spaco, Lolten lend waz ocost arowd the
coils, The lead prmud the neoossary double mall, and aoted az a heat
tramsfeor mediun, Vith the oil wsed, which contained considerable
hydropen, fluorine comsumtion wus high, This led to an inoreass of

oi'.l‘ viscosity, blsckening of the 01}, and coossionnl burniny of the pup
nlv?u A sorics of tents woa run in the Kellex Iabormtoriss, odreulating
mixtures through the pwpe of six and twenty per oent fluorime in
nitropen, On the basie of thess testa, an operstional prosedure was
outlined, eontrolling the fluorine comcentretion fed to the pump, and
the uwpper 1linit ws zst st ten per cent, This 4id not impose severe
restrictions on the conditioning operetions which involved the use of
these pupee The fiml desipgn is shown in Figare 7.

5+10, Hish Vaoum Pumng, = These ptams are used in cexmootion
with rasa spectromeber leak detection work (Fure Se4) to pum equipment
+0 high wmemm, They handle air, require no special mberials, and
present no special problers, Howswor, they must xeet spsoific mequiree
ments of high spead, high capaaity,and wery high veouum (30 to 20°7 xm,
of m}. It is alec raquired that ooms of these units be rugged bub
portables In the systen ghosen (Figs 8), the equipment to be swowmted
is ocoxaected to & "Primmry Pum® (Plg, ©) which dh&m'gos to the
"Iooster Pup™ (Fige 10)s Theas ars both ofl diffusion wesuu pums,
T™he e then flows into a mwohanloal woouun puy vhich is & BensheRuss
rotary piston, single stage, hirh weouur, oil ssaled wnit, In order to
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prevoent oll wanor fron Aiffusing or flowing back into the spreo beinp
ewowted, & refrigeratod wapor trap is inatallod ahead of the primary
pups Thizs trep is cooled by e Festinghouse msohaniosl refriperating
unit, To develop the oil 4iffwsion pums, progrems wore initiated at
Matioml Research Corporation, the Westinghouse Electric and lmnue
facturing Corporation, Distillation Products, Ino,, sand the EKellex Nash
laboratories, 7The oil is heated electrionlly, OL1l wepor rises in an
inrer chanber, and is direcbed dowrmrd, discharping through two annmular
nogeles intc the space betwesn the Limer chamber ant tiw shwll. Copper
oooling wator tubing is wound around the shell and disoharge commeotion
to condense the 01l wapor vhish then runs back domn into the oil resere
voir, A fluld lag betweon the inmer shamber and shell walls prevents

& boaok flow of wapore For wse throughout the prooess and ecenditioning
arens at E«25, a total of about 185 units were fimlly ordered from
Westinchouwsse in 2000 and 4000 cuble foot per minute sises, Six units
were bought from Mationel Ressarch for use at the Kellsx Jermey City
Teat Ploor (Vol, 8) and in the laberetories, PFlwo unitas were purchased
from Distillation Products for use in desting wlwes deing manufactured
at the plant of the Crene Comwany (Vols 5).
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6=y emerel, = Tho uscfulness wid orecticallity of o preducticn
nlent arc oo pletoly dapendunt vnen *‘he prosertion of nositive control
to wh:deh it i pub e, Tegulntion of nroesss wriebles, conctant
krtowlcd ¢ o proco.. stroun tiidy, - nd conirol of drcirod ;-':;mic:xl e
chwmictl trunsformation tiling pleco during the courso ol the movenent
of reterinl throu-h & stepmsise sorina of nroocsalin.: oporetione are
srine reguiremmnts for el’fective slunt onemtion, Inchrumeontatior is
rencrelly nrovided first for the murpose of detorminin o;}emtinﬁ
variablos and nhysicoechordoul prosortioe of 15 preoess strean, aud
socond for the purnose of eonfrollin: these wariables eithor ranuelly
or aubmmiticelly, Swnerirposed usen the usuel problens mh;:*mnt in the
planning, devolonment, and operation of & workalle systom of ingtrumcne
tation, tioro is prosentod at the I«35 plant & nwiber of wnusucl pow
guirenonte and conditions whioh mwoossititod & wot orosran of rosearch
and dovelopnent incluline theorctioul oonsideretions, forrulation of
rejulrencnts, adanteiion of awilabl:s devicce, snd orl iootion of new
types to £it pneclal noedas fmon the soecinl oconditicas ohw.in‘;::-_
within the Fe8f plent rey Lo 1isbcd £ho followin g
le Txfernive need Jor detorsdmtion of preoqass etpecn purity
€L e preat iy peintie TV v dosnod nocessary to
provids & mxanc for sastinuous avtorktic deterninntion
of the individual prorortione ¢ ~roocse ¢ilusnts euch: ap
nitroen, owyren, e oteland, &1 loosd % wac point in

Ll

ceory bulldin: of the mein essoad:, ¥.: ief7 cenendo,
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end tho purpe casohdes

Subeetioaphorio prossure of tho operctin: prooess. This
resulis in the danpor, prosent throughout the plant, of
inlealmre of atmwaphoric eir, an coourpence which cammot
be tolorateds ‘

114y corrosivc mture of the process mb&rilal. Urenium
hezafluorido roucts with gless, moot motnls, molisture,
&0d or-anie mterinls, _

Tioosasity for isotopioc assey tostinge, Instruments ocapable
of distinruishing betwoan isotones of e partioulsr
elonent ape very fov in mabhor, and to date have i very
infrequent application to industyrisl problems of plant
controle |

FTatigzs of the mile=lon- maeous diffusion »rocoss, ihloh
1z ultre-sgongitive to pressurc waves and toaporeture
warietionss 4 continuous diffusional separation process
demends a stoed: state, !'ressure fluotmtions, puming
disturbences, and similar wriations set u)y wavos and
surpes vhiloh cauwse mixing of am ad loze of sepa=
retive production effictency,

Sevore canpsogquencss of variatlon of operatin: conditionc
from predstar-ined mluo;. An inlockare of alr or
coodant &t any onc stu:e, for cxemple, produces strean
contapination et that noint, whiich borins 1nr1sdinteiy to
be carried in both directions, temdinl,-" to spread throuhe

gui tiv wiwlic easeude, Tiis oon reculé in poduesd
Co¥



production mipaolty end scrious dwnce to e delioute

end weluohlc barrler gurfuoce,
The vttt scope of e instreemte tion pheoe o the Keld dovolo ment
rrorrexn, sud ‘he oxceptionel tochnicil comloxity of the subjoct mmtier,
nrceluds the precentztion of more then & swrary dosepiption in the
sressst volume of the finel nethod of asnlication of the wurdows ~rinelples
vt lizede fecordinrly, the remmindcr of 4his section mttamts, for the
twelve outetzndin~ develonrents in maeons diffusion plant ing truncne
430, %o desaribe the princiole of operation in each cese, the equip-
mnt deslirn and arreroment £immlly chosaon te tako advantnre of thism
prineicle, cnd the ultlrete method evolved for oporeting the asserdbled
wmits T 'mjaritv of the devicca doseribod below were dsevelopecd and
mouceturcd by oollabortion of the Lellex Corporetion with the ~noral

Tleetric Comany (Apps 176, 177, T'78)e Comsidereble work weg alss done

. et o Y Irboratoricses Othor flrre partleipeting in the proro; wure

the pore Products Compaxy (Appe D75), the Tylor Instmument Commeny
{izme T79), mnd the Republic Flow !eter Company (Appe D80}y  The worl

done b theso lngt=aemed concorns falls most properly wnder the heading

ol eculnrymt deaim and ;ammmnt;l discussion of thils work ic acoordincly
rosorved for Volune S For more doeteiled troctoent of marticulnr mapecta
of the worl: on instrumonietdon, refercnoe ghould be ¢ to the Kellex
Corpleiden Renwort, Scetion I1T (30), to 4ho osertincmt operetin~ remuels
preoared by the Kellex Corporatica (thecs ers tmbulated in Appemdix ¢85

of Voluwe ), and to treinin- mnusls of th Carblde &nd Cerbon Chemiosle

Cernoretion.

Cedly lugs Spoctro:ct re = To mass Beoirerutor form: e i.gis
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of & nimihepr of the more nuerous end mors irmortent inetruments cse-
reeirlly devcloped end en;imoored to fit tho partlouler end exnctin:
demnds of e ‘ceeous Diffusion Mrojocts The Kellex Corporetion and
the "onerel 'lsetrio Comperny worted out the desi n and muufacturing
procedurcs for thie eguimiants The mmas spoctrometor, or i4o fore-
mmm, lave boon known for aboul thirt, yours, The instrunost hae
provided & nowcriul to;nl for wurkere in stomic phyeies, and hie pesently
been anplicd to amalytioul problems in sovorul fields such ac the
potroleun and gynthatio rubar industrisss ' Unguestiommbly, ite preetost
eppliontion to dato hae been to ausay mnd production problers within
Ra2G and othor projects of the Ihnhattun Distriote Mkin account of
the ¢ifferencec in rolative muss among the variows individwl moleoular
or mtaxto purtioles presont in & passow mixture, the mss spsotroncter
is suited to 1sotopio a5 well as shmrieal mssay testinr, since, by
definltion, 1t 1s this satomio mans which distinrulshos the severel

isotores of a pivon elemcnt from one anothop,

8. ilistorion) Survev, = The orizin of the muss spectro-

moter datos fyon the yoar 1806, whon ' Joldeteln first observed wiet
were onlled "cam) rays” (Appe DUC)s These were luter foumd to mﬁt
of strenns of fonimsd particles, tnd apc now lnown As positive ion reys.
In 1890 Ve Vien £irat suoccoded in producing doflectlon of fon rays by
meene of cloetrie and me-neotic fislds (ipps [S0), Early work on dise
perzion of pogitive fca bewmz wao done &n 1907 by Je Je Thomson {Apps
D100)e lmter mr{r by Thomson in 1015, involving studies of the Lahavior
o' 1ir~ht :mmas, enablod ie Ve Aston to amanowmicr the irportunt dinomzﬁr

cf tro sererete lootoncs of noone Tn 1510 i de herpotuy (£pne D101),

b Ligra



developed e direotioneCoousing tochnique for noslitive rey enmlysio, and
in 1910 Fe Yo Apton (Appa. 110Z) devised o vcloclity foousing rethods In
1933 Aston publishad & sormrehensive text on the gsubjeot of mmuss spectyow
prephy, end desoribed en instrument of advenced desipn (Appe D10G).
ithin the lnnhattun Liatriot, the m:so spoctrometior resclivod vigoro;m
and intenaivo study snd dewveloptymt ghicfly wmdor the dirsetion of
Dres Le Os Co Nior {Appe C29) workin- first ot the University of Iimioe
sota, end later for the Kellex Corporations For «n extamsive historioal
treatment of the invention, dewrlopment, ent applicotion of the mmae
speotromoter, s well us tho story of 1%te use on . cimntie production
sotle at the YelZ Projeot, the poader is roferrod to Book V,

be Prineiplo of Operetion, « Cevornl fundamental prinoiples

are combined to form the baslzs fer the operation of tho mes spootyo=

moater,

(3} Forrmilon of Vlectron eema, = A boam of hirh

volocity elsctyons my bs formed by enclosin~ within en cvacunted mpeee
& hot filament aud, ot sore distanoe from 4t, & positively oharzed
plato, e hot filawnmt will et olectrons, which will be attrastod
to the plate, The bean cen be acoumately ali-ned by irmressing .a
ma-motio £icld in suoh & way thrt 1ts lirncs of feorce are ramillel o

the »ath of the electiron reyoe
(2) Jomismtion of mEsss ~ 4 repldly tmvelling

slectron strikin; a pseous molootle posgosses the ability to dislod-e
o0 or wore sleotrons fraa the ms molocule, okuain:- 1t 0 booane @

positively charrad ion,

{2) scoeleretion of ww0eous Jonn, » 7ogitive wasous
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ions can be seoeleretrd and diracted tomerd 6 lovw peteatiuvl twr ct by
gubjactin thom to the Influesnce of o hish stransth cleetric ficld,

(€) Renddn- of Jon Mavs, = iormelly, the soceleratsd

1@ treval toserd the turret dalon 8 rectilincar path parelicl to the
lines of forsc of the eleotrlo ficld lmoned, lowower, If & mnetic
f£ield is supcrimposod with 1tz lince of foron oriemmtsd in e dircction
pernrondisular to ths mebtursl R of the loms, 1t will tond to dallect
them from thelr stralrht line path, and oeuse thox to trawvcl ir circular
ares, the emount of daflestion baein-~ rreatest “or those ions of lowest
mse (Fire 11). Thet 4s, the heavier ione will truvel alem: ercs of
rreater radive of curmture, If the lons wore pommitted €o striic s
®mr-ot wall interposed arproximstely persendiculer to the directioa of
trevel, 4% oan be scen thet the roints e which lons of @ifferunt rusacs
strike would he distinst from onc another, and would be srranod in the
prder of thelr romncotive relative mmascse A moanc is thus ewcilablc
for separatin- moleculea of different wwishtn, and for gsortin- isotopes.

(8) Dischaprc of Iome, » Az the nositive lons

strike the relatively nemtive wmr-et plate, thoy tike up oloctrons,
besorine slestirically neutrel, This results in the attraction of moro
cleotrons to the plate fron the externl circult, L.04, flow of oona
ventlomel eleotric ﬁurmnt {rom _t?m rlatee The marnitude of the curroent
produced will be in dlrect proporticr to the nurier of 1ons discher: cd
per unit tince If cgaditions are ec nn-:..nlg_--e;d that only the dong of ¢
gpcoific mass are allowod to ronch this "eolleodor plete”, monsurerymt
ef the plete eurrent will ~ivo &n indicetion of the nurder of ~olacules

of this poarticuler mos,
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{68 Tpe of “lits, = Thiz celoctive oondition pen

1

be grrenqed by ghlcidin: our &1l dorn excopt thoee of the r'?OBirut?‘ wedliky
4 ghield ean Lo ingertod in front of the ecllector rlato contuining e
narrow 8lit et the focal neint o lonz of $hw sracific maé deairod,
They pess Hlrou-h Hw glit and strike the colleotor plate, whiile others
srv interesntod by the well, Other elit erran-crente aun he ermplowed in
e apparsetus W orieat; foous, end clit the cleetrox and lox bocts, 4
81:1;1}-:1::5: entlo-y oan bo drewe: betwoon tho afimin - and fosusing ol iom
beams by elits, and tho simlar oontrol of 1irht beams by :loes lensons
The ontiocd emplopy ic further stronsthened, end vismlisstion of mss
spectromoter action etded, by oorparin: the disporcicn of & mixed boar
of foms of wrious masses to the disnersion of a beem of whitc 1i-hi
imto it w.rlous bonpmmnt wavolengths by e trien-uler ~lass prism as
applied in the wollelnown optioel sr:ec‘h-om\;&\.r. It is from this anclopy
thet the reme "mec gocelromoter” is derivods

ce Comonent /eritg. « heferrin- to Fizure 12 which shows

& typioal sroctromdter tube arrensoment ac used in the "Line Fecordor”
to be dogeribod below, the Ysouroc" emd iz housed in & clase envlope
wi:ish is ettiohed to the eoppsr mnalyzor tulg by moans of & Kowrs=io-
Flass psotl, The tubin- swrroundin: t;-‘ur colleckor plate is redo of
niet:cl rcther £hen oooner to avoid the ewmnomtion of el on the
inmulntion suporting t'h:: oollector lowt, & oo 1nie:t and @ l-sﬂ.- imeh
co-por waomm pwl lad B vrovidude Sectionnl druvdns "A4Y shove i
filﬁ.:mnt F and eleetron oodleotor nlots T The poles of an flindeos
warnct arc pleocd ug phow: for the urpose 07 accvratsly eli~nin- the

clectron bodpe Dnoths rein Qrewine, tr electrosn Lo eross soction

e
hy g AT
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is indiontod oo & heavy dot Lmedietsly ebove the slit in the shield &,
A sordes of 5lit nlates, J1, J2, O3, J5, und & sre provided, in line
with the sowrce, J1 end &2 are & oplit peip, cnd pormit bonding of the
beern to om. egide or the other %o corpensatbe for frmorfectico ¢ in aligne
went, as woll es for the 6light bending of tho ion decm produved by the
mmpwtio ficld used for alipning the electron boan, The reminder of
the plates form e "lens" which not ouly inorevses the intensity of tho
ion heam enterinr the marnetio amnlyser, but also provents e dropping
off of ion intonaity for «ll but the lowest enerpgy ions, The two plates
mrisd ¢ are prounded along with the mepmetic amlysor housin- w whideh

they ero tisd,
dy lwthod of Usoe = Tho spectrumoter tube i@ oontdnuous 1y

evacmbed by means of o diffusion mep and mochanioul fore pum - systems
Serple fms is introduced into the sourpo bax and jonized by the eloetron
beam, An fon bheam {3 formod end aocelarated Hwouh the amalysor tubes
The relative anount of a particular constibtuent is determinad by
measuring the oollootor plate ourrent with acosleroting witepe difference
botweon tho positive electvode and the ecllector plate so adjustod aa o
ceuse this constituont only to foous on the #lit in the ocollscter plaio
ahield.. Belsation of the somponont to be go mensured is pade by suitable
rerulation of sovelereting wlte s, since for & riven mapmotio field
strength, the suwrweture. of the path t‘ollmd by eeol: ionic specles will
ingresss sas this voltzo is loworod, An eltormatc method of fon se-
lestion oould bo worked out besed upon the rerulation of the memetie
ficld atroncth, lowover, the firct pathod i ermloyod in mog spootroe

mtoers ot K=, CLpocific pocliontions for instrmuovnts utllieins tix
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mass specirometer principle are pressnited in the next three paragraphs.

6~3. ’ine lecorder, - Eﬂ.‘cctivé operation of the i.(«25 plant
ruqv.;.i.rn that the chexmlical composition of the process sirsam be knosn
at all times and at pany points., This is neceesary in order to de-
teraine pr'oceu conditions and to detect various types of leaks as soch
sfter foraaticn as possible. Contimuous analyses are run primarily to
detect an abnormsl rate of inleakage as soon as it occurs so thet if
it is serious, immediate con-'ecu.w action may bs taken. The line
recorder thus serves primarily to keep a contimuous graphioc record of
the concentration of various contaminating gases, but aisc presents a
means of checking cascade inventories., It was devaloped by the instrurment
departaent of the Kellex Corporation with the sooperation of the General
Eleotric Company, who manufactured the units installed in the plant,

a. irinciple of Operation. = The heart of the line

n‘oordar is a mans speotrometer of moderate resolving pou:". . A pumber
of accessory parts and auxiliary instruments are required, and were
sspecially adapted for this service. The speocial principles involved
in the operation of those Stems are described below.

b. Component carts. - The schematic flow diagraa for the
line recorder is depicted in Figure 13 (faoing p. 6.8). The eleotriecal
connections are represented in Figure 14. Figure 18 {facing p. 6.13)

shows an fsoxctiric drawing of the complete assembly.

~
- (1) MUass Spectrometer, -~ The function and finally

adapted fabrication detalls of the mass spectrometer tube, or line

regorder proper, have been described in laragraph 6-2, and are depicted

schematically in Figure 12, facing page 6.7,

T IC] '™ 6.9
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(2)  Tircnil wree » The Nirent o 1x sotiwlly e

rrecsure Indiontin. instmoent; Wt e weed in the lne recurder @
masure rte cf flow of the ges mr:;;lé entoring the gpoctrancter tubeo,
ginoe flow rets i prosaupe w{f the o ore intordopendent, It is
bised wpon the priveinle Hind, within e presswrs rmape involved, tha
re.be of hect loss, and honos .ﬂ:c bemoreture, of & hartod wire, depené
uoon the pressure of thoe muvowdin: use The terpomture of thoe wips
is oegsurod by noting 468 ohenre & elneirionl reeletrncos

{8} sdijustonle Looke » It is necessary to control

the ree flow £t the inlod of the tude rael: beoswe tho spectrumtor tude
fo bullt to cpesnto nt & Plren! ree rendin. of adbout 100 millivolta,
To rejulate ascuretoly the oxtremely smmll £low roquired, & novel walve
.6 Bpooinlly doviood lmowl 6o the vdjusieble loak", Lo showm in
Mo 16, U o is Quottled by pessace throurh a mall enmnuler
sroce e gleos of w:ich ig dopendon’; uron tho p-.-ﬂsam"f; o the leal
the, which i reculabtod by o olagpe A capillaty tuoo 1o providcd at
& mw:né te the loa® in order o prev.at offucive fructlionction
and ohan o of owaositicn of e pus pasusis - thavu b o lowlne i
adusteblc loek coudd reduoe an atomiboric soply preassurc to 167
nillisncd-rn of r_-:arcm’,,r- |

{1} Chordond Dure = I oorlor W ogrewnt Qe ot

ooase i by derosldtion of E-’E‘G. & oenermiondl e s provided W renew,
G, roashlios with morowsy, Lo woidu: omlloopidc fpos the sue nixow
epterin- tuc tule ruel before 14 aitors thoe erectrmetor tubes Thw
trer dp elovm In Pipuere 185, lorcury dio®illic frer. 1ts roceresir ayd
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entrance and exit lines, respectively, for the gas to be snalysed, Upon
reaching the cold spot, the mercury condenses in sufficient quantities
to reduce its pressure at this point to its usual value at the cold spot
teaperature, The condensed mercury then continues on, and reacts
completely with the UE‘6 a short distance up the tube, lxceassive
quantities of distilled mercury may drop back into the reservolr, together

.with any reaction products which fleke off the walla of the tube. To

prevent these reaction products from "polsoning® the mercury surfaee,

the nickel t.ubing is extended below the surface so that the region below

the holes in the tubus acts as a trap. The cold spot counfines the reaction

rekion, and limits the mercury pressure. To make certain that t.hc;
mercury does not condense bcfoﬁ reaching the cold spot, a warming fin
ie attached. TLis also prevents w‘uceniu cooling of the reservoir,
and assures ample flow of mercury to the cold spot. The low temperature .
of the cold spot is maintained on each of the iwo nickel tubes by

~means of a copper finger submerged in a slush of trichlorethylene

and dry ice.. The closed tube shown in the figure, projecting vertically
from the reservoir chamber, is the mercury sharging line.

(5) Glass Trap. - 0Oases leaving the spectrometor
tube pass through a glass treap immersed in liquid thécn. The
function of this trap is to freese out mercury vapor which might find
its way int.o‘ the stream from the mercury diffusion pump. The trap also

prevents the vapor pressure from interfering *ith the lon gage reading,
and eliminates the possiblility of nercury vapor entering the spectro-

bl

meter tube.

LeT———7 !
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(6) _lonivation Cage, - An ion gage tube {Fig. 17)

was adapied and menufactured by Distillation Froduets, Inc. It ie
connected to the glass trap inlet to measure the spectrometer tube
pressure at the pump lead, It 1s set to shut itself and the spectrometer
tube filament off in case of vacuum failure, so as to avold burning out of
& filament., It consists of a source of slectrons whieh fall through &
potential drop of 100 or more wvolts, and a means of collecting the
positive ions formed froa the gas by electron bombardment. The ions
formed are ocollected by the negative plate. The resultant plate current
is measured; for a fixed electron emiseion, it is preportionsl to the

EAS pressure.

(7 I’uhging Equipment, ~ A two stags meroury
diffusion punp is ;rovided, having a scapacity pf six liters per second at
a prassure of 10"6 xlllimeters of mercury., It is backed by a mechanical
fore pump, and an oil trap 4s inserted between the two pumps so that, in
oaic of failure of the mechanical pump, its oil will not be drawn into
the diffusion pump. Two thermocouple gages are provided to -m the
fore vacuum. Similar to the iirani gage, these are also "hot wire gages"
and deterzine gas pressure from wmire temperature, but instead of measuring
the wire rcsistance, a thermocouple and sillivoltmeter are used to in-
dicate the temperature of the mire directly.

(8) _hHigh Voltage Supply, ~ 2500 volts direct current

is required for the operation of the line recorder.
(9) Control Panel. - The functicn of the control

panel is to divide up the high voltage so that the proper accelerating

volisge appears at the source,
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. (10) rmiseion Ro-ulaiore = An emission rerulstor is

included in the desi m to furnieh wvolinpes for the reminder of the
source, and to provide filamnt current g2 refulatcd t'nt tho totnl

exisglon raRinege oonsiant,
(11) Arron Eystem. « lLieans wore oridnally provided

for introduoin; & srell gquntdty of arron into the ms strean as a oalie
brating s to show any olmngos in a;amitiﬂ!v caused by aging of the
tube, This equipment i not used wnd 1s bein!: remowsd fron the line
recorders, Standard Feenltrogen samles are now u.lod for ealibretion.
(12) Acplificotion Sywtem, = Tho pre-arplificr and

armlifier sorve the irortant funotion of measurin: the ifon ourrent.
Currents as low as 1732 pryperes onn bo hrou-ht within e moasurable
rarice by the use of this enpamstuge The sut:iifior oconsists escentinlly
of a wmeuun tubo wvoltmetor with a hifh resistmnoo grid circult,

(15) Yoltnro Stubilisere = Tho voltaco ctabilisor 10

s oormeroinl stabilising wnit which is intondod to srooth out fluotustions
in the 115 volt alternatin - owrmnt obtained from the rainsy use of this
dovice mles 1?: poagnible to slrplify the dosi n of tho othor acconsories,
(14) Reoordars = The recorder moolanism gwitohes the
speotrorobs tube wvoltares to the required v lwe for each fon o be
moc.surod, Bolects the sensitivit, of the amplifior, und records e
indtvidunl comonent consontreticg in terext of apliffod plate owrronts,
by mang of e loeds cnd lortiou: recordin: potanticecters The warious
diluont concentr.tlons arc thus exudned in o prearTened cnd oontinuouwly
repoated sequonve, Tho rosult ic & sot of ourves vhionh rmaphieclly

portrey the tirwewnelation of ench ocorponaat,

L
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cte lethod of Use, » iart of the dischar-s iron the A

piry o7 e pixmth stooe of the ooll bLoins monltored is circuluted oone
tinuouelr to the opereddn. floor throu-h e houted manifeld and rotuerned
tc the suction of tho seme tump, About ¢ ree cubic centdmetore (or 40
nillirrore) ver day off Wg 45 bled to the epectromotor tube by moana of
the adtustable logl, The tube oporetes at 10762 1077 mil1imetars of
rerourys The totul flovw rete of gus enterin: the tabe rack 15 measured
bj! moons of the Plrani mree UFB 1s chocionlly romoved from the stroam
before 44 roenches the specironeter tube, and rcnidm_l resos aroe pocgured
by morng of the spoetroomtor, Sixteen points mrc ineludod on tho
npintdn: dovice whish oposrates oo & G4 Mimubtc syole, All evenemrboered
points rocord the oonoemtretion of nitroren, wiich 1o ordinarily the
moot prepondermnt end most imortant diluents Peoints 1 and § record
axyren caneantmmtion, and point & pives ac indiocution of the prescnoc of
hydro~en fluoride, It 38 not possible £ moesure the lotter component
acourately sinoe moh of 1t 18 preesbsorbod by tho ciomieal trwp batore
the sermle atroan m&ohés the spestromptcer tuboe Howmover, sinoc & portlon
paBsos on through the trp, & qualitetive indicstion of its prosenoce i
possible. Point 16 reoords ecolant, perflucrodinethyloyolohexpne, In
thic essa, Jons of reos €9 are detorninoed, In othor words, instocd of
mero loss of an electron, the Cgifye {roleculer mei-ht 400) fonisoc by
olouvere of the moleculcs loint 1B seoords the corbined ecmoentretion
of carbor dlexide and nitrous axido, which muy find their way into the
prococap gtrecn by way of l_aalza in vu‘ri_om proceos rofricerant syotex
\(Vc.!' $)e The instrument ocennot distinguieh between COp mnd HyO gince

they kays 1dontieel fonic msres, mmely 44, f'ointc £ and 11 ere uwoid
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to chook the Pilrani v ¢ sarmle flow roedine, and point 7 provides for

an axplifier ilnptruwmont sero cheoks [Ty conoentretion is detormined by
differenca, As &n inhorcnt oomsequenae of & method utilizin: subtrection
of quontities, the ascwreay of UFg detormuinntion drops sharply iff the

line recorder 18 used whero the mmounts of nitrosen or other diluents

are larce, since a one per oent error is ~cssible in sach speotromotor
roadinge Uy omnnot be offectively determined whore its concentration

it as low a2 two per cents The Wg eontent omrmot be moasured directly
in the 14no recordsr since decomposition of the hesafluvoride sherply
lirdts the life of tha tube, 4 spooisl ruelk 15 beln- doveloged mt this
writing, and is applicetlo when i.E‘e oonoentration 4c so low 68 to couse
serious error in the Aliffercnce method, In this devion the cheiosl trap .
is aittedy Wy and hydropen fluoride are determined direotly, Tho
usaful life 2  subJest to limitation by desomosition and eorresion.

™o line recorders are insinlled in each proosss or purgs bullding in
k=25 snd K«274 A oopper tubin:. manifold syctom is provided so that
elither line precorder in 111 riven bulldin: mmy be velved to any eell ix
thet building, One 1s usully oomnestod to the top eotive ¢ell so o 0
monitor thoe inlealmpe to the building, This is called the "prinoipal® |
1ins resorder and sstamtos & corrasponding "slawve” pocorder in the oentral
oontrol rooms In this roon & survey 48 contimwusly awailable of process
siroan eomposition throu~hout the m.amde. The 1line pecorder 1s wvery
fiexibley frequancy of anulysls, oomtaminante nonlyzod, mars, and
procieion cun all bLe vnr.i‘ed an desireds For none-routine work the recorder
wro~ran oan bo ochanwed to annlyse for diff'erent components, or @ rivo

mroe froquont a-alysoe of w spocific oomonente Thic 45 demo, for



exmmple, whon: 4t 48 denired to teat for leaoa with oarbon ﬁimide 88 &
nrobe ~u&s Sush & method hes bren developed as an clternete to Yw
ordcinal weowm tosting procedure (Mere G=4) \vhish requires shutting
down, ewowmtin-, and repeatodly purping tho ooll in Question until it
{o f'ree of proossp s, and thon probin- with: heliw, The oerbon dioxildc
nothod pormite probing of suspectnd areas w"ithout shuttin- dowa the oell,
and while 1t is in full proosss opwretion, ut'.nl!nfl the line recordar '
to indionts panetretion of irohe me throurh a leek in ths systen,
hltc:ad of & portrble lead dotootor spoctruwbor, The mothod effecto w
great savin; in the amount of proocess mbprruptim tipoey the oell is not
taken off stroon for leak repair until all the prelimireyry work of leak

loontion haa been completod,
Geds Leek Dotoctors = All previcusly existing mothods for loak

detootion, such as soap bubblo testine and ymtewof-prossurceclanse
methods, wore cormletely unsultable for use In Ke25 eguipment teetinge
It wus very important to conocsive mnd develo) & redieally now mothod
whioh would be very aecurnto, wery repid, and eapable of discloping
extremoly m®ll lecks, Early in 1944, experis on whowm horﬁwlo;y wore
onlled in ¢to reviow tho 5-85 wmoua prosyrem, Representotives from the
Janerel Fleotric Company, the Vestinphouse Plectrie and Manufaoturing
Corpany, the Fatioml Ibswr;xla Corpormation, and the }‘rm!ntinn‘ [detriot
attended & twosdny confercnoc, &t which tire it wan penerslly arrosd
that the Hallex deaim‘!‘mw were sound, and that the propoacd
testins teolniques woro bettor than any proviously known methods, Tho
problen wep Pimlly solved by develosment of £ method invelvine the wie

of & probo pus and ruoy sneetramicr detoctore Feliun wt ohogen e

CaXC
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the probe gas because of its non-toxie nature, and ext:emely low mole~
cular welght, which mekes it very suituble for uss where ease of pene-
tration through seall openings ia desired. Furthermore, there is no
posaiblility of clouding of test deta because of traces of helium arising
from other uourc'ea and existing in the oquipm'nt. or amblent almosphere.

a. Principle of Operation. - The mass spectrometcr

p;rinciple is used in the detestor, which reglsters Lhe existence of
heliurp within evacuated squipment under test, whem o stream of that gs»
iz played externally upon an area containing a leak.

b, M!L& ~ The heart of the apparatus is a
portable mass spectrometer. Auxiliaries include prinefpully a high
speed vacuum pumping system (Far. 5-10) and & source of helium gas.

e. _Nethod of Use, - The leak detoctor may be considered

as su lonigation gags (Par. 6-~3b (6)) modified s0 88 to act as a "partial
pressure gage®, singe, in effect, it mesasures the partial pressure due

to helium instead of the total gzas pressure. It 1s adjusted s0 as to
anadlyne for mass 4, the helium ion. The equipment under test is c&t—-‘ )
tinuously exhsusted at high vacuum, Ambient air lesks in continuously
thr;rugh any leaks whigh may exisi, but thia has no effect on the
instrument reading. One opsrator plays a siream of helium syates—
atically over the surface of the oqui;;mnt, and when the ;t.rew strikes

a leak, helium penstrates into the apparatus and is swept toward the
vaguuwa pump, A small sample of this st.reol.m 1s bled continuoualy through
the specirometer tube, and when helium enters, its ions are dellected so
a8 to strike the golleotor plate, producing a pltio current reading which |
is noted by a second operator. The location of the leak is then de-

terypined 42 hhe polint currently being prob.d. TYThe leak detecior can
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amlyee for ono prrb of holium in 200,000 At cn thorcfore detect &
lock of s wioron cuble foot per hour in ¢ typleel cwoeode Gull, The
ammllest detoetoble louk ic G0 mieron oublc feot per hour, 1/3000 o’
the total inleakmre con be detectod a8 o single leake The sise of &
dotootod leak oan bo ostirmtsd within about fif'Gy por cant, Aocuracy
down to fivo por cent mi-ht bo obielined 1 the neocessury oarce werc
Swtifiod by tho noede Tho precomec of Uy or IgMiropen fluoride in the
svanurted system will damapse the lealr doteotor, sv that equinment o be
teotod mEmt first bo thorwghly purroGs Ovor 200 of thess instruments
havo besn used &t K26, prirerily durin;: the porioed vhen newly instnlled
squipmont was belnr prepared and tosted for proooge woo,

6=y  Assey Machino, « Tho ptrnose of the essay machine is to

doternine the isotopie corpositim of the ureniun eontmined in proowsc
ma warples (Appe D54)s A sample instrument was doveloped ai tha New
Yori Iabormtory of the Kellex Corporetian end turncd over % the Cenoyul
Eleotris Copary 40 serve as & model for manfaoturing; additicanl
MMM. A cooperative development ProIa: wos wndertaken by Kelléx,
SA) laborutories of Columbin Undversity, and the Carido and Carbon
Cheriosla Corporetion,

8. Princiczle c:" Oporction, « The Imstrumant 4o an

sdaptntion of tho maas shecteomotor In wilch ocolleetor plates aro
poattionod to rocoive ion boure correspording to VWS0r; (mucs 830), nxd
v*5%g (oo 355), respootivolys The rutio of the eorrespondin: on
surronts 16 noegurod by means of an electronic bridre potanticmoter,
Tho inotonic apsay of the sarple oun be t-mmu'bafi by comarisfon of this

retio with {het fro: e stoandosd semde, 44 Wigh assty wiwy, e

UMD .




isotoplo mtic my be determined directly fron the lopw=ourrent retlo

without reference to & standard,
be Comonent Partgs « 7The assay mmchine oonsicts of &

a8 #ncstrometer and tho corresponding acosssories, such as ad justable
sk, puming equirment, amplifyins and pecordin; apparetus, Ko shendonl
tren similar to tint usod in the 1ine rocorder is used, sinoe in this
instrumenty the Uy moleculec thamelves are supplicd 4o the spectromotor

for ionisption and annlyses,
es Mothod of Tue, = !\m ficld Inboretories, each oomtaining

two aseay rachines, are locatod respestivoly st the top and batbem of the
min oanoads, Twy are uwsed t0 detorming the effeotiveness of sspamtion
of Ba235 and U238, and to chook overall plant effioliency, Saxples for
assay are taken from s oirculation Joop in series with the line recordsr
mnifold, The aesey mmchine {a undamaged by the presence of lcht (ms
frpurities in the sanple 'ut the homfluoride mumes graduml doterioration
of the souros, whioh must be pariodioally replaceds Contnminating ecolant,

Cgiyqs inborferes with the aassy detormination sinoe 1t forms en lon of

mss 381, which 1s of the sare order of mmitudes aa the fong ¢ be
doternined, . The greatest source of hnocmay in assay mchine dow
tormimations 16 tho “memory effect” which ecouses & lowsagony sarple to be
srronsoualy reported when it immodintely folloms & high assay sample,

The error so induood i less than ten per éont of the sesny difference
betwoon suwocossive sacplos, end is rminimised by uso of caldbretion
standarde differin; only slirhtly Orom the expected proocess amlyscs,
Standards are wselly amilable within five per oont of ary wnimown, co

et the asssyr mehine should be arcurete within 0.8 per sent, YThe

Wy
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precision of repeated messurements is 0.6 per cent. irimary standards
of ogJ.ibrat.ion are not. known with certainty closer than plus or minus
three per cent; the results of low assay analysis are therefore relative,
Using thres operatérs for the two machines in u.ch laboratory, ssven
minutes are required for assay detercination from the stari of sampling
to 'tho coaputation of results. At present, downtime for maintenance
averages forty per cent of total operating time; continued Llpmvuint
1s axpected in this situation as beiter technlques are developed.

6-6., _Fission Sounter. - The fission method of isotople lnl.blil
of uranium wus proposed by the Columbia mu;tmwn, Dunning, Beeth,
and Von Orosse (App. D55). For the development work at the SiM labora-
tories (App. D56) a gram of radium was obtained on 19 November 1943. This
n.8 used to propirc.t.lu lourt;.lc of neutrons neecded for the test apparatus,
which was completed in Jamuary 1944, and shipped to the Clinton Fngineer
Yorks for use in the K-25 plant. As with the assay machins, the purposs
of the gas fission.counter, the so-galled "Little Gene Modél", is to.
analyse a sample of progess gas so as to measure the concentration of
desired U=-235 isctope. However, the fission cou:;ter is not used to
analyse K-25 product) instead, two of these instruments are installed
in the K-27 cascade for the purpose of measuring the samount of light
fsctope remaining in the talls stream leaving the plant,

a. FPrinciple of Operation. -~ The method takes advantage
of the tendency posse:sed by U-235 atoms but pot U-238 atoms:, L0 undergo
fission when bombarded by nautm of proper k;nctic shergy. 4 spurt
of positive ions resulting from an induced f[ission roac.t:lon can be
repslled by a high potentisl plate ¥ & grounded collector electrode.
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Thig in turn covaces & monmutery flow of clectrie curront fron the cole
loctor plose vhileh, efter puitnble am.lifioction, oan be detocted and
indlornted by & mochanioc] counter, Sinoc the numror of Pission gvents
per Wit of time will lucrekeo with tho conoentretion of U230 in the
sarrle, the mmser of lon bursts will be nroportiomul to the isotopic
ooneantietion wilch it iz desired to moesure,

be Comonent “arts.

(1) ©Gimwl Can Stande = The statiomary astond (Fi-,

16) conmists of am outor block of lead, and an inner leyer of petrolatum,
4 neutron sowree 1¢ provided, oonsieting of onc rran of rediwn mixod
with berylliung The souron assembly fite mto- & hole in the lesd bloeol
edjeoant to & contminer for the ‘fiuion ochexbore 4 Birin- pethod is
provided for lowerin- or 1iftin: &t from tho woll witheut touching 1€,

A quantity of hydropenous mmtorisl, susch as lucdte, is inserted into

ths well directly over the source. The fiseion chamber, or sirmal oan

. prover, is mdo wp of a pre chaxber, auiﬁbla eleetrodes, and & froogow
out tubo or "snout®, whioh reintains the pressure of the proocess uc
samle et & cmsta.z;‘b value equel to the wanor nressure of We at the
terporature of an foe weter bath placed arcund ths tubhes The top assembly
of the ilonigin- oharber conplots of & block of lead and o block of luoite
throush vhich erc rut the pac Mno ond clectrionl eomnactlons to the
fisogton olarher, The prearmlifior box pesta on a rublicr mit on top of
the Btunde Firwre 19 ghove & sim:1ificd erose sceition of the sincl

oan anserblys The sirmml can stond is fittod with Four inclen of
protective leed oo tiw sidec of the radium pooket, &nd two inclec o

leswd ni L+ ton &I botbore  Tue fmner Invrer of petroletun serves eE &
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noutron rodorators The totul woirht of “ho assembly ie ebout 1800 pownds,

(2) Eleotriowl Luxilinriot. « Firurc 20 shows

gohemtlically the method of connoctin- thr wrlous electriocul awdilinries,
£ hi&-h gdn aitmt&nr ﬁurrmt arplifior renel stepes uwp thic intenslty
of the fission pulaese 4 lsvel sobter penel is srovided to out out &1l
electrion) pulszes bolow & pweified volts-e lovel, Tho pupose of this
acoezsory ic to allow anly thwse pulses to ro;lster which are due to
fisoton (;mae ere of & muoch hilgher woltare lemlf), since it 415 not
desired to cownt pulees duc to ordinary nonefission redionctive dooey,
The nescesary hirh mnd low voltaro pancls are .:.lao provided,

(3)  Sonlin- Cirouits, = The pupose of the soeling

cirouit iz to provide a moens of soilin- down, or dividing the Mmto at
which nulses arc fod to tho meshenioul oownter, so that tho relutively
&8low tim. respomsge of the oownter will not limdt the rete of pulse

oounting possibles Soals fnotors of 2, 4, 8, 16, 32, €4, and 120 arv

availubhlo, _
{(4) Countor and PTirer, = The timsr auntomtionlly

euss of  the scaliﬁ;t ciprosuit when a pro-sct tire intcrﬁal has elepsod,
A rether larre time intorvel is required sinco theoccurrence of flllion
1c & stntletioally rendan event, In prectise, tho timor ordinnrily is
eet to out off eftor & ruz 0f eizht rminutes,

(6)  Seywlin- lonifold Control Rrck, = This sorwoz

% introduce intc the sirpal cen & provebs RE sumle from tho linc
recopdor renifold, or & standerd sarple for purposes of celibretlon.
It is alec used to oveounte thr 8l-nnl otne

ce lothod 07 Usca = The sf9l etn clarber 26 cevioweted

P
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to five rdorons or less, and thon charped with prooesc phe to o pressure
of 1 to 16 millimetors of porcury, A sll wnownt of tho materiol is
frogen dovm in the snout, by touwchin~ with & thiin slugh of dry joe and
trichlorethylone 80 &8 to produss & preszure in the oon of 17.5 nlliie
mbore, A thormos fltsk o lov maior s thon plaoed around thc frospos
out tube, anl the prosswv in the sipwl oan is controlled to plus or
rimis 0,002 peSelets Noutrons mre enittod by the beryllium of the
goupree &35 & result of its incessant bombardrent by alphe rediation from
the redium. The velooity of these neutrono io modernted, by passace
throuch the petrolatusz, to & wlus suitable for causin; fisoion in the
V=256 atoms banbarded within the sarpls contuiner, ™e oountor is set
to sero, the ftiner adjusted for the intorwl dezired, thw aockls fwmotor
solooted, and the timer started, Uless the ooumbtor bopgins to rogister
st about one to two oouts per second, it is smtopped, and the somle
fuctor clangeds The oountor 1s read al'tor each of & serdes of mipght
minute runs, Tho foo waber bath is removed afbor fiw runs, the wliare
shut ofl, and the sigml can ewcundbed, Tiw instrument has an acouecy of
about 0.5 por oents Hipch ommﬁom of UFg rosult in the deposition
of fiasiomnhlo mberinl on the internnl surfaces of the cane This
dopogit oausoes & "&okmm&“ sigmel wiiloh le suporlmosed wupon the
oirwl boing counted, Tho beolground is thercfere .n!wnl:nd repularly
end applled &e & correcticn to &1) readings,

6~7¢ BSpeos Nocorders « The problem of anplysing the pus in tho

purpe casoade ie caplionted by the fuot that the gonposition verier
proatly from ove ond of thip sestion o tho other bci:m@ﬁ the linit

e nsarly pure weniw: hexnfluvoride and necrly pure nitropon, The limx:



rocorder g dogi-nod to armly®e procons o coatainin: relotively srpll
srownts of Lrpurdticse To pwrpleneont dic use of the line rooorder in
the purre oteonde, it beewro neceogstyy to develo: an instrument which
wis termnd the “evneoo rocorder™, Ita murpose is to rive accurmito |
indiections of very low iy oonsontrutions to permit oomtrol of the
sipere rato, and to cheek losc of hi-4 asse; “revduct to the ux'non traps,

te IUrinciple of Operuticny « Unnluz is & neturlly

radicactive olemonite Fach of its thrroe lsotonee underross radiomctive
dleintorution at a sponteneous and distinet mbte, me resulé of which
s tho exisoion of hich energy alpta partioless If & samle of proosss
e g admittod to a teat ochamhor et;u!.pptﬂ for poasuring the totsl rebe -
of alpla partiols snlssior, tw result obtained will dcpend on both the
total amou:t of urunium oontiuined in the smmle, and its reluative

distribution anons the throe batural isotoplo forms: U«~E234, U=E36, and
w238, The apace rocorder effocts 8 mmsuraent of totel eliphe emission,
and in ordor %o oonvert this quantity to o £i;uro which will expross the
conseniyation of My in the diluentwoontininin:- process stream, it is
nscecsury Yo Imow the lsotonic conatitution of the [3156 prosoent, end the
individuw] mitc of rodionctive doony exzhibitod »y ench lsotone, The
actual operttion of the snace rooorder (feve, Hi- monsuremcat of total
elohe rolintion) deconds upon the nedneinle of pos lonisation, ik
velooity slpha porticles ocolliddn - with s moleouios, ionize tiw latter,
oaualinr then to bocorw poaitively churiuds Tho dons oan be ropelled

br & positive ;rid and attructed to & namtive vwire, where they beoom
disctarssd by tuldne us electrongs The reoult 4n o flovw of cloctric

ourrent fron 4 ocdllcotor wire wliioh o prosoridentl 4o i nuwhor o

Cali
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fons formed, end therclors, to the nunher of alnphe perticlse emitted by
the wrenlym 4n the sarples The don current readin- tekon from thoe
r;ccording Instrument ocn bo oanverted into osor eent e orosemt in the
A8 sarple by multiplyvin- by a factor which, for e piven termportture, is
& function only of the isotopic oonstitution of the wrenium in the
process rone It is intopasting to note thet t!'m V234 isotope nleyr &
dominant role in doterminin~ this oonversion fauctor, motwlthatunding
the. fect that it is prosent in the totrn) urenium to such & relatively
rinor extent (e, 729 0s008 atom per cemt in normml fsed muterial as
arninst 0,714 ner cent for U235, and 08,28 ner oent for Gel58)e Tide
is dus prineinrally to the fact that the rediosctive deocy oonstnnts for
U234 48 about 2000 timms that of Gu235, and about 20,000 times thet

of T-238¢ iurthermore, at tha top of the main onseado, or in the purpe
-aa.soa.de whore the spece recorders are used, the wanium is hifily
enriohed in oonoontrution of both thw lisht isotopes, Thuz Uw234, beinp
slichtly 1irhtor than U=235, will enrich et least as mwoh as the latter,
durin- the course of its progross {rom the feed polint to the top of the
ocacndo, A L resuld, tho alphe partlolec omitbtsd Ly the Uel34, make up
the et m:}orﬁw of all th‘e elohe madiction prosent, Finally, the
nubor of fone producsd vor alnhe particle omdttod by =284, 16 of tho
same or’er of megnitude A5 for the othor lsobtoes, and 4o fect somevhat
rronter: 180,000,

te Comanont Parto.

{1} t&ml Cune = ‘The simed cen (Fige 21) 45 an
tonisation oharber with a1 Intornel dianecter of balve inohes and an

inndde lorith of tventr=fowr inches, Peow o of the gorretive notuwwe of




Wgs vnd the oonsoguant danger of £ hish brekryound, ell metal surfacos
arc of nid:ol, and & epcolnl fluoroourbon nlastic {1F’=10¢) is used &
en insulstores The oollector wirc, 0,025 inches in dimmoter, 48 mouwntod
alon; the mxis of tho eun, and econects to the Mlﬂier mownted on
the oover of the oan, after passin- throurh & wemnm tirht diske This
disk: han ten conoentrio grooves out alonr its immer gurface in order &
inerensc the oleatriocl leaknge pathe A prid struoturc conmisting of a
oylindrionl onse eipght inches in diamoter and twontyefour inches in
lenrth is mounted concentrlonlly with the collegtor wire, It ie made
of niokel sorcen formed from 0,0031 inoh diamoter wire, and has & one
inoh mesh spacin;, The oan 4§ held at sround potantial, the oollestor
wire at & fow dllivolts, and the prid at sevorul hundrod woltse Thus
all positive fons formed within the prid structure are drawn to the
central collector wire, All internal parts are atteoched to the oover of
the aimmnl can which %8 craketod with &n slumdnunm senl,

(2} Aoma‘m Itevm, = The ovllecbor current passce
throurh & pre-amplifior, thence to an output moter, and o o sinple
point Loeds and Northrup recording potontiometer, It is equippod with
alurm contnotas and an oxtya slide wire for operation of & remobs recorders
T™wo sorieseoormected aylohonesealed puxra raiasc the pressure fron the
procese stroun walue of BbOUt 2 PeSelefiep 40 10 PeSelets A roctificr
and voltnre ropulator aro providod for mintnining the prid structure at
o positive potentinl of efther 800 or 750 voltwe A £4ltor is also

included to minimize fluotimtions,
os othol of lme. » Two spuce regorders are provided in

ench of the €twwe bulldin~g of the purpo ouscndos An additioma) slave

: BelC
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racorier for ench purre bulldinr recroduces tho readin-s at the oontynl
oontycl roon, Jample ?‘_'E.B. in taken sontinuowely from the line rocorder
mnifold, cooprosaod to 10 peSslests, massod through the lonfsution
charber, and returncd to tho process a:ln-anm. Readinrs are recerdod
veriodioellys Tie ecourncy af the space recorder is on the order of
fivc per cent of the wlue reported, It onn detwot the presenco of mnl
fractions 'nI' s in nitrogen or othor ras nixtures ee low as 1076, Its
upper limit is set by tho radiocactive sontarmination produced in the
sirmal oan by hich eanoentrations of uruniwm hoxafluoride, If the
Ingtmment s oleansd frequently to rininise this baskprownd effect,
conoentmtiona as hich ap BO mol per ecent oon be andled, but it is

‘nbma.ny ugod only o gus semplss oontaining low percentngos of Wgs
‘Under favorable sonditions {(low beokgrownd and high assty of Uw235

isotops), the spece recordor oan detnot one part of UFg in 10,000,000,

fefy Thorral Conduotnnes Celle » The therml cpnduotnnm oe)l

is mnother device for mesauring the amount of lipht oomponents in
rixturos of Was nitropen, and oxypee The unite were desimed and
sonstruetod by the Kellsx Corporntion, They arc of relativoly simple

and inapmiw(m).‘fruoﬁoﬂ o
Be P'rinciple of Opemation, = Ths thomm) omduotance osll

{5 boasod wpon tho prineinle that :n aleatriec owrrant passing throush e
wire inorcases its temporature, and thot the 4ifferance in tempereture
-botwmn the bw.’..ro end tho gos surroundineg it ronochies an equilibriumn wliuwe
whish iz dependent on the nature (and thercfore the peroentnre corvoe
sition) of tho rase Sinoe elestrionl yosistonoo of the wire is & funotion

of 1ts tepeorature, pesurcrent of this registunce by meens of & Vhoutbe




ttons bridre arranrement ives en indicution of the terperatwure of the

wvire, cnd therefore of tho concontrution of 1ishit dllumis in the proocess

A& e
be Comonent imrtn, « %Tho therml gonductence ooll (Fig.

22) iz comstruotod from & gylindrieal block of Lionel metal thurea inchos
in diamster by elsht inches long with two holes drilleé for ingertion of
wire f1lamnts, The scavity eontainin- the shortor filament, wWiich o
used as & capmsator, is senlod of 7 with gir at atmoscherie prossure,

A double sowl is provided for tho seoond filament which is encloscd in
tho process gus to be analysod, Plactic seols are used, and hold in
plaoce by brase rings. These serve the double purpose of formin: & vnowmm
tirht conneoticn, and eleotrdonlly inaulating: the filawents from the
meta) blocks The ocll blook is Snported in e beurin: bronze support
which mosswes three inchea in cuter diameter and 8=1/2 inches in lenpth,
and contains four holes for oartrid-e heators and & moreury thermstnte
Tho other olestrical bridre oormections are alsc mountod on the cell
blocke Thoy ere mde of Mensnin wire wound on tel'elite spools, The
mit hav & proteotive oylindrionl cover, and is thermelly insulated with
B3 per ocent mmgnosis pipe coverin- mterisl, A ult‘-baﬁminr, potantios
meter {0 usod o mosswrs bridre unbalance,; in conhmotion with a Loeds

and lorthmy Uieromnx gtrin olard recorder,

¢y Yothod of Uses » Thn therml conductnnce ecll iz used

tw ponitor the purpo rato 4in & nomel bulldin: which 15 unod &5 & top
rurre building durin- & 8911t cavoade conditions A ssumle of process ree
ic fod oontinucualy throurh the unit, and an sutormtic readings is printcd

reriodienlly on the movin- chart, Tic inctrument bac an aocurugy and




roproduslibility of one mol per oconte Vhen properly oclibmtod, it can

be wed v distinpuish betweon eny two eomponentz, or groups of components,
with widocly different therml conductivity, Ceclls in uae aro oalibrutod
for UFg veie oxyrenenitrogen rixtures The uswl rence of the instrument

is fyron O to 100 per cont of Gllucnts, with an accurecy of ;:m ml per
cont throurhout the ranre, The relative orror involvoed ia thercofors

loest &t hirhest cemoentrutions,.
B=8. Acoustio s Amlysore = The fumotion of '&w acoustic pra

analysor, whioh iz used in the purre oasonde, is to dotermins, indioste,
and rocord the volwmwtrio emomtration of lipght diluents &n the procoss
strean, and ¢to actuate e oontrol wohanism so e to prevent evorlomding
of the purpe eelld beouuse of inorevasod Wg conocentration in the proooess
stroom being fed 0 & purro bullding, The ingtrumnt was Cirst investle
Mmtad by tho Kellex Corporetions later development and manufacture were
handled by ghs Sencrel Elsotric Corpanye ‘

&e DIrinciple of Operations = The matural troqmy of an

acouetic resonntor ia a function of the physieal properties of the mse

oontained within the moqntinp chamber, Viswlisin: & oylinder with
s metellio disphrapm at sach end, 1t is possible to axcite one of the
d!.cphmr:m by means of an adjacent altornating owrrent clectroagnot,
vibration of this dimphms:m will then sot up sownd wiives whiohk travel
alony the pylinder and set the sooond diaphrerm in moticn, This
diaphrarn onn thwn be made to &nduco & voltere &n & socond sloctroe
mpnetic ooil placed adjacent to its The sound intensity, and hence
the voltnpe induoed $n the gcoond ocoil, is rroatest at the naturcl

frequency of roponarce of the ehimmbrr, Yhen the rogoiver and driver
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oclle arc comuectud prospectively to thco lunud and oubthut termingls of

en clectrio am:)ifier, the combinntion, wuider proper conditious,beeomor

B8olfw0acilletin: &i tho neturul fregquoncy cf resonancs of 1he s

ocolrt,

bs  Component arts,

(1) Prircey Tloewnt, = Deferpine to Pigure 22, the

rrirayy alesont conelsts of 6 reponanoc tube copteininr a diephre: o et
ecoh ende Bolnd each dimphrerm, thore is nrovidod an olostrorsmatic
pole structures Tho cleotrorp. mnet coils are imowmm sz the “drivor coll®

end “pocelver 0011"’ respectively, The di.nppm‘mc ere maonotiolly
counled to the pole ptructures, an! betwoen each diaphrerni end fig pols
tin theors 18 pleoced & ripgid iscleting nlate which oconfines the pme
mixture to ﬁ;ﬂ regomance glarber and the lmll sHace bobwuen tho dises
phra~n end isolatiny nlate, Mme dianhrarmn 43 excited eleotrore notically
by thé driver coll, snd iz caussd to sand out sound waver which trevel
through tio oylindrieel chamber contminin; tho ms to be analyzed,
strike the pecond dia;:hmr;:m, exnd ocsuse it to vilrate, The vibretion of
this second merbrone then induoss & voltume in the rupeiver eoil, The
tomperature of the s mixtwree in the resomance tube is contrelled by
& heetor end thermostet, wkich formn vart of the primery clemant, The
hect exchangor cunsists of seworel twus of tubing exbaddel in an
elurimm ghell okst around the ra.aomncft- evlindor,

(2) Accossory Vexric, = 7Tne olectrlc sizwl prodused

in tho roceiwwr coll i8 sent to &2 medulntor viioh alsc receiveos ¢

etandaré rofercnoc frequency girnel fron ¢ tundne forl: osolllators Thoe

Ciffeparc: In thezo G fregueiaoicr swuscs throuri & noduliter, 4rousl

CallV
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e filter, ond droush & vaowmn tube froguenoy doubler, ond is then fed
into & freoquetoy metor whiol preduson o dircelt current volinps pro=
pertioral o ths difference in freguencics, Thils wvoltege then actwtes
& Leeds mnd Northrup recording eontroller, £ltemnitin- cwrent line
voltume to the power supoly unit 4z held constant by & voltusc roculator,

e lathod of Use, = The rex ixture is continuously

sam»lod st & polnt below the Lottom evll of the pur-e bullding, sud fed
to the resonance tube of the rrimery elenrmnt, The system eoneisting

of the nrimry eleremt and arplifier, sets ur en oscillatin- siprel at
the naturel frsoqueney of $ho s ohambers Thie g dep;;-:-.-dent uzon the
corposition of the teet mse The controllereactimting voltare s
provortional to the difforence betweon this froquency mnd {he froguency
of the stundard simule The goowtic anulyscr is comeoi;od tw resulete
pnmumtionlly the settins of a contrul walws looated in the line cerryin:
purped rmses from the tov cs.ll'of‘ the buildin: te the Mg trupss It

thus sontrels th: pur-e rate at & nroper valw dependent upon tho
cmcm‘tmtin;l oi"T_FFG prosant in the o ounplied to the buildin., Tw
hm.h'wm::t ie nloe oomooted 4o set off an uwisrm: sig‘ml,ﬁ‘ the wlw of
the d1luent conomntretion should reach & point owtsido & specified
renres  The fnstrument ic entipcly automtié_, hes o rpld rete of posponcr,
e progents un analyticrl rosult vhilel e pmc;l:imlly irdepondont of

ren progeurcs A fmiocl runc fer tiie acourtic enalyger tmuic be O &

25 per eent of lirht diluaits, but the mnco enn be chenpol vhon deciped,
The instrument possepnos en accurecy of 1 volwectric rer cend, and iu

gonsitivwo o soneentyution olunpes In the mr pixture 0 0,8 por eent

o7 TOrie
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6=10s T Analygers = Tho measuranmit of hwdporen £luoridc

oonormtmtion precents soecinl @ifficultics brovuse of it corrosive
naturce  Governl gpeolnl insirmuonis wawe studled for thie anplication,
the viecosity bridme tne bein- sclocttd ar rost suiteble frur the point
of' view of ogomnlexitr, cost, peresomnel and wuintenence requiraxni, e
time lore

Ge Princinle of Operations « The viscosity brid;w ic

ammlorous to the eloctrioul Vheatstone bridre, Lon- metnl onpilloaries
are usod as tho four repistances, »rocess samle enterin-~ ane end of

tho bridre &t hich progsure (€ pefeletie), passing throurl two parallel
peire of "resistors®, end belnr ewocwmted throush freps to the etmoepherces
A Gifferemtinl pressuro trunsmtier and recorder iz oomected betweon
ridpoints of th: bridre arme to indicate unbalence, A4 chemiocel tre;,
sontainin-r sodium fluoride to remove the ', 1 inverted between the

two ennillaries of one branche Tide rosults iz e dirdnished flow

throuch tho second lo of Hmt brencl, and wnbalancins 6f the bridrue

The dopree of wmbulance is an indicetion cf‘ " econosntrution,

te Commaneni furtg, « Four canillary legs end the

éifferential pressure transmitbtor end sodiwm fluoride tran form the
ingtrument propers £ oonwontionnl rmeirwtio recordin. instrumcet i
wsod & prooont emalyscs in preollc foru, A weeomys pum. vwith en
sogocsor: tren 1n alac recossary,

ce lrthod of Uscs =~ Tue wiseoslty brldi-c IT analyser ic

& somieporizble inctrmewent, principelly used to mnitor the owsotde for

EN uwnflows Totrld] sannle flew ie mintoined nd D0 cuble continmoter:

R

nor rinutcs 0 ugte oF the inptrurcat i Mirttod ¢ polnts Wiom

S
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fluorine end W congantrotions are low, einee theoe swhstances ore eloo
nbeorbed by the soliun fluoride trupe Llse, the prosemor of Uy will
altor (1:s visoonity, wd €icreforw tiv, mte of flow throush the oa;siliury
sroa,  This will effeet the oclibration of tlhe instruments The sodiwn
flvoride ia chanpcd ebout tidoe o woolk, The vissoslty bridre will

roocrd un to ten per ecnt hydroren fluorido with e relative wocurunoy of
about 0,3 per conte The rmaca ere cwiowated to tiv atmos- harc after
paaning throur & gode limo tren whioh &bsorbs the hydroren fluorido in

order to protopst thoe pup,
G=1ls Trrvoe Indiontorc. = Treoe indiostors are used to dotoot

extrornly low camsentratlons of UFy in tho atuosphero, in corbon trup
ef'flucnts, in se&l exhaust linos, and in purrod or evhewntod ecllo.
Tholr principel purposes are to provent loss of W'y end contanine tion
of mumines equipment, as woll as t0 wern of hasardous treoes of urenim
in tho aly, Throe typos of 4ruce 1rdl.oatorg bavo boon wsed in tho plant,

Re Prinolglo of @omtion. « Troce indleetors funection

by exnposins cherdonl reapente to the mas strean to be testeds Tho

. presence of Wg 1 disclosod by & charwoterictic oolorution.

be Comonent Payts, « The ervatnl type involves the uso

of salicylie acid eorystils; the peper type utilizes & piooc of filtor
paner (somctimes cerrying e drop of oil), vhdel nbaorbe weniun oor
pounds, The automatic ¢ype melos use of & rovin- tapo of filter paner
friproguted with potassim forpooytnide throurh whiol o bean of 1i:ht
it ellowod to pass before strilinrs end moturtinr a nhotoocll.

e lolliod of Usoce = Ir th: oucso of thc salieylic moid

e, tho eryotnls wre rerevid and eomvered with oclor stndurds &f ber

Gatil
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axposure tv & kmovm Clow mto of pae for & pro-detcrmined tine interw.l,
It is sulteblc for the dotooldon of L‘I’G oonoenttratiang below tlirso paris
per rdllion, Tho plein £11ter papor type is chockod noriodically by
treatoont with potassiun foerrocyenide whioh prodwees & charecteristio
oclore Tule is thon compared with color stnderds. Tie suborntic truoe
indiocetor indientes pap connentretion sontinuously by means of tho
photoosll picrommioters It mmy also be used to sownd en alarn if the
conoentretion becomos hasardous, The first two types are semie
quantitative; the automtiec type 18 somtlnucus and guantitntivos Ome
part of TP in 300,000,000 perts of air produse & 30 por oont sonle

deflsction In tho output motur,
6«12, Infrusiled Absorption letors = Tw infre«red abgorption

metor is & portanbles lealr doteotor of epecial design, wied for loeating
loaks of CpFye 4n soolant lines, drums, and proccss cocolerss It wes
develonad by Kellsx and rmnufoturcd by Baird Assooiates.,

ae DPrinciple of Operuntion, = Ierflucrodinethyloyclohesmno
w11l absor: certain wevelsn~ths in the infroersd rosfons IC an infras

rod bean io pascod throu-h e test pgas elmmbery and fooused ou o tlicrmo-
moter, the terpereture indismted will be derendent upon the nmmt'oi‘
infruered rediation reachins the thermonolor, and therofors upon the
armowt of CpFye in the ohambors Hewover, i o lithium fluworice Ciltor
18 elsc pleond in the noth of ths bear, the infroered rudietion will
bo entirvly sbporboed, and Ll thermpmotor tuporature will bo irvdow
perndent of tho CGFIG ooncontretion in the cho-ber,.

te Coponomt Tertc, = The oquinment consints of & 8owreo

el infrsered radintion, & moncurin: clurbor, & put, & 4w flucride

Coirl




f1lbar, and twe "boluembors” or clsotric rosizienco thormometorc,
0e Yol of Uas, = Unlilm the lonk dotmoter doteribed

proviously, thoe infresred abcorption wtor con be applisd witlout inture
rmptin- normnl operaticn of the coolont pyotouns Alr sarples fra: o
vioinify ¢f suepooted ooolont deuls aro pupod tlroush o dest oharber, and
tw infre-red boomd £300 & cozl pOUrOR nm' pasged throuph the olmober,
ano of which io alsc pacsod throusd. ¢ Hthiurm fluoridv £ilbors Thus,
tho intonsity of infreerod redintion strildn- the first bolmmber 1o
dependent, upon the oonoentrution of Cpfys &n o o?mﬁar, viils thet of
the secand 18 not, The two beomsy arce foousoed, respeotively, on each of o
palr of bolorwbere comwotnd into & Thestatow ridre oireuit, A4
difference in borperatwre betwen thw twe thormoretors resulta froo the
diffeyence ir intenuity of bpinging infya-red radintion, anl oauwse:z e
difference in elsotrioal resistence, Determiretion of wbelance of the
tridre oiroult provides e reasuro of the difference in resistunos of tw
o bolomaters, aund therefore of the eoncentraticn of OgFyp in the
aharbeyre The ini‘m-md aboorption moter 4o cupable of detooting tho
progence of four perts of CoPig per r4lliom,

6=1S5e Doy Polnt Becordore = Thw dow point moqrdﬁr' i douipgwd

woritor the werious r}hnt supplies of dry cir anl nitromen, snd to warn
of exoeociw erounts of wabtor wvapor in tho pea, Inetallation of sual:
en instruront et K=25 45 plennod, (dowelopront end fubedoation being
hendled by forbide), with euiiablc wlvin: for smpliin: fron wiyy oo

of' tho supply headors oarryin: the chove numd aubstanocec
©e  Frimolple of Oporctions = £ boer of 141t 40 reflootod

fror: & oold wirrore Condenmotion on the wirror foos Qire Ul Inbosiyr
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o thoe woflect:d beams oasurenont of the miyreor torporcturoe reculirod
to provont dimning of the refleoted ey rrovides vn Indicution of the

dovr pointe

be Coponont Pertg., « The epperetus includos a rlance

vindoesd tond chewber eontuining & mirror ocontinuously cuwoleld b &
refyricerant pysten, 4 source of li-ht i nrovided, ond & chotoooll
connectud o en electrionl bridre oircult, which in turn actuntoes an
ocloctriae heatsr for the mirrore A thermopounle 18 imbeddud in the
mirpror ond eonnoetcd 0 8 contimuous reoorders Yo pum is required for

the toat ms, gince the alr end nitroren lines ars wnder pressurv,

6e ethod of Uge, = The sarple of =86 to be checked
nasper tirourl the teat cherboer und isc then @mustcc‘i to the atmogphorcs
Tho rhotoocll, whiich 1o sotumted hy the Intumeity of reflocted light
from the nirror, mﬁal&nnaa the bridro cirouit whicn condemsation tends
to docreace the intenscity of tho reflectoed Loan, This ohuges the
olectrio heotor to yaise thoe nirror tomporeturc,ond meintoin it at the
dewr point, This mirror tememture {1.6,,tho dow point for the mo
wdor toot) i¢ deteotod by the thornooouple und continucusly recorded.

Bwlie Differentinl Prosowrs Indiontcrs = The purnogse of this

davios 1o to meceure the flow of sealont nitrorqen fus to tho process
pum 8otlce The axtromcly amll 1o involv;x!'mde 1t nocessory 0
eryler & new 4opoe of Anstrzwent doveloped ecreeltlly for thils sorvioo

by the fwnorel :lootric Compcry. Tiw instrumemt i & corDinction £lovw
elenent end differcntinl proszsure traner! ttere Genernl dusirn prinsiples
of differentinl pressure indiefting, meoording, and coantrollinp devicoo

erc dincusgo’ L Volu: Z. Thic rermarrerh twebo &v rertioulor of the

Gelel
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opcolfle ernlioction of 0 eloetrie d4fforontiel wroppur: ing®outor,
vidch i¢ £ more eleboretc rnd gpceiclizod Instrwwnt, o 7 reprosents

tho erbhodant ¢ o &l nifleend Instrwoit ruscorell Drofesie

e rinelnle of Oparution, « The difforontial prossure

indicator dctormdncs the Llow of rac by eloctrioslly mowgurin- tho
differamticl (88 vrospure coross on oriflcc of Imow dinmsicns,
Variation of tho diffcrentic] preasure is ounvert.d, by meuns of &
bellouwe erren;wment, 4o novement of the iron ocore uf sn olectrommmet,
thareby inducin: volte o chan~es whioch are & function of tho differcntinl
presswre, 8o therofore of the rag £low to be moacureds

be Comonent Faris,

(1) rnewmtice = Ruferrin: to Fipurc 24, a 3C inch
oapillagy tubc,wit# an internnl dlametsr one filth thad of th o ling.
is imsorted in the nitro-an pininrs supplyin- seslant to the pump seal,

A tan nety the entrenioc to Hie oaplillury is comwected to & chermbeor,
wder tho dono of whiich is mountwl o nhosrhor bronsce bellows, Another
top, looetod &t & noint In the soulent plning fust dovmetreen fror the
ctpillory tube, is oommectced to thh space enclosad by the bellows.
Riridly attoohed to the bellows io en iron plunger in the fom of e
srlit buwhe vith v 8lirht enlerronsct et i canter.

(2) Flecirionls = The nluwt-or cmlﬂtﬂs‘ﬁm raanotie
cirouit ¢of o three=ler-od lapinatod o netiowlloy atruwitwre, Two
cacr-ieing ¢oils, sxcited hy ¢ BUO=0rr¢le povrer sourcs, arc rouwnted oo
ths o outer lsr e, and & plakur coil lu munted on tho center lar,

An arplifier 3o nrovided for stenpin- w the induood wvoltnre, : Centrally

locttc? 8 the eorttin- tonel of the eontrod wilt i an indionting
; [




wttmters Sulinblo eloctricel xomolw, end ewvitchin- feeilitles, and

an alerr srston erc 8lso orovidod.

s liothod of Usoe = A ohange in the pas Llow mte oausen

e oorrogpondin- chanpe in the preasure drop tcross the capilinyy tube,
Thic 1 equiwvilent {0 & clanre in the differontinl bollows prossure,
and resultn in movenont of the bollows and plwi~er, Fotion of tho
plunpor disturbp the belane, of the emotic oirouite 4 volbico therow
fore aypears across the piokup coll whioh ir proportional to the bellows
movemont, The net induced voliare An the plokur coil is inoreased by
an arplifier to 4 wlue sulteble for operatin- an alerm myeto: which
would sowid, for examle, in the ouse of e prooese pum .aeal'failm-a.,
The outrut watinmotor is calibrated iIn pounds per square inch with e O
to 100 soale. A sorle switoh perrdits sdjustrent of the sonrle factor et
o002, 0,004, 0,01, or 0,02, One differentiel pressurc indleator is
provided for emol: prooess coll, 4 twslveepogition svitch is used o
oonneot the éifferentinl pressure indientor to the sonl of any one of
the twelve osll pupss In this wy, the oell esn be "soemed” wntil
the foulty soal $e looateds The oapillury flow element wcts &s & choke
in oase of & soul fallurv, to rcotriot the low of nitropen to o broken
sacl, and prevent tho fuilure @f otl;or roelg, Tho ouplllivry byepesr
valy: ghown in the Pimme con be oponed when it 1e doulrsd to checlh tho
gare vositlen of the bollows, Twelwve petemtloncbere set thoe instrmeent
gere rosnoctively for onch trunsformor plaiu: ooll, wxdl ocepauante for

rosidunl plolup voltnre due o dissrmetry of the mmetie ciroults et

rerc s {1,
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SYCTION 7 - (IIOT i LANT DEVVIOFVENT

7-1, Introduction, - This section ;ressnits a description of the

various pilot plant units which were built for studying and develoring

the operzting process, a:d for carrying out basic research into the

" ‘types and arrangements of process squipment which would be suitable for

|

use at the K-25 plant, A number of special mechanical test loops wers
alsc set up and operated solely for testing individual pleces of squip-
ment such as pumps, seals, and cold traps. Since thess ssrved the
purpose of facilitating decisions involved in the design snd manufscturs
of aschanical squipment, and involved no specialized process research,
deseription of these test loops is reserved for Volume 3, Section 5. A
10-stage test cascade was also sct up &t the Test Floor of the Kellex
Jorsey City laboratory, for the purpose of checking the soundnoss of
certain portions of the E~25 design. It cannot be called a pilot plant
in the atrict sense of the word, since it mas pot a prototype install-
ation operaied to obtain data on which to base the process design of
the full scale plent. Description of the 10-stage cascade is there-
fore aiao reperved for Volume 3. :n & count is presented in Volume 5
of the preu.n.ingy operation of one of the process bulldings as a

54 stige pilot ;;hnt"a
7-2, Singla Stage Separstién Systems, - The firet successful

separation of the uranium isctopes by the gaseous diffusion mothod was

scocomplished at Columbia University in January 1942 {app. D41). ]
. , DOE‘
DELETED emtwmins 2o a0 l:» {3)
Isoto;dc analysis of the
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xinéi”undiffused residue, ghowed

initiel diffused fraction, and of the




changee in ocnoentraticn of the light {sotope ranging from 0.6 to 1.8
per cent, resulte wiloh wore in reasonsble sgreement with theoretiesl
predictionse Improved separation systems of the same general type were
subseguantly ocomstruoted (App. D42) and operated in order to odtein
further tests of the theory and to measure thes separstion performsnoe
of the various berriers. One such separating system is the"hipgh cut
toster" descrided in detiil_in s techniosl repert (App.‘D45). Thees
systems wore alsc used to ealibrate varieus barrier testing pt;eedurol.

7=3s FPilot Plant Ho.;i;'- As & further meane of cbtaining date

on barrier efficisncy, gnd to svuluate the performence tc be expeoted
from the gaseous diffusion produstion plant, several pilet plants have
been conatructed end operated at Columbia University. These pilot plants
were designed to utilise s minimum of ras, and the barrier sress were
therefore very small, The {irst of thewo, called Pilbt Plent ¥e, 1
(App. C17 th;u CBO), utilixed & burrier ares ebout the eize of a niokel;
1t was operated initially in Cotober 1942, Criginally looated in the
Pupin Laboratery of Columbie University, it wes later tranzferred tc
the Eash laborstories of the Kellex Corporation. The unit comsisted ef
twelve sylphon-sesled pumps (App. D28}, mounted in two opposin: rows of
#1x and eperated fraw ons orank shaft, It was arranged as s twalve
ataze onsomde for total reflux with an expeoted isotops sspuration of
ebout f'ive per ocent. In operatiorn, the syster wes first eveoueted and
teosted for air lesks. Fluorine was than.ndlitted to about ane mtmosphere
pressure and sllowed to remain im tho plant overnight in order to fluori-
nate or omdition the surfuce ares. The fluorine wee then removed end

proocess rar sdmittels ithen the experiment wes completed, sampier were

Tei
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removod from ihe top and hotiom reservoiys for analysis, Vquilliiprium
w.s catablishad after about fiftcen hourss The plant opereted suoocesse~
fully Tor continuwous neriode as lon,ae two himdrod hours, and {hoe total
time of oporction excoedod thirtyebro lnrdeod hourse Nesults wwore obe
teincd portnicing to ecoonde bohevior with A, DA, and " uarriors {App.

",Mf}), ovor & vidoe run-c of mixin: and flow conditdons, pressures, and

presgure ¢iffurentials. It 2100 sorved ac & moana of tostin: instrunents
and other oquipcent for handlin~ process ras, cnd furnishod wlumble
opsrutiomm) experisnce, Thoe thmn obtoleaoor_xt plant was retirod late in
19244 aftor 1t hnd sorved the riin purpose for vhich 4t hud boon oone

struobed,

7=le "ilot "lont tlos 8y = Tlons and design for Pilot Flant Lo, 2

wors inftinted in Dooscler 1942, Lut bootuse of wawvoidable construction
delays this plant was not placed in dpmtim with proowss ~as wntil

10 'ay 1044, The plant wos 2 six oiae totul ro;‘?ltn oogondo win:
rosiproentin: pups of 23 cubie foot por minute displaconmnt (Appe D4G,
€21, (22)s Dymo A, Dy, and VB barriers woere inatnlled contninin: throe

—a—

squre feot of arode | DELETED ] } E[})

Corplote &mmmﬂm for autormtio conirol wos pnwidod sub mnml

oporztion was nlugoaai‘hlo. Yo equilibrion tﬂne wmasa o fow cinuten,
s B‘!.l.' BB o ongoude prusontxd the firct o cortumity to sthdy the
serfommnos of borrierc, iusciruemts, and contecl wder conditions an=
oroachin- thoge nntl;)ipab‘;d in the lar e scele produotion plante thayy -
teots wore run on process ‘us, and tho nlanlt has aloo fumished aepa-
retion datu for mdwturen o‘.-" nit:'of-m end proocea rese Those caperinonte

woro nerformnd An omdd» o ctods Lhe b::!n‘.,vior ol ruog sreetraptord
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applied to the soutimucus method of analysis proposed for use in the

maipn gas diffusien plant, _
&. Expaneion of Pllot Plant. ~ In November 1944, Pilot

Plant Ko, 2 wus expanded from six to ten stages, the purpose beinz to
inoreace the total separstion of prooceas ges to sbout three per sent of
the 1irht isotope and thus improve the precision of sample snslysis, At

the same time, provision was made for the use of diffuser tubdbes of

etandard plent length (seven fwet) instesd of the shorter cmes previocusly

used, Arrangements wers also made %o feed precess gas into the plant at

vyarious rates up to 500 pounds per dey, and to withdraw enriohed naterial
’ ‘_"“‘_-"-III--.___-____

f
for rossarch problems in the hbontoriu./
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1946, th. plut was d.tmtlod and lb.i.ppod te Osk Ridge, Tenneansee,
7-E, Pilot Plant Koe 8¢ - This plant was eriginally plenned by

Ve ¥, Kellogg enginesrs upder OSRD ecntraoct, fer their labvoratery im
Jerssy City, New Jerssy, However, in the late summer of 1543, under
¥anhattan District supervision, it was duid;d at a joint meeting of
Kellex and SAN npnuntativu (App. D§2) that orootim and operstion
would be the rupoq‘?bnity of the SA¥ Luboratoriu personnel working

in the Kash Building, However, Kellex designed the plant, prooured the
squipment, and supervised sonstruotion, Westinghouse gas bearing blowers
were te iu used in n:ton atage system ihich wae to be similar to Bections
§ and 6 of the main gas diffusion plant, 4As originally designed (#pp,
D12), prooess gas of 36.6 per om’t oonoentration of light isotope wus

to enter Sectlon £, and, after proceseing, the enriched mnterilsl wms te



leave st & conocentration of €7.0 per cent, Seotion ¢ received the
latter materisl and raised the omocentration to 90 per osnt, which was
the ooncentration of the {insl produet of tﬁn plant as then ‘nvicacod-
As eventually built at the BA¥ Lnborntoriol; most of the Kellex desipgn
was used, but only eight stagzes wers inocluded, In aoeordance with the
original Kellex plant, dusmy d1ffusers, and steel piping and welver were
<o be ineerporated in the plant, se it was not imtended to operete with
procses £as bgﬁ, with the fluerooerben, nofnnl perfluorohnptene (Cq¥yqe)e
Hhen c:porinqﬁta with the eriginally designed pilet plant were campleted,
1t was intended that alteratione would be made s¢ that process ges and
diffusing barriere could be introduced. As far as possible, equipmeat
was chosen 80 thet the conversiaon oould be made readlly. In sccordauoe
with these deeizions, it hes becoms oustomary to designate the original
plant as ¥o 34 and the revised plant ar Koe 32,

se Opsration with Pluorosarbon - Pllot Plant Yo, SA. ~

DIfficulty in getting the special equipment for the plant (App. C28, C24)
deleyed its oampletion, and the first fiwe stages wore not placed in
operation until 16 June 1944e The full plant with inmterseotionsl
ooupliny stages and autamatle eontrol was first opereted on 12 July eof
the same yeury The G;;Old. was operated with Co¥ye for u total time of
288 houre (Appe D46), and during this period varicué dieturbances, or
sudden changes, in prooess pressure and flow were introduced in order

to study the effects produced. Both manuel end automatie controls were
used, and st all times the plant was foumd to be hydrodynseioally

stable (Appe D47)s Thers were no serious mschsnioal or sleotricsl

diffieulties ir the orsonde opsretion of the ten gas bewrins blowers,

Tel
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Tho mohanionl behevior of tiw pressure tmnemtiine and eontwol systoz
wao also found o be sabdsfuotorys Wowmm testing subeassenblises wero
also studiod and found wry dosirebls as a moans of spoedinz w fimal lenk
testing procedures without delaying oonstruotions Tho neoossity ror
dewoloping special welding beciniques was demonstretedy it was detormined
Uat, on the avermre, wenty lonks are present in 1000 feet of standard
Quality walds, ‘othr.tdn woro dovaloped for camstructing weowm tdeght
soolers by silivoresoldering the tubes to the tube Ehosts, It wms further
domonataated ¢¥at by uaing taterdals with nropor densidy and flow
ocharacteristios, mechanical Joints sould be mdo, whish would pesmin
wown $irht for reasmable periodse |

H

be Oporetion with Proacas s « Milot "lant Nog 83¢ « Imwew

dlatoly upm: eompletion of the tests cutdined for Iilot Plaut B4, the
neosssery conversion fyom 'Alet Plant Noe 3A to 5B wae mnde (Appe 025,
€26)e laok of suitable ratarial for diffusers, which were thm stdll in
the reamrch stuge, deiayed completo operation, but experimmts with
nityoren und process gns in tho atamese of diffusers were mde diering
the http_; part of 1944y Thoae studies gave uveeful infommtion on the
oonluuptim of procoss ga, and an Liowor operation in the prescmoce of

wer | ¥
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September 1945 & unitised blowr, dﬂ‘mur. nnd oocolor of SAY desin wes
conditioned for testin:e During the bestin-, howewor, leaimpre diffie

oulties were noountorsd and few rosults oould bo oltatnedsf ]
o —_— Bidituhbeioimsiuiihith /
f 4 /
| DELETED /
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7-6. - Sinrle 'mma Blmr Byatcm! » An ndd!.tioml oxperiront
was oonduntod at tho JAK !.abontoriu %0 roin inforrmution on produstion
niant porfortance using the single stare blower syatens |

DELETED . - e
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pruaam wlociw of pravess (ms, and walue of Rayuocld?s numbor
wore choon 40 similate o Saction 1 stoe of ths min production plante
T™his syaton waa put Into operation on § June 1944, amd, oxgept for
momentary ehutdoms caused by toamorary ﬂm fuilures, ws ooutinued
wntil Ia‘July for a total orerating time of rbout six wookss The cuw
porlpentns -wvs ortant informtlon ori blowsr bohavior, on tho OVITOw
gion of roicl ;nrt; ax o8l o :uro.coaa a8 (A;ype T48), end ou the '
pltﬁw—-tnr roto of barelers uner nroduotion plant conditions (Apne D4O),
Sgvaral other puoh u‘imtcm wore also studled wing differant tyno mrpss
Verry 13ttlo corrogion was found in tho blower, and thero wae no esvidenoc
of Wirh ceo voloolty erosion, The nepforrmnse of the tubular diffusers
et bt h;,drody:mmic’comﬁt&m wp extro- iy sutislaotory; thoe dife

tunera shoaeed & lucelus pate of leosp tue o per oont mer ronth,
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7o+  Vaouum Insinsorine Schovl, = It was recopnized at the

timo of the origiml plant desipn (Appe [12) that somlete fatlure of
the diffusion method would result unless lesknpe and weowun problems
sould bo oonquered, The degree of tichtness required in the gresous
diffuaion plant wus without precedent in practionl engincering exe
periernce, Appliontion of the mass speotrorwber for leak detsoting
purposes was made by A Os Nier and his oollaborators with much of
the dovelopmont taking place at the Mash Bundl.ng.tmdur Kellex susploes,
Leek debeotor wnits wero eonstructed, persomnol wers troined in thedr
use, and muh of the pilot plant equipmont wus tested for leaks (App.
€29)e In Pebruary 1944, it beoano apparent that several hundrod
trained operutors in addition to the already tmined solentists, would be
needed for lsak detection work on the gaseous diffusion produstion plant
a$ Clinton Engineer Works, A schocl for this purpcse was sstablished
at the SA" Laboratories in larch 1544, and over a period of nfmt!: £ive
monthe was attended by 221 employees (App. C27, €28, €29) of the
followin: firms engnped in operation of the K«26 plant or menufmoture
of equipment for ity

Ksllex Corporation

Fard, Bacon mnd Davis, Ino, {Appe D81)

Carbide and Carbon Cherdoals Corporntion (App. DB2)
The Crene Company (Appe. DBS)

Alis=Chalrers Compeny (Apps D84, DOG, ms;
Yhitehead letn] Produwts Company (App. DB7,

Iinde Alr Products Corporation {App, DBS, DBO)

The Ae. O, Brith Corporation (App, DOO)

A report on this school is awilable in the lanhattun Distriot Technical

Files (Appe. DS7).
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Gmls  epersd rollerse -« Durdnc the perdod from 1840 to 1842,

ntansive el'forts wero mdc & prevare on or-enic corpound of uroeaiun
puithis for use in a ¢Affusion nlente, Thesc oxperimonts wore o
undor OSTD princ contrects et Iom S4.8e Collore, the inivernity of
Chiomo, and the laborotories cf the Ttﬁﬁ'l Corporctions lowaver, during
811 the oourss of this wori;, no sulitnile substitute for urenium hoxn-
fluoride en proooss fas wos dlscovercd, Thia oorpownd hed boen known
tc ohertsis sinee 1002, but amcicting informtion on its ohemiocl end
nhysienl properties wbg meecer end, in som onsec, incorrocte It

1d:h)y corrosive mturs miscd mny srobles I connocticn with the

- prosoond bepricr and mtorinls of ~lont conotrucidion, This sltuntion,

{torethor with the numopous othsr ohmiuul neoblae to ¢ exmected In
e lar- o regeapch »roject, led o the estnblislyymt of o ohomfonl
sootion ol the 540 leboratoricas 4 wwet amcunt of worl: hae boen done
by thig provn on chonionl esnects of th FeZl presonrast Hrosrane Sow
o? this worl. inwilved dewlo 2t and axiznsion of oxletin: chexmicsd
mothodos much of 4t hes heen comeomind with cntircely now shenomen:
rreviously wimown to chendstc,

D=Ce “hvslenl end Chordenl “rosariticc,.

tes ihvpicoahomicnl Studlcse = conwecnt end chuly of

e chermiesd end ohynieel provcrtior of weniw: hefluwride was s
tot-ont botwesn 1040 end 1940, Thip, &1 fumy inwolved dovl lenent of
nethods for hendlin $ie ren, ent nov warp of ropnris - 1t for chwnmics)

- B - F I L. P S N R PR N TP
croldecic, oo U Ygotoe Tonrorerios Dmnotlondel sooon Do owor



pressure, density, thermal conductivity, viscosity, heat capaciiy, and
other theruodynamic characteristics (App. D50 through D53). Metallo-
graphic techniques were developed, using both the optical snd the
slectron migroacopes (App. D58). Reference to such work may be found in
a bibliography on ths lubjeot (App. D59). A hibliography on the chemical

J propertiu of the conpound is also available (App. D60) { j

DELETED ‘
Dot
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T b. MNechanical Properties of Barriers, - The mechanical
propsrties of barriers have besn studied by the following methoda:
1, Bend test, to indicats relative stiffness and ductility.
2,
i DELETED
|
| Do
e b(3)

& F;t.iguo t-ut., for intomt.ion on barrier behavior under,
continual vibration.
. 5. %utter test, for aimilnr purposes but with smaller
vibration amplitude and higher frequency (App. D6l).

Fithout the thousands of routine examinations made by these procedures,

it would probably ?'han been impossible to produce a barrier acceoptable ,
for use in a gasecus diffusion production plant..r b(3>
- PR . __._ . - P . - i . -
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J Variouww protrectiat orcocdures for stabilising _b(g{
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J‘t!’\s darrier vore invostd-adad, end it ws oventunlly discovercd Llnd
Clvoriration produood thc decimd rosulte The Suosess of the stebilizem
tion prooedure dependod on reconiiion of th- faot that edsorption of
neoooss -as end fluorine on a barrior ﬁzs e vory Lpoprtont nroblens
Thio in tuwrn 1led to the inveatipetion of éucﬂ: shonomena in considerubic
dotnil, and Lawlved tlo ctudy o:i‘. surfuoc croas ard rethods of mocguring .
Hione Tho technice) posults may be foxxd in a rmort (Appe DE3) whlch,
in ecdition to pivinc rocommmded proocedures for plont atabilization,
includos & lnr,_:o‘nmmt of Infommaiia on rcloted subjoctse

‘ be I'hu-~ing and Gosismytion; - These corcllary ﬁnroblmﬁ
worc also of cmnidei‘nble lnpor&noc.. e ohief ol:jnét. 88 hag been
@lninod aboyo, wog thet of proetyottin: the bearrior In cuch @ wuy that
it remning aiublo §n thy propwace of proceos pue) thug its rate of pluging

mwt be oonfined within speaiffed limitse Tho rate of eonsumptdon of
2200900 rat mt ;o bo minlmdgod, sapeoinlly in the hi-hor ebe-og of
the rlent’ whoro th.c«:n.:xtarial 1 hiphly enrlched with the 1i:h¢ dsotonc, .
8@ vory walunbles This roto of logn hut bren speeificd in 4he plant
desin at a wluo no.i; oxtead ' n " me miili;;rm-: of Trooess (Bl Der sQULrE
foot nor day, and the proosdores eoteblishod lewve ghowm Urt it s

—_—_—

poscibls to koo eorroslon boler this 1imit, /

,— = e ;) not
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L1} of these problems howe
|

Voo puBceostully solvode
(1) Toutine Tosta, » luring the perlod won these
standaryd nrooodurcs wore hein ' deovoloned, the B4l Laborotoriecs mde

,Moutine tests on mny different barrior sarplos of all types, £s the A,
L1, W1, ad other berrior modifioations wore studiecd and developod, emch
wee tosted to dotormine whether or not 4t was acospiteble on the besis of
nlu~-ing, oWﬁm. stabtilisntion, aﬁ';mw. Twerous bteolmiques
for these purposss were evolved, lor exerple, an apparutus hoe bcunl
oonstruoted in which it is possible to stabilize ss mny as fifty 7=

foot tarrier tubos at onco (Appe DG4}
Gwde Inert ms Tectine of Darrisrgs = In Section 7 of this

volumw, roferencs was mde to the Fg separetion testinz of barricrs by
sin-le stn-e and pilot nlant methods, This method of teciins oerior

beavior is very slow, nct only bocause ofr thec tims consunod in the eopaw

ration exporimoat i1tsalf bu'l‘?r 81po boomuge of tho time requircd for
isotopic malysise It wms thorefore Liportant to devise repid rothods of
mousuMn: the ssparation factor of tarriorse Tt was slso necessary to
detarnine 'bb.rr!ur};;;rsmlw by sindlar ranid tostas The heevy dexmnd for
routine tvetin pr&:-.ptcd"the Eellex Corporntion to orrenige ita owmn
berrior testin  loberatory in the Yash Dulldin » loohanical proporiles
wore elso mousurod ";,r tLis groun,

8s Tooline .of‘ Flat Sarpleg, = A rront denl of effort me

4
armendod ¢n Y e0e proocdumce, with the reoult thet guitnble mothods were

dovisad Por obtninin: the rouired (rfowmtion wepidlye In itc prescnd

Cel
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forr, the nethod 16 as follous: & flat sarple of berrier is plansd in
e suitahde hWolder,end & e pdsture of hellin an? enrflier dloxide io
cirevnletsd em ong sido of .0 sarmlep Bom: of the gas dIffuses throu-h,
e an evelysis is mde of the diffuvactc and of the wiliffused -wse The
sentrevins efficiengy of tht barrier £ 1llowm direstly fron theee metrures
nentes Toreeity is deteroined by menaurins the amomi of ran drwn
throu-b the berrler under gtundord conditio:ﬁ of pressurc an?! puming
rete (A, DEL), The dmiO'lmnt cf this ronid testin- unit 'ws bean
ecoomenisd by mny theoreticnl investimmtions of o physionl laws of
pr.s flow throu-t berriers (App. DOG)e Tho results have aleo boa:
corpercd with orocece res semaretion tests in order o conveort the
results to a.:; ehsolute buoise Auxiliury sngtruwents [or semration
tocts have been devcloped 1 order W mke norc wrecise determiration
of the g mixtures diffuoin throu I the berricrs These include therml
eonduetivity ~o anclyzerz of tho 4o different verietiea (hppe DGY,
DGCle For soprtzin ssocis) nurwacs, meguremeuts of barric: seymretion
heve lco been mede usin- other -usos or oo rixturcs swh es nitrorens
oxyre, nlteoroenordloopelieniine end hydroso=carbon diaxido,

be Tube Teatinr~e = Thie fore-oin- inert pes tostin- omiheds

heve ©ll boon oxtended 60 Lt ther 2y bo applied to tubudar Qiffuwors
of eiaiam! scveonelcol mrodustics plent Yot (80, TCL) end o shertor
tuber cul frax them {(Mope D03 )e

Bl e Corroslion 0" 'utorlicily » The BPa. @7 Dirrior i o difu~

sion nlant 45 optimetod ac 99 per oani of tiie total aren exsossd to
process o, too pemtindsr boin aocowtor for by blowers, ritinc,end

. I - s s ¢ Teng P T . rawt - H P, - - " we
roletnd ecinmriala TU 40 obwimn Y Smoruocl €0 chiowso eownroselii
: :
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’.\} meterinls of coustzuction for those iterm, ard to sibilize then to o
preacss RS wvhen nocensarye A bibllorrnﬁhy of aveilahle I'wlh ocrrusion
dain has boen complled,; covaring the corrogive actlon of fluorine,
hydroren flueride, fluorcenrbong, end nrocoss res (Appe 170)e Studies
et the SAY Labhoretorios have invelved dovelonrent or areation of
mAthods for wmsaurin- the oorrosive affect of these Mo, Invostie

mtion of the fundarental cherdoal nrinel-les concorped, and routine

= ——

tests on hundreds of _qllf‘i‘orent mtorinle,
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8=Gy Development of Special Chemionls, = lentia las baon mde

in Volume 1, Parapre~h 3=7, of & mmber of gpecifio needs, arisine

within the =25 Mrojoot, which ocould bo suwooessfully pet only ﬂwu}:h
fundanental development and toohnolo:foal ade-tatdon of & nuwdbor of

' industrially new and soocisl chomioelg, nrﬁipnlly tho procege fluid
1tlelli'. umnim heamfluoride; the congitionin- s, olenental fluorineg
and & mmber of in et, hi-hly fluorinetsd hydrooarbonue Desoription
of #:ia rane of $he wori;, ¥i'ch forrmd & vory simificant hrench of the
c!wn;liml reﬁaarch proran, is preacted in Book: VIle Murther discussion

iz alas awallable in tho Xollex Corrletion loport, Seotion III, (1l)e
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SLCTION 9 e JSATOTY A0 LTCUMITL

Swly Salety Pro-rar.

e Orpundsutlon,
(1) Safety Departients = The prinocipal ocontructor,

the UAN Iaboratorioi, ormnized & Cafely Dopertuont within it4c In=
dustrial Lelations Division, Other departronts in thic diviacion
dealt with erploymont, Ainsurance, modicol mtters (physionl exarie
mtions and first aid), and employee relntions. Thooo doportronts
ronportod diroctly to the Dirootor of Industrinl Rolations, «nd problers
corzwn to this Division wro diucuanod end ocoordinctode 4 full=tiro
Safety Lnrineor headed tho Safety Division und worked directly with the
wrious beclnlonl snd sorvice divislons of tho laborutory. Tho norrcl
' funstionins of the Safety Departiont roquired eloge osooperation with
tho liedieal Division in handlin- inhwies and teldng prowntiwe
meacurcs, The Safety Departmont also worked closely with the Insurence
Dopartont on cormensotion oeuss cnd rolodod rmattorss, Tho Coluribino
Aroe Lngincer supervised tho safety propravs of the wrious contruotors,
end miAntiined lialsen vith the Distrlot lodiocal and Gafety Goetlono,
(2) Sofety Adviaory Cormittov, = Nepauno of the

mature ol tho worl boins dono, & Safety Advisory Coaxdtteo wue orpruisod,
consisting of sclentists bavin: dircct rocponpibility for the aotivitios
involving MMom oporationo, At tires whon spocinl sufely robloru
Brose, trbatingn off the porritioo wro oclled to discuce tho pitietion

and reke rosomrondetions to the Scfety Teportuont,




bs Seffoty Yeoourog,

(1) Irploywo Orfontufions = 41 new orployoss voro

rivon dpstructionn rorarding their dutdog, et vhielh tirc linits of
ropponsiLility an’ authority Cor «ll oporctions woro opocifiod, An
Coployoort lanwal wves preparod eand distribubed to nid in this arione
tation prorruns Sofety bulletin boarda wure instulled, an? o contimwl
poster sarpeipn was oarricd on to make omploywas conpoious ol the neod

for caroful oporotion.
(2) Bafety Innpootions, « Routino inspections were

rxdo to $nsure tho absence of wnsufe physlenl conditione and fire
hazerda, to check tho eondition of pas msis, end other safoty equipe .
ment, an' to safepuard the health of employves,

(3) iodiec) Fnoilitles, = A oormletely aquipped

infirmary wes establishend on the premises of the SAN Inborntories with
t¥ nursos on fulletimo, end two doctors on pertetine duly, Arranpe=
menta were mode with & menrby hospital to handle emerponcy casoue

{4) 2tudy of Now Hazards, « Prior to the inauzue

rution of' now experimontal proprams, ocnferonoces with solentifio
divisions wore held to disouss poasible hasnrds involwed,
(5) PReooords end Ztntictiocse = Corplete rocords of

dnspectiono, recormendations, and inwotimtions wero pninterinad,.
Fonthly reports woro preparcd showin: the frsquoncy and severity ratos
of scoldents,

Be2, Beourdty 'rorman, « A seourity progrun was instituted 4n

tho Colunmbia Aren, in eccordnnce with poliecion establiched by Ww

District Coourity end Intellisonve Division,



te Or~onizotion, = The Columbin Aron Security Soction

wan hevded Yy & spoecinl eyont assicmod to the aron by the Mew York
Branch Offico of ths Socurlty and Intelliproncs Divicion, Thie man

wun ageistod by o mrotootive seourity aronte lLecurity ropresontutives
woro solected fron perooniel et o.ch fecility porforming work of
interost to Uy Dlotrlets 16 wop tho duty of these ropresontctives 4o
roport all erpropricte retders to the Arce Seourity Section, and 4o
meintain proper poourity condidtions within their froilition, Junrd foroces
word estublizliod where nooccssary, cn. thecse foroon reported susplolous
inoidonts to tho Geourity Section for action, Tho primary duty of the
section hond of the Area Soourity Soction wos to assist and advise v
Aren Ensinoor on all mtterc involvin: soowrity end intellipence, A5
rogidont agont of' the lew Yorl H@mh Offioc, ho wos alas roguired o
renort all significant matters to thet off'lee, Informtion conceriing
inoldentc portuining to seourity enl Antollipence wes alsc forwurdod to
the District Ceourity and Intwllirencoe Offico by the Areu Security

Section,
be BSouourity Measuros. = Seocurdty ropulations ectablishod

by hirhor echolonz wore put into effect st ell facilitics under tho
Jurisdiction o ths Colunbin Arcts oy porsomnel af ouch of theso
fecilitios wwro thorourlily advised of tho ~rovigions of esch ropulne
tion by the Aroe Soourlity Scctione Feorlodic insrectlons worce conue
duotced by the hoad of tho Securddy Looiion to incuro eorpliance with
thoge seocurity rerulations at ench fnoility within the arcas. Security
survoys wore aonxiuebod by inapootors of tho liow Vork Brunoh OffAce to

inowe continuity of production ot all Colurdbin Aroc instellationn.



Tho Securlty Seotion acsictod the Aren Dncincor in oorrying cut
rovormendations basod on thono poricdic surwys, 10 sorious viclation
o socurlty rogulotions oo boen reported within the Coluubis Aren
ginco 1to estnblichmente 4t 2ll inctcllations, extonniw ugo wo mde
of viswl aido suplicd by tlw Distriot Seocurityys Ofico. The Area
Security Lection cerried out a corof::) persomwl mxardimtion of all
fucilitics, and roviewod sscurity questicmeiros on prospootiwe

erployoos pricr to sutzdttfin- thon to the Pew Yorl: Dranoh Of'flce for

invostipntion,
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SECTION 10 - CO=TS

JC-1. Introduction, = An over.ll compiletion of cosis attribut-
able to the K-25 troject 1s given in Volume 1, Section 7, together
with an explanation of the principles involved in the method of cost
presertaticn used., This section presents totsal costs chargeable to
the research phass of the k-25 Project.

10-2. Cost Breakdown, — 4 detailed breskdown according to

Vaphattan District prize contracts is shown in Appendix A2, which
21s0 presents original and modified contract estimates. Appendix Al
presents costs incurred as the result of esrly mork done under the
suspices otiﬁha Office of Scientific Research and Development., Cost
estimaten f;r principal subcontracts are tabulated in Appendix A3.
10-3. Cost Summary, - Total cost figures for K-25 research
(including the OSQD costs) effective as of the end of the fiscsl year

1946 are as folloms:

Contract Fayments to-—Dste §14, 544,964
kixed Fee Fayuenis te-bake 4]
laterial Murnished by Govern:ent te—lLuee 471,960 (cmdit.)
Total Contract Coste te—bate | 14,073,004

Estimatod Total Costs for Completed Contracte 15,811,663

10.1
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SFCTION 11 ~ ORCARIZATION ARD PEHSOENEL

13-1, DMstrict Qroanigation. - The line of suthority for research
and developuent pertsining Lo the diffusion plant is illustrated hy
Arpendix 21, Tha activities end orpenization of the Uadison Square Area
tre trected In Book VII, and of tns Nenm York Area in Book 1I, Volume 3,

11-2, Cnlumbin Ares, - In anticipation of the awarding of contract

V=T405=en3=-50 to Columbia University, Usjor 3. K. Hough, Jr. wus dosip-
neted Area Engineer of the newly c:oc:sted Colusbis Area in Lhe sarly
epring of 1943. By 4 fugust 1943, Lne stsffl of this Aresa c¢onsisted of
L officers and 72 civilians (including susrds). Appendix B2 presonts
a Columbis Ares organigation chart effeclivae et this time, Major Hough
waa succesded Iin Januarv 1944 by Captain L. L. Grotjan who direscled
Araa activit.teé thoreafter, The Area atoff, wiieh al the Dctober 134
peav. (App. B3) numbered 7 officars, 173 anlisted xen and 146 civilians
(inclnding 111 guards), had been rednced to 3 officers (plus 3 assigned
to the Patent Advisor), 2 snlisted wen, and 27 civiliens by‘iéFJ;;;l 1946
{#pp. BL)s Key personnel tochher with their funotions are listed in the
fppendix Gl. The Columbis Area was dissslved as of 1 July 1946,

11-3, SAK laboratories, |

e, Qrgsnigetion,
(1) Development. - The wer resecarch activities in nuclecr

physies at Columnbis Unlversity under OCKD contracis were organized under
the n=ne of SiY leborstories. ihen contract W=74,05-eng~50 was negotiated
with the Manhattan District on 1 May 1943, the entire leboratory was
teren over. In view of Lhs expanded research progras required under

1.1
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the new contract, saditional facilities were provided in the lNash Building,
New York City, shortly thereafter {July 1943).

(2) Irsnsfer of Hesponsioility. - The work and equipment
were gradually transferred frow the Columbia University location to
the Lash Bullding, the transfer being essentially complete by 1 Feb=
ruery 1945. On that date, responsibility for the SAM Laboratories
was assuwed by varolde and Carbon Chemicals Corporation under its con-
tract Y-7405-eng-26 (Vol. 5). The laboratory organization, which re-
moined essentially unchanged, is depicted in Appendix B6 as of 21 April

1945,
b, Employment Statistics, - A tabulation showing the

number of persons employed by the SAK Laboratories together with other
Columbia Area contractors is included as Appendix B5.

¢. [personnel. - The sctivities of the SAM Laborstories
| were directed until February 1945 by Dr. H., C. Urey, who was then suo-
ceeded by Dr. H. He Crist. Dr. Urey was eided in his administrative
end technical dutliea by Associate Directors, Dr. L. M. Currie and Dr.
H. S. Teylor. Dr. J. R. Dunning directed resesrch and development in
mechenical engineering probleams, pllot plants, process operations, and
isoctopic enalyais methods. Kt jor divimi'ons were headed by Ir, E, T»
Booth, who directed the work of all physic¢s research groups on barrier
properties snd separation sssay methods; Dr, H. A. Boorse, who directed
the mechaniesl engineer groups concerncd with studies of seals, blowers,
puaps, end pilot plents, and by Dr. F. H, Ermetl, who directed chemicnl
research dealing with consumption, plugging, stubilization, corrosion,

process materinls, end fluorccarbons. Dr. Emwwit was succeeded by

1l.2
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Dre Vo Fo 14bbys Dre Fa 7 Slack direstod tie barrier tostins division,
willeo Drs F. liok, Jre vue rosponailble for the uroduetion develosment of
*he olectrofeced nielel barrier, and Tire %o "8 Colien direotud fundapenta)
theoretion] and rthemntionl studies of plent desirn and operetions Dy
we GSontohard supervisod research ou pas Llow theory, end Dre e Je
Creiphton supervised petont work,end sorved as lieieon of' fioepr bobtwven
‘.‘.‘A}: end Deostur on D berrier produstions Dr, Js I Murphy dircotod
tho advinistrative work of the patent and theoretionl groups and weo
resnongible for &ll technicel reports, includin: their editins, ree
produetion, dietribution, and custody. A doimiled list of key rosemrch
ernd devaloprent personncel of the SAL Iaboratorice ie prescnted In
&pnendix 2.
13=4e Colurbie Undversltys
&s Or-enigetions = As stated a-ovo, the 5AN Laboretorics

ori~dmatod in Colwmhio University ec & consolidetion of all of Coluwbie'n
inhe ttan Distriet activitics, Vhen the Cerbide and Carbon Chemionls
Corporation ook over SA” on 1 Febrmry 1045, & certain erownt of experie
mentation not sounected with the diffusic: rooess rexkinod to be

oorpletod under Ne740Dwer: w60, and wne continved wnder this oontrect

Andependontly of 34N labormtories.
be Forsonnels = The eotivitice of this crow were puldod

prineipally by rce e Co Urey, Js Re Dummins, aund e Meillas Frploye
mint swtistics are fwrnished in Appendix RBE,

11l«t, ¥allex Corperetion,

e Forpomicle e Roy wopooreh persontel of the Nellex

Corporeticn aro ligtsd In tho Apperdix e Or-enization detells und




LR A

informetion conpernin- $he regpinder of the sl arc riwven £ Tolume
te erpommel woriins wmder Yellmyecuncmiiesd controebs en? subcosdtuct
ere luclided in Tolm{ Sypinee thelr contributione were ulon e linos
¢! ranuwlecturin - dovelosmenit, pathor than fudrrent.] resecrcli,

1lwle  8cll Telonhou~ Tabepetorics (G estern Ylectric Corvanr), -

Tor 'enhotien Dletrict wort et thesre Ieboredorles wo performed wwer
T g rvision of (7 e e Burmite A& lird ¢ Peoy Individatls conimie

butin- to thie orojeet is atteched (Aprs %) Tmloment dedn ere

surplied in Appendlx Nl
117 “rinceton Unlversitr, = Tho mEre “rinecton offort in the

Felf nrojeet wep directod by Dre ile So Tylor, whoe wee osaiatod ¥y P,
s “a JOPise £ list of Loy persomnol acaocicbed in tlis wori s
nresented in Appondiz WM. Infermmtion roardio- medor of employeco
en-a-od gt thia i‘aaillty ig rrovidod &n Appendix 7h,

1l=8, Othaor Contructors.

e Interehcmionl Corporution. = Tuis work wms dirweted by

Lroe fe Te egalor and {ly lls g, 0Other boy norsonvcl wortln- uwnder
centrnel 1e?40Yem =S5 arc listed in Aprendix Ue ersonnel cttlsiies
e he forud i Appendix Bhe

" he  funlifornds MTnetitute of Toe'molo ve = This project

van dircetid b ire e fe Ndpere Othior ke norgouned ensuoced wder
canipnct Vw?iClecn -3 erc 1istod i Losendix Ta

Ge GlAv Htule Univoraltye = Vork et U.¢ Slibs University

8 diractad b Ly Lo Le loomize
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LANIATTAN DYISTRICT NISTORY
DOOL IT = GASEOUS DIFFIGION {Fe25) PROJICT
VOLUIZ 2 = RESEARCH

APPENDIX "A"
CONTOALTS ‘
Jo Title
1. GSRD Frimo Contraocto,
s laphatian Distrlot Prims Contracts,

Be Subaontruote,
The following list rupresents a tabulation of prime

research contraots attributabls to the K=25 Projeot with the ezoluwsion

cnly of confywmotn pertaining to the special cherdoals programy the
Jattor contreots are treated in Book VII, Cost fipures aro effective
as of tiv end of the fisocal year 1540, Subcontract coots aro
inoluded in the prime contreot figares,

Contraot type 1s tabulated 4in the first colum ond
denoted by a nureriocal oode, the key for whioch is &s follows,

(1) Architeotwengineer servicoea,
(8) Coet plus owerhend,
{(3) Lxp sun service,

lethod of letting iz tabulated in the sscond colurm and
denoted b a mmerioa)l oode, the key for which is as followsn:

(1) HNepotiatsd by Columbia Aron.

8; Hegotiated by Distriot Enginser,
Hegotianted by New York Area,

(4) Nepotinted by llew York and Deontur Aress,
(6) Ragotistnd by Madison Square iren,
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L Lib P
LG TRACT 0. YA OF CUSTRACTOR SONE OFFILE OF SCCPF
AFLLTIVE TATHE COTRACTOR '
CE¥er=106 Columbia University Row York, 4. Y, Invesi
, 1 July 1341 for
J4 '
Ner-408 de Ve Kollogg Company Jersey City, ¥. J. Deslg
16 January 1948 pilot
ment,
ratim
Eisr-413 Columbis Tniversity Hew York, 4. Y. Sepan
1 leoember 1941 ' diffw
K-28
CElor-664 Ohio State University Columbus, Ohio Prepa:
Resssrch Foundatiom' sampl: -
3 August 1548 _
DELETED _ )
A3)

R0T=¢  All above are sost=-plus overhead ocontracts.
All wers pegotiatsd by the Executive Seorstary, OSRl.
All contracts are oompleted.
Total oosts are 12,397,860,



HOME OFFICE OF
CONTRACTOR

" OSRD PRINE CONTRACTS

L

How rﬂfk. ¥ Y.

Jorsey city, He Jo

Yow York, N. Y.

Columbus, Ohlo

oost=plus overhead ovntracts.

F

tiated by the Exeeutive Secretary, mnn.p
are oompleted.
re $2,597,880.

SCOPE OF WORK CRIGINAL
' CCHTRACT
ESTIUATED
¢ AsOUNY
(NOT INCLUD-
ING FEE)
Invesfigation of the diffusion metnod $ 25,000
for asparation of isotopes of uranium.
Dui;k’,"'omtruet:lon and operation of 78.600
pilot plant and development of equip-
ment, materisls and methods of ope-
ratioa of a large plant.
8 it u of isotopes of uranium by 297,260
diffusion process; aleo various nen
X-26 projests.
Pre tion and purificatien of 10,000
mp s of -pool.,ﬂed fluorocarbons.
DELETED )
. ——— e (DOE
" NE)
,‘.
f
[
.
3
+
Al
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MIGITAL 01 IF13D TITIA3EI LT BY
CUHTRACY L STRACT CASIATTAN CISTEILT COMTRACT
“IPILATTD ZSTTVATED
ARGUNT A UNP
(472 ["CLIT~ (LT 1'Clite
I8¢ 1ET) 119 FeB)
1ion vethod V
of vranium,
;eration of 4 i-7405-eng-23
; of equip=
I of ope=
ganium by TaT40B-0ng~50
‘fous noa
DELETED
a of i=T400=eng-08
xarbon®e J ‘ ‘

| A=T40b~eng-148

ot

b (3



(1)

COHTRACT 0. VALY OF CONTRACTOR HOME OFFICE OF SANGWITAL DISTRICT PRIME 001
TYPE LFFECTIVI [AIR CONTRACTOR S5COPFE OF WORK
LTHOL OF LETTING ‘-
R=T401~eng~88  Voorhees, Foley-falksr, :lew York, i, Y. FPreparatioan of nesessary
(1) and Smith specifications, ets, and t
19 Jaly 143 supervision te convert oe
{1) pronises to a resesrch 14
k|
A=T401~eng-48 Comstook and Rescots, Cambridze, Vass. Rescarok, developamé ul d
(3) Ine. spectioa work. !
16 August 1943 S
(2) o
o
H=T740l=m =83 talifornia Institute aeadena, Cal. Conduotd sertaia studies
(2) of Technology experinmental inveatigat
1 July 1943 4
(3) 1 :
. ie740]1=00g-80 Voorhees, Folqu‘hlk-r. Kew York, 5. Y» Furnish necsssary inspeeti r
(3) and Smith " surveys, recommendaticons}
4 Qotoder 1943 for 3:\d project.
(1)
=74 Colusbie Univerasity Now York, B. Y, Reseoaroh and dmlop--w
(2) 1 'my 1943 : prosess,ler separation of il
Q1) uranjum.
W-7406-eng~T4  Purdus Research Lafeyette, Ind.  Furnish facilities and pere
(2) Foundation train personnel. Condue o
1 Zay 1943 studies and experimental i
(2) '
Fe7406-eng-08  Battelle Yemoriel Columtus, Ohie  Condust certsin studies -
(2) Inatitute investigations.
16 April 1943
{4)
A=7408=eng-95 Jhie 3tate niversity Columbus, Ubio Continuation of work wmder .
(2) Fesearch Foundabiow ORVer=-504.
1 July 1943
(1)
=T 4lbmang =98 Princeton Tnivorsity “rinceton, ¥ Jo Fundamental chealoal studie
(2) 1 July 1943 - btarriers nnd barrier mteris



~ANGLITAY DISTRICY PRINE CORTRACTS CRIGINAL MODIFIBD CONTRACY FIXED K
SCOPE OF RORR CONTRACY CORTRACY PATRENTS FAYUE
TSTIMATED ESTIMATED TO DATE 1O TA
AOTnY AMQURY
' (%0? INCLUD- (BO? INCLUD= (NOT INCLUD-
e 190 rex) 1% FEK) 133 FER) ,
Y. Preparation of nesessary ded $ 200,000 $ 210,800 $ 38,017 -
" speoifications, ets, ang, te 1
supervision te eomvers sertain”
premises to a research l_tbohtcry
s« Research, developmmmt lll Law 10,000 38,000 34,949 -
speotion work. | )
o ey
* i"”* ’
Finbidy .
Conduch ssrtals etudies and; 28,000 385,000 23,844 -
experimentsl tmtlptfhap
| ._1 «
Te Furnish necessary iupdi 1,000 1,000 1,000 -
surveys, recommendations} c:l advice
for S:X projest. : -.ti'.
# S:
. Ressarch sud developmem¥ of’ iéruu- 7,000,000 15,000,000 10,813,528
prosess, Fes ssparation of uﬁwu of (1,000,000 Iumm) |
uranium. ;
' Furnish facilities and mah’l. and
train perecansl. Condush cirtaia '
studies and experimental iuvnt!ptim. 80,000 488,000 100,744 -
Conduet oertain studies and um u.ooo 336,000 48,000 y =
investigationsg. _
Continuation of werk uader sontraot 20,000 20,000 19,467 -
Bllar=504. :
« Pundamental chemical studies of 100,000 360,000 334,958 -

tarrieres snd barrier materiale,.

m
r



T

CONTRACT FIXED FPB  JATERIAL TOTAL CoNe  ESTIWATED
: PATHTNTS PAYMCNTS  FURNISHED TRACT TOTAL CON~
D TO DATS 10 TATR BY GOVERS=  COSTS TRACT COBTS
uEST TO DATE AREN
De  (BOT INCLUDe 10 DATE COMPLETRD
1% FEE)
34,949 - - 34,940 34,940
".“‘ - - u.m “.‘l‘
l.m - - 1.” 1.“
10,813,588 - 472,773 10,541,760 11,048,881
(1,000,000 Insuwranse) (Credis) , 1,000,000
100,746 - - 100, 746 100,746
@w,000 , = . 9,000 48,000
19,487 - 450 19,017 19,017
(Credit)
334,958 - 203 338,258 338,208



CYTIRACE ¥0.  NAYE OF CONTRACTOR =4S OFFICE OF  YANHATTAN DISTRICY »mimg'd
YR EFFECTIVE DATE CONTRACTOR 3COFR OF WCRK '
RTHOT OF LETTING

v
DBLETED
N — -
" - Al
4

, -2 | ,1

‘ R

b “




PRIME COSTRACTS mom " MobIPIED CORTRACY

FIXED
CORTRACY CONTRACY PAYNENTS 5
ESTIIATR ESTIMATRD T0 DATE 10
AMOUNT ANCURT |
(Iﬂf IXCLUD= (IW TIXLUE- (IO? I XCLUD=
e 1.0 ns)_ 140 F’Sl) 130 FiB) -
‘r_____ _ L . i E — .
K
DELETED Lo
b (3)
" ; — e —— = . '
SUEEﬂm (BISTIIC‘I COI‘!‘MCTS) H.MT,IP‘ d
ONND COATRACTS | 2,397,860 a *
GRAND TOTALS 116,846,984 @
k n ¥



L MODIPIED CONTRAC? FIXED FEB  UATERIAL TOTAL CO¥=  BSTINATED
ACT CONTRACY PAYMENTS PAYMINTS  FURMISEED TRACT TOTAL COB=
ATE ESTIMATED TO DATE 10 DATE IWOvERE- CO3TH TRACT COSTS
4 ARCURY - Y14 { 10 DATE xisR
CLODw= (402 INCLUD» (NOT INCLUD= TO DATS CONPLE2ER
8) 130 F38) i 150 _rss)
r
DELETED
_ /o
—~—~—— —_—— I v/,
vG
FTRACTS ) 18,147,106 0 471,900 11,878,144 13,413,809
_ : ' (Credis) .
2,307,900 0 .0 2,307,800 2,307,800
14,544,504 0 - 471,900 14,078,004 15,611,068
- (Credit)

nogran T



HOMB QFFICE OF

e e e ama

CONTRACT 30s NASE OF SUBCONTRACTCR
SURCONTRACTCR
Ne7408~0ng-80 '. 1
9. Co 8 Cornell University Ithase, ¥ Yo "
. DELETED
3, Co 13 University of Fissonsia wuis;: "un.- N

DELETED

Se Ce 31

3. Co 8O

ollisr=-418
5. Co 49

S-12128

563,371

' 564,231

Cenersl Elestries Campany

Fattelle ‘emerial Institude,

Amerisan Yeaohine Defonse
Corporation

Elliott Campany

General Rlestrie Company

Eﬂtonhﬁu; Corporation

Brecklym, ¥o Y,

Joanstte, Pa.

smm. Ne

Yow York, 2. !-1

PELETED

Ohie State University
Research Foundation

L 4

_ Columbus, Ohie

Yo

4|
it
e |

4!

s

HOTE) 7=7408-eng~50 subccmtrasts were negotiated by &
CElsp=418 subcontracte were asgetiated by the ¢




3UBCONTRACTS m

isgotiated by the Contrastor and approved by the Dietries Ingineer.
:{ated by the Comtraotor and spproved by the Executive Secretary of 0SRD.

oo ST

FICB OF . SCOPE uF SORK ORI0INAL W
TRACTOR ' CONTRACT
: ETISATTD
AMOUXY
(%O? INCLUD- (1
o 180 ¥2K) ]
o ‘
%o Yo X-ray studies of uruum hezaf luoride. $§ 6,000 ]
o ¢
] o DELETED be3)
s, Mises Classifieatiocn by eentrifuge of : 8,000
! nickel carbonates.
- : e N et
( DELETEG b3
e - ————— e - T ‘I'
tady, Fo Y. Tavelopment of magnetie eloth and special 7,448 i
dubricante and ineulating -hrhll for :
prooese jumps. |
s, Ohde ‘5 Applieation of knowa comsereial electre- 5,000
oy pelishing methods of barrier panels. :
1 . .
SUBTOTAL: .
;1_1 :'
n, No Yo R rcﬁlomt of enginesring designs for |
- opeoial pumps. :
5, Pl _ Cevelopment of positive olearanse seal
4 fosr centrifugal compressor. .
tady, No Yo Cevelop new typee of pumps !'ar hudnn;
. uranius hcnﬂucﬂdc.
£, 3o Yo . Develop rn oomereial produstiom
of njekel for barriers. ) _
S L . o ——— - Ty
DELETED g £ 6)
— - . —
1, Ohie ?reparstion of samples of specified
f1uorecarboms «
SUSTOTAL:



JRIGINAL - MORIFIRD ISPTIMATZD
CONTRACT CONTRA.T TOTAL Cll=
L°TIL ATSD ESYIMATID TRACT COBTS
AMQUXT AKOUNT niRB
(80T INCLUDe (30T lYCLUL~ CQiPLETED
ING F2E) ING FZE)
£ uranium hexafluoride. $ 8,000 s 8,000 $ §,000
- ' N
’ ‘ DELETED ) o€
I — by
by seatrifuge of 5,000 8,000 ’ 8,000
e
" Dok
DELETED [) (;)] _
nagnetie sloth and special 7,443 T.443 7,448
ineulating materials fowr
tnowa oamnereial slestroe 84000 8,000 8,000
de of barrier panels. '
SUBTOTALs | - 45,287
wngineering desipne for
>ositive olsarsnee seal
COmpressors )
)6 of pumps for handling
wide. .
for comrercial produstiom k
‘s for barriere. . ' o R
I radbn Jp— e i Srem e i - . Dd{
| DELETED (3 )
mnples of speaifted ‘ j
SUBTQTAL:s v 64,150

wad by the Distriet ingineer.

by the Sasocutive Secretary of OSRD. u .
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VOLUIZ 8 < RRIEARCH
APPENDIX ¥
CHARTS

itk

il of Authorily for Messarch and Dewlopment on (Gaseocus
Piffusion (K«85) Prejecs,

Organisation Chart, Cobmbia Avea, & August 1045,
Crpanisation Chart, Golwbis Area, § Otober 1944
Organisation Chart, Ooluwbis Ares, 1 May 1945,

Ewployment Grewth, Colwbis Ares K-35 Contractors.

Orgnisation Chart, SAY labaretoriss, Carbide and Cerbon
Chamimls Corperation, 31 April 19485,




-./.I
Manhatten
District
Engineer
Unit Chief H
Gaseous Diffusion (K-25)
Project
I
| i [ |
Columbia Area Enginser | New York Area ineer Madison Square Area
: Engineer
Columbia University OEMsr-106 M. W, Kellogg Company COEMsr—i406
Special Materlals
Columbia University OEMer-412 M. W. Kellogg Company

_ (Kellex Corporation) W-7,405-eng-23
Columbia University W-7405-eng-50 .
Carbide and Carbon Chemicals

Western Electric Company Corporation W-7405-eng-26

(Bell Telephone Laboratory) OEMsr-1125
California Institute of Technology

Western Electric Company ' w-71.01-eng-63
( Bell Telephone Laborat.ory) W—-7405-eng-142 — -

Ohio State University W-7405-eng-95
Princeton University W-7405-eng-98
Interchemical Corporation W-7407-eng-25

Carbide and Carbon Chemicala Corporation
Supplament 4 of W-7405-eng-26

Line of Authority for
Research and Development on
Gas Diffusion (K~25) Proiect




i, Officers

Area Engineer
72 Civilians
Columbia Area
i
Technical Administrative
Asgistant Assistant
! B
Security and Administrative Accounts and
Safety Division Section Audits Section
Protective Property Fiscal and Payroll
- Security Sectien Section
Guard Foree Mall and Records Material and

Traneportation Section

Organization Chart

Columbia Area

4 August 1943



-

B oo———— e

Technical Officer

| |

14

i
‘ Area Engineer

i Columbia Area

14,6 Civilians

# Inel, 2 assigned
to Contractor

¥t Inecl, 173 assigned
to Contractor

]

L

{ Executive Officervl

Assistant to
Area Engineer

Adminietrative
i Assistant

i I Intelligence and
Security

p————

and Cuard Force

\ Protective Security

i

!

L

Fiscal and Pay- ;
roll Audit j

Materials Audit
and Priorities

Property

‘Personnel and Payroll
Office Service
Mail and Records

|

|

| 'r Procurement and I

Expediting

Special Engineer }
Detachment

Organization Chart
Columbia Area
5 Qctober 1944



Area Engineer

Columbia Area

Special
Staff

|

[

Intelligence
and
Security

Executive
Officer

Property
and
Procurement.

JRE————

b Qfficerg#
2 Enlisted Men
27 Givilians

* Incl, 3 assigned
to 0.S5.R.D. duty

Administration

Organization Chart
Columbia Area
1 May 1946



GH

m Aung. s.pt. Ost. Rov, Dea, Jan. Feb. Mar, Apr. Nay
A6k 12.4 L12uh J25h 12Mh 236k 1340 1245 L340 1243 LW

3 Ei

Columbis Univarsity {SAM) 98, 981 1063 1034 996 950 K2 - - - -
Carbide snd Carbon Chemisals

Corporation (SAM) - - - - - - - - 837 819 834 8
Western Electric Company 31 18 16 18 1, g 12 8 6 dy 2 )
Princeton University 1 A 2 33 3 n 3w 3 25 25 2
Intercheaical Corporation 21 14 6 9 - - - - - - - -
Ohio State University 8 - - - - - - - - - - -

June July Sept.. Oet. Nov. Dec. Jan. Feb. Kar. Apr.

mmm&m A245 2945 1943 1940 1246 19ub 1946
Carbide and Carbon Chemicals

Corporation (SAM) 819 83, Thd 649 6O 585 563 550 516 452 Lhh
Festern Electrie Company 1l 1l 1 -3 - - - - - - -
Princeton University 25 25 25 2 2 2 22 1 5 b -

Esployment Growth
Golumbias Ares K=25 Contractors



— I

Assistant Dire

' Consultants
I 1 T | — ey
" Division A Division B Division C Division D Div
 Headquarters Physics - Mechaniecal Chemistry B A
o ] . Engineering J Ch
Division AB Administra- Administra-~ Administra- || Adm
Theoretical tive Aidse tive Aide tive Alde | tive
Group 1 ' Group 1 Group 1 Grov
Division AC BE = Single CB = Elowers bf - Stabiliza- EE -
Toformatio Stage &nd CC - Seals tion 1 EC -
and : High Cut Teste| CD - Dlectri- DC - Plugging ED -
Reports BD - Speetro- cal DD - Contami- EE -
) maters nation EF -
& = Counters DE - Physical || EG -
Division AD EF = Vacuum Proparties |
Beécurity Teats Group 2 DF - Surface
: TK = Pllot Properties
Plant 3
CL - Pilot
Division AE Group 2. Plant 2 .
Fatents BJ - Large Fil-|{ Ck ~ Blowers Group 2
ter Test Systems _ﬁﬁ-:EEEhorption
BK - Small Fil-|| CN - Filter DL = Corrosion
ter Test Asgermbly
Division AF BL - Flow Char=- |} CO = Condition- L _ _
Medical acteristics ing Group 3
E} - liechanical DR - Organic ! EW -
Tests T EL -
: Bl - ketallo- b
Division AG graphy
arsty BR - Inert
Tests
R N



DIRECTCR OF I{".'S:ARLII

Assiatant Director

N p ey

e . s | L
m D | Divisjor & Divisien L Division M Division N
itry ] Applied Personnel ’_ Business F" wngineering
J Chemistry Office and Service
[
itra=- | Adm1nistra- Livision LB Group 1 o
de | tive aide B Fiscal Enzineering i
S o o T NB - Drafting |
‘ Division MC 10 - Machine Shops E
Purchasing - Glass :
o ! Blowers f [
o N 1?[ """"""" 7 Civision MD :
3 i{ Group 1l ~] Receiving r
mbiliza- EB = Coordination |_and Shipping ;
.on 1 EC - licroscopy . N i
Augesing BD -~ Microanalytical Divlsion kE . !
mtami- BE ~ Qtoutine Tests Stores ‘ Group 2
tion : BF = Furaacing ___ ! Sarvice
yeical |l IG - Yew Filters J ) | { Division I'F || WK = Carpenters
-opsrties §> ) Property NL - Blectricians
irface ; ' il -~ Plumbers
-oparties M - Building .f
- Operation ]
NG - Telephones }
EE— NP - ”essengera {
sorption i_ ] |
wrrosion | : [
o ' | Group 2 Group 3 |
-—_————~———-[J EE - Filter Structure IR - Facing
] t EL - Pore rilling ES -~ Slurries
ganlc ! FM - \/E Tvaluation ET - Electroplating -
T il - Inorganic ZU « Analytical
- I Control (
EWr = Unit Process '
|

Crganization Chart
SA Laboratories
Garbide and Carbon Cehmiesals Corporatil
Contract \/-7405-eng~26 {Supplement 4!
' 21 April 1945 |

B6
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APPENDIX nCe
4 PHOTOGRAPHS
([ Iitla
1. Bydrogenation Furnsse with Heating Bell in poeition, as
operated at the Schermerhomn Pllet Plant for Heat Treating
Barrier, .
2. Interior view of Hydrogenation Furnase with a Recl of
Barrier Naterisl in place, | e
B |
|
b DELETED
5.
é.
7. ' ’ . DDG b(’
8.
94 N DELETED
: DrE
10- | Py b 1}
11. , ' .
12,




o 3itle N
13. 1 '
. | DELETED Doe b (3>
16, Westinghouse Model C5-V Gas Bearing Blower.
17. Front View of Pilot Plant No. 1 (Code Kame: Gertirude).
18, Rear View of Pilot Plant No. 1,

19, Pilot Plant No. 1, showing & front view of the Twelve-

Stage Cassade as first asseabled in the Pupin Physies
Laboratoriss of Columbia University.

20. Pilot Plant No. 1, showing a rsar visw of the original
Twelve-3tage Cassade with Typs B Fuxps mounted as &
Coomon Crankshaft.

21. Rear view of Filot Plant No. 2, showing thres Type W
Pumps.
2. Interior View of Pilet Flant No, 2, showing Diffusers
, and Pressurs Iranssitters.
a3. Pilot Plant No. 3A, showing & view of the Main Instre-
ment Pansl. |
TOR mm«mrmno.y,mmrmnp

Stages, and (in the foreground) the Metor Coelant Cir-
Mﬁuw.

25.  +  Pilot Plant No. 3B, showing Stages 2, &, md 6, Type
'~ C8«¥ Qas Bearing Nlowers, Blowsr Repressuring Systes,
Khitehead Diffusers, Surges Drum, and Hest Exghangers.

26. Pilot Plant Mo. 38, showing Stages 1, 3, and 5, Kowers,
Diffusers, Comtrel Instruments, and Sempling Manifolds.

27. View of Vasuom Engineering School, showing Students
sxanining Elestronia Equip.-m. used in leak Detesting
Appuratn’-. :

28, Vasuum Engineering 8chool, showing a lLesk Deteocter and

and & Pumping fiagon being assembled.
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Eo, Iitle

29, Vacuum Engineering School, showing the Mass Spectrometer
Leak Detestor,



. [l
il

€l Nydrogenation Furnsee with Heating Bell in positiom,
a8 eperated at the Schermerhorn Pilot Flant for Heat
Treating Barrier,
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G2 Interior View of Hydrogenation Furnace with a Aeel of
Larrlier iaterial in place,
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Gee BJearing Dlower, This is the first ses Learing
aondel, It wes construoted at the [upin rhysics
laboratorieas of Columbia ‘niversity.
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C18 ‘testinghouse !odel CSY ua Mearing Dlower.
The suxiliary apparatus is being used to rake
1ife tests studies of dlower performmnce with
ITO0eSs P
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C17 Front View of Pilot Plent o, 1 (Code Nanw: Certrude).






Cl18 Rsar View of PFilot "lant He. l.
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C19 Filot Plant No. 1, showing & iront view of the Twelve-
Stage cascade as first assesbled in the Fupin [hysics
Laporatories of Columvia University., The diffusers,
pressure indicetors, piping, and velves ars shown.
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G2C FPAlot Flant lo. 1, showlng & rear view of the origina}l
Twelve~Stage Cascade with Type B uxnps mounted as a
Common Crankshaft,
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U2l Rear view of Pllot Plant No. 2, showing thres T pe ¥
Pumpl-
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e Interior Yiew of Tllot Planl Yo, 2, showing PAffuvers
and Fressure Tranamitters. During operation, the
diffusers are housed in a constant tegperature chanber.
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G23 Filot Plamt No. 3A, showing a view of the dain Instru-
ment Panel,
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C2), Fear view of "ilot Plant No. JA, showing ihe four Top
Utsges, and (in the foreground) the Kotor Coolant Cire
culating System,







c25

Pilot Plant. No, 3B, showing Staces 2, 4, and §, Type
C5=V Gas Hearing .Jlowers, 3lower Repressuring System,
rdhitehead I'iffusers, Surge Drum, and Heat Exehangors.
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C26 Pilot Plant No. 38, showing Stages 1, 3, and 5, Blowere,
Diffussrs, Control Instrumsrts, and Saupling danifolds.
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(7 View of Vesuum Englneering School, showing Students
examining kKlectronle Equipment used in leak LCetecting
App&rltul.
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28 Vaocuum Engineering School, showing a leak Detector and
& Punping Yagon being saaseubled,
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{23 Vecuwa Engineering School, showing the Uass Spectroumeter
Leaic Cetecior.,
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10,

YAIUATTAR DXSTRICT HEICTORY
BOOT IX » GASEOW DIFFEICH (Ke25) PROJICT
VOLINE: 8 « RUSTARCH
ATFENLIY. ®p®
FILF AD LYITERARY RoPURENCES

Reference
{E.DoaToRe fndioates Naxhattean Distriet Techniosl Report Pile)

Mturwiss, Vol, 27, pe 31, B9 (1959) = (s Hahn and
Fo Btrassanrm,

Physioal Review, Vol. 8B, p. 511 (1989) o He Ls Andorson,
g.;’:m. Je Re Duning, E, Ferni, G, Ky Gason,
. »

Fhysioal Beview, Yol, 87, p, 845 (1040) = A, O, Wier,
E, T, Booth, J, R, Dunninp, and A, won Orosse,

Physioal Review, Vol, 88, p. 426, 1086 (1930) = K, Bohr,
and J. 4. Wweler,

Plv-hll Revisw, Vol, B7, p. Y48 (1960) = Ay Oy Elor,
Ee T Dooth, Js R, Duming, and A, wn (rosss,

Physioanl Review, Vol, 67, p. 740 (1640) « ¥, H, Kinpdon,
I.B.NME.!.M.MJ.R-W.

fotal Aresas, Pumping Speeds, and Stages for Diffwion
Apparatus « Karl Gohen, Ootober 1941, K.D.T.,R. Mle

No. A«BC,

Contmot WeTd0B~ens=8S, with The K, W, Kellogz Company,
and The Eellesx Corporatiom, Mnlattan Distriot Clamoi~

£isl Contywot Mles,

Contreot CElisredlZ, with th: Trustees of Oolurbia University,
Superseded by Contragt WeTi0Geensw50, Maniwmttan Distriet
Classified Contrwot Files, (See Appe d)

Oontract OSMaurellS, with Westsrn Elsotric Oozany (Bell
Sels;hone labormbories), BSuperseded by oorttruot We7400-
oug-nz. Janhattan District Clasaificd Contruot Files,

(Ses App, A)

SE—— -f

/



Joo Reference
3 N Contyaot We740G=eng«bC, with Prinooton Univorsity.
Manhattan Distriot Classifisd Contraot Piles,
(5e0 app. A)
iz, The Kellsx Corporetion, Tho Diffusion Plant « Pirst
Progress Reporte M.DyTeR. Plle No, A«825,
1z, %o A. Dats Bheets, Beption X. K.D.T.R, File No, L2 <
)M’. Report en Subjeots Disoussed with British Repressntatives =
" Inrl Oohen « 18«10 September 1043, MK.D.T.R. Fils No.
A=]211,
18, On the Badility and Oontrel of Diffweion Plants, Part 1,

Conoepts And Nethods = Irving Eaplan and Narl Cohen =
B April 1843; Fart 2, Further Dewelspoent and Applie
eation of the Variatiom] imalysis « Earl Oohen, Irving

En mmm-!'mlﬂl Pert 3,
n:uhgm Setavior and Criteria for SBMIYY «

Harris Mayer » ¥ Qotober 2044, N.D,T.Rs File No, A=5P2,

A Progrem of Bxperimsuts on the Rydredymamio Behavior of
the Bd=Etage Pllet Plant (Build EaB{Ba2X), Irving
Eaplan, Bdmmrd N, Carson, axd Wi} Ay Mierenderg «
” m M- .Qb.!.n' Mle b. Hm.

17 he Status ¢f Barrisr Dewlopusnt « The Eellex Corporetion,
Jde s Begerton, Bditer « 1 Septesber 1948, New Yerk
Aves Classified Filss, Pils S, XY 400,11¢ (Barrier),

A —

3,

38,
' f
, |
}}; DE.\-ETED
.”'
31, Subsontraot No, 1 mder sontrect WaT40b«eng=140 with the b(?s
Houlailie«Bershey Corperation, Munlwttan Distariet Classie
fied Contruot Files,




2,

",
86,

26,
27,
28,
2%,

1.
2.

f

/

___‘b. M=B37 Gereral » Case NWo, '50’-.

—————

Hoference

Suboontewot Nos & wmider sontract We7408-0ng=140 with the

Houdaille«tiershey Corporation, Manhattan Distriot
Claanifis? Contruct Filea,

Contrnot We?40C=ongeb6 with the Houdaille«tisrshey Corpo-
mtion for ressarch, dewlopment and pilot plant pro-
dvstion of "A" Barrier, This wus puwerssied by eontyaot
T=T406=gngwit? for proourerwnt, design, ilnatallntion
of oquipment and Jarge seals production of barrier
tubes, Mrkhattan Distriot Classified Contraat Piles,

oo "A" Barvier « Bdward Maock, dre = 35 June 1946,
WD TeRe Flle Noo A=E11TY,

Minutes of Neeting held 38 amury 1644 at Decatur
111incis = Perwmrded by Ouptain Jo H, Srazman w File

[ i

DELETED } Do%

. - b3
BAY Powlsr Frodustion » N, A, Coler ot a), = 16 Petrumry b )
1046, LKD,T,R, Fi)e No, M=2113,

e Pumping Problems in UslS5 Diffusion Separation Plants =
Hs As Boorse = 16 December 1M1, K,D,T.R, Fils No, A=88,

Oll=Fres Sealed Pusp for Cerrodive Ghses «» B, ¥, Booth and
Mugh Cs Paxton = 8§ Pebrwuary 1088, MN,D TR, Fils Moo m.

¥ Pup Design = D, O Sargsazt « § Nowember 1084, MHeDoToR.
File No, NeM40,

Fasimatioslly Opsrated letal Diaphrage Pup « B, %, Booth,
Eo Co Maxton, and D, B Gock « 27 Auly 1643, MD,T.R,
File No, A-R00,

Dﬂ'fﬁanlopnntlon?hnﬁ-.l. Re Dunning « 15 Febrwary
1943, M,DT R, Pile Mo, AB3G,

Ay g
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84,

§5,

87

40,

4

43,

43,

DELETED

“'\____.__

K25 Operating Wammnl, Vel, XIV Prosess Pups = R, L
Parrish,

I4fe Tost en as Bearing in Precess tas « B, A, Boorsse,
G 7y Dotlr, and 4o Ra Bunkw « £0 Bepbender 1943,
EoDeToRe Pile Bo, A~]207,

Prelimimary Report an Gas Bearings = K, A, Noorss, G, V.
Dasker and J, Ry lexike o )6 Nay 1045, M,DeToRe Pl

fo,

fest Mepord sn Westinghous Boarings Oentrifuml
cmm-n.l.hm:otd. 19 May 1044, M.DyT.R,
Fils Yo, A=12T8,

Test of the OGeneral Elsotric s Dearin: Blower « @, P,
m“.‘o '”‘Wt 3084, N, TR. Flles Vo,

AR132,
OSontunt WM il-eng-E) -lua Sestinghouwse EBlsstrio and

Tanufaoturing Cenpany $8 boaring dlowers and
seters, mm Dhﬁ-!.ot ﬂhuu‘hd Contrnot Fllss,

mrﬁ“ﬁmm tion of Ureatwm Yy Diffusion =

s T Booth, He Cy Faxton, and G, B, 8 « 17 Pebrwnry

1042, I.D.'l'ol!o Pils No, A=)0G,

Prooeas -Oas Separasion Tests = R, B, Pontins ot al,
18 Nowvember M. WD TR Pﬂl b. ‘l-u“.

RigheCut Barrier Testing « L, Davidson, W, A, Nisrenmberg,
and €, Williome o 20 Nareh 19“_. MeT'eTuRs Pile Noo

A=]289,

“-'_——.——’
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45,

46

47,

49.

51,

824

54,

BG,

&7,

Referenoe

Parrior Tests on NHo, 1 Pilot Plant « C, B, S8iade and
i:e;;am. 13 Xovopber 1944, K.DaTeRs Mle Ro.

The Nos 2 Pilot Flant « B, Cromer ot al. « 18 Ootober
1644, ¥X.D,T.R, Mile Fo. A-R140,

Completion Report on Pllot Plant BA = Clarks Willinvs
ot al. B0 Nowxdor 1944, W.D,T.R, Plle No. A-81852,

Betavior ef the No, & Pilot Plant « Irving
Kaplan, € Ootober 1964, M,DuT,R. File No, A=2187,

Operation of Blower = H, C, Paxton and 8, Yisner «
B8 July 1944, M,D.%H. Fllo Mo, A=1120,

Forosity and ldfe«Plugging fest en Tubular Diffusers »
Be Visnor et al, & 20 Oobtober 1944, ),D.TeR. File

To. B34,

Eleotronio Pressure Transmitber and Self Balaneiny Eslay «
Bs Cromer = 1B April 1944, WD.T.R, Fils No. A~1286,

Specific Heat of Uraniwm Eexafluoride = E, T, Booth ot al,
27 Deoeber 1“1. HeDs TeRs Mle k. BT,

Flowmmwter for Uraniw: Hexsfluoride = E, T, Booth at al.
[ 3 ml? 1942, M, II,T.R. File No, AsB8,

Thermal Flomawteors » C4 Dy Swmarts « 15 dnmry 1545,
WoDeTeRe Mile No, A=B210,

Report eu Amlytisml Servios « 4, R Dumning = § Ootobor
3944, K,DyT,R. Fils No. M-1l73,

Tenting Isotopio Conoentration of Ureanium « J, R, Dumning,
Ee To Booth, and A, von Orosse « July 1040, E.DeTeRe
Mie No, AsB2, '

e Countin; Method of Xsotopio Amlysis of Uranjum =
Fart ] = D, E; Rull « 18 Janury 1844; FPart 8 = Prepa=~

retion of FMize « Senjamin Cohwn and D, E, Hull = 89
Augunt 1044, U D.Tolte File No. A=1235,

Report en SAF ¥acuum Enzineering 8Sohool « €, B, Ellis »
24 July 1944, MD.T,R, File No, A=2127,
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80,
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Referenne

Status of Metallogrephio Inwestipntions of Electronicks)
Barriors « 0y E; Pellisier » 14 October 1043, K.DsTeRe

rils Moo A=1210,

Elsctron Miorosoope Study of Barrisr Strunturo » I, T,
Nowmman and %, C. Exinner, = 1 Kowsber idd, K.DeT.Re

rile No, AB153,

Bibliography on the Phyyoioal Propertios of Treniun
Rowfivoride, Helsn Johnaton « 18 July 1044, M.D,TeR,

File No, A~1207,

Bibliograpky ea the Chemdatey of Uranium Hemfluoride «
H'lln Jnhﬂhn - ‘9 Julywlm. I.D.!.R. nlﬂ lo. MW-

.
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Neshaznionl Wosting ef Darriers « O, Beck & 135 Ootober
21945, M,D,T.R, File Mo, A=)2ES.

herm) and Eleotrionl Properiies of Iarrisr Material «
Ao !:‘mmf ot al, » 12 dmury 1945, K.D.T:R. Milo
h! ]

. e T —
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far 1=1§ Dececher 104 =« ¥, r. ﬁbw-aom
NoD.ToRR, Flle No, =340,

Standard tem for Teating Diffweive larriers = E, Iriges
et 41, 17 August $044, 1,D.T.R. File Be, A=2184.

Roview of Barrier Separution Bwory « W, Gy Pellard and
A.J.llllﬂmu-”mlﬂl. MoDeZeRe Fido

Boe A-R104.

Gexeral Eleotrie s Amlyser « Mario Antomase? = 89
December 1944, NoNeZ.Re File No, A-B178,

¥
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Y6,
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Reference

Rapid Separation Heaswrersntas on Full Length Tibes »
Richard N, Bernstein « 27 Ootobor 1044, 1uDeT+Re Fdlo
Hoe A=BMT7,

Standard Diffusive Yeasuropsnts on Short Tubular Barriers =
¥y A, Bohnelder, R, Bornatein, and Iy Trauger = 37 Ame
1044, X.,D.T.R., Fila Ho, A=2187,

Bbliography en the Corrosive Aotion of Upraniun Haxne
flworide, Fluorine, Hydrorexn Fluoride, and Fluoro=
sarbons « Helen Johnston = 16 Beptember 1944, K.D.T.R,
File No, A«2101.

Fluorecarbon 0lls « ¥, T, Willer « & Janunary 1946,
MoDy %R, Pila No, AsB108,

Tests on Crand Valwa with MfP«10 Seats = 8, Visner,
Fa Lo Alsaandsr, and €, R, Clark » § Februmry 146,
NeDyTeRe File No, AeB232,

Furchase Opders Wy BAY laboratoriss wnder Sontrects
OEimr-412
and

Ka7406=enp=80 with Colunbla University,

Purchase Orders for Speoial Pressure Trensmuitbers uder
eontract OBler=d12 and WeT406-ang-50,

Cantract We74lbeenpedl with Gerwrel RElectric Company for
fernishing Differential Presaure Pamels and Transmitters,
Manhattan Distriot Clansified Contyact Files,

Contrast WeT418eanpe63 with Generel Elsotric Corpany for
furnishing Nass Speotrasters and lesk Detectors.
Wnhattan Distriet Classified Contrast Files,

Contamet WeT4iSeungeR71 with Gensral Elsotrie Company for
Reoordin: OGas Amlysers. Mnlmtitan Distriet

furntshing
Olasaified Cicitrnot Plles,

Contraet WeTilBeanywld with Saylor Instrument
for furaishinz: Proocesa Plant Instruments, Monbattan

District Classified Contrust Flles,

Contrust We7¢l0eang=tf wit!: Republic Flow Meter Company
for furnishiny Mamstioally operuted Control Valwes,
ianhattan Distriot Classified Contraot Piles,

PR

"



a., Contract ¥=-T7407-eng-34 with Ford, Bacon, and Davis for
the operation of the K-25 Conditioning Plent., Menhatten

Listriet Claseifiad Contract Fileas,

82, Contract B=7405-eng-26 with Carbide and Carbon Chemicale
Corporation for the aperation of the Diffusion Plont,
Msnhattan Distriet Classified Contract Files,

&83. Contract F=7,18-enpg-~18 with Crane Company for furnishing

L Special Prooess Valves. Manhattzn Distriet Classified
¥ Cont.ract Files,

84, Contract ¥=7,05-eng=34 with Allie-Chalmers Cozpany for

4.E.N, marvicea for procurement of equipment for a plant
to manufasture sentrifugal pumps for Proosss Plant,
Manhattan District Clesaified Contract Files,

8s. Contract W=7405-eng-62 with Allis~Chalmers Coxpanr for
design and development and manufacture of Pumps and
Urivers for Filot FPlant, Manhattan District Classified

Contract Files,

86, Contraot W-T405-eng-63 with Allis~Chalmers Company for
furnishing Fuaps and Drivers for Diffusion Flant,
Manhattan District Classified Contract Files,

87, Contrast W-7423-eng-11 with Whitehead Metal Froducts
Cozpany for plate diffusers for purge system. Manhattan
Distriot Classified Contrsct Files,

a8, Contract W-740l-eng-1i4 with Linde Alr Products Coapany
for design snd esonstruotion of a plant to produce niekal
exide, Manhattan Distriet Clasaified Contract Files,

DELETED } D&
| b(s)

90, - cont.mt.;i' TilS-eng=35 with A. O. Smith Corporation for
fumishing Process Gas Coolers., Manhsttan Distriot Classi-

fied Files.

91. Report on Discussion of Contracts et Columbia. M.D.T.R.
File No. A=3256,

92, Minutes of "Meeting Held on October 16 in koom 776 en the
8 Stage" -~ C. L. Binher (Kellex). - 2U October 1945,

Kellex Files, .

ol Ay
L .
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7.

9.
100,
103,

a03,

Referenne

0Erer-418, ant Assooiated Stbeontrwots, E. O, Ursy =
26 Pebruwnry 1044, OColwbia Serial No, 100 UR=356,
¥eDoTeRe Filo Nos A=103%,

Parrier Specifications Bock by Thw Kellex Corporation,

BAY Report dated 14 ey 1045, SAM §42238 (ACRe100) Wy
Dre Gs My Murphy, * lature of Barrier and Parrier

Yo berial,"”
Prelimvary leport under sontrest We¥40lwenpge8S with

California Institute of Sechnolozy, » Richard ¥,
Bedger » 30 Sepeaber 1943, Colunbis Serial Mo,

$00 mo MoDyToRe Pile Nop AnTOg . .o .. ‘r
DELETED 7 L)

Be GoMatein, Ber, Prems, Alnd, !ill.. 'ﬂll 89, ps 691
(16888),

¥, Wien, Am, 4, Plysik, Vol, 85, p. 440 (18968),
Js Js Thomaon, Phil, Mag,, Vol. 35, p, 881 (1907).

As Jo ta » Rovy, Yol, sic {1918),
e R i i

Fo W As Mmid Yol, 38, p. Y07 {1919
vor oo Fain"ef: faseol.” ? (4919,

Fo W, Asbon "Naas Spectrn and lsotopes”, longwns,
Green, and Company (3983).
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" KANAATTAN DISTRICT HISTORY
BOF 11 @ GUSFOUL DIFPCIOR (KeG) HROSCT
VOLUIT 2 & RISHARCH
ATPEIDIX "E"

DOCTRIINZ.YY EX'TEBIIC

p.. 2% Title
L ¥imbtes of Meeting held 10 Janunry 1044 at
DIOlt‘!.l'. I11incis,




AEDEESS RIPLY YO /

THE AREA ENSINEEA WAR DEPARTMENT
MANHATTAN ENGINEER w

DRECATUR AREA v

. - P. O. BOX 140
w wary neran ro EIDM DIC-1 DucaTun 80 iLLNOW N

Minutes of Meeting held 15 January 1944 nt Decatur, 111,
Thote present were:

Army - Brigedier Gemeral L. R. Groves. Kellex Corporation -

Lt. Cal., Jepes C. Stowers Mr, F. 3. Keith
Ysjor 4, Temmero ' Mr. A, L. Baker
Captain John H, Brerman r. P, B, Gozldon

Lt. Fomer D. Welker
Columbia University -

lbuia:llle-m Oorpiretion -
2 G Gatine Dr. Harsld C. Urey
¥r. Don S. Devor _ Union Carbide & Carbon Compagy -
¥r. Senford Brown Dr. Berrill
Mr. Paul B, Davis Dr. Gesorge Felbeck

Br, J. K. ll&cLonmn
Mr. %. L. Pinner
Mr, R. C. Smith
I'r. ho Ko Grahzm

1, Imnvestigetioml by E.H, i
Mujor K {not to be interfored w/by the minor)

Minor A mxdified in eny way H.H. desires

2. Construction
Build for K.

3. Plen for K. rrocess.

K imestigutione]l in K.X¥, In prescot org. readed by Teylor. H.E. to fwrdsh
svaryone needed to Fill in that organizetion.

Comst. and process changes to be worked out by Kellex w/H.H. sdvice.
Stop rroduction of cll unnececeary eyvirment et once.

HH. to continue in present tosition.

ICC to teke overall surervisory positiomn, will tie everything togetber from
beginning to end, Ultimute veto power over differerces of opinion within -
overell directives of Kellex &3 to required specs and deliveries., To be worked
ot in detail by UCC and Kellex. UCC will secure powders, blend, manufacture

sheet end furnish to H.H.
Kellex to coord. vroduct s/ Chryesler und site rnd other outside sgencies.

Stowers to be rerponcible for delivery rriorities «md amy feilure:s on hir pert
to be reported at omce to me or Mre. U'ieery by phons.



MAMIATTAE DISTRICT HISTORY
BOOK YI » GASTOUS DIFFUSION {ke2G) FROJECT
YOLMLE 2 @ RESEARCE
APFERDIX *P"
GLOGSARY

S derm Definition
Alnico = a highly mapnetio mstallie alloy sontaining S4«8C per eent
u::;l. $+13 per eent aluminun, and Bel0 per sent
sobalt,

Calldt « a highly fluorimbed lubrisnting efl sultmble for we in
sontaot with flucrine or wreniuw hexaf luerids

(Book VII),

Ohain reaction = a resotion which prosseds 4n such mmner at
minute, fundamsninl, sospenent sntities reast with
soe ancther in such & Wy that sne or more of the
produsta resulting from each fudsnental reaction
acts as a reapent ¢ inititabe an idextionl resaction
in adjuoent sintlar mterinl, If the predwts
resulting from a specified mumber of fundamental
resotions sause the initiation of an eqwml (er
groater) muber of ssoondary resctions, the ghain
resction 15 said t0 be self-wwtaining or {multiplying),

Eowmr « 2 metallic alloy wed in forming metal %0 glass Jointe, A
typioal amlysis would be 20 per eent miskel, 17 per
oot sobalt, 0.5 por sent mangansse, and a $rece of

| e
i DELETED 5{5)

WPel0 = & Wighly lemhd plutl.é mberisl suitabls for we in
eontagt with fluorine or wwnium hexafluoride

(”C Yilde

Nuolear fission « the prooess in which the mucleus ef an eton i
split into sewral parts whioch are of the sars order
of mmitule, as distinguished from a precess in
whioch ¢ smll part of the zmlaus, of wolht eqnl
to only a small frection & the total nuoleus, is
split offl,



Toro: Definition

o

Poly T « & speoial fluorinatsd plaatic resistent to urenium hesaw
fluoride ani fluorine, and oonsistin: of a polymer
of tetrafluorcethylens (Book VII),

Radionctive decoy sonstant « & mumerical quantity used to sxpress
the intonsity of rediosotivity of an elemsat, It is
mthematioclly dof'ined as the mtio of the mrber
of abtorw decaying per wnit ¢tlme, at & given instant,
to the number ef atoms prosent at that instant,

“'w sz-:.oo stoel « ow of & large mubhor of steels spegified for
a partioular wse by the SBocisty of Automotiwe
Enginsers

8ylphon = mdomhrnmaouhrﬁrpoctwhdwl

belloms,
Yyoor glass = & oormercial glass of ;nigh llnnunhnt. o .é( 3 )
| b2



VARTATTAN DYITRICT HISTORY
BODE I1 « GASCUUS DIPPUSION (Kw25) FROJSCT
VULUE 2 o RESCARG

ATVEYCIX "ot
XZY PERSONIEL
Xo, Iitlo
1. Esy Parsonns), Colwdia Arew,
3 Esy Personnel, BAY labomatories,
$e Xey Persornwl, Bell Pelephons Iaboretories
L Koy Personnel, Prineseoton Uniwersity
6. Esy Personmwl, Xellex Corprration (Ressareh suly)
8. Xoy Persomwl, Interchsrioal OCeorporetion
7 Koy FPersonnel, California Irstitute of Teahnolory



KEY FpioOh'il, GOLUYBIA AkL#

Hough, ¥ojor Be Ke Jr, = Arez Enginecr from Merch 1943 to Jenuery 1944;
adainistrition of reserrch contracts under the Jurisdiction of the

Columbia Aree.

Browne, Capiajn 5, H, = Technicel Advisor to the Are: Eungineer on
mutters perteining to scientific ressarch and development from

June 1943 Lo Februrry 1944,

Gemba, Captain G, C, ~ Executive Officer froam Masy 1944 to July 19453
apsleted in the sdninlstroetion of sountrecis, and the supervision
of Area Office activities,

= Kxecutive Oificer from June 1942 to Janusry
1944,s Ares Engineer from January 1944 to 1 July 1946; responsible
for adainistration ef contracte under the Jurisdiction of the

Colucbin Ares,

Hicks, Captain K, J, - kxeculive Olilicer; sssislec in the adalaistration
of contracis, and the supervision of Area Office sctivities.

Lyke, Cartadin C, D, - Technicel Advisor Lo the Ares Engineer on metiers
pertaining to sclentific resczrch and developwent fron Februery

1944, ta Novouber 1944.

ope L, = Assieteant to the Area Lngineer, New York
Ares; rescarch ohe lst direocling Kellex and SAN lsborstory group
on barrier development and quality control problewms,

a t SuNalia) = Assigned for duty Lo the Fatent Ad-
visor, Mauhattan District.

« Aspigned for duty tc the Fatent Advisor,
Manhatton District,

or at 1 , - Assigned for duty to the Patent Advieor, Manhat-
tan Dislriet.

als {5, = Assigned in September 1945 by the Manhsttan In-
t.elligence and Security Division to Colusbis Ares, directing Area
Intelligerce and Security Section.

Alian d Lt = Assigned by the Manhatten District Inteillgence
and Securiiy Divialon to Colunbie Ares, directing Ares Intelli-
gence and Security Setilon, frou Janunry 1944 to June 1945,

Callencer SEL s ~ Speclsl Ascistont Lo the fres knginueer;
Froject Arohitect prepsred spocisl reports for the Ares hngineer;
controlled issuunce of speciesl process matericls v contraclors.

Gl




Dziy 2icda NS s = [irected the Property, Frocure.ent end
Lyuiraent Control Seclion; mainteined property records for the
Area Oifice enc for contrectors,

Fieche -~ bupervised aduinistretive sections of the Arga Qffice;
Chief Project Auditor perforaing flusl audil o contractors!

vouchers,
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~ Sypervised research on methods for the mechani-
c¢al testing of barriers; January 1943 - December 1944,

Blanshayd, Dr. Fdward B, =/
DELETED

e

= Canducted ressarch on gas buring blowors and
thelr fundanental behavior and design,

= Directed the work of all physies ressarch groups
soncerned with studies of methods for testing separating efficien-
¢y and physical properties of barriers, as well as sassy methoda
such &8 masas spectromsters, counters, fission analysis, etc,

' =~ Condusted rescarch on the composition of furnage
goses and the effect of furnuce stmosphers on barrier ductility;
February 1943 ~ June 1944

= Dirwcted the wori of all applied checiatry
and chmd.cll sngineering groups eoncerned with barrier development.

¥

~ Brown, Pr, Heury = ~ DELETED

c;ﬂ-—.‘wm” - —— . . [P — I
upenrind rouarch on the nynthosu of fluoro-

Sler

sarbons; Januuy 1942- April 1943,

= Conducted research on tests and ssasursments,
of the flow of uraniua hexafluoride and inert gases throvgh bar-
risrs. Performed sarly experimants on high teuperature fluori-
nation of barrisrs to incresse corrosion resistance,

= Conducted resesrch on dust plugging and surface
areas of ers; Jenuary 1944 ~ Jamuary 1945,

= Supsrvised research on plant conditloning pro-

cespos, conditioning equipment snd systems; design end life test
studies on valves; experli:sntal operation of pilot planta,

Fa = Conducted research on the uae of fluorocarbon
oiles as lubricant in the presence of uranium hexafluoride;

Decenber 1942 « August 1943.

- Directed tHe fundamental theoretical and methe~
matioal studies of plant design anc operastion; July 1940 « April
19hiye
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Mier, Dr, Edward = DELETED ) ; (3

pa
(3

e
b3



: aieny « erzdivvec Ll Plreebor in directing end eoerdireling
all rescarch and development studies with apecisl scphasis wpor

mPjor ediinistrative proolesis,

e

Cre jop e Dy - DELETED
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Croighion, Ur. M, Jerrain - Suypurvised 811 patent work and acted ea
special oonsultant and llaieon of ficer between SAlM and l'ecatur on

Dt berrier production,

grist, Dr, Rev }, - Pirecled and coordinated 2]l resesrch and develop—
¥ ment smudies corducied for the Kanheitan Districl st the Carbide

and Carbon Cheulerls Corporation, SAM lLaborstories,

= Bupervized the conatrustion and operation of pilot
flnm.s for testing barrier performance in isotope separationg
obrusry 1943 = November 1344,

~ Assisted and coordinated 2ll reascerch and
developnent, with special atteation to adiinistrative duties;
Associate Director of SAL Laboratories, Januery 1944 = February
1945; Gonsultany Lran lstisr date,

‘Bevie, Dr. Hygh Go =/
¢

BELETFD L(E}

: - sl.q:erviaod rescarch and development on flom prop-
ort:l.ea of barriers, mioroscopic ard hest treatuent sludies; lab~
oratory servioss for the barrler prodjuction group.

Vries =~ Guonducted research on laborstory teshniquea in-
valved in corrosion studies and investigated the behsvior of
rubber when exposed to corrosive gases; Decanber 1943 ~ June 1944.

= Conducted research en absorpilcn and surface
aress o.t‘ berriers; January 194, - December 1944.

an, Kha y = Conducted rescarches on the development of dis-
phragm motorsgstarting and stopring of gas bearing blowers, new
tyvpee of blowers sid blower besrings,

= Directed all rescerch and development on mechani-

cal engineering problens, pilot plante, process operstions and
isstopic methods of analysis; July 1940 = Deceuber 1945, Directed
2ll resesrch on the diffusion project at Columblie University from

July 1940 « Decaxber 1941.

I G, - Directed rasearch and develojment of DA barrier,
including pilot rlant production; Mareh 1944 - January 1945; eon=
sultant since latter date,

: G
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215 4 8s = Concacied reseerch ancd developuent ol vacuum test-
.1.:4,, diroct.od echiool for tie treining of vacuur engineors; rFebru-

srett, Iz, 1 jp = Directed 81l ciwauicel ressarch dealing with, eon-
m;hmn, plugging and stabilisatior of barriers; with the corro-
sion satoriais and with the devclopment. of fluoracarbonsg August
1343 = Loweabers l}i...; con-ultanb since latter date,

at, Ui, Cher 4y
’ ) DELETED ) D -
- Aniai.ad in the direction of rescereh and de-

velopment of A barrierj planned and organised laborstory snd pilot
plante for this purpose; Merch 1943 - Januery 194k4e

= Bupervised studies of plant conditioning to the
corrosive ection of gases; Koveuber 1945 = July 1944.

2, D - Cunducted rosearch on Aersy difireciion and slectron

diffraction studios of surfaces of msterials of plant sonstructiorn.
gidbertoons Dr. Lyis L = j og
< . DELETED b(3)
G J by 3 .:J'I

- Buperﬂud operatlon o.t t.he A barrier pllot plnnt,
July 1543 ~ Jenuary 1945,
~ Supervised research en fluorocarbons, on the

inorgardic ohesdstry of uraiium compounds #nd on thelr physical prop-
ertine; July 1940 = Decmaber 1943,

; = Conducted ruelroh on organic and other can~
tminat.ing moterials in plant, and special studies on stabilization;
developeld ecntrol methods for parricr manufacturs.

M_m:__. &‘nwctod ressarch on mechauicsl problems desling wit.hﬁ
tre ;s bearing blowery July 1344 = Decexber l9u.. | o -

Y-MJB‘AM J DELETED /
W . DELETED ‘ )Pft \\
- b ()

= Consultant on genersl lubricating proulemms, boariig
theory and patent 'metters dorcerned with tiw gus besrin, blower;

II” a2




Qcucber 1943 = Jenuary Llyhs.

Hicks, Dr, John £, G, Jr, = bupervised research on sorrosive properties
03 uraniws hexafivoride, dvnaile barrier plugcin; tests and on
Tiwsockroongy Boveu &6 liklson &gent between GAX Laborsturies
sid tno k=25 Sate; Lece.ver 1943 - Jamwmary 1945,

Leard, i, Junes I, - Directed ressarch at Carnell Unaversity on eub-
entracl for mersurenent of the A~ray dirfraction of uraniun hexs

flnnricey July 14 « June 1944.
w‘ - Conducted research on the eounting mt.hod of iso~
topic analysis; July 194 = Noveuoor aYh3d,
= Conducted research on progcsas varisbles in DA barrier
prosuction ané oporated piloi plant for this purpose,
« Cohducted resvarch and development studies on mass

spectrometer melhod for assay anc analysis of plant gas mixtures
and for isotopic abundances in uranium eompounds.

3} - Supervised prineipal theoretical snd methematical
stulies on piant design, operation and improvement.
£a: i 8s = Conducved research on phjrlinl cheaistry of wraniun

and fluorine compoundas,

Knox, Dr, ®ijiiam J, = Conducted resssrch on stabilisation of barriers,
consunpiion vl process gas and Corrosion Prooisus,

« Consultant on probless of the inorganic sheaistry
of uranium sozpounds; Ootober 1943 - December 1945.

x is = Conducted research on the developament of
mothods for inert geo and separation factor testing of barriers;

July “_191,.2 « Novenber 1943.

Y ‘ = Conducted research on slurry production snd testing
for the D) becrier pilot plant) September 194l - Jlmary 191.5.

' Jassetice, Dra idui® he - | )
L_ DELETED /DZ?Q
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Dy, B F, = Directec wor« of all enendstry groups concerned with

funde.cental studies of stabiileation and plugging of berriers, con-
suwgtion of proceso gte by barrier and plaut coustraclion materizis,
end tne developuit of new maleritls such @s the fluorocayiuns.



long, Dry Xar) A, = Conducted ressarch on the ther.odynailc projerties
of urenium ocompounds; January 1942 = Merch 1943,
! = Concucted ressarch on the dovelopmenl of iv barrier
and the eorrelat.mn of ®E procduction data.

; = Direcied all resecrch and development on the pro-
duction of 4 barrier, including process control and pilot plant
production; Novezber 1943 = August 1944,

e\ v G = Conducled research ou sffeots of absorp-
~’  tilon of procees gas on surfaces in the plant, :

onian. ¥dward N s/
g DELETED J
, b

« Conducted research on gis besring blowers, blower bear-

ings, theory of osntrifugal compressors and the engineering de-
velopment of pilot plants for isotope asparation. :

D « Supervised research on stabiligation and plugging
of barriers, and process gis sonsuxption,

} « Suparvised research on fluorosarvons and their
davolopmnt for use in the diff{usion plant. .

Al

T = Condusted research on barrier stabiligsation
and consumptlon; Jarnuary 1943 = May 1944.
= Directed the adninistrative work of the Fatent

and Theoretical Groups and in addition wos responsible for all
technical reports including their editing, reproduction, distri-

pution and eustody.

= Copducted ressarch on the developmont end Lesting
of seals for gas bearing hlowers; March 1943 = April 1944.

A

h

=~ Consultant. on hsat provlems involved in the con-
dit.ionin;; of grr..er diffusers; July 1944 - September 1l3jii.

A - Gonducted research on theoreticsl studies of
calcudu, slrgle atage diffusion units ark! design of plants for
isotope separation; experimental studies of sdxing efftolencies

and berrier separstion efficlency.

Li?pr"""ﬂw—h_;f | - ~
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«~ Bupervised rescerch on isotops scparstion in
single stage systeus and on engineering tests of tubular diffusers
and blowers; Januery 1943 - July 1944.

licsier 1 ~ Conducted ressarch on metellogrephic and
electron aicroscope studies of structures of barriers and other
matlorirls of plent sonstruction,

« Conducted research and development studies on
mothode for testing auall saiples of berrier miterinla for sep—
arating effieciencr with uraniur hexafluoride.

est -~ Conducted resesrch on ocorrosion of plaut mstarizls
and on the physiesl properties of uranium ecompowds; Yrreh 1541 -
dune 1944.

«~ Conduoted research on correlatlon of irert gas
testing methods wsed in plants with inert gas ssparation eoffi-
alencies mszaured in laboritory.

‘ 8 < T
a DELETED ) o
I RN e b(2)

Beoth, Pr, tislter 1, « Conducted resscurch on va',es of cormsior.. tﬂ.’:
WSI{B)

N Ye/
3 DELETED
atcha ~ Sypervised ressarch on Lheory of gas flow through

ba-rrierr eoordinated an4d interpreted experinental results on bare
rizr t‘wory, pidvieed and planned new ressercha:z,

D « Sponsored or directed all rosearch ond develon-
ment studies ot the S2M laboretorler on Lhe seperslion of urenium
inotdpes by the diffusion method under verious governmert cortrrets
with Columbia University; December 1941 - February 1945.

!%m&...ﬂn_&%h- ‘ )bDZf)
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Yegt, Ir, B = Coriduoted rescarch on the vahivior of wvedvtivr L.

the presence of flowing vragium hexsfluworide; Deve:ver 1742 -
Kevencer 1943,

Billiage, Dr, Clarke ~ bupervised rescarch on spectrometric and other
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’ eal methods, high vaouum and other types of

spocialised analyti
tests, and high vaouunm pilot plant devslopment ruurch_.
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m-mm: and soordinator of all research and de-
velopment for the Msnhatian District at the Bell Telephome Lab-

eratories,

= Bupervisor of eorrosion, vonsumption and barrier
plugging studies, o

A T DELETED y e
by =

W =~ Supervised setallurgical snd miervecopis studieas cn
or ubterials, B

é’u!l“""n"ﬂ DELETED | i
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KEY FERSONNEL, PRINCETON UNIVERSITY

= Ceordinator of Prineeton University barrisr re-
search astivitiea,
' = Direocted ressarch work on barrier propertises, snd
devised snd surervised new experimental teehnigues,

« Bupesrvised and directed all ressarsh and devalep~
ment si o eondueted for the Minhattan Distrist at Prineeton
University on barrier production and wee.

Turkavish, Dr. J. = In eherge of optical studies and teostiax.




, KEY PERSORNEL, KELLEX CORPORATION (RESEARCH ONLY)

&m&_&_“ Instrument Engineer. FPartieipated in the development
several uniqus pressure, texperature and flow messuring and oon-

trelling deviaes,

Dinm:' of Kellex research and development.

vised lnd socrdinsted all research and development studiss and
other techuisal phuses of work unmder OBRD and Maphatten Di.-trtct

sontraots,

-« Projest Manager in charge of general minimumnd
sechanisal enginesring ~ Manhattan Distriet sontract.

= Engineer in sharge of Prossss Design, Planued much
of the sxperimentsl work en barriers, sorresion, pilet plant, eold
traps, vasuum pusps snd eoclers wder OSRD and Msnhattan Distriet
sontragts, Carried eut all the fundsmental mathematiosl studies
of the diffusion pro¢ess and established the basic prindjiples wpon

whish the design of the plant is founded. Alsc deweloped the pro-
sene dosign fer the entire plant and auxiliaries exsepting witilities.

= Consultant Cheamist, OCritically reviewsd essentislly

of the researsh and development work; aided in setting
of speoifications and prossdures for large soale mapufasture ef
special materials and sontinually inspeeted and eonstructively
eriticised chemisal aspects of such mapufasturing units and of the

large diffusion plmt.

- Consultant Mechanisal Engineer. Develeped s scmplete
Devsloped

valves of wmique design for vasuum servies.
Joint and desigred seversl modals of mmall seale

spesial expansien
diffusion wnits. Also sonsulted en a varisty of ether develspment
problul

= Enginesr in eharge of aleaning. Supervised develop-
[ and appliestion of sleaning methods. Also supervised de-
velepment work on niekel plating.

= Physieist, Developed vacunm testing techniquss mnd
special vaswam equipment wnder OSRD and lster wnder Manhsttan Die-
trict contrasts.

O ait.™ Aleo oupervised much af tho experinantal work oo
t. Also eupervissd much of Lhe experimsntal work emn
eorrosion, pilet plant, eold traps and scoler wnder OSED and Man-
hattan District sontracts. He also supervised equipment develspasnt
tests in eonjunction with large plant operatien.

Kelth, P, G, = Viee President and Executive in Charge of the Kellex
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Projest. Formerly member of Planning Board of OSAD Project 8SRC-17.
Directed ecnsiderable esrly ressarch and developmsnt as well as
other technieal work wder Manhattan Distriot eontrest.

Ei Physicist, Did early work en mass spectrometer at
Univeraity of Minneseta, Oomtinued work at Iellex wnder Manhattmn
Oistriot. Responsible for mass speotromsters used for lesk deteo-

tisn analysis of contaminmnte in plant process stremm snd isotople

. do-

!E.»-p.lﬁ-uoupﬂnwoa. ggggg plisatisns. Also
] .

. = Conditiening Enginesr. Critisally reviewed tis research
S develapaet work sn cleaning i

ad "
sults %o the design of ) [ ] .
nEo:g'E-oFeEﬁ!iEgg

EnWJngnpgoﬁ%g. Devised inmpoe-

methods md sompiled epecifisstions for all special shemisals
developed for the large plant. Aleo earried out a varisty of elgmi-
eal investigations including the bulk of the work en valve seats.

= Researeh Ghemist, Supervised the later work en sex-
ro y treps and valves and the work en #o0ld treps and vacwmm

pusps. , _
Sk, L = Magliwer in eharge of meshanics) mgineering. Devaloped specisl
power reting and distribution aystems fer large plmat. Also
nethiniesl engineering develepment of diffusers and ether
spesial prosess equipment.

E[Fg Engineer. Aided in the mathematiesl studies en
the $als of the diffusien process snd an the predustivity,
oquilibriun time and preferred modes of speration of the large dif-
fusion plant. Alsc aided in the development ef the process design
Qat-ol..bvwwleoa&lp.
? . e
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. = Engineer in eharge of pusp development, Devel-
o pump seal used in Allie-Chalmers and Elldett models earrying
out inaidental work under OSED and later work wnder Manhattan District,
Also ¢id fundasental work on, pusp designs and ges bearings, Also
develaped test methods and apparstus,

_ Iarior, H. 8. - Consultant Fhysical Chemist., Coordinated later work an
i @




barrier developasnt of both Kellex and 3AM Laboratories which led
to ths product eventually used in plant.

¥ ~ Engineer in charge of puwmp departmsnt. Supervised all
work on special process puwps inoluding Allis-Chilmers,
Valley Iron and Elliott models. Also supsrvised performancs toats
at factory and plant.



KXY PERSONNKL, INTRRCHEMICAL COHPORATION

%ﬁ_&; Develeped methods for sscurste sise determinations en

powders; also sectioning methods and techniques for electron
misroscope examination of the interior and surfase of barriers.

«~ Assisted with supervialon and ecordination of all re-
search md development studies for the Distriet at the Research
Laboratories of the Intercheaisal Uorporation.

= Supervised snd scordinated al) resesrch and devel~
studiss eondusted for the Manhatten Distrist at the Research
Laboratories ef the Intersheamieal Corperstien.

Gremy. X, ~ Bupervised miercacoplie work in eonnestion with ressarsh on
metal powdars,
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KXY FERSOMMEL, CALIFORKIA INSTITUTE OF TECHNOLOGY

= Bupervised and ecordinated all research ecnducted

' at ornis Institute of Teschnology. ted and
_methods for the study of barrier materisl.” }
Q DELETED &

%&i Gonsultant en the determinstion of pore sise in ban b (5)
use of graded oolleidel particles.
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