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PORTHORD

Volume £ prosents an socount of Ke26 research and development aoe
tivities, excluding work conneatod with the speoinl chemicals develope
nent progrem, whioch is ecovered in Book VII, The purpose, adnminis-
tration, oontractunl arrangements, and general theory are discussod,
and an acoount is presented of the dewslopment of diffusion bcrrhg.
special pumps, and speaial instruments, This is followsd by & de-
seription of pilot plant work, chemioal and physioal studies, safety
and soourity aspeots, coets, organization, and peraonnel, Othor phuses
of the Ke26 Project are dealt with in separate wolumes of Book IX as

follows
Volums 1 « Gorerel Peatures
Volume 8 = Desipgn
Volum 4 = Construntion
Voluwe 6 = Operation

Aotivities desorided extend from the sarliest OSRD eontrects,
nepotiated in July 1941, for the study of the diffusion process, to
81 December 1946, by which time the basio K«26 researsh progran had
been eampleted, and administrative responsibility passed from the
¥anhattan District to the United States Atomio Energy Cormission,

A number of eppendises are attached to 1llustrabe the text by means
of tabulations, charts, photographs, file references, doowmantary exe
hibits, and e plossary, References indiocated by parcntheses, as (App,
Bl), (Appe C12), eto., refer to Iton 1 of Appendix B, Iten 12 of
Appendix C, etce Asterisks refer to the Glossary, Appendix F,

The Summyy contains an abstract of every m jor subject treatsd

T T



in Volue 2, Paresraph mmbers in the Summary correspond to sooction

aurbors in the mnin text,
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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 method of gaseous diffusion, comprised primarily,
the choioce of a suitable feed material, the development of diffusion
barriers, process pumps, seals, and control instruments, and the adap~
tion of this equipment to use in the presance of process gas. Research
programs were centered in a number of university and industrial labora-
tories under contracts administered principally by the Columbia Area

Engineer. .

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

subsequently awarded contract OEMsr—106 by ths Office of Scientifiec
Research and Development, covering the psriod of 1 July 1941 to 30 June
1942, the work to be directed by Dr. J. R, Dunning. Contract OFMsr—i4l2
authorized an expanded program under the direction of Dr. H. C. Urey
from 1 December 1941 to 30 April 1943. Effective 1 May 1943, the
Columbia diffusion studies were placed under Manhattan District contract
W-7405~eng=50, and the laboratories came t0 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 evaluation of the diffusion msthod in comparison
with alternate isotope nj:arat.ion methods, In fulfillment of their
major commitments, it was necessary for The M. V. Kellogg Company and
the Kellex Corporation also to engage in considerable research and
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up of a back pressure in the outer spacs, and the continuous decreass

of light component concentration and total pressure within the container,
& steadystate may be maintained by continuously withdrawing enriched
diffusate from the outer space,and partially depleted residue from the
container, and continuously supplying the container with fresh feed.

The K-25 cascade is a repsating series of equipment duplicating this
procedure continuously, 2 hours a day. The "“outer space” is enclosed
by & diffuser, or "converter.® The perforated wall is referred to as
"ba.rriir." A ocontrol valve and two gas pumps are provided to regulate
gas flew and pressure, and a cooler removes the heat of pumping, These
are the elements of a practiecal "lt.ago{". The K-25 cascade contains

2892 such stages; the K-27 cascade contains an additional 540. In order
to prevent ordinary, non-separative mass flow of gas, the size of the
barrier apertures should preferably be bolou the mean fres path of the
process gas molecules, or on the order ot 0.0000004 inch. )
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reduce the otﬁ.cﬁ.moy of -.wm;. b:;k diffusion of diffusate,
vjostling” (intra-aperture collisions in which light, fast-moving mole-
cules are retarded by striking heavy molecules), non-separative viscous
flow, surface fi}m flow, mixing inefficiency (formation of depleted
muw|'Matoh nd,fac.nt. to the up~-stream barrier face), pinholes
and leaks, and nr‘i_.ctionl in barrier permeability. The gaseous diffue-
ion research progrém was expanded in December 19,2, at which tims the
Manhattan District requested t.}'xe K. W, Kellogg Compmy (which was work-
ing under OSHAD contract OEMsr-406) to continue its research work and

undsrtake the immediate design of a 1 kilogram per day 90 per cent U=235




\ gaseous 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 lLabaratories, Princeton University, and the Jersey City Laborator-
dies of the Kellogg Company. In early 1942 discussions were held with a
group of British investigators regarding fundamental alternative pimt

designs.
4. Development of Diffusion Barriers, = In the latter part of

1941 the search was begun for a barrier material of the required porous
structure, and vith suitable resistance to eorrosion by UFg. The first
ocrude samples were tested with UFg in 1942, and a method of routine
barrier testing was then developed based on the use of mixtures of
helium and carbon dioxide as a working substance. The separation factor
is defined as the ratio of relative concentration of desired component
after processing, to its relative concentration before processing.
Relative concentration is the molecular ratio of 02355'6 to 0238?6 present
in the process material. From Graham's law, the ideal single stage sep-
aration factor is <352/349 = 1.0043. The actual separation factor is an
increasing function of fineness and porosity of barrier apertures. The
porosity of barriers is rated by defining a “permeability" concept n‘a the
ratio of actual flow through the barrier, under specified test conditioas,
to the flow which would occur by molecular effusion if the barrier were
not present. Permeability is dependent upon operating pressures, in-
creasing as the difference between fore pressure and back pressure is
increased. It is also an increasing function of the number and size

of barrier apertures per unit aree. Important chemical properties of
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barrier include its plugging characteristics (tendency of perme-

ability to decreasc with use as a result of UFg corrosion products
lodging in the apertures) and its consumption rate (tendency to

react with and consume the valuable but corrosive process fluid.)
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Ideal considerations call for a continuously decreasing
size of diffuser from the feed point to the ends of the cascads.
Practical plant design required standardisation of a small number
of equipment sizes, T 1 \,
DELETED }D OE

b(3)

e e Se g Teke v R
. s,

(b B £ S PV

- - Prior to 1943 many preliminary types of barrier were tested
at Columbia. WheA the university was awarded contract W-7,05-eng=50,

a divieion of the SAM Laboratories was ostablished for the specific

purpose of studying new barriers.
i 14
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difficult to handle and manufacture, and poor in resistance to corrosion.
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_ } The product, however, showed an unsatisfactory separation
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Samples examined by Kellex showed good process properties and fair
mechanical strength.
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A aumber o.t other contuct,a werse uarded t.o out.lido agcncios Ior -pochl bo

o development of critical items.
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/ In January .19143-. a continuous pro-
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duction pilot plent was designed at the Columbia Schermarhorn Labora=
tory. Dwring the remsinder of that year, a steady improvement in the
properties of A barrier was effected, but in Jamuary 194L, at & meeting
of Manhattan District officials ;i.th Houdaﬂlo-lhrlhv,l anox, Carbide,

S

and S8AM representatives, plans were made for the immediste conversion

of the Houdallle-Hershey plant from A barrier production to k-1 (later
knows as DA) barrier smnufacture. The A barrier was sbandoned becsuse

of unsatisfactory mechanical properties, and difffoult manufacturing

o problems. At this time responsibility for coordimtion of all future
barrier research wae assigned to Cartside. e
I Runatats AU Jo&
DELETED t b(2)
tl f The method produced samples which showed
good diffusion process properties.
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The DA barrier was studied by E, O. Norris and W. F. Libby
at Columbia during the pcﬁod wher. emphasis was being placed on A barrier
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development. It was also studied by the Bell Telephone Company and the
Kellex Corparation. |
J DELETED 00
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-+ formed into shests Ly passage through s calender. ‘l'hio mich of the
manufacturing was handled by the Bakelite cqrﬁontm., "
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material shows excellent oom:;on resistance nitcr flnorination and

axposure to UFg, superior separating efficiency, and good mechunical
stabllity. Noreover, the mdacturing mrocess is comparatively simple.




WB barrier exhibits a greater plugging tendency than DA, but is capable
of very satisfactory reconditioning. Producstion was carried out by the
lLirde Alr Products Company from January 1945 until March 1946..
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/"i‘-ho majority of the stages of the K~25 cascade are tit.t-qd
with DA berriar; WB has been used in ‘about 50 stages. _
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made to utilise domestic powders, and two sccsptable varieties were

eventually developed, one manufactured by International Nickel at
Huntington, West Virginis, end by the MetalsDimintegrating Company at

N



Elisabeth, New Jersey, and the other at the Eligabeth plant using

nicksl oxide obtained from the lLinde Air Products Company at Tonawanda,
Mew York. A third type was subsequently developed and produced by Linde,
using an improved prooess which greatly inoreased the rate of productioa.
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, It was manufactured by

Linde for several months, and \d.ll be tested by installation in several

stages of the K-27 cascade,

5. Development of Special Pumps, -~ It was realised in the early

stages of the process pump development program that a satisfactory

stage pump would have to have absolutely no loss of process gas, very
little inleakage of inert gases, no inlsakage of oil or condensable
vapor, minimum holdup volume, high resistance to corrosion, a wide

range of capucity and compression ratio, ability to handle very dense
gas, and high ohicioacy of operation. These requiremsnts could best

be mst by development 5! a centrifugal typs pump. Ultimate cholce was
made of a single stage arrangement with overhung shaft, a single triplex
seal, and a compﬁasion ratio of about 331, Az producad by the Allis-
Chalmers Manufacturing Company, t.fu impeller is built up by welding
from plates, ri.ngs,. and blades of sheet monel, and consists of 20 equally
spaced blades which are curved with a backward sweep, The front and
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.5 ) back plates are cold formed in af hydraulic press. The scroll and
diffuser are made of internally nickel-clad stesl, and all casing

Jointe are welded. ‘
Early puxp seal studies at Columbia University were centered
around three main types, M. respectively, inert gas, special lubri-
Jc't.ﬁ.ng oile, and positive contact fluorocarbon polymer sealing rings.

' The gaseous nul lhond grestest promise, and was ultimately selected.
An inleaking u'ro.n;ount. was chosen, rather than an outleaking, for
reasons of relative .aupuq:uy of construstion, avoidance of rejection
or resovery processes for outleaking proocess gas, and avoidance of the
inherent inefficienoy of mixing outleaking process gas streams of ) |

different oonocnt.rnuanl / DELETE \
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/ Various machenical arrangements were studied at the
laboratories of the Inzorsoll-hnd Company, Kellex, SAN, and Carbide. ¢
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Simultaneocusly with the development of open-motor centrifugal

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

seal-less design in the event of unsatisfactory performance of the
nitrogen-sealed machines. A diaphragm puzp was also considered as
specially suited for use in the contemplated upper sections of the
plant. Gas bearing blower development was prosecuted by Westinghouse
and by General Eleotric in close association with Kellex and SAM,
Various designs were studied involving a thin metallic diaphragm in
the air gap of the motor. Bearings were liubricated by means of
process gas, the motor ran in normal atmosphere, and no seal was
necessary. A totally enclosed typs was also studied, in which neither
a seal nor a diaphragm was rsequired; all parts ran in process gas.
This type required special inert lubricating oil and mctor 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 their capascity. Positive displacement
pumps, hovmr,}?un hapdlo gases of different densities without thie
disadvantage. Shaker, paddle, rotary, and magnetic designs were
studied; but a n'cipmcaung type was ultimately sslected for purge
cascade service. A bellows seal was designed with a two inch stroke
distributed among six bellows,units, sach indepsndently supported and
constrained by a "{Azy ‘Jack," which was lubricated with fluorinated oil.
The piston is lubricated by the process gas, and pump valves consist. of
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was expsrienced with the units developed in that the seal oil reacted
with highly concentrated fluorine. On the basis of a series of Kellex
tests, an operating procedure was worked out in such a way as to obviate
this disadvantage.

The K-25 high vaouum pumps must meet requirements for high
speed, high capacity, and extremely high vacuum. The system finally
developed calls for connscting equipment t§ be evacuated to s primsary
pump which discharges to a booster pump, both of which are of oil dif-
fusion design. The gas then flows into a rotary piston, single-stags,
high vacuum, oil-sealed fore pump. A refrigerated vapor trap is in-
stalled ahead of the primary pump. Development work was carried on
at the National Resesrch Corporation, Westinghouse, Distillation
Products, Inc., and Kellex laboratories.

6. Development of Special Instruments. ~ The k=25 instrument
progran was complicated by such special conditions as the necessity
for determining process purity at hundreds of points, the sub-atmos-
pherie nature of operations, the corrosiveness of UFy, the need for
isotopic assay work, and the ultra-sensitivity of the diffusion process
to steady state disturbances. The mass spectrometer principle forms
the basis of a number of the more important instruments in use at K-25.
It is, itself, based on the concept of ionisation of gases by electron
bombardment, formation of accelerated fon rays by slectrical fields,
deflection of these rays by a perpendicular magnetic fisld, and differ-
ential bending of the paths of ions of differing masses. The line re-
oorder, working on the mass spectromster principle, records the concen—
tration of nitrogen, oxygen, hydrogen. fluoride, perfluorodimethyleyeclo-
hexane, and CO~N;0. Numerous sccessories include a Pirani gage for
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wire and the gas surrounding it reaches an equilibrium value, which is
depeandent on the percentage composition of the gas. Since electrical
resistance of the wire is a function of its temperature, mesasurement
of this resistance indicates its temperature, and thereby, the gas con-
centration.

Used 1n the purge cascade, the acoustic analyzer determines,
indicates, and records the volumetric concentration of light diluents in
the process stream, and actuates a control mechanism so as to prm;xt
overloading of the purge cells because of increased UFy concentration
in the process streanm being fed to a purge building. The primary ele-
ment consists of a resonance tube ocontaining a diaphragm at each end.
One diaphragm is exsited by an elsctromagnetic coil, and sends sound
waves through the gas chamber which excite the second diaphragm and
cause it to induce a voltage in a second coil. The sound intensity,
and, hence, the voltage induced is greatest at the natural frequency
of resonance of the chamber, which in turn is a function of the compo-
sition of the process sample gas within the chamber. The HF analyzer
utilizes a visoosity bridge which is analogous to an electrical Wheat~-
stone bridge. long metal capillaries are used us the four resistances,
process gas passing through two pa_i'allal pairs of U“resistors."” A
differential pressure transmitter and recorder is connected between
xddpoints of the bridge arms to indicate unbalance. A sodium fluoride
trap, which removes HF, 18 inserted between the two capillaries of one
branch, This results i{n a diminished flow through the second leg of
that branch, and unbalsncing of the bridge. The degree of unbalance
affords an Uﬂicat.ion of the HF concentration of the sample gas,
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to warn of excessive amounts of water vapor in the gas. Intensity of a
reflected beam of light from a cold mirror is dimmed by condensation of
soisture on the surface., Measurement of the mirror temperature required
to prevent dimming of the reflected ray provides indication of the dew
point of the sample gas. The differentiel pressure indicator was |
specially developed to measurs the extremsly small flow of sealant nitro-
gen gas to the process pump seals, It determines the gas flow by elec-

- trically measuring the differential gas pressure across an orifice of
known dimensions. Variation of the differential pressures is coanverted,
by means of a ballows arrangement,to a sovement of the iron core of an
electromagnet, thereby inducing voltage changes which ars a function of
the differential pressurs, and thus of the gas flow, to be determined.

4

o Pilot Plant Development, -
. 7 P D 1 | , ) 0’5
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,] m;;lo.t- plants were sub-

| Wm:r:;ed at colnnbi.; University for further study of the
process. Pilot Plant No. 1, initislly operated in October 1942, was
u-rangcd as 8 twelve-stage total reflux cascade. It was run for over
3200 hours, yielded data pertaining to cascade behavior with A, M4, and
PB barriers, and provided operating expsrieace with various types of

process equipment and instruments.
On 10 May 194/, Pilot Plant No. 2 was pleced in operstion,

oconsisting of s six-stage total reflux cascade using reciprocating pumps.
It affarded the first opportunfty to study the behavior of control in-
struments and tubular and flat plate designs of A, DA, and VB barriers
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under conditions approaching those anticipated in a full scale production
plant.
Pilot Plant No. 3 was erected and operated by SAK personnel;
Kellex furnished design, procursment, and supervisory services. An eight-
,stage cascade was set up, using Westinghouss gas bearing hlowers and dummy
¥ aiffusers, Operstion on CoFyg was begun on 15 June 1944. The instellation
was found to be hydrodynamically stable and subject Lo satisfactory process
control, and vacuus-testing and welding techniques were developed. Studies
of process gas consumption and b}.owor perforsance were then made, using
ni_xt__Ln-u of nitrogen amd 0'6', re

e

e —
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In order to obtain performance data for single-stage blower
opsration, a Westinghouse gas bearing blower was used at the SAM Labors-
tories in the summer of 1944 to circulate process gas through a set of
45 tubular diffusers. The experiments provided significant data pertain-
ing to blower behavior, corrosion, and harrier pliugging.

8:,° Che X P the D 0 thod. = From 1940 to
1942 extensive effcrts wers put forth at Iows State Collegs, the Univers-
' 1ty of Chicsgo, #Ad the laboratories of the Ethyl Corparstion, to prepare
an organic uranium ocompound suitable for use &s a gaseous diffusion
working substance, but no satisfactory substitute for the corrosive
uranium hcntluorﬁa was found. The corroeion and other cshemical
problems anticipated with the pse of UFg led to the establishment of a
chemical section at 'tho SAM Laboratories. Study of the physico-chemical
properties of UF¢ was begun in 1940, involving methods of handling the

———————




gas, and new ways of prepuring it for chemical analysis. Other chemi-
cals studied included nickel and nickel carbonate, barrier saterials,
and uranium compounds other than UFg4.
The mechanical properties of barriers have been studied by
Beans of bending, tensile strength, rolling, fatigus, and flutter tests
. J ‘}'hwolving thousands of routqlno sxaminations which were hmuary in the
courss of the barrier development programe. The barrier chemistry re-
search program inoluded the development of fluorinating, or conditioning,
mjoedin-u, and study of methods of sdnisdsing process gas sonsumption Dﬁ:.

e ——

and barrier plugeing. \b(’)
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J/ he techniques were extended to include

oy — g

- measurenents of barrier porosity, and were also modified to apply to
tubular samples.

9. Safety and Segarity. ~ PFeatures of the Coluabia Area safety
prograxs included a safety department and a medicel divisioa set up by
the SAM Laboratoriss, sand a Safety Advisory Committes wmith responsi-
bility for anticipating and coping with special safety probleas arising.
The Columbia Area Engineer supervised contractor safety programs, and

' maintained 1laiegy with the District Medical and Safety Sections. A

Columbia Ares Security ﬁ-ogrm was also instituted in accordance with
standard Manhattan District policies.

10. Costs, - The total cost of the K~25 research program was
$14,073,004 as of the end of tt;o fiscul yeor 1946, at which time the
estimated total for completion of sontracts was $15,811,663.
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. IAIMATTAY DIZTRICT IS TORY
BOOK IT « GASTOUS DIFFULICN (Ke25) PROJICT
VOLUIE 2 » NOSFARCH

SECTION 1 « INTRODUCTION

1-1. Pursoce, = Ke25 research and dovelopment sctivities wero
direotsd towmurd the solution of problems encountered in the separation
of Uranium=236 from maturnl uraniu: by the method of puseous diffusion,

1«2, Soope. = This wolue treats of fundarentnl or pure roseurch
and assoclated laboratory development of muterials, equirzent, end
prooesses utlilised by other branches of ths Re25 Projoot in the desipn,
construction, and operation of tho diffusion plant, Research inoi=
dentnl to the porformmnce of these other funotions, as differentiatod

from basio research, ia disouscod in Volww 8, The fundarental research
notivities cormrisod the choloe of a suitable feod material, the
developrent of diffusion berriers and auxiliary equiprent sush ao

puma, secls end eontrol instrunents, end the adaptation of this equip-
ment to use in tho presenoce of the prooess pass It was neoessary to
solve very sorious ocorrosion problors, and to develop & nurber of
spooial ohomicalss The hasard of corroscion lay not only in tho obvious
possiblility of equipmont dotoriorution, but in tho muwoh rore detrimontal
effect of product comswrption, which ocours in evon nild forms of
corrosion that do not reach destruotiw intencity. The roseerch ond
dewelopmont program for special chenicalc required by the K«26 Project
io desoribed in Book VII,

1«2, Authorization, = Authorisation of recearsch vac howxlled

1.1
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sirdlarly to othor phasoa of the Ke=25 Projoct as montioned in Volums
1 of this book, and deseribed more fully in Volumo 1 of Book 1.

1«4y Adninistrution, = Research programs wereo oentered in a
nurber of uniwnivf and industrial laboratories, under oontract to

the fovormrent, In accordance with established lanhattan Distriot
practice, oontraots (Appe DO1) were administerod by speoifiod Aveas
of the Distrioct, Administration of the mjority of the contrects
dealiny with fundamental Ke26 rescarch and dewelopment (ml;u.ng
work on specinl chemioals) was tho responsibility of the Colurdia
Area BEnginesr, with the reminder under the Jurisdiction of the New

York Aree Engineor (App, Bl)e A rosume of research and development

contracts is presented in Appendix A,







SICTION 2 « CONTRLCTUAL ARRAY S IFINTS

=1, Colwrbis nivorc 1tve

as Selection ond Vistory of liorotintionss = The dife

fusion rethod was seriously considercd first by Be Te Rooth, 44 Von
rosse, and J, He Dumin- of Columbis Univeraity in 19640, GSinso hle
rour already was diroctly concerned with the diffusion proocess, it
wuo decided to exmand fts nrosrum under & scories of Covermment contracotz,
037D Contreoct Ol ar=100 wns nerotiated with the Trustoos of the Unie-
versity to cover the period 1 July 1941 to $0 June 1342, the work to
be dons under the direction of Dre Je¢ Re Dumninge Contruot 05lMsr=LlZ
permittod an expanded pro-ram under the direction of ﬁr. lie Coe Uroy to
be oarried on at the Univercity fron 1 Deosmber 1341 to 30 April 1943,
Effective 1 YRy 1943, the diffusion studles at this Institution were
egbodied in }.&mhe.ttn\n Distriot Contruot HeT406=on =50, the work to be

~directed by DIry Urcys The lboretorics at Columbia ocame to be known

as the “SAl laborntorics", This was a codo mame meaning "Specinl

Alloysd imberinls™,
be Hoone of Contreots, = Tho above conbtracts provided

tiat Colwbia 'miversity furcish tho resecrd: and devoloimoat worl
necessery for the desirm, conctruction, cnd eperution of the diffusion
(K=25) »lrnt, end continue experimentztior te & point where cortnin
eltermmrte lcotono semaration mothods could be ewmluweted, The Unie
versity we further requirced 4o develo; snocitl srooccuses, instrumomnts,
and mterinls, The District “nrinecer elec accl-ned to thic contrect

e number of miscellanecuns gnecial shixdics for wiicl. the tniversily

o



posasssed trained soientific persommel ’R equipnent,

« Kollex C tion,

8«2, The ¥, W, Kello
&y Belesction and History of FNepotiations, « The negotiae~

tions leading to the selection of The e W, Kellogg Corpany and the ule
timate organisation of the Kellex Corporaticn as Architect-Engineer to
,aesign, engineer, and prooure special equipment for the pasecus dife
" fusion plant are described in Volume B,

be Soope of Researoh Ccemitzwnts, = In fulfillment of their
s Jor ocumitments, po!lolgm&din.’ Esllogg Company and the

Xellex Corporation to engage in ocnsiderabdle research and dewelopment
work on barrier mnufaoture and propertiss, sorrosion, special shaxiosls,
pups, valves; instrumsnts, etss Though mh of this work ) done in
mﬂ.qs »8:.»3..-. oonsideradble engineering research and dewelopment was
performed Yy othsy contrastors under Ksllex spoxsorship, These activitiss
are desorided in Sections 8 throngh 7 of this wlum, and in Volume 3,

2=3, gggiﬂfnﬁﬁﬁ@
[ W u-gs-lm»hﬁoﬁzoﬂm»-gnu The Carbdide

cad Gorbog Chemicals Corporation was engaged under contreoct We7406-ange20
to operate the gaseous diffusion plant, Details of selection and
. negotiations aﬂu%.rpu eontractor are recorded in Volus 8.

' be Seops of Research Cormdtrwnts, = In the discharge of

this responsibility, Carbide sponsored a munber of yrescareh sotivities at
Linde Alr Produots Company (Suboomtrest 2), the Bake)its Corporation (Sube
contract 8), tnion Carbide and Carbon Chenicels Corporation, (Suboontmmet

e ——
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1 Pebruary 1045, the basts 4iffusion prooess research program was transe
forred from the Columbia University oontract We7408-enge80 to the Carbide
and Carbon Chemioals Corporation oomtract We7dOGeeng=38 undsr Supplement
Hoe 4o The mame “SAM ladoretories” 'u retained by this organisation,
which munu-d its work progrem wntil 15 March 1048, at which tire its
facilities, and 1its remining work groups engaged in problexs of a oone
tinuing mture, were moved to the K-28 plant at Oak Ridge, Termesses.

- 8wde Bell Te boratories (vestern Elestric .

8. Selestion and History of Negotiations, = Comtract
WeT406-onc=142 was negotiated in August 1543 to consolidate and extend,
under uu anhattan District, inwstigations on performance testing, heat
treating, and rolling of barrier which wers boingoonﬂuobd under OSRD,

N
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S 2<6s  Princston Mnivorsitye
8s Colection and History of Norotiaticns, = 7This contrace

tor wes solaotud becsuse of tho axporionce of Dre He 34 Taylor, who
directed thw projoot work, and booause of the oxistonce of certnin fae
c111ties not available at Columbia University at the timo of the neroe
qum. Technieal upoéte of the proresed contrest were discussed by
Dre Taylor and Dp, 'l¢ Ce Urey or 26 luy 1643, and the oontraot (He7405«
enre05) was negotiated on 3 Juwo 1948,
be Scope of VWork, = The Princeton cantrnot required that

methods of protreating nickel barrisrs, to induco corrosion resistance
to orocess rug, be investimted, beosuse, at the tire IMrinseton dersn
1ts work, awailadle informtion ng\rdin; m—)mlrommﬁon nad prow

e«v’ - fluvorimtion was decidedly i.mdoqmeo.
DELETED D oL
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2«6, QOthor Fesearch Contraots,

te Intorchemical Corporetions « Under contreot Tw7407=
ep=25, the Interoﬁ'mlml Corpor-tion was enragod to develos methods for
the production of ;icknl.pauﬂm suiteble for use in the Mix tvre powe

gerod niokel barrior, A pilot plant wms construst ! Lo _roduse pow.erc
in twontyefive pound batohes for teotin- and ressarch surnoszess Tho

ultimete objootive wns to adant and operute en existin: Intercherdoel

3
|

pima:.t plant to oroduce MAw 'tcm o... niol»:ol nmxler por mnth. ‘ )
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b. Ohio State University, - The three principal probleas

" assigned to Ohio State University under the Wanhattan Distriot contract
' (Y=7495-eng~95) were: (1) Purification of n-perfluorchoptane (Vol. 3),

to be used as a standurd in establishing specifications for inertness of
fluorocarbons t: process gas; (2) Freparation of fluorochlore compounds
to serve as a otm material for the preparation of polymeric |
materials inert to process gasj and (3) Investigation of possible
preparation of organic liquids which would dissolve process gas and

oould be cooled to form glasses, these glasses in turn to be used for

obtaining the absorption spectrum of process gas.
e S Y

o. California Institute of Technology., -
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STCTION 8 « ENTAL THRONY OF 7Y AAIUNUS DIFPUSTON TROCTTS

Sels Iistory of Diffusion Thoorys
&e Imortence of Te235, « JTmedintely eftsr the discovery

of nucleer fission® in uranium by the Jorman investiators, O, I'ahn, and
Fo Strassamn (Appe D1) in December 1988, the effect wes confirmed by
other scientista workin- in warious laborutorics, Among those to do

80 wore Jo Re Dumning and his collaboraters (Appe D2) in Jenwery 1939,
et Coluibia University. Fetwoen this time and larch 1940, thqeomloted
sevcrul rosearch studies which contributed to an wndorstanding of the”
ooeplex shenomena involved in nuclear fission, On the latter date,

they “resentod experimmntal evidence (Apps D3) estadblishin: o fuot
already predicted (Appe D4) on theoreticel rrownds, nemely, that nuclear
fission ariges from the presence of the urenium isoto-e heving an atorle
wel ht of 235 cnd comionly ocalled ™-235%, In their exporiments, pore
formed with the aid of A Oe Yior at the University of Yinnesote, thoy
ad sueceadod in separatins rinuds amounts of Ue235 fronm meturally
oocurring waniun, Since this i1sotope 1s present only to the extent of
Os71 par cent in matural uranium and i1ts compounds, thoy concluded that
it ws imortant to offect uraniur imotone suneration on & laprror soole
for the invostirotion of chnin reaction® rossibilitios in wranium,
Further conTirmtion of their rosults vns shortly obtained from expordie
monts porformod at the Univorsity of idmmesota, Columbia 'J.ziwm_ziw
(Appe D3), and the Gemorel Fleotric Comany at Schenectedy (Appe D6)e

be Isotone Se~arofion by Diffusion. = The investi~ctors et

Columbia nroccedod to consideor waye of soparcting the uraniuws igotopes
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in order to obtndn =205, ané from ths sigeanhls rurhor of rethods
pravicusly lmowm or proposed, they sslcet:d tho ;mseous diffusion rothod.
Althouh thie orinci-le wus discoverod Ly Te raham in 1829, the XK-25
plant is 4tz first commercial apolicutions This had boen one of the
firct mothode atitcopted for other elements by Aston with pertial

gucooess in 1013 for neoi, end later by Fepizing, Herig end othors with

. nore satisfactory rosults for chlorinc, arron, hydrorci, nitroor,

carbon, and othor clerwntz, It had bren ghown that the method wae
operet:le In these onces, end 1t was beliov:d that it could also be
a-plied to uroniun comoundue lOWever, t:o low yield of -mroduct nor
unit of tino, &nd the lar:e quantitizs rugquired for studyin- chain
reactionr, mde it imorutive that tho theory of the diffusion metiod
be ro=oxamineds This was doue by "arl Cohon end cothers at Columbis,
their resulss zhowine lLow the earlier exnerimmtal ~roceduros for
other eclenmts should bo modificd when a-plied Lo wraniun, Iz an
frmoptant paner (Apoe D7), Cohion @r-prived the fundsmental thoory for
o ~.soous diffusion senraratioz plants This haa been used, ossentinlly
wmehan-cd, in tho dcsin of the Ke25 production plant at Clinion
En-inoer Works, tul Rid-~c, Tonnesseo,

3«2, Theortioul i'rinsinlcs 'Jnc’;erl;ghff)pemtion.

s ‘Imothotien] Vwmerimonte » Tho prineipnle of :olucular

effusion can be visualized by Amiirinin- o closed container, say &
rectanpulir bax, conitinin: a larro number of wvory Smell oponin:oe

e box 48 £illed with & ~ancous oomound, end surrouded by an
evacunted goacce Accordin~ to the Xinetic Thoory of lases, the ryriado

of individwal moleculos ers in e stute of geanclose activitye ‘ech




rolecule trevels at hi-h evoed &n e streipht line wntdl i ecllides
eiiher with another molecule, or with a wall of the coptainer, Tuvee
waieh hancon to extor one of the arertures in the wall, ;ess throvh
and esoano to ths outer gnacae Thia acounts o & dosrousc in the
Quantity of pus withir the container «iad wculd be evidenced by e drop
in the pressure witiiin the ocontainer, If the experirent is resceted
with a pus of greater density (hnigher moleculor wei:ht), the result
will bo the u;.m. excopt thet the rute of efifusicn will be sluwer,
tsasuroxent in each of the two onses would show that the rates are.
‘inversely nroportiorfil to the sQquere roots o the molecular wel-hte
of ihe tawo ocorpoundo, The two tests must be run ef identiocnl temrere
aturess Under such e condition the .inetic Theory strtos that the
‘averaye kinetio energy of individual molceulcc a's;s equal in each
oasce Sinoe kinetie enercy is equal to ore half the rrodust of mss

timwe squure of woloolty, the followiar equation can bLe writbens

1m vy?s %mevzz

T

theoref'ores :
CRNE
YA Y

Where v pepresonts a;om;:e nologuler velosity, and n reprasents
mwleoular mmsse, The ratio of mleculnr velocities $e tho sa-o as tio

rotic of offugion mtes, and tho ratic of roleculer rassos is the

ratio of solecular weishtse This constitutes, therefors, e ruthorntioal
for-uletion of the exrerimntally obse}wd nhenotwnone A third exorie

nont ey nov he visucliscd in whiok @ mixturc of tmc mses of differins

deunity erc usode Tho prospoctive retoc of esecare villl lorienlly be

dem el



oA irn nroportion firat to the, respoetive concentrations, and scoond o
the rcapective avere; o rolecular wolooities, hence inverzely to the
squre roots of the molecular wolrhtse

be Continuous Opcrutions = As the process of effusion
takes place, tmo chanpos 00CUle First the as eseapins into the
evacunted speo~ builds up a bmck pressure, whic: tends to drive molee
oculos baock thruuh t'e perforetcd mlls into ths contuinere Sinoe tho
gas whioh hes passed throush the containor well (diffusate) is richer
in 13i-hter component than ths startin- cdxture within ‘he conteiner,
tho ai‘i‘ect is dondly diaaglvu:x‘.ngem beccuse a freador prov;oftion of
bagk=diffusin~- as will consipt of the @ecirod li-ht scrnmenont than
would be tho caso if 1;1*43 iap comtained only the conoontratisn of
11-hbt eommoncnt vhish existcd in the startin- mixtures This s in

apcord with the reasonin- aprlied above where reaprotive offusion .
retos were visualized in pro.sortian 6 resprotive ooncentretionse
Tho gecond chano takin: place ap +he prooess goes on 4c a drop in
the quentity of mrs, rnd honce of cressure, within the container,
This is updeoiriblec beoausc it is this gowcelled "fore precsure”
which gotivates tho baslio procasa, forcin- :rlecules %0 flow throurh
the nexomtcd wlls to the outer snaeo, This offoot 15 also doubly
disadventa cous beosuss,as timw proeneds, tho concentration of
1i-hter 'oonponmt deorcgco within the o'onfninor, and, in proportidn,
1vs conecontration in tho di*Tusalo pasuin- through thn wll 46 decrecsed.
These dhadvantz;-on/ may Lo obrinizd by pesortin: to continuoun
oporations A “stendy stade” is set u» by su plyine rew reas to the

contniner, by withdrowin- wndiffussd, “portially depleted® gs fron

I Set
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{he container, and by remving "ourishod” oo fron tho downstrcan gide
of the porforated wtll, all at constant rctogy In Llils vy clmnres
i: presoure and oconccntration erc e¢liminntod, 2low retos ure adjustod
in order to kvep deslrcd factors, such as conceatretion of 1li-kt
Acom;_'-ment end total pressurc within :hc containor, as Lii ) as {casible,
- 3irileprly bask preosure is minimized,

6e 'mactionl Applicatlione = The heapt of the Ye25 plant

15 the d4ffupion amseade, which {8 cssentinlly a ropeating serlcs of
equirmmont duplicating ocontinuwowsly, tenty-Cowr hours a day, the
gimlified nrooeduﬂ; discussed abovce The "container" is celled a
diffuser or convertcere The “porfoﬁtcd wall" is roforred 4o es
barricre A cortrol valvo and rao ~wrips are provided to rerulste flow
and pressure of the ems, and & cooler nravonts theo hieat of pum»ing -
from reisin: thc terperaturc of *he operation, Those sre the elormts
of o prectical “stere®, 2302 diffision starcs &re provided in the
rain cascade at K«25, The ¥«27 facility -rovides an additiomal 540,
An irporicnt conoideretion is the sise of the apertures in the berrier,
It 18 asreront that ordinary "holes” w1l nermit ordinery mss flow
of mixed -as throuh the rerbrane, withous the desired separetive
effoot, It 1s nogéasary to keor tho diamet-r well bolow Uu.; len -th
of tho "mean !'rcc‘ pats® of nroocse g rolecules, ‘Thie 1z the avorc:e
distanec travclled by an individial molocule hotwoon two suce2s5ive
ecllisions with neifhborin; mloculese A vory efficlont barrics

/'_-\"——_,
would have an aperture diemntar of 00000004 inch,e
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b de PMuotors Tordin- to Zeduse the Tffielcnoy of Seporatione

(1) Docl Diffusions = As disoussed above, tle buck

progsure o2 the downstreanm sido of' the barrier m.st be held et a low
walue in order to rmiunimize diffusion of diffusate buck throush the
wmerbrane to the wpsireanm sido, resultins in seperation in ‘the' wrong |
dirootions
(2) "Jdostlin-"y = Inny ecllisions ocour botwoen
1irht and heavy moleculcs while they are padgsin- t!rou'»;h the barrier
openincss On tho scels of mlmlnx; mmitudos, those opcninm should
be view:d as longtortuous passareways throush the thick well of the
barrier. 8inoe lirht molooulss flow faster than heavy mlooculos,
00llisions in which a 1i-ht moleculc hits a heavy ono from behind are
(] rorc frequont than those in which & heavy molecule hits o light nolo=
cule fro- behinde As @ result, heavy molecules (v%8r,) are, on the
avoreo, specded us by collisions with 1i-ht molooulos (U235r;), end
sinilarly the 1icht molecules are rotardeds The cffoot of this
"Jostling” is to reducc thoe flow of desirod eormponent, and inercase
the flow of undesirod eoxpcnent ﬂn-ou‘z:h the barrlor arerturess The
separation is corroepondingly reduscde The 1mfﬂoio:§cy i3 less
pronowncad with smmllor ratio of hole sige to moan froe path of the
molsculcss The soparation fuotor will thercfore imrove ot lowor
oporeting prossurcs, since under this condition the noen froe peih is
groatere This Jostling effect.is opposcd by tho back difiusion
ef'foot, which roduccs the prepondorence of collisionsc of 11 it molee
oules areinst heavy molocules fror hohind ‘over the reworse ¢pe of

eollisione

Visoous F'lowe = Sorp nonesoperating- “viocous™

R R T san i Sk B o)




flow ocours with any -ractiecl hole gize,

(¢) Surfaoe Flow, = A surfacc flow somotimos occurs

&long the £ilm of es molecules whiich are adsorbed on the vmlls of the
holose Visoous flow and surface flow are minor effects.
(5) ixing Inefficiencys = As in rost casos of

fluid flow, & starmant filn tends to form in contnct with the hirh

prossure sgide of tho barricr, This becoomos depletod of 1)258 Fﬁ‘ Ade
ditional U236 py must diffuse throu-h this £1lnm before passing throuch
the barriere The result is a retardin:~ of the separativo actione The
effcot i3 minigpised by wsines high ms velooitics so thet the pesulting

turbulence will roduce the thickness of tho staspant filme
~(6) ?‘1nh§1es and Leakss =. !"inholes in th: berricr

and }saks in tho convorter ssseubly result in noneceparative flow from
the hirh pressuro to the low pressure gons, Yach converter in the
K=256 plant has boen testod to keep thils leak flow bolow 2 per cout of

tho *otal flow in the "A" streame

(7) Variation in Fermoability., = Variation in

permoability fron polat to poirt in the burrivr cuuses inefficiency
becawse of ineqmlitylor ac.:par:-tion. Tho term permeebility refera to
the ease with which the (ms o:m penetrate tho barrier uwnder gives
conditions of fore nrecsure and back oressuwres The Kellex Corporation
ewlunted thig irefficiensy theoretioally in July 1644 4n terms of tho
mmitude of the vwaristiona, The theory was uwsed to sot spooifications
for tolerable desres of variability in barrler pcrmeabilitye For more
cormnlete discussion of moleoulur effusion and desi;n prineinles,

reforenco ghiould bo rmdc to the ollex Commletion Report, deotion







) carried on under O3R" contr. ot "Frer—412, but nerotintions for trangfor
of the worl: to the Vanhattan Distriot wero in proress, 48 twbultted
'by Yallox, it wec rcoomised that the Project involveds
1, The decirn of & plant vtilizinr~ & nroocess never bofore
atterntod on othor then o laboretory soulo and ror‘
which even laborstory datn wis incom:lote,
2¢ Tho sncinecrins of an opera. le diffusion cusoude
cormrisin: several thousand stares, undor conditions
which mado it apparent timt imrortant decisions would
have ¢0 be mede before uqeqmte prooccss data would be
availatlao,
S¢ Tho oconatruction of ¢ plant of ummél, oise and cone
plexity oonteinin- lar;e quentities of specinl equipe
ment « the pesultin- ingtallation having to be for all
- inizmté and purposcs vecuwm tirht and sur-icully cletne

4o The desim, enpinecrinp and construotion of extensive
auxilisry facilitlios and utilities,

Se¢ Tho devolopront and fabrication of aovo;al mxudﬁs of
squure foet of barricr =« a totally novel and hi-hly
specisl rmtorinl,

Ge The development and febriention of slx or scven thousand
spvednl pum 8 of various sises cné charactoristics.

Te The developpent and fabricution of six or seven thousand
highly speciul pum. sealirs devicose

e The development, fobricatio: and assembly of sovercl

thousa~d convorter vnltc of scvorcl) cische
A

Sol




9¢ T develo rent et f:nbricf.tion cf lar-c cwntitics
of speolal wilves, rine end other proccss e quirtonte

10¢ The dovolopioent end ranufoeture of tons of thousands
of s-ccinl meterin- and controllin- instrumnts.

11, Tre dowlonmxmt of e oorprerensive vacuun technolory
en? of snrociel lenk tentin: doviocs,

12y The develomaut and production of sizoablo quuntities
of a numbor of sprolal chermionls of hish purity,

1?¢ The solution of unnrecodontod corrcsion problens,

14e The proourerent of & larre blook of wvuricble frequency
nower of ultraedcopendehilit:,

Sl IJoaif'n of lar-c Sonle i‘lent, = étilisin the theory

dovaloted b-r Cohen, and as & result o” f‘m-thrr studies b 445 o

niinoera, tne hellex Corporationg vortin- wmder CSRD contr.ct, rado a
renort of pro.ress in !arch 1943 (hpeT12)e This "First irogross
Reoort' on tho @iff'usion plant wuu basod on the ooncepts of sturc and
oascade opernt on a3 discuag~d 4in Vera vask 2«7 of Voluwe ls Comires
Lensive nrocoss cestim wag inclufed for e lar~o scale diffusiornl

- separation plant to rroduce one kilo pam of =235 nop day, 93 nor cont
rure, {rom 2109 now:ds er dey of feod containin" 0e71 nor cent 236 5‘6.
begl 't of auxilierr equipmont wus tlso prosented in cmm‘.ldemhlc- de*.x\.il.

MTC 1 dant Mﬂtﬂ) In tlr early part of )

1042, a grou: o inrlish ccleatists, 1r.oludmr- 1088rn, iie he Llers and

Fe £iron, vlsited this oountry and explained thoir schon~ of plant dee
8icne Tre Amoriown ole-b, es developed by the Kellex enrincors fror

the Hhoory of Cohemt e ol ors, s ulomned to oporets et reluiivwly

’
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hirgh s precowre, and honoe under conditions of turbulent rmixin o \
Tt wao also deosi-ned for rinimmes barrier aree holdup end ccuilibriun
tince Tho holdus 1s the emownt of diffusing mtoricl which 1t takes

to £111 w the blant, or that roreins in the nlant and cacnot be withe
dratn as' producte Tho equilibriw. time is that noriod durin~ whieh {

the ;lant st opernte et total rcecoirculation hofors e rroduct of ti2

pRwe

reguisite purity ey Bo obtairedes If the hcldup is deereascd, the
oquilibriur timoc also deorecases, The ™~1lish nlant, however, wos

deviced to orermate with diffusive mixin~ and thus wit: lower -ac nreae

suragd thon the Anerioan nlante “hile there are advantan-es to both

PR A PP

gchenes, tho Anerioun en-incers rojectad the Dritieh desi-m primarily
beoausc of tic lar-e pas volunes reguired in the latter, Sovorel.
other altermative British desimns were considercd ut they too wore

- rejooted beocuse of the ler-e numing loads and comnlicated equinnont
roquircde These are described in deotalil in the British publiostions
(hppe [15)e On @ lator visit by tesars. Fe Sinos, B Pelcrls, end )
otho~ pombers of e PBritish srous, alternutive nlaci desi-ng wore & tin
discussed, and sinilor conslusicas woro renghed by the Arerican ine

vostirntors (Apne D14), [urther discuscion of Pritish assistonce in

comncotion with desi n -roblems 1o nregented in Volume I, Scotion 15,
A

S=Ce later Viork on lont Thoorye = The theoreticul prow at ~

tho L lavorcltories continued its study of tho lar~~c oeale ~laaé, ate
tontion bein; centerod :ostly on nroblems of eontrel end stability of
operetion, The :;nnxilts have been 7re:§entad in sevornl rerorts (Anpe D15),
These woriors elso inveatiqatod the behavior and crerction of the E4

sie.-c ~4let »lant (& rortion of tic roin —roduction plant) erccied

N

[
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at Clinton Fn-incer Vorkn, Cor Uicd~e, Tomn véaco. and doviged & ~rorrun

of experients nlamed %6 Waol tho oprreting theory (Anpe 110)e
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e 1n~
» 4 om. wmw






S7CTION 4 « NTVLOTITNT OF DIFFSTON BARNIRS

4-1. Early Studfes, = In the latter nart of 1941 the search vms

berun for a barrﬁr meterisl of the required porous structure and with
suitadble resistanne to oorrosion by urenium hexafluoride, Then the
firet eruvde barriers wero tested with UFg in 1942, the sepmreting ef=
fieiency cbserved left much to be desired, Sincs very little work hed
boen dono on rasecus diffusion theory prior to the X«256 Project, the
phenomens involved were not well understoods It wus not imown whethor
the inefficiency of the early -epunﬁlons chtained weg due primrily to
fundanental chnuotprloties of the molescular effusion procsss, or to
imperfect desirn and oonstrustion of the darriers exployed. To avoid
the diffioulties and inconveniense of bhandlinc Wge 1t was docided to
earry on routine barrier testin- with & working subatance econsistin- of
a mixture of helium and carbon diaxide, It then deoamo necessary to
determine the relationship between the experimental results obtained
with a partioular barrier when ssparating hslium from earbon dioxide,
and tho separative effisiency which would have been cbtained with the
same barrier under the same conditions, but using the K=25 working
substance, 1.0.,8 mixture of U-255 hexafluorids and U=238 hexafluoride.
Disecouracin~ly slow pro-ress was mde in workin~ out suoch & mothod of
correlation, as wsll as in the devolopment of & basic understanding of
phenonenn involved, In the fall of 1942, when tho first plant desim
ealoulations were mde, bo.rrier development had been in prosress at
Colurbia Univeraity for over & year under OSRD ocontraotse. It was clsar

that oomsidoreble Lmprovemont in barrier properties wasg to be exnected,

hkileem—— 2’
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barrier struoture, inocreasing with the fineness and uniformity of the

apertureses If the separation feotor reslized with the actual barrier

is lower thun that chosen for plant design, either the desired product

eonoentration cannot be reached, or a lower output will have to be
accepted., To produce eme kilogresm per day of uranium at s eonoen-
tration of 90 per oent of the light isotope, as originally planned, the
separation faetor would have to equal or exoeed thet specified. In

June 1944 a minimum separstion factor of 2.5 was specified when testing
with a mixture of helium and oerban dicxide, st a fore pressure of £0
centimeters and a beck pressure of ¢ ocentimeters of meroury. It was
not until June 1944, by whioh time the erection of prosess buildings

at the K-25 plant site was half ocompleted, apd the installation of
equipment well under way, that s satisfactory theory of effusional seps-
ration was evolved, together with a satisfactory method of eonversiom
from hnliun-oarﬁon dioxide to UFg separation factors. This dats came

es a result of lntinlifiod and eombined efforts of the 8A¥, British, and
Kellex groups, as well as the Celifornie Institute of Technology.

(2) Porosity. = The nmext most important property of
the barrier is its porositye. Of all the gas molecules striking the
surfece of a barrier at & given instant, enly a small portien pesses
through to the ether side. The freaotion of total impinging molecules
which succeeds in penetrating the barrier wall will depend upon a
number of varisbles including the fore pressure, back pressure, nature
of the process gas, and struoture of the darrier. It is important te
establish a porosity comcept which will have a definite mathematical

value, which will be oconvenient to measure, and which will be readily
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reproducible under specified to‘* oonditions. Such a econcept is neces-
sary in order that numerical comparisfons may be made between various
types of barrier under consideration, and so that the flow rates and
pressure drops to be expected in a plant designed to use & partioulsr
type will be subjeot to nu-or}oal prediotion. In the early stages of
barrier development, it was ocustomsry to rate the flow charecteristics
of oxporinoital barriers in terms of the “"specific flow", which was
cnlcuintod by dividiag the observed flow rate per unit ares by the
pressure differential sausing it. A given barrier speocimen would show
widely different specifio flows when tested with different gases.
Further, the specific flow had to bde expressed in a oouplicat§d unit
such as oubdbio eentimeters per second per square centimeter per ocenti-
meter of merourye To eorrelate data obtained in different labdoratories,
it was necessary to sonvert all values reported to the same system of
unitse A more convenient concept was later established by inmeorporsting
into the specifio flow a faotor ocontaining the -olooula; weight and
absolute temperature. The new quantity was termed "permesbility”™, and
can be thought of as the ratio of actual flow to the flow whioch would
ocour by molecular effusion if the barrier were mot preseat., It is a
dimensionless quantity; the numerical value is independent of the units
employed for flow and pressure 30 long as the system is oonsistent, A
further advantage in the use of the permeability comoept instend of the
specifio flow is the fiot that its mumeriocal value is xuch less dependent
upon the nature of the process ges used, partisularly at low pressures.
Finelly, the permeabdility as above defined has a theoreticsl basie in

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

] ds b BB . éod
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designated by Y, was generally sdopted throughout the Project for
sorrelating bdarrier porosities, Further studies showed that the perme~
ability of barrier is made up of two partss One part () is nearly
independent of the gas used, and the test conditions of pressure and
temperature. The second part is d-nnifoly s funotion of these variables.

‘Thus, it was found that when ebaerved permeadility was plotted sgainst

| "presgure sun” (fore pressure plus back pressure), a nesrly.straight

line was obtained whioh could be represented by the equation:
Y = Yo [+ SCP; 'tfo):) '

in whiehs ¥ = permesbility

P1 = fore presgure

Po = back pressure ,

Xo = extreapolated value of permesdility st sero
pressure sum _

S = the "slope fastor®

s

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

for Y. and 8. /
e ———RE R
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Permeability is dependent upon ti\o operating pressure, incressing in
magnitude as the difference between fore pressure and back pressure is
irioreased, Permesbility is also a funotion of barrier struoture, in-
oreasins beoth with the number snd sise of the holes. A b-rriof of a
ocortain permeability with  large number of fine spertures will show a
greater separation faotor than one with & smaller number of larger
holes:. It is necessary to specify both upper and lower 11-11:-' for
permeability, sinoe if the permeability rises ‘above the upper limit,
or falls below the lower limit ohosen for plent design, procees pump

- effioienoy deoreases, Precess pumps become unstable if their inteke

falle below a specified 1imit, and as permeability inoreases, either

the horsepower of the prosess pumps must inorease, or the total pressure

of the plant must decrease.

be Chemiocal Properties.

| (1) Plugging Charscterfstics, - The barrier must be
ohmonli} inert to uranium hexafluoride, n‘ very n?gronivo subetance.
Resotion of the b i:':l.or material with process gas cen lead to serious
redustion’in permesbility by growth of resction products within the
poro;. Moreover, corrosion st other points in the process system oan
form solid produots whioh may lod:e in the apertures and produce the
sape rssulte Since six monthe wes oansidersd to be the minimum allew-
eble life from the point of view Yot replacepent and plent mainteno.noo,’

e tolerable plugging rate for barrier waes aset et 0,16 pef cont rer daye

S—————
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(8) Process Gas Consumption. = A seccnd aspeot of

oorrosive action is its ipheremt comsumption of valuable process materisl,
This would be particularly undesirable in the higher seotions of tae '

plant, and onstitutes a secomd reascn {or develeping a barrier whieh is

e —— o e e

ehemically imert to UFge
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/ It is diffieult te uloulct_o the stresases enoountered and set

U
————

up within the material during operatiem, bgt development studies have
shown that the substunce will be suffieiently ru“od 4f 4t ean Ve '.
designed and fabricated in sueh s way as te withstand the rether severe
stresses imposed during manufaeture aad imstallation, The area of

barrier required fer the plent was estimated to be five milliomn squere
feet. It was thus apparent that the febrisation of barrier ealled for

a meterial whieh would be both available im suitable amounts, ard

-

smensble to as simple a manufaeturing precedure as pessible whieh would

result n‘ unifora quality. '

4-83, Barrier 8ise and Shape, =~ The ideal plant as demanded by

DELETED

theory cannot be realiszed in practies, In sush a plant, for example,
.

diffusers, pumpe, and ether equipment should theoretiocally decresse in

size oontinuously from the feed p'oint to the ends of the sascedo.

Preotical plant design’'requirements celled for a small number of equip~
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ment sises, and lowsst possible plant cost with respeot to this faotor

nnd other nrup:ln. The distridution of barrier surfasce throughout

the plant is described in Volume 3, ’
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} In erder te comtrol the quuty

-/"‘“*N—-“- m—— ‘“’/
of produet as fer as leaksge of barrier tubes is eenserned, a "leak

flow test" has been devised in which representative tubes selected at

random are plased in a special test machine and subjeoted to internal
air pressure. The pressure is adjusted $ill the rate of flew of air
diffusing through the darrier is 300 eubic esmtimeters per mimute, and

the upstresm presure is measured. - poE
| S b z
| , ) b(3)

| DELETED

4=4. Barrier Types. |
a. First Types Studied, - During the early peried of the

work at 601!.1:1. (prtor to 1943) many proponlc for barriers were in-

vestigated and ab \doned fer various ressons. | &
- D

— b ————
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: JM contract W-7406-eng~80 becaxs

cﬂ'oottn, a uviu-: of the BAN Laborstories was ostablished for the

specifis purpose of stulying now barriers. During this periocd, many
attractive producsts wire developed, some tc a greater extent than others.




| ,) It soon became apparent that there were many promising darriers whieh
deserved exploitation, but shortages of ﬁpmr. diffioculties in pro=-
curenent of materials, the neeessity for rapid development, and similar
feotors deternined the partioular types to be selected fer further study.

DELETED
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j The properties of same of the barriers

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

be eited, .
be Prhoipu Types Considered, = In the original plant

design report (Apg D12), three primoipal typos of barriers were under

omnidora‘um (App. Dl'l). 4

o DELET Do
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'l;r: -xt‘clnuvowu-muen of barrier

dﬂolo;m-nt is gim u the Konox Campletion Report, Sootion III, (7)e’
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work on the development of produstiom methods was slse dtme by Sam

Tour, Ine., under a quox subsontract. o
= 4
N (8) Powder Nickel Barriers. « _ \i
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y, This work was started under 2(
OSRD oomtract ORMsr-1125 (App. D19), snd eantinued under eontract K-7406-
eng-142 (App. 020), / »
]
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/’Eqnﬁi;; og:nincd by Kellex écrlonnol toward the end of
that year showed good process properties ard fair mechasios) strength.
O }, ~
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The Kellex Corporaticn ooopersted and supplied same of the technical

personnel for this installation. KXellex also undertook a survey of
industry to find & oompany to handle the ultilnto manufacture of this

barrier, On 1 April 1543 the Houdaille-Hershey corporution was ap-

i

. proached by xollcﬁﬁpnd Arzy representatives. ' }
DELETED
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-
/ It was decidod to bul 1a % new phnt ndJuoont to tho b (5‘)

ﬁouduille-ﬂornhoy Oskes Produott Plapt i Decatur, Illinois, A resesrch

laboretory was also organized in part of the Oakes building to supole-
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i) ment the Columbis progrem. / :
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_/A number of omtuott« were awarded to outside ~
. 150;5;1 for ‘l;\;dy of some of the more oritioal items, /
D |
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" ! d DELETED ) This, in turn, was

w';ﬁpouedod by the DA barrier (forrerly oslled X-1) whioh was aotuslly

DOE (%)

[RY S
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used in the X-25 produotion plant. F

—— ot
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(: ) F: sarlier experiments were made in collaberation with

the Co 0. Jolliff Namufacturing Cempany under subcontraet 8511.146 te

contraet ORMer-412 (App. 4). w
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(2) FProdustion. - lLaboratory production of thie
barrier in sizes up to 8 by 14 inches, and in amounts up to fifiy square
fest per week, was obtainad in the Fupin laboratory of Cclumbia University

'voé
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during the latter part of 1942 and the early part of 1943. In January
1943, steps leading to the continuous production of this material were
taken by planning for pilot plent produstion in the Schermerhorn
Leberatory at Columbia University. Ths design and censtrustion of the
necessary mechines wes undertaken by the New Jersey lachine Company
‘;(App. D21), with the cooperation of engimeers from the Kellex Corpo-
| ration, Comstruotiomn of the mesehines began im February 1943, and by
1 Il&'lQ‘S, installation and erection of the pilot plant was well under
waye. Initial operatiom of the mschines was started in July 1943, and

e
the plant eventually operated an a tweaty-four hour basis
Dok
L3
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At the :

termination of oontract OEMsr-412 (30 April 1943), it
sppeared likely é&at thias barrier ocould be produced in

suitable quantity end acceptable quality, Simultaneously

" 4el6




k with the cemstruotion of the Schermerhorn Pilot Plant,
becauss of the urgency of the Projeot, design and oon-
struotion of wmachines for large soale produotion ey
carried forward at the Garfield Divisiom, Houdaille~

Hershey Corperation, Decatur, Illinois (Appe D22). Cless

v oooperation between the groups at Decatur snd the Columbia

investigators was maintained during this period,

(3) Mechaniocal Properties, = There was a steady

improvemeat in the pranﬂu of the A barrier, especially during the
latter part of 1943. Hewever, its mechanical properties were diffiecult

to omtrol. a.nd oonsiderable ruuroh o these problm was undortskon.
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roport on the A barrier by l:dnrd ¥ask, Jr. (App. D!S) provides complete

Dck
Ja b(3

details of the product as finally ohtainod.

.k - | D
St 74

J The latter is duoribod in sueceeding pangr-phl.

(4) Abandonment of A Barrier, = At a meeting held at

Deocatur, Illinois,on 16 January 1944, attended by representatives of the
Vanhattan Distriot, the chdlill'o-ﬂcrlh’.y Corporation, the Kellex Cerpo-

retion, ‘the Carbide aid Carbon Chemiocals Corporaticn, and the SAK

i ™y



laboratories of Columbis University, plans were mmde for the immediate

conversion of the Houdailleellershey plant from the pndmugn of A

barrier to Kel barrier (App, D24, El), 4

o am——
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[Mush of the A pmod\;:'c c; oquip;ntrutwmm -u'dimtly
s ———

© applioable to the xew bLarrier; hense previous experience and pesearch

oould be utilised, On the basis of these considerations, major exphasis
at the SAU Iaboratories was immediately shifted ¢to DA darrier, and
research on A barrier wms ocepletely discontinued within a few months,
It wms al.yo decided at this weeting to assign overall responsidility for
auporvulm and coordimtion of all future barrier research and develope
ment to Carbide, Supervision of produotion and control at Decatur was
wested in an engineer on loan from the Bakelite Corperation, A liaison
group of Carbide techniosal men was assigned to the Kellex offioce in New
Yorke This group reviewsd all peporte on barrier development materials
proposed for manufasture at Deoatur, and was responsidle for deoiding
which materials should go into tho Desatur plant for prooessing, whioh
were unsuitable, and ihieﬁ should be further developed,

4418
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~———"""e. DA Brrier,
(1) Procedure, = The sarly history, as well as the in-
wventor of the DA barrier (formerly oalled K=l barrier)are matters of some
wioertainfty) stulies of these points are now being made by the lsmhattan
Distriet Advisor on Fatent lMatters, The mberial was knomm to E, O,
Norris and We Fe Libdy, at Celumbis, during the period when greatest
emphasis was be "‘ plaeed on A Warrier, It was also inwstimted at the
laboratories of the Bell Telephone Company and the Kellex Carporation.
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(2) Produotim; « As indicated ;;cvioully, in the
n.;'ly part of 1844, work on the A barrier at the SAM Laboratories was
Jtirminutcd, and the facilities and porlonnd aveilable were diverted to
study of the DA barrier. The Schermerhora Pilot Plant at Coluzbia was
altered to produce DA material, amd an intensive study of optimum
standard manufacturing processes and evaluation of preesess veariadles
was initiated. To expedite progress, the Xellex Corparstion 1likewise
operated a pilot plant at the ¥ash Butlding ia Yew York for research ocm
the DA barrier, with the work ¢f beth plants socordimated, N
o DeE
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,] The process, as nporatod by the Houdaille~

e et g AT ke s
Hershey corporation in Doutur eventually attained a daily output of
1 4 .

36,000 tubes of DA barrier.
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J On 1 Septlubc; 1944 iollox porlonnol nnd tho

L —

pilet plent fermerly 1ontnd in the Nash Building were transferred to

the SAM Laboratories. On 1 January 1946, the Sohermerhorn DA berrier
pilet plant was dismantled. The major part of the research had been
lcocnpliihod and from them on, attention was centered on another type

of barrier. In %mn K-25 cascade, plain DA barrier has been

instslled in 1962 ltagu. ‘ |
“ " DELETED j
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fo 7B Barrier. - An account has been given, of the
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- powdered niokel barrier as studied at the Bell Telephane laboratories

and at the SAM Laboratories, first by Columbia and later by Carbdbide,
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fftT nparaa.;xg ofﬁcuncy was the highest eb-
_ served in the porosity range of intoruf,- both separating efficiency

snd porosity yo_!.pgwx_'o_nqlily_ oontrollable Exd reproducible, 4
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In January , produotion was astarted by lLinde and oontinued through

Varch 1946 st which time the barrier plant wes placed in ltand-by
. ' A

condition,

OomE———— et
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7)) (1) Procedurs, - The pilot plant development of this

materiel, wus assigned to the SAY Laboratories, was begun during the

latter vart of 1944, and was continued through kKay 1945./
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(3) Produstiom, - The W8 bearrier, which was prduéd
at the Linde plant, was used in & small pertiom of the K-26 produetiom
plant, It was first imstalled im six stages, and later in forty-eighs
sdditional stages whish were selecsted for experimental operation and
_ —
proof of ite suitability.
I
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on the problem for seversl months, | - 09(’.
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J The development was not

o

oconsidered promising, and was therefore stopped. Do

!
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(3) Y-Barrier, - During the spring asd summer of 19544,
specimens of pre-formed barrier tubes desigaated as "Y' tubes were D“;

produced by the Beutex Corporstion under the lp@.crllup of. the Xellex b(}

Corporation, /
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establish the feasibility of producing the Y tubes in volume, the A. S,
7/

v
Campbell Company undertook s program of researsh and developmente,
/
II/
4
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. ﬁ;:;;unly, two other varieties were shown to be

suitable, One oalled powder B, or *Virginia® powder, was made by the

International Kiekel Company at S-luntingtou, Vest Virginia, end by the

Vatals Disintegrating 'Comnany at Flisabeth, Hew Jersey; the eother,

632
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”M) oalled C or ‘Elgin'; powder, was made at the Elisabeth plant from niskel

oxide obtained from the Linde Air Products Company at Tonawanda, New Yerke.

—————
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J Subsequently, snother niekel powder, called D powder, was L ( 3

jvhlopnd and preduced by limde using an iwproved process whieh greatly

DELETED \

— b(*)
Tthe produet possessed ths advantages of a eontinuous manufecturing '

process, it required cniy a short furnaocing time, and it employed the

previously unsstisfastory domestic powlers which were readily svailsble.
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/T sheet was scoordingly

placed in produotion at the Linde plant in February 1946, and continued

until the plant was pleoed in stand-by oondition several monthe later,
[ 4
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i : SECTION § e« DEVELOPKENT OF SPECIAL PUMPS

bel. Process Pumps, - O(ne of the basic elements of a diffusion

stage is a suitable pump or pumps, W¥ith the sole exception of the
barrier development progrex, the decisions mede in connection with the
ohoioce and evolution of process puxp sises and characteristics hsd a
greater offect on the shaping of k=26 oascade design than any other
single faotor. An extensive treatment of the development of pumps for
process use and other purposes ean be feund in Beotion III,(8)of the
Kellex Completion Report,

&e Requirements. - Im 1941 E. A Boorse prepared s peper
disoussing the general preblem of gaseous diffusion plant pusps (App.

- D27} It was recognised that the follewing requirements hed to be

sst;

l. Thore must be effectively no loss 6! process gas from
the systen, The volume of gas to be handled by the
pumpe, most of whioh is repestedly reoyoled threughout
the plant, is very large in oomparison with the rate of
feed to the cascade or the rate of product withdrawal,
The smallest fractional loss of the process stresm as
outleakage would constitute a very oorioul.IOll in terme
of feed or product,

2. Inleakage must he limited to a very low tolerance sei
by cemsiderations of end product loss and purging
oapacity.

3. There must be shsclutely rc inleakage of oil fop or
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condensable vepore Juch paterial would rouct with the
trogess mterial, aid would imair barrier rorfommnoc,
In order to reduce tho nlant cquilibriun tirx tc as low
e valuo as possible, holdur volume of the pums rust be
minimigods This amounts to the requiremont of very

hiph purning spoodss

lateorinls of construction met be particularly resistant
to uraniws hmt’luoﬁdo. boonuse puyp parts are subjectoed
to higher as temeraturce and velooitics ttan any other
part of the plante Corrosion will hasten fallurs of
thin netal parts suoh &s a bLeollows, and solid corrosicu
products oun interfore with proper perforamnce of pre=
oipion parts, |

A wide wanro of oapacity and compression ratio ic
roguircde '

The pump must be oapable of landlin- & e of wusually
higk moleoular welrhty the density of Urp lz about
trslve timss tint of air,

tffislency of operation is esneclally desirable in ordor
to minimige the power deranded by thn savorul thousand

Preoess PUTPBe

Colection of iwrr Ty-o, « It war gamerelly believo?

(Appe T12) that oentrifuyzal purps satisfied these prequiremsnts more

gomnlotely than any other type, but bellowsescelsd pesinroentins pums

were re-ardsd as rrobubly accemtable subctitutes 4 e ant&cim{“—,ad

develaneent of o gsntrifusnl trhe shruld nrove vacvacessiuis  Tie ade
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" A.C. OPEN MOTOR CENTRI!

- WITH CARTRIDGE SEAL
THIS IS THE TYPE ULTIMATELY DEVELOPED FOR PLANT USE
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EN MOTOR CENTRIFYGAL PUMP e i

WITH CARTRIDGE SEAL
LY DEVELOPED FOR PLANT USE
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) back plates are cold formed in a hydrauliec press. The blades are
provided with edge tongues which project into holes in the plates.
Exoept in the 1200 eubie foot per minute size, four "equalising tubes"
pass through the impeller to baltno_o the pressure on both -i_du end
oliminate end thruste The impeller comnsists of twenty equally spaced

J'bhdu of 1/8 inch monel sheet. The blades are curved, and are assembled

on the impeller wheel with & backward swep. They are emolosed at back
and front by manel hudb and ocover discs. The backward sweep feature of
the blades gives a steep pressure~volume charscteristis, lowers the
pumping 1imit, and provides a non-overloading power-imput characteristis.
The scroll and diffuser are made of internally mickel-olad stesl. Al
easing joints are welded; all bolts, stays, etc. are provided with

welded or soldered seal caps. Bearings are sleeve type, babbitt-lined,

fed with oontinuons nMu lubricant fros a eentral system, At the
motor end of the drive shaft there is a flexidle ocowpling, with &
removable spacer long emough te ponit removing the seal cartridge
without disturbing the shaft or motare 4 "blewout preventer® (used

ml& during seal maintenance) is provided to prevent leakage of sir into
the pwmp V.-huo changing the lg;l. Rearly 8000 of these pumps are |

¥

instslled in the xgs casoade system.
§-2. Centrifugel Pump Seals, -

ae¢ [FEarly Studies, - The Columbia investigators devoted

oonsideruble effort to the development of ocentrifugal pump seals and,
as summarised in Fedruary 1943 (App. D31), three main varieties were DOE

N '3
being contemplated, ' & )
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Yach of these typos possessed cerisin dlsudwenta;vs, and nons was finally
agoepted for use in the msecus diffusion .phnt; For e discuseion of
the work on these ¢:nes the roador is r'eé‘og'rod to the Fellex Corpletion
Reporty Seotion 1II, (8) Ae o o
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Dui.gn prinoiplcl tnd opontlng chnnobrhﬁu were found
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to be suoh

thnt“ltﬂi&bqune-xy'u-t the requirements for centrifuml stage pups,
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-/ nnv--tag;taaun 1!!. eomwinu-d ‘at the BAN ntbeauearinn
uu-oue. larch 1948, simultansously with the prosustion progrem, |
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A wariation of this pup, which retained the same seal unit, was tried,
but with no better suocosas, The oonosnsus of all agenoies ooncernsd
was that a re-design of the purp seal would be required,if efficlency
were t0 be attained in operntion, A 1iaison group, emposed of Oarbide
engineers, was assigned to guide this work to successful ocpletion,
,Te prowp wus %o receiwe -aaa;-mpsﬂ for re=design from a1l agencies,
correlate them, and pass them an to an engimsering growp which would
prepare the design, Testing of new desipgns was oarried out by the Seal
gggsuﬁ.-ﬂic‘?ggﬂﬂsﬁ-g

T
e s ———_—

|

City laboretoriss.,
DELETED -
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Much of the material exbodied in the suggestions fop re=design Were the
result of the experience gained at the plant site with seals bﬁ.»u«.
early operations in the experimental building (Vols 6)e ~
DELETED poe
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grsket which wed used on the seal,
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(2) Provemtion of Seal Rustinge = This new seal ws

e great step forward, but it was not the £im) answer %0 pump seal troudle,
Origim) shipments of seals were found to be rusted on arriwl at the
,Plant site, Stuly ws mde of this problem ty Allis<Chaluers amd

Carbide, Af'ter a mmbor of atbempts, & solution wag worked out so as

to prevent any debterioration of the seal betmesn the time 46 lef's the
maufecturer and 168 arriwl at the =25 plant, Yhen the seals were
ready for shiprent, they were olsazsd to specifioations axd paoked in
s114ca ¢el, in an atmosphere of dry attrogen, and the individual oo
tainers sealeds This ended the rust difffoultys In addition, the emtire
sealwas shipped ¢35 & oartridgs, end was so kept wntil seady for assenbly

on & puEpe

(3) Improvement of Seal Gasket, = Trouble with seals

fn the plant continued to be the mjor oause of 0ell downwtixe through
the corpletion ef the 308 Section, and for some time during the opes
ration of that seotions One smmjor phass of the prodlex was rm down
wthoobonummuxmutﬂ-pm A muwber of leaks which
MMthmhmmhhduquMudm
the seals, and not to thé seal itaslf, A new plbt developed hy Carbide
at SAY has elimimnted this trouble, This new part is a rubber ring
gasket and 1s rore sconcmical to mmufacture and to uses

| (6) Seal ¥odifiontions for the 508 Seotiom, = Som
after the 308 Seotion wemt om strean 1t boowms Apparent that seal
foilures were ocourrins at such & hich rate as to reduce tho effectivences

p . . Geld
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of the uppcrpart_of the casonde to a dangerous minimum, Operation of
the whole oascade with reasomble esonory of production required utie
lisation of the 3508 Sectiom, but sea} failures in exoess of 200 per

month posed & serious problsme
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; These studies resulted in the preduotion

I g

of a seal designated as 1~7, which uulmoforny et all of the require~

ments for oslls in the 308 Section, Afber their installation, an
lmodhh‘ drop of frequenoy of seal fallures was noted, and the rate
oenluuxitly irproved, At the present time seal failwe stands at less

/

than 6 per cent otg.h earlier nt-p:
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They were vory thoroughly tested by the group at SAN before being
tnstallsd, The sucoess of these seals is witnessed by the fact that
J‘dn rate of seal failure in K«27 stands &t & very low inoldences The
operating strean efficiency of the oascade hu been over 99 per oent,
‘as opposed to the 87 per ot origimlly predicted in design, In
large measure this high efficiency is due to the very thorough ressarch
and untmgmdmpyﬂn Carbide SQIDonlopunt m'owuﬁ‘%\

.
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/ thhnm pups require no ml;, md. thororou. nuehor [ 3

Tem———
’

Jioal pas system nor & seal waowum systems At the sams time, the motor
windings ocan be situnted in the atmosphere, so0 that conventiom}
Ansulation oan be I
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8«4, Totally Enclosed Process Pums, = The Type CS«03 pump

represented a suall totally enclosed twowstage Vestinghouse design with
an oi1 lubricated bearing and an o1l seal, he rotating elemsuts were
~ mownted on & single short rigld shaft. The assembly oould be shorte
ff% ootpled and flangs-mounted, and required no base plate or foundations,
It 444 yequire a special motor insulation resistant %o process gas,
and & specisl W= reaistant lubrieating oil, It also required a
oooling fan and a special type acosssery oil pump, Seriows difficulties
wore encoutered with the oil and insulation, and with the dissipation
of huto_‘_,nowlmnf of enclosed motor desipgn was disoontimwd with
the susoessful evolution of the cpenwmotor sealsd wnit,
G5,y m- The purge ocascade iay be considered as an
extension of the min proosss casoade, ll;lﬂnhp diffusional sesa=
K retion is carried out in this section bdased upon the same paseous dif-

p—

fusion principles as in the rest of the plant, The puposs at this
' point, however, is not to effect the separntion of different isotopic
l varieties of uranium hmtfimid'o, but rather to remow any 1licht
diluents whigh may have found their way into the process strean, The

—_—
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woicht and stroke, speed, and work done mde proper ;mml for warying
oonditions quite diffioult, The walve inortia problem was also serious,
(2) raddle Pumpe = Desitn work in the paddle type
mchine was done by the American imchins Defense Corporation (Apps A)
uder subocontreot with Columbia Uniwerasity, The pumps oonsisted of
an osciliating paddle trawlling on & curved aoylinder, The paddle wus
mtmtodmoxbemltmm;m. and the paddle rod ws sealed by & Doe
tallio bellows, The paddle d!d.not have to roly upon pressure apsinst
eylinder mlls for guidance, & large piston displsocenent oould be
obtained with cnly smll bellows deflsotion, and bellows 1ife was long)
but the unit was oxplex and yequired warious bearings, eranks, oone
neoting rods, rockers, etos The paddle was deformed by large inertis
foroeses A great amount of dewelopment vor? vould have besn required

to adapt this puwp to large scale use,
(3) Rotary Compressors « The "Roots Blower™ is &

nodified rotary compressor with exterml gears and bearings, and two

" figure "8" Smpellers, lNo internmal ludbrication iz needed, since thore

are no rubbing surfeces, lealmge iy not objectiommble through the
fow thomsandths of an inoch clearance between oan and housing beocauss
pressures handled are generally low, The "Elllottelysholn" rotery
ocorprossor retains the adwantages of the Roots type, dut has greater

" efficiency booause compression is more nearly adiabatic. Helical

lmpoliou are provided, and discharge and inlet parts are ’at opposite
ends of the ecasing, In Iay 1644 the Elliott Company wus aslked to de-
termine the feasibility of a 500 cublio foot per minute model, That

oompany proposed earbon oontact, bellousesupported senls to do cooled

Ge21







z
13
[Y
&5
mw
Fa
go
y, 4
ﬂ mv
-
- Jm \\\
nu >
p—— 3
1A 38 4
N/
- i P -]
“ 1 IAEY 4 g
< » 1o
I H _.uu P Z
3] H 125 Z.
2 ¢ H ke Z,
f 4 H pE Z
' 1149 /
. )
| $ - H t
| 278 ’ i e —— o~ 7 .
! Q.
1 > N N W

o % %, 2 2 Z S \ N \\\\ 7

It} % Ay .. 5 Rt . A Q

% IR o _9 __ 9...8. ° 0 _ 0 0 6 _0_ 0 _ 0 0.0 2 N 7 e ©

5= o/ Z Z 7 2 v

" e F3 ) G - Y

s a ” = Sw L8\ 2 =
: R Q ou 2 g ¢
% o9 odl % ~
ax w7 % 3
e @~ ©~ @. 7. &
ik i ” .7 77 G N 7 2
- . % - =t T &= s e T — % : w M
7 I, T R —————— = “ = S e ST =
\\\ = = ol ) \ o N e A m -
1 \\\ N D K P 2. =

7 ® ® {S) ga . D ; e

i aw
%274 N " " M" . D u
< X 8 x Y / a | woo-

“ A ﬂ -] od Lo } - =

H - Fi 3 3 Vo / “ >

lllllllllllllllllllllllllllllllllllllllllllllll & »

z 7 O 0 o o o o o o © o o o6 o o / \\ % »
47 - s J
Y N / . Z [ m

t
! = (e
f - —— % -
=\ —— 2
...n._ . % @
< . %
Zz
z ;
7
Z
oA
s
> T




reciproocating stage puups are instelled in the purge cascade. This pump
possegsed advantages over the types mentiened sbove in addition to the
relative simpliocity and ease of oomstruction. The amount of develop-
ment work required to work ocut the detailed design wesz considerably
less than would have been required with oms of the mare speeisliszed
types. The entire pump design (Fig. 3) was very greatly mrlunqod

by the type of seal chossu.

(1) Seals = A bellows type seal was sslected. Other
methods were considered such as the use of & long, straight, heavyewalled
rubber tube, The only rubber which showed a possibility of being
sufficiently resistant to attack was butyl rubber, but its mechanical
properties were entirely unsatisfactory. A carhbon seal was develaped
which oalled far & stiffing box of much simpler design than the bellows
arrangement. - The sealing materizl was campounded fram carbon and &
specisl ixighly fluorinated organic polymer. The material wes found to
be seriously subject to chemiocal attack by process zas, but might be
suitable for use at concentrations below ome mocl per cent of UFg,
Iﬁtorost in the carbomn seal wus greatly diminished when it wes found
that by reducing the design epeed fram 1000 to 750 RPM, the life of the
bellows senl would be so greatly inoreased that seal replacement would
no longer be & greet problem.s To insure & reasomable length of life,
the stroke was limited to 1/5 of an inch per bellowe unit. The maximum
tolereble unsupported lencsth of piston rod was taken as 24 inches, which
ellowed the use of six bellows units. The totel pump stroke wns‘ there=
fore set at two inches. To counteract .the destructive farcec set uo by

inertis wuvos, evch bellows unit wue arranged tc be independently

6.28
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PROCESS GAS VACUUM PUMP




onl wmowmm pup for prooess pase A magnotic oil lewsl indicator ws
dovoloped to replace the conventionul glass sifht muge, The uawnl ocast
iron wag replaced by & meterial similar to SA®«G5 dronse, and Ly low
carbon steel, For sasy access to the pum interior, wolded wacui: joints
wore designed 80 that they eould be machined or reewelded with rolative
sim-lisitys A quadruple shaft seal was provided, and special highly
fluorinabed inert seal oil was wed, Flectris heaters were installsd to
mintain an slswted temperature while the pwps were not mueming, for
the purpose of reduwing lubrioant ﬂimtty; as well as to prevent
eondenwation of the process gas, Howewer, at steady operating speed,
heat generated is more thanm sufficient to mmintain proper lubricant
viscosity and keep the pfooue gag in tho wapor stots, A 000ling mtor
systan therefore bad to be instnlled, and required a doubtle metal sepse
rating wall %o eliminate any possibility of wmber finding its way into
the UPG stream, Oopper tubing was wrupped earount the shell of the pump
and soldsred 4o obtain good heat transfery ﬂmﬁlhulthotm
desipgn,

. 8«9, Fluorine Veouun Pums, = These pums are for ewomting
eonditioning gas fron prooess equipment, Requirements are similar to

those for the prooess gas vaowm pups exoept that the outleakage
specifioations can be somevhat less severe, TViork was undertaken early
in 1944 by tho Fe Je Stolms ohins Campany to dewvelop a special, rotary,
oll=senled, machaniocal waouum pugp to handle fluorins, Gusket and
flange desipns were sompletsly revised to use aluninmum and “British
Forrula Rubber®, A rotary shaft seal wus mede up of mterials resistant
%o rxuoz:’im. Caotingo were rigidly :ln;poehod to elinimnto & possible
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prevent 011 wpor fron diffusing or flowing back inte the spnce being
evacw.ted, & refrigeratod wapor trop is installod shead of the primary
pumpe This trap is ocooled by a Westinghouse meohaniocal refriperating
wnite To develop the oil diffusion pumps, programs wore initiated at
Hatiomnl Research Corporation, the Vestinghouse Electric and lanu~
faoturing Corporation, Distillation Produsts, Ince,, and the Kellex Nash
laboratories, The oil is heated electrically, O0il wpor rises in an
inmer chamber, and is directed dowrwrd, discharpging through two amular
nogeles into the space boetween the (mner chamber ani the shell, Copper
oooling wator tubing is wound around the shell and discharge sonneotion
to condense the 011 wapor whish then runs back domn into the oil reserw
voir, A fluid lsg between the inner chacber and shell walls prevents

& btaok flow of wapore For use throughout the prooess and econditioning
areas at X«25, a total of about 188 units were finally ordered from
Nestinghouse in 2000 and 4000 cubiec foot per minute sises, Six units
were bought from National Ressarch for use at the Kellex Jersey City '
Teat FPloor (Vol. 8) and in the laboratories, Piwve units were purchased
from Distillation Products for use in beating walves being manufactureld
at the plant of the Crene Cormany (Vol, 3)e
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6=le emerel, = Tho uzcfulnesas w:d srecticelity of a producticn
nlent arc oo pletely dspendent uvren “‘he nresertion of nesitive control
to which it is pubie~’, “epgulatio: of nroesse werielles, conctmnt
kmowlcd ¢ o proce.. etroanm rixily, - nd confrol of dozirod j.«':':..raical o
chvniictl trunsfoprmetion tuVving pleco durine the course of' the moveneat
of reterinl thwrou-h & stepewise sorics of nroocsein: oporetions are
orinc reguiremrmnts for el’fective slurnt onomution, Inctrmmeontation s
rencrelly nrovided flrst for the nurpose of deborminin - operutiné
wariodlos and nhysicoechardonl prosortine of e prooess strcan, and
sooond for the purose of contyrollin- these wriables eithor ranuelly
or avbonticellys Superirpossd upen the uwsuel problems rhorent in the
planning, develonment, and operaticn of & worialLle systom of ingtrumcne
tation, tioro is presented &t the =25 plant & nwiber of wnusual poe
guircnonts and conditions whioh mecessitiitod & waat ororan of rosearch
and developrient includin: theorctioul eorsiderations, formulation of
rejuirencnts, adantetion of awiilabls deviccs, and oriizction of new
types to 4t oneclal moedse /4Anon: the snecinl oonditicas ohtz‘inir.-‘
within the =30 plant rey Lo lisbed ¢ho followin g
ls Uxtenoive nesd for detorrdmetion of pruoass piprecwm purity
el e proat mny dointee Tt wn doencd nucessary to
nrovide & moanc for continuvoun suvbommtic deterninstion
o' the Individucl pronertions c:' »roecsc dilusnts suc: ap
nitroen, oryren, o exeland, el Yoood of wac poirnt In

cvory bullding ¢ e rein escoads, .5 velf eesendo,

Lol
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end the purpe casondes

Subeetrosphorio prossure of the operctin: process. Tis
results in the dangor, present throughsut the plant, of
inleakmre of atmooapherio eir, an ocourrcnoe which ocannot
be tolerateds ‘

i)y oorrosive mature of the process :n.'berial. Urenium
haxaf'luoride rexcts with (lasz, moot motals, moisture,
and orranic mterials, _

Tieoeseity for isotopic assey testinge Instruments oepeble
of dtutinruishing betwoen isotones of & partioular
elonmnt ere wvery for in nmubor, and to date have lad very
infyequent application to industrial problems of plant
controle |

Inturs of the milee=lon- maeous diffusion nrocess, which
iz ultre-gonsitive to pressurc vaves nnd taporeture
waristions, 4 continuous diffusionsl separation proocess
demands & stoed: state, 'ressure fluoctwmtions, puming
disturbences, and simdlar wristions set up wavoes and
surpes vhioh cause mixin- of am and loas of soph=
rative production efficiencye

Sevore conssquences of wariation of operatin: conditionc
from predeter-ined mlue;. An inlaockare of alr or
coolant &t any ano sta:e, for cxmuplo, produces stream
contrnination at that noint, wiich begins hmcd!nteiy to
be carried in both directions, tendin';' to spread throuche

out tic wiole oascudie Ti6 oom result in roduesd
Co¥



production caproity end seriouc derm e to the delioute

end welughlc barrier curfeoce.
Tht wegt scone of e instrunomtetion shese of the KelS devoloment
rroprem, end ‘he eoxceptiontl tochnicnl comloxity of the subjoct retter,
nrcelude the precentrtion of more then & swrsry descepintion in the
aressont voluxe of tha finel nethod of annliecation of tho wuriows »rinecinles
utilizéd. hecordinrly, the reminder of 4this seoction atteaxts, for the
twclve outetzndin-~ developrents in raneous diffusion plant instrmunmene
ttion, to desaride the pfincipla of oneraticn in each ouse, the ‘equip-
mnt desim end arren;omont Pinelly chosen to tekc advantaye of this
prinoirle, cnd the ultirete method evolved for oporeting the asserbled
wit, Tie 'mjority of the devicca doscribod below were devilonecd ang
mnucotured bty ovllabor.tion of the Hellex Corporeticn with tlhic ~ncrel

Tlcetrio Comany (Appe I'76, 177, I'78)es Considsrablec wori: wesg &leo done

. et the S4Y leboratoricse Othor firms partieipeting In the prograrn were

the pore Products Compeny (Appe D76), the Taylor Instrmument Cormpeny
(Aope T'79), mnd tho Republic Flow !'eter Comeny (Appe D80)e The worlk

dove b theso lastencred concorns fells most properly wnder the heading

ol ecuinoymt desim and pmm'emntgv discussion of this work 4t accordincly
rosvrved for Volumw $¢ For more dotailed troetment of particulnr especta
of the work on instruwntertion, referonce should be mads to the Kellex
Compleifion Renort, Scotion IYT (10), to the pertinct operatin- remuelc
preparst by the Kellex Corporatica (thecs ars tabuletsd in sppendix C3

of Volwae §), end to treinin- mmnualn of the Carblde &nd Corbon Chenicale

Cornoretione

Celle lucs Spoctracl re = T mess socirorwicr forms i« L.oif




of & nuwher of the pore nuwrous anc nore fmmortunt instruents cs-
neeirlly dovcloped end eninoored to it the particuler end extctin:
dexnds of the ‘cscous Diffusion I'rojocts Thc Kellox Corporetion and
the "omerul Flectrio Compeny worked out the desi n and ranufacturing
proocedurcs for thie eguimamite T Imss spoctromotor, or 14o fore-
mmérs, mve boon known for about thirt, yoarse The instrunce:t hac
provided & powerful @1 for werkers in atomic vhyeics, and hic pecently
bsen annlied to ammlytioul problems in sevorul fields such as the
potroleun and gynthstic rubler indusiries. ' UnQuestionmably, ite proetost
appliontion to dato las been to assay gnd production problers within
K25 and othor projects of the lhnhatiun Disteiot. Mkin~ acoount of
the Qifferencec in rolative muss anong the variows individuil molcoular
or atozio partioles presont in & pessow mixture, the mss spootromcter
is suited to 1sotopic as well as chmrieal @ssay testinr, since, by
definition, 1t ie this stomic rmans which distinrulshes the seversl
isotores of & pivon elemcat from one anothopy

&e illatorionl Surveve = The orizin of the masg spectroe

meter datos from the yoar 1806, whon ' Joldstein firet observed wet
were ocalled "caml rays" (Appe DOC)e Theae were later found to con:ﬁt
of strean: of fonisad particles, und erc now lnow: a3 pocitive ion royse
In 1898 Ve Vilen firast sucoceded in producing doflection of fon rays by
meneg of cloetrio and me-netic flelds (Appe [ISU)e ECarly work on dise
persion ol positive fou beums wme done in 1307 by Je Je Thomson (Apps
DIOO).Y later norir by Thamson ir 1013, involving studies of the Lehavior
of' 1irht :mses, enablod re Ve A8ton to aanowmee the Armortunt dincmrﬁr

cf tro hcpt.re.tu lsotoncs of naons T 1510 ie Je Dampotor (Lp-e D101),



developed e direotionefocusin~ toehnique for nositive rey emalysin, and
in 1910 Fe Yo Aston (Appe [102) devised a vclocity foousin: rethode In
1933 Aston published & cormrehensive toxt on tho gubjeot of mss spectro=
graphy, and desoribed en instrument of advenced design (App. D10Z)e
Within the lanhmttun Listrict, the m:g0 spoctrumwtor reoccivod vigoro;m
ard intensivo study and development chicf'ly under the direction of

Dre Lo Os Co Nior (Appe C29) workin- first at the University of !dmioe
sota, and later for the Kellex Corporations For an extansivo historicel
treatment of the invention, dewnlopment, end applicetion of the rmss
sprotrometer, ar well us tho story of i%s use on s ciantiec production

sonle at the YelZ Projeot, the reader 18 roferrod to Book V,
be Prineiplu of Operetione « Cevornl fundamental principles

are cozbined to form the basizs for the operation of tho mes spoctyo~

moter,
(1) Formmtion of Flectron ‘leamae = A boarm of hirh

vclocity elact:"om my be formed by onclosin- within an cwacueted speee
& hot filament end, ot sore distancc from it, & posltivoiy char:-od
plats, e hot filament will exdt olectrons, which will be attractod
to the plates The beam oan be acourntcly ali-ned by irmressing ;
manotio £1cld in such & woy thrt $ts lines of force are rarellel to

te »ath of the electrun reyce
(2) Iomiention of hasse -~ 4 repidly tyawvolling

slectron strikin; a pasecus molocule possosses ths ability to dislod-e
om0 or morc electrons from the w6 rmolecule, ofuain~ it 0 Leoane &

positively ohmrred ion,

(Z) Acceloretion of .ancous Joune = To8itive  uasous
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ions omn Lo acocleratrd and dirocted towrd o low peotentiul tur ct by
gubjectin: thom to the influenee of e hish stransth clectric £iclde

(¢} Dendin- of Jon Havs, = ormmlly, the soccelerated

jons trevol towmard the tarret alon: a rectilincar path parelicl to ths
lines of forcc of the eleotrlo ficld imecceds lowower, If & mm-netic
field 18 supcrimosoed with 1ts lince of foros orimtd in e dircctio:
perpondicular to ths meturel peth of the long, 1t will tond to dolloct
thon from their strairht line nath, and oeuse thom o travel ir circular
arcs, the amount of deflection bein~ reatest “or those iens of lowest
mss (Fire 11)s Tiet is, the heavier ioms will travel alon: ercs of
rreater radiuvs of curwmbtre, If the lons wers permitted to strive &
ter-ot wall intersosed aoproximmicly pernendiculer to the éirection of
trevel, 4t oan be scen thet the roints et whiceh 4ons of differunt rusaocs
strike would be distinot from onc another, and would be srran-ed in the
order of their rospcotive relative rmascase A moans is thus ewiilablc
for separating moleculss of different woishta, and for sorting isotopes.

(8) pischarrc of Ienge ~ Az the positive fons

strike the relatively negative tar-et plate, thoy tike up oloctrons,
beoorin, electrioally neutrel, T™his results in the attraction of morc
clectrons to the plate fron tiw extermal ciroull, Le.06, flow of oone
veationel electric éurrent fron _t!;e plate, The marnitude of the curmrent
produced will be in direct proporticr to the nurier of lono discher,od
per unit timwe If couditions are amec aman';_--c;d thet only the ions of &
spcoific mess &are allowed to ronch this "collector plete", monsvreront

of the plete eurrent will ~ive en Indiecstion of thc¢ nurder of ~olocules

of thic rarticuler msc,
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(6) Toe of Yl1itce = Thir celoctive condition ecen

be errenc-oad by ghlicldin- oul &1l dorn excont thzee of Lho degired woi-ld,
4 ghield oan Lo dnerrbod in front of the collector rlato contuining e
naprroa 81it et the focal point of iong of the snccific maé desireC,e
Thoy pesg tlaou-h Hw s8lit and sirike the colleotor platc, vaile others
ero interesptod by ths well, 0Othor eplit erran-cnente oun be erploved In
2ie apperetus 4o oricat, focus, end cin the clechfon and 1oz botrse 4
strikineg enelo-y oon be dreaw: betwoen tho ainmin - and focusinrs o o
bears by elits, and the simlar oontrol of 1irht bears by rloss lensons
The o~ticcl emalopy ic further strongthsned, end viswalisation of mass
spectrormotor action eided, Ly corparin: the élsporsicn of e nizxed boar
of $ons of wrioun rasses to the disrersion of a been of white 1li-hi
into 1ts wrious bom_:»o:mnt wovelengths by & trien uler -lass prisn as
applicd in the wollelmown optioal s;'»ectrom;ﬁ!r. It is from this analory
thet the nemc "mess encetromoter” is derivode
Ce Connamnent /ertss « heferrin- to Fizurc 12 which shows

e typieal sroctrometer tube arrenrormont ac usod in theo "Line Pecorder”
to be desoribod below, the “sourcc" end it housed in & glb.ac erv.lope
wi:ich 18 ettuched to 1he eoppsr amalyzor tuue by msans of & Koverretoe
pless poile The tubin- surroundin- tﬁe collector plate is redo of
niotcl rcther thon corner to avoid the evanoration of petl on the
ingulntion sunporting t'h::: oollector lond, /7 s 1::1& and @ 1-5/(; ineh
eospor vacuun pwlr lod Ec nrovidiule Sechional) drawdnc "ALY ghove tho
i‘ilb.lmnt F and elcetron oollector nlnts Te The poles of an flnicos
mrnet arc pleocd e show: {or the ~urpose 07 accuvrabtsly eli—min- the

electron botre i hbe noin drewin-e, thr ¢lectron Lo erost teoticn
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is indicatod ae & heavwy dect Imwdiatoly ebow the glit in the shiold &,
A serdes of slit nlates, J1, J2, I3, J5, znd S ere provided, in line
with the sources, J1 end J2 are & oplit peir, and permit bonding of the
beer; to ono side or the other %o campensato for immerfec{icw in aligne
nent, as woll as for the s8lighit bendin: of the ion becm produced by tho
menetio fiold ussd for alipning the electron boan, The remaindor of
the plates form e "lens" which mot only inorecses the intensity of ths
ion heam enterins the marmetio anmnlyser, but also prevents e dropping
off of ion intensity for }111 tut the lowest energy ifonse The bwo plates
mrksd G are proundsd along with the mepnetic amelyser housin- o whieh

they are tled,
de lMothod of Usoe = Tho spootrameter tube is continuously

owcwmmbed by means of o diffusion purp and mochanionl fore purn system,
Serple ms is introdused into the sourco box and jonized by the elootron
boam, An fon beaxm s formed and aocelsrated throush the anmnlysor tubes
The relative amount of & particular constituent is debermined by
measuring the ocolleotor plate cwrrent with acoelercting wiltepe difference
botwesn tho positiwe electrode and the ecllector plate s0 adjusted as to
cause this constituont only to foous on the slit in the oollactor' plate
shield, Seleotion of the corponsnt to be 8o msusured is made Ly suitable
m@dat;.on of ecoeleratin: woltage, elnoe for & piven mapmetio field
strencth, the ouwrveturo. of thu path followed by eeoh icnic species will
inorease as this wolture is loworods, An eltermtc method of ion se-
lection oould bo worked out besed upon the rorulation of the memetie
field atrencth, lowewer, the firct method ir ermloyed in mase speotroe

mtors ot Ke2by Epecific eplicntiorns for instrmanents utilicin: tho
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(2)  $reni wree » The Mrent aro ir notinlly o

precoure Indientin: snstrment, Lt 16 wed in thie lMne recorder w
masurs rete cf flov of the ges mr:;ﬂé entoring the gectramcter tubo,
ginoe flow rute and prosswre o{- the oo nre interdopendent, It is
busol wpon the prineiple tint, within {he presswrs mnpe involved, thoe
rebe of bheet logs, and hanos thc temmoreturc, of & hartod wlre, depend
weont Gl presswre of thic murowading nee T borperaturo of the wips
is measurod by neting $t8 chanre i elnctrionl resicinnco.

(8) Adjusteble locke » It 48 necessary to controd

the ree flow at the fnlot of thu tubo reel: beocsuse tho spectrumicr tubo
is bullt to opereto nt & Piren! rere rendin . of ebout 100 milliwlts,.
To reulnte avoureicly the oxtremely smmll Clow roquired, & novel wlwve
.6 grooinlly dovipod mowt 8o th. "'sdjugtible loak, Ji& shown in
Mrars 15, e mo 1o throttled by passa-e throurh a srll srmular
sxace tho slge of wf:ich 1o dopevion’; won the ;n*osam';; on the leal
ftube, whicl. ig repuinbed by o clwgpe A cnp.illm'y' tube 1o provided at
e ertrt-.zc._ o the Yoo inm order 4o prev.at efiugive fructliantation
aid elan < of caaesiticn of e geus pasuin s Slavu h Wo leidzy
edfuoteblc 1ok cowldd reduce an atmoashorle sioply pressurc to 1.7
Ellinmnt-ro of corcwsye |

a3 Ciondonl v, = T orlice W revent GUc o

tedneticn Uy deseslticn of E%}“G, o cncniond e e provided W ranewve,
Cooraeetlior with mrewsy, LS woldw: hoflaoride fros the rue mixtwre
entoyin: the tube ruel: before it witors the erectrompetsr tudes Tw

ey dp 2liovn o YVipure 15, Vercury dis®ilic frcr. 1ts reservolr and

Vo Tl fneh belte o by nderer tubre WAL BUVD g

Moo Log o o S . N :
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(6) _Ionigation Cage. - An ion gage tube (Fig. 17)
was adapted and menufactured by Distillation Froducts, 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 fallure, sc as tc avoid burning out of
& filament, It consistes of a source of slectrons which fall through a
potential drop of 100 or more volts, and a means of collecting the
positive ions formed from the gas by electron bombardment. The ions .
formed are oollected by the negative plate. The resultant plate current

is measured; for a fixed electron emission, it is proportionsl to the

gas pressure.

(7 !uhging Equipment, — A two stags mercury

diffusion punp is provided, having a capscity of six liters per second at
a pressure of 10'6 alllizeters of mercury. It is backed by a mechanical
fore pump, and arn oil trap is inserted between the two pumps so that, in
oa;e of failure of the mechanical pump, its oil will not be drawn into
the diffusion pump. Two thermocouple gages are provided to -oalufo the
fore vacuum, Similar to the iirani gage, these are also "hot wire gages"
and determine gas pressure from wire temperature, but instead of measuring
the wire rcsistance, a thermocouple and millivoltmeter are used to in-
dicate the temperature of the wire directly.

(8) _High Voltage Supply. - 2500 volts direct current

is required for the operation of the line recorder.
(9) Control Fanel, - The function of the contreol

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

voltage appears at the source.
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. (10) rxiseion Ro-ulaicrs = An emission rerulator is

included in the desi m to furnish wvolinrus for the vemminder of the
source, and to provide filammt ecwrront eo regulatsd tmt tho totnl

exission raming constmut,
(11) Arron Lystems « liouns wore oririnally provided

for introducin; a srell quantity of ar~on into tho ms strean as a ocalie
brating ms to show any chlanges in ggmitiviiv caused by aging of the
tube, This equipment 16 not used wnd is bein remowd fron the line
recorders, Standard UFgenitrogen samles are now \;uad for ealibration,
(12) Armplifiontion Sysbem, = Tho pre-arplifior and

armlifier serve the Lmrortant funotion of measurin:: the ion ewrrent,
Currents as low as 1738 erperes oon be hrou-ht within e mousurable
rance by tho uac of this anparetuse The arz:liflop consists essentinlly

of a wowun tube voltmetor with a high rosistanco grid circuit,
(13) Volte o Stablligere = Tho voltaro stabilisor s

8 oomeroinl stabilisin: wit which is intonded o smooth out fluotustions
in tho 116 volt alternatin - owrent obieined fron the rRinsy uno of this
dovice mlkes 1'!: poasolible to slmplifly the dosimn of thu other acocssories.
(14) Reoordore = Ths recorder moolanism switches the
speotronoter tube voltrres to the required w lue for each ion to bo
moosurod, sclects the sensitivits of the arplifier, und records v
individul camponent conegntyretiong in termt of amplifiod plate ourrents,
by moane of e Loeds end lort'ru: recordin:- ;mtmtiqmter. The various
diluont oomoentr.tions arc thuwe exrined in a presrransed (nd oontinuownly
repected sequonoo, The rosult 1o a set of ourvees vwhioh rraphioully

portroy the tirmowwnriation of each cormponant,

Col
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te licthod of Use, = iart of the dischar-e iron th: A

pren of thoe cixth stere of the coll boins monitored is circuluted ocne
tinuousl s to the operetins floor throu-h e heoted manifold and returned
tc the suction of tho seme Pump, About ¢ rec cubic centimctors (or 40
rdllirrers) por day of Urg 15 bled to the epeotromoter tube by moeana of
the adfustable loek, The twbe oporetes ot 1070w 107 millimtors of
rerourye The totul flov rute of gus enterinz the tube ruck is monswred
by moans of the Piruni mree g 8 chemioally romoved from the stroam
bofore 4t reaches the spectronsber tube, and rcuidml esos are measured
by moans of the spoetromptore Sixteen points erc ineluded on tho
nrintin, dovice whish opsmates oo & 6.4 Eimute cyolc, All evenemrbered
points rocord the conemtrution of nitrores, wiich 15 ordinarily the
most preponderant and most irmportant diluent, Points 1 end 9 record
oxyren cancantrntion, and point 6 pives az indioution of the prescnos of
hydro-en fluoride, It 38 not posaible t6 moesure the lattor component
acowratoly since much of 1t is presebsorbed by the chomiotl tyup baoi'ore
thes sermle atroan roaohés the spestrapior tubo, fiowover, sinoc & portion
DRESEG on ﬁu"ougilx the trap, & quelitetive indiostidon of its prosence ik
possibloe Point 16 records eoolant, perflucrodinethyloyolohcxane, In
thic espa, 3ons of rmss €9 are detornined, In other worls, instowd of
mero loss of en olectron, the Cgfye {roleouler wei~ht 400) 4ondsoc by
clouwepre of the mplecules Toint 15 records tho eombined conoentretion
ol oarbon diaxide and nitrous axide, which muy find their way into the
proccss strocn by way of 16&1:5 in vu‘ri_lom procens rofricerant syotes |
‘(Vo'!.. S)e The instrument cennot distingulsh between COp &nd a0 simco

thoy hays fdonticel fonde msces, mmely 44, Jointc € end 11 ere uped

,,
o - -y ot
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to chock the Plrani -+ ~c sample flow ycadine, and point 7 orovides for

qn arplifier instrwaont sero check, [T'g conoentration is determined by
éifferencees As an inhercnt oonsequence of & mothod utilizin: subtrection
of quontities, ths socweoy of UFg determinmtion drops sharply if the

line recgorlor i used whoro the amounts of nitrozen or other diluents

are larre, since a ons per oont error is -~oasible i1 ecch speotromotor
roadinge UFg ocanuot be offectively detervined where 1ts concentration

is as low as tw per cents The WFg econtent owrmot bo measured directly
in the 14no recorder sinco decorposition of the hexafluoride sharply
linitz the 1ife of the tubse, A spocisl ruel 18 beln: developed st this
writing, and is applicedlo when WG conoentration 1c 8o low as to onuse
seriouz error in the 4ifferimoe moathod, In this devieov the chauioal trap .
1s omitted; WPy snd hydrogen fluorice are detcrmined directlys, Tho
usaful life is  subJect to limitation by desomosition and corrosion.

™™o liro roocorders erc instnlled in each prooessc or purgs bullding in
K=26 and K«274 A copper tubin; manifold systom is provided so that
either line pecorder in # dven buildin- my be welved to any eell iu
thet building, One is usumlly comnectcd to the top motive oell so as to
monitor tho inlealmpe to the building, This is oslled the "prinoinal™ |
1line recordor and astantos a corrosponding “slave” rocorder in the central
ocontrol room, In this roon & swvoy 48 continuously awilalle of process
sirocan eomposition throurhout tho ﬁlm. The 1ine recorder is vory
flexibloy frequency of anzlycis, contamimants annlyzoed, raagrs, aad
precision cun all be wuried as desirods For noneroutine work the recoorder
nro-ran oan bo chanred to anclysze for differcent components, or @ rive

moro froquont a-mlysocs of w spocifie comsonents Thic is dono, for




example, whon 4t 1s desired to test for loal-s with oarbon ﬁ!wzide as &
probe uBe Such & mothod hac been developed as an tlternete to tho
ori~inal wewm tosting proccdure (Fere G=4) vhioh roquires shutting
down, ewcwmtin~, and repeatodly purring tho oell in quoaﬁo:i until §¢
io free of prooess e, &nd thon probin- witl: heliwm, The oerbon diaxide
nothod perrdte probine of suspeotnd arecs yithout shuttin:: dowa the cell,
and wiile it is in full proosss operetiacn, uuu-m(—' the line recordar .
to indionts penetration of ;wrobe pas throurh a leak in ths gysten,
inltc;ud of a porteble leal detootor spootruwber, The method effecta &
great savin; in the amount of proocess mtprruption times the ocell is not
taken off stretn for leak repair until all the prelimimary work of leak

loontion has been ocompletod,
Gede Lesk Dotoctor, = ALl previously exiating mothods for leal

deteotion, such as soap bubblo bestine and yatewof=pressureeshanss
methods, wore corpletely unsuitabls for use in Ke25 equipment teotings
It wus very important to sonooive and develo) a redioally now mothad
vhich would be very sesurnto, very repid, and eapable of disclosing
extremoly smll leaks, Early in 1864, experts on vhewum tachnolosy wore
otlled in to reviow tho k-zs wouum proan, Representctives from the
Jancral Flootric Companry, the Veatinghouse "lectric and lanufaotwring
Cormany, the Natiomxl msMIl Corporution, and the ,L.'mﬁat‘an‘ Dietrict
attended 8 twoedsy confercnoc, &t which tire it wan generally arroed
that the Hellex deai;;x‘reahxroa wore sound, and that the proposod
tostin,~ tcolmiques woro bettor than any preoviously known methods, Tho
problex wen £imally solved by develosment of & method involvine the use

of & probo puz and rucy snectromoter detectore Heliun wius ohoson eo

€a1C
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anslyze for ono part of holium in 200,000 it con thorcfere detect &
lock of ans rderon cuble foot per hour in o pieel cuacude ovlle The
arrllect detoctoble louk 45 0,01 micron ouble feot per hour, 1/5000 of
the ol 1n1cnlkngv ot be do@cbed a5 o sgincle lstk, The sise of m
dotootod leak ean bo estimated within wbout fifty por oant, Aocouracy
down to five por cent mi~ht be obteined if thc neoessary oorc werc
Justifiod by tho nceds Tho presomco of Wy or lydropen fluoride in o
svasrted system will damape the leal detcotor, so that equipment to be
testod mmt first bo thoroughly purrods Ovor 200 of thess ingtrunments
hevo been used et K25, prirerily durin; the poried when newly installed
oquipmont was bein: prepared and toatod for proooss use,

G=5y Assey Michinee « The pwryose of the assay machine is to
doternine {tho isotople corposition of the wreniun oontained in process

s sarplos (Appe DG4)s A sample instrument was doveloped at the New
Yort: labomatory of the Kellex Corporetiaon &nd turncd over to the Cencpul
Elootris Copany 40 serve as & model for manufecturin: additicnal
méhinoa. A eooperutive developmont progon wnp wdertnken by Kellex,
SAY laborutorics of Columbin Uniwrait-,r.. and the Carhide and Carbon
Chenionls Corporations

&e Privoinle of Oporations = The Instruant 4o an

adaptation of tho mas srectromotor In which ovlleetor plates aro
positionod to recoive 4on boume corrospordins to 11385?5 (mos 330), and
UZBGFG (ruso 555), respootivoly, The matio of the eorrespondin: ion
ourrcnts 18 mongurod by means of an electronic bridoe potantiomotor,
Tho igotopic apsay of the sample omn be ﬁomubecl by comarigfon of this

ratio with that fro: e etindord semile, L1 Wipgh asary wilusn,

*
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Tig in turn ctuscs e ronentory flow of cleectric current fronm thn cole
loctor plote viileh, efter suitnble em.lificction, can be detoctod and
indloeted by & mochanionl counters, Sinocc the nubor of fiscion evente
per wit of time will Aucresge with tho conoentretion of Ue235 in the
sarrle, the mumsor of fomn bursts will be nroportiomul to the isotopic
ooneentration which it is desired tn moagure,

bs Comronent “arts.

(1) ©&imal Can Stande = The statiomary atond (Fi-,

10) consists of an outor block of lead, and an inner leyer of petrolatum,
A neutron source 16 provided, oonsieting of onc rran of rediunm mixod
with berylliums The sowroo sssmbly fite intx; & hole in the lead blool:
adjeoant to a conteiner for the \fiuion charbore A etrin- method is
provided for lowerin- or lifting 4t from tho woll without touching ite

A quantity of hydrogenous matorisl, such as lucite, is inserted into

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

. proper, is mude wp of a pas chamber, auiﬁbla electrodes, and & freogo-
out tubo or "mout", whioh rmintains ths pressure of the process fuc
sarple et & emahmt vzlue equal to the wenor nressure of T'e 8t the
terporuture of an jco wmuter bath placoed arownd the tuhe, The top assembly
of the fonigin- charber connicts of & block of lead and o bloclk of luoite
throurh which erc ru the res 1line end clectrical commentions to the
fisgion ohamhere The prearmlifior box rests on a rubLeor met on top of
the stunde Fi-urc 19 showe & sim:1ified crose pcoetion of the si el

oan asgerblye The girmul can stand is fittod with four inches of
protective leed on tiw sidec of the rucdium poolket, and two inchec ol

lexd at L1 tos &I bottore Tue fmner lnver of petroletun: sorves et &
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neutron rm’iomﬁm'. The dotn) woirht of ‘lec ensembly is about 1C00 poimdc.

(8) Eleotriond Auxilinrioc, = Firwre 20 shows

schmmtlically the medliod of coanoctin- thr widous electrioxl awxilinries,
£ Lich gndn altermtinr ourrent arplifior nenel steps up thie intensity
of the fission pulsese A level sotter penel is vrovided to out out &1l
clectrion) pulses below & 6:welfind voltee lovel, Tho puoze of this
acoecsory ic to allow only thwae pulses t¢ ro;lster which are due to
fisoion (;;muo ere of & muoh higher wltnrc lcvle’l), since 1t 15 not
desired to count pulses duc to ordinary nonefission redionctive dooeye
The nesccsary hirh and low voltar~e panels are Llao provided,

(3) Sonlin:- Cirowlt, = The purpose of thc soeling

cirouit is ¢o providec & nmowis of sotlin- down, or dividing tho rete at
which nulses arc fed to tho mechenioul ecwunter, so that tho relatively
8low tim‘ respanse of the cownter will not ihnlt the rmto of pulse

ootmting possibles, Soale fnobors of 2, 4, 8, 16, 32, €4, and 120 aru

svailableo, ‘
(4) Counter and Tirer, = The timer automnticnlly

cuss of{ the ee&lﬁx,ﬁ, cirouit when a pro=sot tire mtcml has elapsod,
A rether lerre time intorvel is required sinee theoc¢ourrence of fiuioa
1e & stutietiocally rendom evente In pructice, tho timor ordinarily is
cot to out off eftor & mm of eifht minutos,

(6) Seyylin- Mmaifold Contrul Frcke = Thie sorvos

t introducs inte the sirmal ee}x & proooss et sarple from tha lizc
recorder renifold, or & standerd sarrle for purposes of celibretlore
It is elso used to eveournte the alirnal otne

Ce othod 07 Usce = The si-ml etn charber 48 cvuowtod

-
5 '531'
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to five ndiorons or less, and thon charped with prooesc poe to o prossure
of 15 to 16 rillimotors of mercury, 4 sll awount of tho mitericl s
frogen dowvn in the snout, by touchin~ with e thin slush of dry loe and
trichlorethylon® so &8s to produss & prosaure in the oon of 175 nillie
obers, A thormoe flosk of oo water is tren pleood around thiec frospos
out tube, anéd the prosswe in the sipwl oan is gontrolled to plus or
ninus 0,002 peSelets Neutrons are enittod by the beryllium of the
souroe as & result of its incessant bombardrent by alphe rediation fran
the radiu, The velooity of these nsutrons iz modernted, by passare
through the petrolatary, to & wlue suitable for causin; fission in the
U-255 atome bomberded within the sample contuiner, The oountor is set
to sero, the timer adjusted for tho intorw.l desired, the somle feotor
soloobed, sand the timer started, Unless the counber bopgins to ropgister
at about one to two oounts per second, it is atopped, and ‘the scele
faoctor clangeds The countor 1s read al'er each of e serles of eight
minute runses The oo waber bath is removed after fiw runs, the wltare
ghut of{, and the sigml can ewouwnted, Tie instrument has an acourecy of
about 0,6 por oents Hipth oonoontguticna of Ulg rooult in the deposition
of fissiomblo maberisl on the intormnl surfuoes of the oans This
doposit ocauses e "ankmtnﬂ“ sigmal whilch le suporimosed upon the
oirmel boiny counted, Tho background is thorofcre 'cheol:ad repularly
end applied es & correction to all' roadingo,

6=7¢ bEpoos Rocorders = Tho problem of &nclysing- the pus in tho

purpe casoade 1s corplioatsd by the fuot thut tho gomposition veriet
rroatly from onc ond of thiv sostion to the other 'bct:meﬁ the limits

of nsarly pure wenfwr: hexafluoride and necrly pure nitrompae The lin



rocorder ig desi-nod to amlyme procors ms contninin. pelatively srmll
erownts of Lrpuriticse To suprlement dic use of the line rocorder in
the purpe ouccude, it beouro necegseyy to dovelo: an instrument which
wue tormnd the Yepuco rocorder”, 1t mapose is to rive acouruto |
indioctione of very low W, oonoontrutions to permit oontrol of the
snrr-e rato, end %o check losc of hidh assa; “reduct to the ou'bon trape,

Ge [I'pineiple of Operution, « Umniw is & naturclly

madicactive oclemont, Faoh of its throe isotopes underpoes radiomctive
disintorution et a spontenecus and distinet rate, ome resulé of whieh
is tho exission of hich enerry a&lpha particlese If & sample of prooess
e is admittod to a tesot charbhoar oqu!.ppn& for moasuring the total retbe -
of alpha purtiols emissior, tio result obtrined will depend on both the
totel arow:t of uruniunm oontuined in the sarple, and its relative
distribution enony the throe natural isotoplo formss Us234, U=836, and
=238, The apace roocorder cffects & mmsurauent of totel elpht emission,
and in ordor to ocuvert tils quantity to ¢ £i;uro which will expross the
consentration of g in the diluentecontninin- procese stream, it is
nececsary to Imow the isotonic eonstitution of the Wg prosent, and the
individul meic of radioactive doony exhibited vy each isotope, The
aotual operttion of the snace rocorder (lece, t mossurenxat of totmld
el he ralintion) devonds upen the orinei-le cf pns fonisatdones ik
velooity elpha particles colliddn - with :ac moleculos, Soiise tis latter,
causing thea %0 Locarw pogitively churivdée Tho oo can be reopelled

by & positive ;rid and attruoted to & narmtive wiro, where they beoors
disclrar-ad by tuildn- u~ elcctrones The result in o flow of clootric

aurrent fron th - oclleotor wire whioh i6 prosoritdc:tl 4o 4hic nuwbor o

Gol
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fons formed, end thercfore, to the nuwier of alphn periicles emitted by
the wrenlum {n tho sarple, The ion current readin- tokon fra: tho
récordinc instrument oan be converted into por cent g wresent in the
A8 sarple by multiplyin- by a factor which, for e pgiven terperaturs, is
& funotion only of thes isotopic constitution of the wreniun in the
process riBe I¢ 48 intorostin: to nots thet tixe U234 isotope nleye &
dominant role in doterminin- this oconversion factor, notwithstunding
the. fact that it is prosent in the totr) urenium to such a rolatively
minor extent (o.zt-,0.000 atom per cent in norrml f'sed m:terinl as
aminst 04714 per oant for U-235, and §Pe28 por oent for Um258)e Tude
is dun princinally b0 the fact that the radicective deccy oonstimnte for
U234 18 about 2000 times that of V=285, and about 20,000 times that

of U=238¢ Iurthermore, at the top of the main onscade, or in the purce
‘ousoa.de where the spece recorders are used, the uranium is hihly
enriched in oonsontrution of both this lirht fsotopess Thuz U=234, beinp
slichtly lirhtor tian U=285, will enrich et loast as mwuh ks the latter,
durin- the course of its progross from the feed point to the top of the
otacnde, AB & preculi, tho alpha partioclee emitted by tho Ue234, mako up
the wat mjorify of all th; aloha radietion prosent, Finally, the
nuwber ¢f ione produsod por aloha particle emittod Ly U284, is of tho
sare order of mgitude a5 for the other isoto-es, and in fect somevimt
roater: 136,000,

be Comonont Partc.

(1) E4mnl Cone = Tho simel oen (Fige 21) 45 an
tonisation charber with an intornel diemeter of balve inches and an

ingide loth of tventr=our iuches, Neocwc of thie eorrogive notww cf




M'gs vnl the oonsequont danger of & hi~h baokrround, ell motal surfacos
arc of nidrel, and & speoial fluworcourven vlastic (1F=10%) is usod ac
an ingulators The colleotor wirc, 0,025 incheg in diamoter, is mounted
alonyr the axis of tho oun, and ocounects to the pro-amplﬂ‘ier muntsd on
the oover of the oan, af'ter passing throurh a wmcuun $irht diske This
disk han ten conoontric grooves cug alon; its immer surface in oxder to
inerensc the clectrionl lealkage pathe A @'id structurc consisting of &
oylindrioel oese eight inches in diamoter end twontyefour inches in
lenrth is mounted concentrionlly with the colleotor wiree It ie mde
of nickel scroen formed from 0,0031 inoh diamoter wire, and has & one
inoh mesh specin;s The oan is held at rround potontial, the ocollootor
wire at & few rdllivolts, and the prid at sevorul hundred voltse Thus
all prositive jons formed withiin the prid structure are drawn to the
central oollector wire, All internal parts are atieched to the cover of
the aimel can which is masketod with &n aluminum seals

(2) Accessory Itewn, = The colleotor ourrent passcs
throurh & pre-amplifior, thence to an output moter, and to & sinple
point Leeds and Yorthrup recording potontiometor, It is equipped with
alarm contnots and an extra slide wire for onermation of & romots regordere
Two sories=comectcd aylphonesealed puxs raise the pressure fron the
process stroun welue of about 2 DeSeletiey t0 10 peBelets A roctifior
and voltnre ropulator aro provided for meintaining the pgrid structure at
N positive potential of efther 500 or 750 voltus A £iltor is nﬁo

inoluded to minimige fluctuations,
0e sthol of Uses « Twd spuce recorders are provided &n

-each of the three bulldin-g of the purpge ouscido, An additioe) slave




rocorier for each purre buildinr reproduces tho readin-s at the contral
ocontycl roome Sample fft‘.s. io taken continuously from the line rocorder
mnifold, cooprossod to 10 peSslets, massod through the lonisution
oharber, and returned to tho process s'tnam. Readinrs are recorded
veriodioclly, The acouracy af the spaoce reoorder is on tho order of
fivo per oent of the walue reported, It oun debsot the presonoco of mol
fractions of UFg 4n nitrogen or other ras mixtures we low as 1070, Its
upper limit is set by tho radioactive sontamination produced in the
sirmal oan by hirh canoentrations of weanium homfluoride, If the
instrument is oleansd froquently to ninimige this buokp,:romd af fect,
concentrmtions as hich ao BO rwl per cent oan be landled, but it is

AMny ugod only on (s samplss oonteining low peroentngos of Wg,
‘Under favoyable oonditions (low backgrownd and high assty of U235

isotope), the speoce recordor can detoot one part.of UFg in 10,000,000,
G=8s Therral Conduotanes Colly ~ The therrm) conduotance oell

is another device for msasuring the amount of light oomponents in
rixturos of Wae nitroren, and oxypone The wnits were desirned and
songtructod by the Kollex Corporutions They arc of relativoly simple

and inq:pmiw(amﬁ"“d;""‘ .
Be Prineiple of Operution, = Ths thomm)l oconduoinnce osll

i3 based upon tho prineinle that ‘; eleotrio ourrant passing throuch &
wire inoroases its temporaturc, and thot the diffepanco in tompereture
‘botmon the -\dm and the gus surrownding 4t ronches an equilibriun wluo
which is dependent on ths nature (and thorefore the pereentere oormoe
sition) of tho gas, Sinoe eleetriocal rosistunoo of the wire 1s & function

of 1ts temporaturs, measurcrent of this registance by moens of e Thout

L
ob
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stons bridre arransement ~ives ean indicution of the terperuture of the

vire, and therefore of tlo concontrution of 1ishit diluonts in tho process

ke
bte Cormonent Imyrtn, = Tho thermnl oconduotence oell (Fig.

22) is canstruoted from & oylindriozl blocl: of Lionel metel three inchos
in diamster by oirht inches long with two holes drilled for insertion of
wire filammts, The oavity conteinin- tho shortor filament, which io
used as a sapmsator, is senled of" with eir at atmospherie preszure,

A double scal is provided for the seoond filament whioch is encloged in
tho prooess gus to be snalysode Plastic scals are used, and held in
place by bress ringne These serve the double purposo of forumin: & vooum
tirht oonnection, end eleotrioslly insulating: the filaments from the
metal) blocks The oell blook is inserted in & boarins bronke support
which moasures three inches in outer diameter and 8=1/2 inches in length,
and contains four holes for oartrid-e heators and & moroury therostnte
Tho other eleotrical bridre oonnections are alsc mountod on the cell
blocke Thoy ere mde of Menrmanin wire wound on balclite spools, Tho
wmit has & proteotive cylindrionl oover, and is thermally insulated with
85 per cent mmmosie pipe coverin- mterial, A uv-mmmE potontioe
meter o usod t nogsure bridre unbalance, in conhmotion with & Loeds

and Northmp liecromax satrin olori reocorder, .

ce lMothod of Uses = Tho thermml conductonce ccll is used
tv ponitor the purro rate in & nomxl bulldin- which 45 used &3 & top '
purre bullding durin- a 8111t casoade condition. A sammlo of process ree
ic fod oontinucusly throurh the unit, &nd an sutormtic reedings is printcd

reriodically on the movinn charte Tie inctrumert bac an socurugy And
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ocile are connectud rogpectively to the input and outhut termbnals ef

en clectyic amslifier, the combinntion, urder proper conditious,becomor

8olfeoscillitin: &l tho neturwl froguoncy cf resonencs of Uw s

colwtie

e Component ‘arto,

(1) Periroryv Ploemente = Doferring te Pigurc 22, the

prirayy eleent coneists of & resonanoc tube oontnining e diephre; m at
such ende Behind each dimphrerm, therce is nrovidod an clestrormrnatio
pole structure, Tho clectromp. not coils are kmowm ez +he "ariver coll®

and "poociver coil“’ respectively, The dinphmmﬁ ere monotioully
comled to tho pole ptructures, an! betwnen each diaphrem end iie pole
tip thers is pleoed @& ririd isolating vlate which ooufines the pas
mixture to ﬁze feammme olnrber and the sz;nll srace beotwoen tho dies
phra~n and isolating nlates One disshrarm 4s excited eleotromm notionlly
by thé driver coll, end 4s caused to send out sound wuves which trevel
through tio oylindriecel chamber eontainin; tho ms to be analyszed,
strike the second diaphromm, end cause it to vilrate. Tae vibretion of
trie second merbranc then induoss & voltums in the rvoeiver ooils, Tiw
tomperature of the ras mixture in the resomance tube is controlled by
& Loetor end thermostet, wkich f'ormp nert of the prirsry clemcnt, The
hent exchanpor consists of pevorel turms of tubing ecbodded in an
eluminun gholl oest arowund the re.z:omncﬁ evlindeore

(2) Aoccoosory ‘erice. = 75ne olectric simel produced

in the reocefiver coll 48 sont to &2 modulntor vfiioh alsc roceives @

standard roferonocr frequency cimnl fron ¢ tunine forl: osolllators The

differanes dn theze b frequoncicn nusocy throurd & noduliter, Lharousi

CellV



& £ilter, end dwroush m vacuun fube froguenc:r doubler, and is then fed
into o frequeicy metor whiol preducon o dircet current volinps proe
portiornl to the difference in frequencics, This voliuge then actmtes
& Leeds mnd Northrup recording controller, Altermutin- cwroit line
volture to the power supoly wmit 4g held constant by & voltarc roulator.

e Method of lse, » The e mMizxture 18 continuously

samnled at & point bolow the bottom eell of the nwr-e building, sud fed
to tho rosonance tube of the rrimery elerynt, The system consistinrs
of ¢the nrimyry elerent and arplifier, Bets U en osclllatin- simal at
the naturel frequensy of the pns ohambers This 4g dep'm'zdemt wson the
commoeition of the teet mse, The ocontroller=ectunting volinre 4o

 proportionkl to the differonce betweon this froquency end the froquency

of the stundard simules The goowtic anulyecr is comectod to roqulete
pneumatioally the sottins of a control volve loosted in the line carryin:
purred mees {ran the tow ee‘ll of the bBuildin- to the g trupge It

thus eontrcls th: pur-e mmte at & vronor vlue dependent upon tho
ooncentmtio;:m of’btm‘e present In the oo suplied w0 the huildin:,, Tw
hm.trume:zt i alooe comocted to set off an uwinr siyml,ii‘ the wlw of
the @1luent conommtretion should reach & roint outside s specified

renroe Tre instrument ie entircly eutomti@, s ¢ replid reto of pesponco,
e progente un anolyticrl result vhiieh fg prectically indepondont of

res progsures £ pioll rencc fer thie mcourtla enalyger rrouid be O o

20 per oent of lirht dilumits, but the rnco ean be ohtngel vhon decired,
The inotrunent possessos en accurcey of 1 volumetrioc ner cent, and ia

sonsitivo 0 coneemtrution olunpes iIn the rur mixture of 062 por cent

O IO,
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6=10s I Amelygere = Tino measwrancit of hydroren £luoridc

oconoentrmtion rrecents srecinl difficultics bronuse of 148 corresive
nuturce Sovernl apeolnl insirumonis wuro atudled rur thic anplicetion,
the viecosity bridre type belin- sclected ae roet guiteble frar the point
of view of comilexity, cost, porscinel and muiintenenoc requireixnt, end
time loge

Ge Irincinlec of Operatiorns = The viecosity bridgc ic

amlorous to tho eloctrionl] Vhoeatstone bridre. Lon~ metnl oepillaries
are uscd as the fowr resistances, prooess samle entorin~ one cnd of
the bridre at hiph proasure (6 peBelete), passing throuh tw purallel
pairs of "resictors”, end belnr ewcwmted throush taepz to the etmospherce
A differentinl prosswre tyunsmitber and recorder is osocrmected betweon
midpoints of th: bridre arme to indicate unbtalance, 4 chemictl e,
eontninin- sodium fluoride to remove the 'y 418 inserted betwoon the
tvo enrillaries of one branche Tids rosulis iz e dirdnished flow
throush the second lo of Hmt brencl, an: mhnlmcin: of the bricir_'m
The derres of wnbulance is an indiocetion os" " econcentrution.

bs Comanemti furts, « Four capillary legs and the

éifferentinl pressure tranamittor end sodium fluoride tran for thoe
ingtmuont propers /L oonventional meuwwtio recordin; fnstrmument is
usod & prosent emalyscs in prenlic forme £ waowmy: puy. with ax

aosocgor:: tren 1o aleo recossery,

ce lcthod of Usce = Tie wisooslty brldi~c IT amilysrr ic

a somieportzble instruwwent, princiselly uesed to monitor the ousonde for

FI' wnflows, Totel Bairle flow i mintuined nd 00 cubie coentinctor:

-l ot

por rinutse %ho use oF the dnstrmurxat s lirdtod @ polints wor
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fluorine end e conosntretions wre low, eince thesc subrstences ore aloo
nbsorbed by the goliun fluoride trepe Lloe, the prosemoc of U will
eltor 1.8 visoonity, wnd ticreforc tiv. rate of flow throurh the oapillury
arn, This will effeot the cclibration of tlLe instruments The sodiun
fluworide {8 changed about tidce o wook, The visoosity bridre will

reoord us to ten per ccnt hydroren fluorideo with e rolative woccurnoy of
about 0,3 peor oconts The mocs ere ovicuated to tiw atmos harc after
pagsing throuh a gode 1imo tren which ebsorbs the hydroren fluoride in

order to protost the puwp,
G=1ls Trrooe Indiontorc, = Treos indicators cro used to detoot

extromely lowr concentratlions of UFG in tho atmosphero, in carbon trep
efflucnts, in sesl exhaust linos, and in purrod or evnewnted oclls,
Tholr prinscipel purposes arc to nrovent loss of U'g and contamine tion
of numins ogquipment, as woll aes ¢t©o woern of hagardous treoes of uruniwa
in tho aire Throe typos of truce indlentod have boon used in tho plant,

Ge Prinoiglo of g:oration. « Trace indlostore function

by exposin: gherdenl reaprente to the ms strean to be testede Tho

- preseénos of Wg 18 disolosod by & charuoterictic ovlorution.

be Comonent "aytse, = The orystnl type inwolves the use

of sulioylic acid erystels; the peper type utilizes & pilooc of filtor
parer (somotimes cerryin: e drop of oil), vhich absorbe wraniun oor-
pounds, The autoratic ¢type mbes use of & rmovin:- tapo of filter paner
irpregutted with povtaocim ferrooytnide throurh vhiol o boan of 111t
1c ellowod to pass before strilinr end sotuatins a nholoocll,

ce !cthod of Usce -« Tn th: ocso of thc salicylic aoid

e, the eryoinles wre rerovid and cormered with oolor stundurds efber

Gatit.
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expasure v & knovm flow reic of pus for e pro=doternined tire intervel.
It 48 sulteblc for the dotoollon of L'I’G ooncentratians below tlirve paris
per rédllion. The plain £iIlter pepor type is choclkoed noriodically by
treatoeont with polessium forrocyanide which produces a charecteristio
oolore Thic is thon oampared with color strnderds. The saubtorntic truoe
indioetor indicntor pan concentretion eontinuously ty means of tho
photocell micromarioters It mmy aloo be used to sownd an alarm,if the
conoentretion becomos hesardous, The first two types are semie
quantitative; the autormtic type 18 oontinucus and quantitntiveoe Ono
part of Ure in 100,000,000 perts of air produce & 30 por oent sonle

deflection In tho output motor,
6«12, Infras=iled Absorption letores = Tw infraered abgorption

metor i8 & portable leak deotcotor of special desipgn, wsed for locating
loaks of CgFye 4n ooolant lines, drums, and procoss coolerss It was
develoned by Fellsx end mnufeoturod by Beird Associatos,

ae Irinoiple of Operatione = Ierfluorodinethylcyclohexzno
will absort: certain wavelen~ths in the infroered rosions If &n infroe

rod bean is pasccad throu-h & test pes clanmher and fooused ou o tlicrmoe
moter, the terpernture indicated will bo denendent upon the amount of
infruered rediation reaoching the thermonoicr, and tiereforo upon the
anount of CpFPye in the ohambore Howover, i o lithium fluworide filter
is elec plaond &n the rpcth of th: beer, the infra-red rudiction will
be entircly absorbod, and thr thermomotor taporeture will bo frdeow
perndent of tho CGFJ.G ooncontretion 4n the charber,

be Commonimt Tertoe = The equipnent consists of & Howreo

of' infraserod radintion, & moncurin: clurbor, € pun, & Midua flucride

Ceirl




£ilbey, and two "bolomotors" or cleotric rosistence thornometorce
e Yothod of Unge = Unlilm the lewk dotuwetor doceribed

rroviously, tho infresred abcorption motor con bo aprlicd wvithout intore
ruptin- nommnl opercticn of tho ooolant syctons Alr sarples fra: tho
vioinity cf guepooted ooolont lewls are purpod tlwourh o test charber, amnd
to infra-rcd boams £300 & corzon poOwroe m— pasgod through the olenbor,
onc of whioh io elsc poessed throusd. ¢ lithiux fluoride Lilbors Thus,

tho intonsity of infre-rod redintion strildn- the first bolameber 1o
dopendent upon the oonoontrution of CoFys in the chambor, viile thet of
the second 18 noty The two boans arce foouscd, respeotiwvwly, on each of &
pair of bolamwbers ocomwotnd into & Thesatstonw bridre cirecuite 4
difference in torperatwro betwon tho two thormometors rosults froo the
difference in intemsity of irrinsin: infre-rod radiation, and oauses &
difference in electrionl resistmnoe, Deternmiretion of wnbalanse of tw
bridpre circult provides a smasurc of the difference in resistunco of tie
two bolomoters, und therefore of tho eoncentrution of CgFyg in the
charbere The inm-rod absorption meter 1o oapable of detoctin: the

preosenon of {our perts of CgFys per r4llicn,
6=15¢ Dov: Point Becordore = Tho dow point reocardor is doulgmd o

waitor the wrious bhnt aup?nan of dry ¢ir anl nitromen, and to wam
of exocoaiw erowate of wobor wapor in tho puoe Ingtrllation of suah
en instyuwnt &t K=25 is plennod, (dowelopront end fubeiontion beling
hendlod by Carbido), with euitblo welvin: for samplin: fron &y ono
o' tho supply headors oarryin: the cbhow mumnd substancece

Ge Frimoipl: of Oporutdons = £ boer of 1irht 4n reflootod

from & ocld wirrore Condensetion on the mirrer fleou Qire i intonsity”

Cetil’
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of tho rofloct:d beanms Poaewrenont of the mirmror torpercturo recuiroed
to prevont dimning of (he refleooted roy rroviden en Indicetlon of the

Ay rointe

be Corponent Partg.s = The apperetus includos & rlante

vindowed tout cheasber contuining: e rirror ooutinuously cwolel b &
refrirerant ocyeten, A source of 1i-ht 4 mrovided, ond & chotooell
cennectod o &n electrionl bridre circuit, vwhich in turn actuntos an
oclectrio heater for the mirrore A thermooouvle s imbedded in the
mirror and eonncetcd o & condinuous reoorders Yo puz is roquired for

the tost =ms, since tho eir and nitroren lines ars wnder pressurv,

os !®thod of Uss, = The sarple of r&6 to be checked
paspee throurh the teat chexber and ic then @awtcd to the ettosphorc.
Tho photoocll, wiich is scturted by the intansity of reflocted 1ighit
fron the rmdrror, unbelences the bridre cirouit whaa condensetion tends
to docrence the intencity of tho reflooted Loan, This ocsuscs tho
olectrio heetor to reise the mirror tcuporetwre,ond muintodin it et the
dew point, This mirror toameraturc (1.6.,tho dow point for the ms
wnder toot) ic deteetud by the thermooouple end continucusly recordede

6=lde Differential 'ressurc Indiontore = The purnose of this

daviece ic to mocsure the flow of gealont nitrorcu fas to tho procese
puwm 8ot.1ce The extremcly smll flow 1nvolvud.mde 1t necessery to
erxrley & nev opo of Incizawent doveloned echecislly for this sorvios

by the fomorel lootric Comatnye Tiw instrumont is & cordinution £lovw
olement and differenticl proszury transrd ttore Genertl dusirn principles
of differentinl precsswee Indiotting, meocording, anc coatrollinp devicos

er¢ dincusool L Voluw 8o Thic rerarreph fwonte &n rurtleulor of ke

Gelol
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gpcolfie evnliontion of i clectrlic é4fferontinl rropsur: ing’outor,
vidch 16 e rore eleberede rnd epceiclizsod Instrwmcnt, o ¢ reprosente
tho abodmoat ¢ e gl niflcent Inctraicst rascerell Sromtie

ce rinecinle of Oporution, = The difTorontial prossure

indicator doterzdnes the Llow of jus by clectrionlly mousurin- the
differonticl pas prossure coroas on orifico of lmow: dinmsious,
Variation of tho diffcrenticl prossure ig oonvert.d, by mouns of e
bollows erren;ement, to novement of the iron core o an electrommmnet,
thereby inducin: volte o chan-~es which are a function of the differentinl
pressuro, an therofore of the ras flow to be moacureds

be Cormonent Parts,

(1) rnewmdice = Roferrin: to Fipurc 24, a 3G inch
oaplllary tlﬁic,ﬁ‘él an internnl diameter one £Alth thet of th- o linos
is inscrtod in the nitro-an pininr supplyin- sealant to the pump seal,
A tap neuy the entyance to tic eapillury is comected t & chenboy,
wder 0 dome of whiich is mowmirxd o rhosphor brouze bellows, Anothor
tep, loortod &t & noint in the soulent pising Just dovnwtreen fror the
ocepillery tube, 18 eomnected to th: space enclosad by the bellowms,
Reridly atlached to ths bellows is an iron plunzer in the fom of &
split tuse vith a 813-ht enderronazt at the conbers

(2) Flecirioule ~ The nlun-or oqualeims“c.ho i netic
circult ¢f u thrvo=lor-ed lanminatsd m: notiow=wllov structwre, Two
eacr-iging coils, &zcited by ¢ BGO=0rrole pover source, aro mounted on
tho tvv outor le~s, end e piokus coil) is mounted on the center leor.

An srplifier i nrovided for stesnins wm the induood woltnre,: Centrally

loctte? on the ovort.iin- ol 67 the eontrol wilt 4s an indionting

AR AN
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wttmteres Sultnblo eloctricol pancie, end evitchin- fecilities, and

an alerr srsteon arc also nrovided,

ce lbthod of Ugoy = 4 ohanre in the pas flow mtc oausep

e oorrogpondince chanpe in the pressurc érop acroas the carillery tube,
™hic o ei;uivule::t to & clanre in the differontinl bollows prossure,
and reaults in movenment of the bellows end pluwnrer, lotion cf thc
plunper disturbs the bulanc: of the regnotic cirouite 4 voltuico theroe
forc appears across the plolaup coil which is pronortionnl to the bellows
movement, The net induced voléare in the ploku~ coil iz inorsased by
an arplifier to & wilue suiteble for operatin:- an alerm syeton which
would sowid, for exsmnle, in the ouse of & process puryp .aeal'i’unm'e.,
The outhut watimetor s calibrated in pounds per square inoh witha O
to 100 soale. & somle switch permits sdjJustrent of the sonle faoctor et
Ce002, 0,004, 0,01, or 0,02, Ome differentiel pressurc indlicator is
provided for onoh: prooesc coll, 4 twclwewposition switch 4s used to
oonneot the éifferential pressurc indiector to the soal of ary one of
the twelvo cell pumses In thie wy, the cell ean be "soamod” wtll
the faulty soal ie looeteds The oapillary flow element octs &s & choke
in case of a scul falluro, to rcetriot the low of nitropen to o broken
secl, and provent tho fuilure of othor reels, Tho eupiliney bywpesc
valve shown in the fiwre can be opened when 41 1l douirod tc checlh tho
gorv rosition of the bollows. Twelve potemtionotere set tho instrument
serc rosnectively for ecach trunsformor pletu: ocll, sl corpcuante for
rosiduwd pieltup voltepe due to disoyrmetry of the mumetie ciroults et

gero s {loi,
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). SFCTION 7 - . ILOT iLANT DEVXIOPMENT

7-1. Introduction, = This section ;resents a description of the
various pilot plant units which were built for studying and dpvelop;ng
the operating process, a:d for carrying out basic research into the

" ‘types and arrangements of process equipment which would be suitable for
use &t the K-25 plant. A number of special mechanical test loops were
also set up and operated solely for testing individual pieces of equip-
ment such as pumps, seals, and cold traps. Since these served the
purpose of facilitating decisions involved in the design and manufacturs
of mechanical equipment, and involved no specialiged process research,
description of these test ;oopa is reserved for Volume 3, Section 5. A

7 10-stage test cascade was also sct up at the Test Floor of the Kellex
Jersey City lLaboratory, for the purpose of checking the soundnoss of
certain portions of the K-25 design. It cannot be caulled a pilot plant
in the strict sense of the word, since it mas not a prototype install-
ation operated to obtain data on which to base the process design of
the Iu%l scale plant, Description of the 10-stage cascade is there-

| fore aioo reserved for Volume 3. :n a count is presented in Volume 5
of the preliminigy operation of one of the process buildings as a

®54 stiége pilot plant”,
7-2. Singla Stage Separatién Systems. - The first successful

separation of the ‘uranium isotopes by the giseous diffusion method wis

accomplished at Columbia Universily in January 1942 (App. D4l). )

' (e
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initial diffuaed iraction, and ol the liﬂul uncdifiused residue, ehowed



changes in oocnoentraticn of the light isotope ranging from 0.5 to leoF
per cent, resulte which wore in reasonable sgreement with theoretiesal
predictionse Improved separation systems of the same general type were
subssuuently oonstruoted (Appe D42) eaund operated in order to obtein
further tests of the theory ancd to measure the separstion performanoce
of the various berriers. One such separatin; system is the"high out
tester” dasoribed in detiilvin s teohnicsl repert (App.‘D48). Theess
syostems were also used to salibrate vnr?oul barrier testing pr;uaduroc.

TeSs Pilot Plant Nos 1. = As & further means of obtaining dsate

on barrier effliciency, gnd to evuluate the performance to be expected
from the gsseous diffusion predustion plant, several pilot plants have
been construsted end operated at Columbia University. These pilot plants
were designed to utilise a miniwum of gas, and the barrier areas were
therefore very small., The first of these, called Pllﬁt Plent Fe, 1
(App. C17 th;u C20), utilised & barrier aree sbout the eisze of a niokel;
it was operated initially in Ootoder 1642, COriginally looated in the
Pupin Laborsatery of Columbie University, it wes later traneferred teo
the Ensh lLaborstories of the Kellex Corporaticn. The unit consisted ef
twelve aylphon-sealed pumps (App. D26), mounted in two opposinc rows of
six end oporated frorw one orank shaft, It wae lrrlﬁgod as & twelve
steze onsosde for total reflux with an expectsd isotops sepuretion cof
sbout f'ive per oent. In operation, the system was first evecueted and
tested for air leaks. Fluorine wes thon.ndnittod to about one atmosphere
pressure and sllowed to remain in the plant overnight in order to fluorie
nate or condition the surfeoce area. The fluorine wae then removed end

proosss car admittel, ithen the experiment was oompleted, samples were

Tet
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removod from the top and bottom reserveirs for anslysise Fquiliirium
w.s cotnblighad after about fiftcen hoursse The plant operated suocess~
fully Cor oentinucus soriods a5 lon;, as two hundrod hours, and tlhe total
time of operution excveded thirtyehr hurndrod houwrse Results wore che
tuincd pertairing to ecsonde bohovior vith 4, DA, and ' tarriars (Appe

‘.Mf}). over & vido mun-c of mixinc and flow conditions, pressures, and

PYSoSuUro difforentinlse It 2loo sorved ac & moans of toatin, inptruments
and other oquipment for hsndlin~ process rms, cnd furnisked wmlumble
operutiomnl experience, The thon oblolesoct;t plant was retirod late in
19444 aftor it hod served the mmin purpose for vwhich 4t had beon oone

struoted,
7=l¢ ilot “lont f0s 24 = Tlans and desim for Pilot 'lant Lo, 8

wvors inftinted in Decamber 1942, Lut booauge of unavoidavle eonstruction
delays this pln:‘xtAm not placed 4n dpmum with prooess s wmtil

10 'ay 1944, Tie plant mos & aix atare total reflux casondo usin:
resiprocatin;: pums of 23 cubic foot por minuto displacanent (Appe D4G,

€21, (22)s Do A, Di, ond V7 barriers wore inatnlled contninin;: three Doe

squre foot of Brode | DELETED ) E{;)

Coxplote mmmum for autorntio oonh-ol was pr-avidod out x:nmnl

oporetion was nlogwaaiblo. Tho equilibrim: tine was e for cinutes,
This six st o ongoude prusoatod the f£irvt o cortuniyy to study tho
serformmnes of barrierc, insirurnts, and contsrol wndor conditions ane
proachin~ those antiolpatcd in the lar o seelo produotion plante Ity
toots wore run on process (ag, and tho plan.t has aloo furnighed genfe
mtion datn for pixturco ot nit:-::frcn end nrooces rese - Thone caperimonts

woro nerformnd 4 oxddr o chidy the beluyior of ruuoe spectrontbors




applied to the comtimuous method of analysis proposed for use in the

main gas diffusien plant, '
e. Expansion of Pilot Flant, = Imn November 1944, Filot

Plant Ko, 2 wus expanded from six to ten stages, the purpose beinz to
inorease the total separation of proocess gess to adout three per sent of

the lirht isotope and thus improve the precision of sample snslysis, At

J

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

etandard plant length (seven f£wet) instesd of the shorter ones previocusly

Arrangements were also nmade %o feed proocess gas into the plant at

used,
various rates up to 800 pounds per day, and te withdraw enriched material
/ TT——— -
for researoh problm in the hbontorin./
DELETED
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1946, the phat was dtmntlod nd ohippod to Osk uq;o, Tennessee,
7=, Pilot Plant Woe 3. -~ This plant was eriginally planned by

¥e ¥, Kellogg engineers under OSRD eomtract, for their laboratery ia
Jorsey City, New Jersey, Bowever, in the late summer of 1945, under
umhattun.“m-triot supervision, it was doaidid at a joint meeting of
Kellex o.nd SAM nprountatinc (App. b92) that orootion and operation
would be the roq:ogibllity of the SA¥ Lubontoriu persomnel working

in the Nash Building, However, Kellex designed the plant, prooured the
squipment, and supervised oomnstruction. Westinghouse gas bearing blowers
were to be used in s?ltcn stage system iluob was to be similer to Sections
6 and 6 of the main gas diffusion plant, As originally designed (/pp.
D12), prooess gas of 36.6 per oom't oonoentration of light isotope wus

to enter Seotion £, snd, after processing, the enriohed materiel wes t¢

t
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leave at o conoentration of €7.% per cent. Section € received the
latter materisl and ruigcd the ocnoentration to 90 per oent, which was
the oonoentration of the finsl produot of tﬁo planf as then envissged.
As eventually built at the BAV Lnboratoriol; most of the Kellex design
was used, but only eight stages were imocluded. In aosordansce with the
original Kellex plant, dummy diffusers, and steel piping and valvec were
<o be inoerporated in the plant, ss it was not intended to ecperete with
process gas bgﬁ, with the fluerocarbon, no&-;l per fluorchsptane (G7F16).
When experiments with the originally designed pilot plant were campleted,
1t was intended that alteratione would be made so that process ges and
diffusing barriers could be introduced. 4As far as possible, equipmeat
was chosen 80 that the oonversion ocould be made readily. Ian saccordmnce
with these deoisions, it has becoms oustomary te designete the original
plant as ¥o 3A snd the revised plant as Ko, 38,

&e Operation with Fluorosarbon - Pilot Plant Yo, 54, =~

Difficulty in getting the special equipment for the plant (App. C28, C24)
deleyed its caupletion, and the first five stages wore not placed in
operation until 16 June 194ée The full plant with imtersestional
eoupliny stages and autamatlie eontrol wee first opersted on 12 July of
the same yeure The a;;o-do was operated with Cq¥yje for a total time of
289 houre (Appe D4G), snd during this period vericud dieturbances, or
sudden changes, in proocess pressure and flow were introduced in order

to study the effeots produced, Both manuel and automatie oomtrols were
used, snd at all times the plant was found to bde hydrodynszioelly

stable (Appe Di7)s There were no serious mechanioal or eleotriosl

difficulties ir the omsonde operetion of the ten gas beerins blowers.

Tel



Tho meohanionl behavior of tlw presswe trunsmittin- and control systen
was also found t0 be satisfuotorys Wasinm testing subsassemblies wero
aluo stidfed and found wery dosiseble as a means of speedinz wp final leai:
teating proosdures without deleyiny constructione Tho necossity ror
dewloninsg specinl welding techniques wae demonstrated) it was detornined

Jth'nt, on tho avemo, twenty louks are present in 1000 feet of standard

| quality welds, !othods were doveloped for omstrusting weocuwm tdght
ocoolers by silvoresoldoring ﬂw tubos to the tubs sheets, It wms further
demonstrated et by using raterials with vropor density and flow
ohayecteristios, mschanical Joints could be made, which would pemmin
wacum t1rht for reasmable pericdse

’

be Oporation with P’rocoas s o 'ilot Clant liog 33¢ » Imwe

diatoly upu oompletion of the tests outlined for Filot Plant 54, the
necsssary conversicn fyom i'ilot Plant Noe 3A to BB was mnde (Appe CRS,
Ca3)e laok of suitable mtorial for diffusers, which were thon stdll in
the research ntapge, delayed oomrleto operation, but experimonts with
nitvoren und process gas in the abssnoe of diffusers were mmde dwing
the httgg part of 1944e¢ These studies gave weful informtion on the
mmﬂm of procoss pag, and on biowor operation in the pﬁuenoe of

we | .
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uephunhar 1945 & unitised blowur, dirfmer, anﬂ aoolor of SAY design was
conditioned for testin:e During the testin-~, however, lealmps dAiffie

ovltiss were anoountered and few muiu oould bo ol: h!ned. f h ]
’o - s e o s cometts - e e e /
[ !
/ DELETED :
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TuBe Sinple Stare Blomr Byatem! » An additiomal experiment

was conduntod at tho SAK mboumiu to rein inforrmtion on produotion

-)!mt por!‘mneo using the single uhv-v blm mben. r

J) 4 S

DELETED - ' ,
/ Conditions of b [3)

pmnamwlociw of process (ns, ‘and wluy of Raynold's numbar
wore ghoscn o simulate a Saction 1 stoe of the main production plants
This systen wno put. Into operation on § June 1944, and, oxoept for
momentary sintdows caused by temporary powsr fuilures, wos oontinued
until la‘July for a total operating time of rhout six weokse The e
porinmts ~awo imoriant informtion or blowsr bobavior, oa tho oorrow
sion of rminl ,nm ex>oscd to pmbaae as (Ayne N48), &nd ou the '
pl!l!""in_!ﬂ’ roto of barriers unfer nroduotion plant conditions (Apne D4O)e
Sevsml othor puch e‘iratcm wore also ptudied woine diffemant tymo mMrps,
Very 13ttle corrogsion was found in the blower, and thero was no evidenoc
of Wik ges wolooity erosion, The perfortmnoce of the tubular diffusers
el ~haot hdrodmanic'condlitions wos extra -« iy satislaotory; thoe dife
fusera shows?! ¢ lurcluy mte of less twr o per oont ner ronth,

D
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7«7« Vaouum Ineincorine Schovl, = It was recopnized at the

timo of the origimul plant desipn (Appe D12) that complete fatlure of
the diffusion method would result wunless leaknpe and veouun problems
oould bo conquered, The derree of tightness required in the gnsecus
diffusion plant wus without precedent in prectiocal engincerins exe
perience, Applioation of the mnss speotrorster for lesak detscting
purposes was made by A, O Hier and his oollaborators with much of

the dewelopmont taking place at the Hash Building.mdcr Kellex auspices,
Isek detector units were constructed, persommel were trained in their
use, and mush of the pilot plant equipmont was tested for leaks (App.
€29)e In Pebruary 1844, it beoane apparent that several hundrod

trained operators in addition to the already trained sclentists, would be
needed for lsak detection work on the gaseous 4iffusion production plant

o~
.

N
. »f/

a$ Clinton Engineer Works. A school for this purpose was sstablished
at the SA" laboratories in lkarch 1944, ard over a period of about five

months was attended by 221 employees (App. C27, C28, C20) of the
following firms engnped in operation of the K«25 plant or manufacture

of equipment for its

Ksllex Corporation

Ford, Bacon and Davis, Ino. (App. D81)

Carbide and Carbon Cheniocals Corporation (App. D82)
The Crene Campany (App. D8S)

Allis=Chalmers Company (Appe D84, DOG, DBG;
Vhitehead letal Produots Company (Appe. D87,

Linde Air Products Corporation (App. D8S, D89)

The Ae O, 8rmith Corporation (App., D90O)

A report on this school is awailable in the lanhattun District Teohnical

Piles (App. D57)o

7.8
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O~le _eperal ’rollerse « Durin~ the period fronm 1840 to 1842,

Intomsivo ef'forts wero mdc ¢7 prevare on or-cnic cormound of urealun
suitble for usc & e diffusion nlente Those experinonts wore mde
wndor 05T princ contvasts at Town St.te Colls~e, the hiveraity of
Chionro, end the laborutories of tho Tthyl Corporttioue Howover, during
&ll the oourse of this wori;, nc suitn>le substitute for ureniwm: hoxoe
fluoride ea proocos ras wos dlscovervds This conownd hod been kmown
tc chardsis since 1909, but axictine informtion oa ite ohamiocl end
oshysienl properties wos noucer end, In somw ousec, ingorrocte 1ts
Ligt‘lg corrosive mturo riscd mny 2rovlas in connootlon with the
< oronosad eprier and mbordals of ~loni oonotruction, This citmtion.
torethor wit!: the numorous othor chenioul nroblerw to ¢ exmected in
e lar > regoarch »rojict, led to the estoblishmont of ¢ ohemionl
sootion al the 54l leboratoricgs 4 et amcunt of worl: lne boen done
by thie provn on chicnionl €3n60ts of th Fel2l pesonrst. prozrans S@w
of thic worl. invelved dewwlo 2t and axtsnsion of exlotin: chemicel
mothodosy much of 4t hus heen comcornnd with cntircely now nhonomen:
rreviously wimown %o ehenistc,

8=2¢ “hyslenl cnd Chordenl “moorerting.

te IBicoeChomical Studlcse = cocwunt ond ctuly of

ire chemiesl end nhysioel provertioc of weaniw heflucride wes und: re
tnt-on betwesm 1040 and 1948, Thie, & tumy, irwlved dovoloanmont of
methods for hendlin: e reo, ent nov wers of aroperi - 1t for ehweniesd

.. Y I3 . e Teee e T - T 2 N L A
erodvoio, fmoos U Typoitar Tonrozertics fnvestiondol s o weoor



pressure, density, thermal conductivity, viscoeity, heat capacity, and
other theruodynamic characteristics (App. D50 through D53). Metallo-
graphic techniques were denloped, using both the opticael and the
electron microscopes (4pp. D58). Reference to such work may be found in

a bibliography on the subjeot (App. D59). A bibliography on the chemiocal

e

g properties of the conpo_uqtﬁl“il also available (App. D60). ,f ;
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b. MNechanical Properties of Barriers, - The mechanical
properties of barriers have been studied by the following methods:

1. Bend test, to indicate relative stiffness and ductility.

I S

2,

‘ DELETED

3.
Do

4. Fa&jiu test, for htoﬁ;uon on barrier behavior under,

continual vibration.
. S %;tt.er test, for limil:nr purposes but with smaller
' vibrct.ion amplitude and higher frequency (App. D6l).
Without the thousands of routine examinations made by thess procedures,

. T
for use in a gasecus diffusion production plant. 'D(3)

-

it would probably "‘havo been impossible to produce a barrier acceptable ,

L 4

’
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. ) Jhrioua profrauticat orcocduras for ammi'i"im};’” .L[;»:
J’ti'\s barrier wore investsi adad, and it wus eventunlly discovercd tled
Clvoriration produoced the deolircd rosult, The suooess of the stebilisee
tion nrooedure dopemded on reoomition of th fmot tbat‘ adsorption of
nrocoss -as and fluorine or @ barrior was e vory L-portunt nroblen,
Thio in tuwrn led to the Mwntigutlm ui‘ ouo!. rhonomeng in consideyabic
dotanil, and involved tlo ctudy of purfuoc croes amnd mtbods S mocguing
tione Tho techniecl pocults may be fowd in & rovart (Appe DC3) whileh,
in addition to pivins recormanded procedures for plont stabilization,
inoludes & lapro anount of informmtian on rclated subjoctss

be Flu-~in; and COamz;vtion. - These corollary ;gx'oblem :

wore olso of cmsideinble h:pormnoa.' The chiefl oltjeét, 08 s veen
aﬁp]nimd abov, was thet of proetyottin:- the barrior in guch @ wuy that

it :-umi:;g stuble &n tho pregscamoe of proccss gusp thus its rato of pluging
mwt be oonfined within speoified limitse Tho rate of eonsuption of
700003 rus et x;o bo minisdgod, espeoially in the hi-hor etn-os of

the rlant’ wﬁoro th.cf;rﬁteriel 1s hiphly enrlaied wiih the 1ih¢ isotonc, .
a:¢ vory wmlubles This mto of logs huc bLuen speoificd in tho pla:-:{,-
desim et a wiluo not oxoacd ' n; e miiligrm: of Urooess (Al JOr BQUAre

foot per day, and the proocdures csteblisled lnwve ghown Unt it i

posuiblﬂ to koen oov'z' im bolor s 1amit, /

o o DELE‘T‘EM‘—/ ) 0(0?)
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M&ﬁl} solvode
(1) Tnoutine Testa, « [luring the period wiwn thesc

standarygi nrooodurcs wore hein ' devolosoad, tho B4 Laborutorics mde
4Poutine tosts on mny different barrior sarplos of all typose s the A,
[i.y W2, and other Lerrior modifiontions wore studied and developod, each
wes tested to dotormine whether or not 4t was acocsptuble on the besis of
plur-ing, oMﬁm. stabilismtion, and';remry. Numerous techniques
for thego purposes wore ovolvod, Tor exarpls, an apparatus hos bom'
oonstruoted in which it is possible to stnbilise as many as fifty 7=

foot tarrier tubos at onco (Appe DB4)e
G=ds Inert us Tecting of Darriorss = In Sootlon 7 of this

volumw, refersnos was made to the Wg separation testinz of barricrs by
sin-le g8‘n-e and pilot nlant methode, This mathod of tostin~ berrior
behavior is vory slow, not only booause of the time consumod In the sepaw
ration exporiroat itself bu!y also booauge of tho time requircd for
isotopic mnalysise It was thorefore Lrportnnt t devise repid rothods of
noasurin~ the separation factor of bnrrioru; It wes also necessary to
detarmine barrio?omiw by sindlar ranid tostses The heevy dermnd for
routine '.*,cvatin;‘ pr&-ptcd"the Kellex Corporation to orenige ita om
berrior testin - loboratory in the liash Duildin » loohaniccl proporties
woero 82160 mousurod ‘y tLis groupe

a, Tooling .of' Flot Sarpleg, = A rroct denl of effort wmo

14
armerdod ¢n H:00e proocdurcs, with ths reault thet gultable mothods were

dovisad for obtotuins the mrutred rfowntior wpidlye In itc prescnt

Cel
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forr, the method 16 as follows: & £t sarple of berrier is plased in

e sultalhlc holdor, ond & e pistuore of hollwr and enrlion dioxide io
ctrevnletsd om ono sido of tho sarnleg som: of thoe gas diffuses throuth,
e an enelysic is mede of the diffusetc and of the wliffused wse T
sencrevins efficiengy of th: barrier £ llow diresily fron Lhese nesicures
nrnite  orosity 18 Qoternined Ly metizurin the anownt of s drnw
throu-t the barrlier under gtundord conditim;s of pressurc an?! puming
rote (Arme DES)e The dmio-mmnt of this runid teostin- unit 'ms been
ecoomanied by muny theoretical investi~mtions of Hic physloal laws of
gr.8 flow throu-h barriers (App. DS0)e Tho resultc have also bee:

co-narcd mt“ nrococs ree sovaration testo in order o conwort the

‘results to an absalute bioige Auxiliury ingtruments 'or soparation

tosts have been developed It order tu male riorc nreclise deterciration
S the ms mixtures diffusin- throu I the barricre These include thermml
csonductivity m~e ennlyzers of tho rmw different varieties (#ppe DG7,
DGCle Por ocortein ssecisl nuroscs, moasuremeuts of barrier separetion
heve alco been mede usin- odier ~usos or o6 rixturcs s uwh &3 nitrorone
axyra:, ritroraenor?luordlicpiine end hydrosonecarton diaxidos

be Tube Teatinre = Tir fore-oin- inert poe tostin~ motihcds

heve €11 boon oxtoaded 60 4t ther mey bo applied to tubndar diffusors
o” stada scvens{col mrodustics plunt Yol (8o, IXCL) and €0 shertor

tuber cul fra tham (Lope 0T )e

el o Corrosior O™ utormicite = 90 BrRx. ¢ Lorrior i th: &4 us

siom rlant 45 esticntod ac 90 per oont of tiie total aren exnoscd to
rroacss guo, the pommindor Lol aocowrtooe for by blowers, ritincend

P I - i P | -, & Tenp® P T . [ SV} . e - . ™ F . e
rele i eculinmeile T4 4 oTwiow ) Smorbicl €0 ghioLso Gyl
-




.-y

,._.\) mmtorinls o construction for these iterm, and to stabilise thwn to tho
proacss R when noceosnrye A biblioméhy of avellahle 725 ccrrueion
duie haz boen complled, covaring the corrosiwve actlon of fluorine,
hydroren fluoride, fluorooarbons, and nroeoss res (Appe 1:70)e Studios
et the 5S4 Lahoretorios hove involved dovslonrent or ereation of
méthods for maswrin - the oorrosive eff'eot of these msges, Investie

mation of the fundsr:ental cherdoal nrineci-les occermed, and routine

o

tests on hundreds ofﬁqlii‘t‘orent mtorinlse
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8«0y Development of Special Chemionlse = lientim has beon mde

)

in Volume 1, Para;re~h 5=7, of a mzher of specific needs, arising
within the #=25 Projeot, which oould bo sucocssfully met only throurh
fundarenta) doveloprsnt and toohnolo-fonl adentation of & nubor of

" industrially new and @pocisl chomiowls, nrﬁmigally tho process fluid
i.ttqlf. uuniun hoﬁatluorldop the oonditionin- (us, clenental fluorineg
and 8 mwber of indet, hishly fluorinatod hydrocarbonss Desoription
of #:ir ptmne of the wori;, v'ch forrmd a vory simificant hrench of tho
chemiol renearch oroqrem, i8 proscited in Book VITe Further discussion

ic alan awilable in tho Zollex Corletion lioport, Section III, (11)e
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SICTIOT Q e SAFCTY (XD SLCUNITC

Yels Safety Pro-rar,

ce Ormnisction.

(1) Sefetv Deportments = The prinoipal contrusctor,

the LA Llaboretorie:s, ormmnized e Safoty Dopurtuont within 44 Ine
dustrial Relations Division, Other departrwnts in this division
dealt with erploymont, insurance, modical rmmtters (physionl exarie
rations and first ald), and employee relations. Theso departmonts
roportod diroctly to the Diroctor of Industrinl Relations, «nd problers
coxxaon to this Division vﬁro dioousn,od and ocordinctods 4 full=tiro
Safety Lnpineor headed tho Safoty Division und worked directly with tiw
warlious bechnionl and sorvice divisions of the laborutorye, Tho normcl
' funotionin~ of tho Safety Departiont roquired elose oooveration with
the liedieal Division in lendlin- injwrlec and talidng prowntive
meacurcs, The Safety Dopartment also worked closely with the Insurance
Departtont on carpensation oecos and reluded ratiorse Tho Colurbie
Aroe Lngincer superviased tho safety progrars of the warious contruotors,
rnd redntoined ldaison with the District lodiocal and fafety Soctiono,
(2) Safety Advisory Committoo, = Becauso of tho

mture ol tho word: boin- dono, & Safety Advisory Coxitiwo wuc orgmnised,
consistin. of selentists having diroct rooponsibility for the activitios
involving hnMow opoerationa, At times whon spocinl sufuty roblonu
arose, mbatingu of tho cormittec woro oclled to discuco tho oitirtion

an? rokoe rocorrondeations 4o the Scfety Deportuont,




be Safloty leasuros,

(1) Erploywo Oriontntions = 411 now orployoss Torc

glvon instructions repurding their dutios, at vhich tic linits of
rosponsibility en’ authority for nll oporntions wore spocifiod, An
Lmployeoc® lcnunl vas preoparod and distribubed to sid in thie orione
tation progrune Sofety bulletin boards wure instelled, and o contimul
poster carpelgn was carricd on to make omploywes coxmpaoious ol the peod

for ocaroful opervtion,
(2) Safety Inspootionse, « Rsutino inspeotions wore

mdo to insure tho absonco of wnsufe physionl conditions and fire
hasards, to ohsck tho econdition of gas masls, end other safoty equips |

mont, an’ to saferunrd the health of employves.
(3) iodion) Fuoilities, = A oorplotely aquippod

infirmery was establishod on tho premises of the SAM laboratories with
tw nursos on fulletime, end two doctors on partetie duiy, Arranpe-
monts wero mede with & mearly hospital to handle omrgbmy cRBOH e

(4) Z2tudy of Now Hagzardse = Prior to the imuzue

rution oi' now experimontnl proprums, oanferonoces with solentifio
divisions wore held to disouss posciblo hasards involwed,
(5) Poocords end Stutisticse = Complote rocords of

Inspectionu, recormendations, and invwostipntions wero cnintainod,
Vonthly reports ware preparcod showin: tho froquency anl severity ratos
of mooidents,

9«2, Seourity Prorman, « A seourlty progran wes instituted in

tho Colurbic Aren, in accordance with policies established by o

District Coourity an? Inboellironoe Divicion,



e Ormnizntion, = The Columbin Aron Security Section

won hoeded by e speoinl ayent assicmod to the aroc by the Yew Yorlk
Branch 0ffico of tho Soourity and Intelliponce Divicions This ran

wio ageistod by o nrotoctive seowrity arente GLecurlty ropresontutivos
woro solocted fron persomiol et o.ch fecility perforning work of
interost to Uy Diotrictse It wao the duty of these roprosontotives 4o
roport all erpropricte mtters to the Arce Security Section, and to
raintain proper socurity conditions within their freilitios, Sunrd forces
woro estublizgliod vhere nocesoery, cn’. these forcon reported suspiocious
inoidontc to tho Geourlity Section for action, The primary duty of tho
section hond of the Area Soourity Soction wus to assist and eadvise Hw
Aren Ensinoor on 8ll mtters involvin: seourity eand intsllipence, 48
rosidont agont o' the lew Yorl: Bimzmh Offieo, ho ws alss roguired
renort all sipnificant matters to thet off'ice, Informmtion concerning
ineidentc pertuining to nuourity and intollipence wms also forwurdod %o
the District Security and Intollirence Offico bty tho Area Security

Sectione
be Svourity leasurose = Seourity regulations established

by hirher echolons wore put into effect at all facilitios under the
Juriodiction o thz Colunbin Arote Koy porsommel at ouch of theso
fecilitios woro thorourlily advised of *ho ~rovisions of euch repuloe
tion by the Aroe Seocurity Soctione Foriodic insnections wor: ool
duoted by the heed of tho Securddy Soction to Smouro eorpliance with
thoge neourity rorulntions st ench funollity within the aroas Socurity
survoys wore conducbod Iy inapeotors of tho liew York frounoh Off&ce to

inouwre continuity of production et all Colwurbin Aroc installationa.



Tho Security Seotion acsictod the Arec Encincor in carryin; out
rovorzondations basod on those poriocdic swwyne o sorious violation
of socurity ropulations hns boen roportod within tho Columbin Area
since ito estnblichmontes At 2ll inctullations, oxtonoive uso wno mmde
of viswl aids su~pliod by tho District Soourity O0fico, The Aree
Security Uection ocerried out a caroef:l porsomel exanimtion of all
fucilitics, and roviewod seourity qQuestiomwiros on prospootiwe

erployoos prior to suxdtiin~- thonm to the Pew Yorl: Dranch 0f'Cice for

investiratione
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t SECTION 10 - COSTS

-

JC-l. Introduction, — An over.ll compilation of costs attribut-
able to the K-25 iroject is given in Volume 1, Section 7, together
with an explanation of the principles involved in the method of cost
presentatiocn used. This section rresents total costs chargeable to
the research phase of the K-25 Project.

10-2. Cost Breakdown., - 4 detuiled breskdown according to
Vaphattan District prime contracts is shown in Appendix A2, which
4lso presents original and modified contract estimates. Appendix Al
presents costs ircurred as the result of early work done under the
auspices of sf.he Office of Scientific Regsearch and Development. Cost
estimates fc;r principal subcontracts are tabulated in Appendix A3.

10-3. Cost Summary, - Total cost figures for K-25 research
(including the OSID costs) effective as of the end of the fiscal year

1946 are ags follows:

Contract lFayments te—Dsts §14, 544,964
Fixed Fee Fayuents te—bete (4}
ilaterial Furnished by Governient be-bwte 471,960 (credit)
Total Contract Costs te—bate ' 14,073,004

Letimatod Total Costs for Completed Contracte 15,811,663

»
P e ) -

10.1
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SFCTION 11 ~ ORCANIZATION ARD PEHSOENEL

11-1, Districy Qroanigzation. - Tne line of suthority for research
and developrent pertaining to the diffusion plant is {llustreted by
Aprendix 21. The activities end orpganization of the Madisor Square Areas
ere trected iIn Book VII, and of tne New York Area in Book 1I, Volume 3.

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

W=7405=en3=50 to Columbia lniversity, iisjor 3. K. Hough, Jr. was desig-
nated Area Engineer of the newly c.czted Colunbis Area in the early
epring of 1943. By 4 fupust 1943, tLhe steff of this Area consisted of
4 officers and 72 civiliane (including suards). Appendix B2 presonts
a Columbis Arez organigation chart effectlive at this time, Major Hough
was succesded in January 1944 by Captain L. L. Grotjan who dirscted
Araa activitieé thoreafier. The Area staff, wiich at the October 1744
peat (App. B3) numbered 7 officers, 173 enlisted .en and 146 civiliane
(including 111 guards), had boen reduced to 3 officers (plus 3 assigned
to the Patent Advisor), 2 enlisted wen, and 27 eivilieans by 9;—£;;11 1946
(fpps BL)s Key personnel togeiher with their functions are listed in the
Apperdix Gl. The Columbie Area was dissslved as of 1 July 1946.

11-3, SAK laboratorles, |

e. Orgsnigetion,
(1) Development, - Tho wer research activities in nuclezr

physics at Columbis University under OSKD contracts were orgenized under
the nzne of SAM laborstories., ithen contract Ww—-7405-eng-50 was negotiated
with the Manhattan District on 1 ey 1943, the entire leboratory was
teren over. In view of the exnanded research prugran required under

11,1

[ ————






Dre Vo Fo I4bbye Dre Fe 7 Slack dirested the barrier tostin, division,
wiillo Dre Fe liok, Jre vue rosponsible for the vroduction developrent of
‘he olectrafuced nickel barrier, and Dre X "o Colien directud fundamental
theoretionl] and mtherrtionl studies of plant desi;n and operetions Ire
e Soatohard sunervised researgh on pus flow theory, end Dre e Je
Creipghton supervised patent work,eand sorved as liaison offiocer betwoon
ISAS-.: end Decatur on It barrier produotions Dre S le Nurphy direotod

the adoinistretive work of the patent end theoretienl groups and wep
reshongible for all technical reports, includin: thelr editinr, ro-
production, distribution, und custody. A doiniled list of key research
end developrent personncl of the SAl' Iaboratorics is prosented in
Appendix 26

1}«4e Colucbie Unlversity.
&s Oretniratione = As stated a'ovo, the SAV Laboretorioce

ori—-inated in Columhis "niversity es & consolidation of all of Columbia's
nhettan District activitics, Vhen the Carbide and Carbon Chexmieanls
Corporation took over SA™ on 1 Febn#ry 1945; & certnin amowmt of experie
mentation not oomnected with the diffusion ,rocess rexmined to be
eorpleted under We7400wen «560, &nd weo oontinued under this oontract
independontly of SAY labormtoriea,

be Fersonmele = Tho sotivitics of this crou were puldod

prinoipally by Dree "e Co Urey, Je Re Dumnins, and e Muillae Fxploye

Jment statisties are furnished in Appendix BG.

1l=5, ¥eallex Corporetion,

e Pcrao'mel. « Koy rosetreh porsontel of tho Kellex

Corporuticn arc listad in tho Lppendix Ve Or:snization detnllsc and



Fdn g Y etk

informticn conoerrin- She reminder of the stl? arc plven £ Tolume

(2

fe ersormel wvoriin wnder Yellewetumorvien? controcts ent pubcoatmects
cve Lucliaded §n Voluy S,8inee thelr contributions wwre aulon e lino:
¢ ranulectuprin - dovelemment, mthar tian fuwdorent.)l researcl,

1lele 7cll Teloohou~ Yatopatorics (festern Ulectris Corpanv), -

Toe Cunhetion District wort et theoe Wboretories wro perfomncd wwer

e g rvision ©f e Do e Bugmte A& lirt ¢ Very in2ividinils conipie

[

butin- to thie nrujeet is attuched (Apne %)e Vmrloyment detn &rc

sunlied in Appsndix Ble

11=7e rinceton Unlvergitr, = Tho entire “rineoton offort in the

re?f nroject wis directed by Dre ile Se Taylor, who was assistod Yy N,
e "o JOPiSe L list ©of Loy persormel acaocicbed in tliis wor: o
nrezented in Appondiz He, Infermmtion rowrdin- mmbor of employeco
en'e-od at this fnoility ieg 2rovided in Appendix 7b,

l1le8s Othaor Contruclorse

ce Intsrchcxmionl Corporution, = Tuis work vuz direoted by

’

Lroe Ae Te -tezslor ané lie lle Bnse Other Yoy norsonvcl workin- under
coatrrel VeT40Veon w85 arc listed in Aprendix Le “ersomnel ctutisties
o he forid in Appendix BS,e

“he fulifornin Tnetitute cof Tochnolo-ve = Thin project

vz dircetid b e e (e Wdpere Othior ey vergemwel cnsu el wéer
controet Vw7iClecn =3 erc Yistod in Lopendix 7o

Ce Uldc Htabte Univorsitye = Vori et U.'o Sduts iniversity

g dirscted b Lre Lo Le oz,
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2 BAIYIATTARN DYCTRICT NISTORY

BOOL II w GASEOUS DIFTIGION (Ke35) PRUJECT
VOLUIE 2 = RLSEARCH

APPERDIX "A"
CONTRACTS
Roe Title
1. GSRD Prime Contraoctu,.
26 Javhattian Distriot Prims Contreocts,

Be Subgontracts,

The following list ropresents a tobulotion of prire
research ocontracts attributable to the K«25 Ppojeot with the exzolusion
only of contraots pertnining to the special chemioals prograng the
attor contreocts are treated in Book VI, Cost figures aro effeotivo
as of tiv end of the fisocal year 1940, BSubcontract coats aro

included in the prime ocontreot fipures,

Contraot type 1s tabulnbed 4in the first ocolum and
denoted by a mmeriocal oods, the key for which is as followms

(1) Architeotwensineer servioos,
(28) Cost plus overhend.
(3) Luap sun service,

lethod of letting 4s tabulated in the seoond colurm and
denoted b’ a muerical oode, the key for which is as followsns

(1) Nepotiated by Columbia Aroca.

z; Hegotiated by Distriot Engineer,
Hegotiataed by Rewr York Area,

(4) KNepotinted by llew York and Decatur Areas,

(6) RNepotiated by Imdison Square Area,



«




[ B R ;
LOTRACT 0. MAWE OF CUSTRACTOR JSOME OFFILE OF SCCPF
GFELTIVG TATE COYTRACTOR ‘
CE¥er-106 Columbis University Tow York, M. Y, Invest
. 1 July 1341 for s«
J :
KNsr-408 ¥. To Kellogg Company Jorsey City, ¥, J. Desi g
16 January 1942 pilot
msent,
nﬁiq
Edsr-413 Columdbia niversity New York, ¥, Y. Separi
1 lecemder 1041 diffw
K-35
CEMar-564 Ohioe State University Columbus, Ohio Preps:
Research Poundation’ sempls -
S August 1942 _
DELETED )
b3)

NO0TSs All edove are sosteplus overhead ountracts.
All wers negotiatsd by the Executive Seoretary, OSR[.
All contracts are oompleted,
Total costs are 2,397,860,



HOME OFFICE OF
CONTRACTOR

" OSRD PRIME CONTRACTS

!“ Y”k. l. Y.

Jorsey Téity, He Jo

Noew York, N. Y.

Columsbus, Ohlo

L

ocost=plus overhead contracts.

tiated by the Executive Secretary, OBRD.

are oompleted.
re ".397,8500

SCOPE OF WORK OGRIGINAL
' CONTRACT
ESTIMATED
v A¥OUNT
(NOT INCLUD=
. ING FEE)
xmaﬁg'.uon of the diffusion method $§ 25,000
for ssparation of isotopes of urenium.
Dou(;;'ooutrneuon snd operation of 75,600
pilot plant and development of equip-
ment, materials and methods of ope-
ratioa of a large plant.
8 i 1oa of isotopes of uranium by 297,260
diffusion process; aleo various non
K-28 projects.
Preparation and purification of 10,000
samples of specified fluorcoarbons.
4 !
DELETED )
— — T Dot
f L
?. k;'
P
' .
Al



-e

¥

RIGIVAL VI IF1ED SUTIR3ENL T BY
CCNHTRALT LINTRACT TANIATTAY TTI3THELICP CLITRACT
TOTIVATTD SSTIVATED
ARUUNY A UND
(70T I'CLLL~ (LT I'CLile
ING 18%) 10 FE8)
1o ~ethod
of uraniume.
;eration of g . 1i-74C5-eng-23
: of equip= \
i of ope= |
aanium dby T=T408-0n3~80
‘{ous non
DELETED
a of =T408=eng-08
xarbon®e ‘ ‘
]\ ;  A=T408~eng-148
ok

b(3)



(1)

COHTRACT NO. YAST OF CONTRACTOR HOMY. OFFICE OF SANLITAY DISTRICT MRIME CO!
TYPE EFFECTIVR TATE CONTRACTOR SCOPE OF WORK
AZTHOL OF LETTING g
R=7401-0ng-58 Voorhees, Foley-falker, iew York, H. Yo Freparation of neeessary
(1) and Smith specifications, ets, and t
19 July 1943 supervisioa te convert oe
(1) premises to a research 14
4
N=T7401~eng-~48 Comstook and ¥esoots, Camdridze, ¥ass. Rescarch, developasant and
(8) Inee spectioa worke !
16 August 1943 §
(2) Lo
S
li=7401-enyz=-83 talifornia Institute (lasadensa, Cal. Conduot sertaia studies
(2) of Technology experinental investigsti
1 July 1943 3
(3) 1 j
f=7401eeng=80  Voorhees, Foley-iialker, New York, N Y. Furnish necessary inspeeii
(3) and Smith ' surveys, recosmendaticns}
4 Octodber 1943 for 3AK projeet.:
1)
W=7406-eng=-80 Columbia University Sow York, Mo Y, Regsearoch and dmlopncw
(2) 1 Ylay 1943 : proceas,ler separation of 1]
(1) uraniume
We7406-0ng~T4 Purdue Research Lafayette, Ind, Furaish facllities and por‘!
(2) Poundation train personnel. Condued o
1 ay 1943 studies and experimental ﬂ
(2)
We7408-eng-82  DBattelle femorial Columbus, Ohle  Condust certain studies and
(2) Institute investigations.
16 April 1943
(4)
A=T7406-eng=-95 Ohie 3tate University Columbus, Ghie Continuation of work under |
(2) Fesearch Foundation ORer-584.
1 Jly 1963
(1)
{eT4db=ong=08 frinceton Tnivorsity “rinoeton, ¥. Je Fundemental cheaioal studie
(2) 1 July 1943 ' barriers and barrier mteri



ZANIATTAT DISTRICT PRINE CORYRACTS ORIGINAL MODIFIBD CONTRACY FIXED ﬂ
SCOPE OF RORK CONTRACY CONTRACT PATUENRTS FAYUER
SSTIXATED £3TIMATED TO DATS 10 A
ANOUNT AMOUNTY
(0T INCLUD=- (BO? INCLUD= (NGT INCLUDe
o 1IN0 res) INg FER) 130 FER) )
Yo Preparation of nesessary desfyas, $ 200,000 $§ 210,600 $ 38,617 -
"“specifications, ete, ang te ) §
supervisioa te convert certaih”
premises to a research lAboratery
-
8¢ Researeh, development n‘ ib 10,000 38,000 34,949 -
spection woark. | .
o e,
R A
FPiebidy
Conduct sertaia studies and; 28,000 38,000 28,844 -
experinmentsl tnvuupu‘hop
. 1 ‘%;:
Yo Furnish necessary !up-di 1,000 1,000 1,000 -
' surveys, recommendations} nl sdvice
for S:% projeet. Pooge
;e
»  Research and developmentt of diffusicom 7,000,000 18,000,000 10,813,528 -
proeeas lee separatioa of udopu of (1,000,000 Iumm)
uraniume S ‘
» Furnish faoilities and wohql, and
train perscunel. Condued cirtais ‘
studies and experimental iuvutlatiou. 50,000 468,000 100,744 -
Conduet ocertaia studies and um ”.000 336,000 48,000 y =
investigations. ‘
Continuation of werk under contract 20,000 20,000 19,487 -
OBllar-584. ;
s Fundamental chemical studies of 100,000 360,000 334,998 -

tarriers end barrier materiale.

A

W
«



T e

CONTRACT FIXED FEB  4ATERIAL TOTAL CONe  ESTIVATED
: PAYKENTS PAYMCNTS  FURNISHED TRACT TOTAL CON~
D TO DATE 70 TATE BY GOVERS~  COSTS TRAC? COST8
uEN? T0 DATE AREN
De (BUT INCLUDe 70 DATS COMPLETED
1% FEB)
34,949 - - 34,940 34,940
28,644 - - 28,644 88,816
1,000 - - 1,Q00 1,000
10..”.5” - ‘n. 773 w.m. m n.m. “‘
(1,000,000 Insursnee (Credis) . 1,000,000
100,744 - e 100, 7¢6 100, 764
@®,000 |, = - 4$,000 48,000
19,487 - 480 19,017 19,017
(Creais)
334,998 - 263 338,208 338,208






VRIME CONYRACTS oaxo!w.l "~ 4oDIPIED CORTRACY FIXED i

CONTRACY CONTRACY PAYNENTS 3
ESTIMATED ESTIMATED TO DATE 10 D
AMOUNT ANCUN? -
(WOT INCLUD=  (NOT INCLUD~ (NOT INCLUD=
B 1:0 FEB) 150 FSB) 130 FB) ,
-t . - i utmt S
Kl
DELETED Lok
b (3)
. B - ‘
SUETOTALS (ILISTRICT CONTRACTS) 13,147,104 d
ONED CORTRACTS | 3,397,060 q ‘
GRAND TOTALS , 16,644,964 d
9 “ )



L MODIPIRD CORTRAC? FIXRD FEB UATLRIAL TOTAL CON=  ESTIMATED
ACT CONTRACY PAYMENTS PATMINTS  FURMISIED TRACT TOPAL COB=
ATE ZSTIMATED TO DATS T0 DATS BY GOVERE- COSTS TRACT COSTS
4 AROUN? ' V1.2 § 4 10 DATE ®isR
CLOD= (%02 INCLUD» (NOT INCLUD= TO DATS CONPLETED
8) 140 FS8) 1IN0 P3R)
.)v.
DELETED
/
e e e ——— o — Dat .
A V(5
mn ) u.u’. 19‘ ° 5".” ll."'.m u.m.“
‘ : ' (Creais) .
2,307,300 . 0 2,307,800 2,307,800
14,544,984 0 - 472,960 14,073,006 15,811,668
. (Credit)



HOMB OFFICE OF

CONTRACT YO NASE OF SUBCONTRACTOR
SUBCONTRACTOR
N=7408-eng-80 ’ &
S. Co 8 Cornell Umiversity Ithess, %o To "
h DELETED
S. Co 13 Cniversity of Wiseonsia ”“—“;:“'m.'— N

DELETED

3e Co 31

S. CQ”

113

General Zlestrie Campany

Battelle fi.orlgl Institude,

Americas Yeohine Defense
Corporation

Elliott Cempany
General Bleetrie Company

gntoroh-lu.l Corporatiocn

mx". o Yo

Jeanotte, Pa.

S“W’. He

Yow York, 2. 'o'

DELETED

Oﬁio State University
Researeh Foundatiocn

4

~ Columbdus, Ohie

Yo

Dot

NOTS; 7=7406~eng-60 subsontracts were negotiated by &
OEusp=418 sudcontracte were megetiated by the ¢




—

FICB OF a SCOPE UF SORK ORIOINAL |
STRACTOR ' CONTRACT
: ESTILATED
AMOUX?
(%02 IRCLUD- (1
L 1IN0 ¥28) ]
‘: .
% Yo Z-ray studies of urenium hexafluoride. $§ 8,000 '}
| o W
A4 €
J | J DELETED 5(3)
» Misee Claseiffcatios by seatrifuge of 8,000 :
R, nickel ocarbonates. o
| | T N Det
( DELETED g (3)
t:d'y:’l. Ye 'ﬁolopont of magnetio eloth and special 7,443 !’
ludricants and ineulating -torhh for :
process numpe. i
s, Ohie | Application of knowa commereial olestro- 8,000 f
f pelishing methods of barrier panels.
| SUBTOTALs
e
2, Yo Yo R Eovilomi of engineering designs for f
‘ epeoial pumps.
», Pae v Tevelopment of positive clearsnse seal i
4 for centrifugal compressors 3 :
tady, N. Y. : cmlop new typee of pumpe !'ar huduu
. uraniun hcnﬂucruo. :
Es 3o Yo . Develop !'or comereial produstios
of nickel s for darriers.: _ .
- e, e ' e ———— . e et -, %
DELETED X A (
| 3)
‘\_ - . —
1, Ohie Preparation of samples of specified
fluorecarbons
SUSTOTAL

lsgotiated by the Contractor and approved by the Distriet Engineer.
:jated by the Contractor and spproved by the Executive 3ecretary of 0SAD.

i m



|

I
|

ORIGINAL . MOTIFIRD ISTIVATED
CONTRAC? CONTRA.T TOTAL Cll-
TCTILATED ESTIMATLD TRACT COBTS
ANOUT AKOUNT LTS |
(¥0% INCLUD= (307 1YCLUCe CQiPLETED
ING F2R) ING FZE)
£ urenium hexafluoride. $ 8,000 ] 8,000 $ 8§, 000
— N
’ , DELETED ) =0E
- 4 : L (3/
by eemtrifuge of 8,000 8,000 8,000
08
" Dok
DELETED E (,)) _
nagnetie eloth and special 7,443 7,443 7,443
ineulating materiale for
tnowa sommereial elestro- 8,000 8,000 8,000
de of barrier panels.
SUBTOTALs 48,287
mngineering designe for
)ositive clearanse seel
conmpressore )
»1s of pumpe for hand ‘
wridee .
for comrereial produetiom k,
‘s for bdarriers. ‘ o
I 2R, At e e e e e g B o o ' D [)e/
DELETED b(3>
wmples of speociffied '
SUBTOTALs * 64,150

wed by the Distriet Engineer. ,

by the Exeocutive Secretary of OSRD, N .



NANHATTAN DISTRICT HISTORY

BOOK II « GASEOUS DIFFUSION (E=-38) PROJECT
VOLIRE 8 « RBSEARCH

APPEMDIX *p"°
CHARTS
2oy Hthe
Line of Authorily for Ressarch and Development on Oaseous
Diffusion (K-BE) Preject.
2, Organisation Chart, Cobmbia Aves, ¢ Augwst 1043,
%o Organisation Chart, Colwdia Area, § October 1944,
K Organisation Ohart, Oolusbia Ares, 1 My 1945,
8. Empleyment Growth, Colwbia Ares Xe85 Contractorse
6. Organisation Chart, SAX leberatoriss, Carbide snd Carbon

Chemissls Corperation, 21 April 1945,




TR AL o op oreg o

Manhattan
District
Engineer

Gaseous Diffusion (K-25)

Unit Chief

Project

1

r
|

1

Columbia Area Engineer
Columbia University OEMsr-106

Columbia University OEMsr-412
Columbia University W-7405-eng-50

Western Electric Company
(Bell Telephone Laboratory) OEMsr-1125

Western Electric Company

(Bell Telephone Laboratory) W-7405-eng-142

Ohio State University W-7405-eng-95
Princeton University W-7,05-eng-98
Interchemical Corporation l—7hb7-eng-25

Carbide and Carbon Chemicals Corporation
Supplement 4 of W-7405-eng-26

L_;":zhOl-m‘féB

New York Area ineer
M. W. Kellogg Company OEMsr-406

M. W. Kellogg Company
(Kellex Corporation) W-7405-eng-23

Carbide and Carbon Chemicals
Corporation W-7405-eng-26

California Institute of Technology

Madison Square Area
Engineer

Special Materials

e

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



i, Officers

Area Engineer
72 Civilians
Columbia Area
L
Technical Administrative
Asgistant Assistant
[ B
Security and Administrative Account.s and
Safety Division Section Audits Section
Protective Property Fiscal and Payroll
- Security Sectien Section
Guard Force Mail and Records Material and

Transportation Sectien

Organization Chart

Columbia Area

4 August 1943



r“"““ CoTT T T
i Area Engineer

Columbia Area

)

‘ Technical Officer

L l &

i

[ Executive Officer‘]

1

14,6 Civilians

# Inecl, 2 assigned

to Contractor

#% Incl, 173 assigned

to Contractor

l [—deiniatrative
Assistant

? |

Assistant to
Area Engineer

w
& e . - ! - . S
. Intelligence and i I Fiscal and Pay- | | Property _fr Procurement and
3 Security 1 roll Audit j | Expediting
v e e e n — ’ e e e ——— s o — = |! b - - e e e s e
Protective Security {. Materials Audit | | Personnel and Peyroll || Special Engineer
and Guard Force and Priorities Office Service . Detachment

i
.

' Mail and Records

|

|

Organization Chart

Columbia Area
5 October 1944

[}



Area Engineer

Columbia Area

Special
Staff

Intelligence
and
Security

Executive
Officer

1

Property
and
Procurement

——

6 Officers*
2 Enlisted Men
27 Civilians

* Incl. } assigned
to 0.S.R.D. duty

Organization Chart
Columbia Area
1 May 1946
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Columbis Univarsity (SAX)

Carbide and Carbon Chemicals
Corporation (SAM)

Wiestern Electric Company
Princeton University
Interchemical Corporation
Ohio State University

Cerbide and Carbon Cheaicals
Corporation (SAM)

Western Electric Company

Princeton University

3 Ef

31

B ¥

819

25

Ost. Rov, Des. Jan. F.b. Mar, Apr. w
A0k 124% JO44 )34k 196k AO6h 1940 1940 1945 1243 104

1036 996 950 9R - - -

- - - - 837 89 83 8u

L 8 12 8 6 IN 2

Oct. Nov. Dec. Jan. Feb. Mar. Apr.

A0S 2940 Q945 1943 1943 2943 1940 1246 Q946 1946

July Aug. Sept.
984, 981 1063
18 16 18
3 1 29
7N 6 9

July Aug. Sept.
83 TS5 649
1l 1 1
25 25 26

64,0 585 563 550 516 452 L

Eaployment Growth
Columbia Area K-25 Contractors
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Group 3

TR - Facing

ES - Slurries

ET - Electroplating

ZU -~ Analytical
Control

EW - Unit Process

Crganization Chart
SAl! Laboratories

Carbide and Carbon Czehmicals Corporati
Contract \/-7405-6ng~26 (Supplement 4!
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- PHOTOGRAPHS
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1. Bydregmation Furnasse with Heating Bell in position, as

eperated at the Schermerhorn Pilet Plant for Heat Treating

Barrier, .
a. Interior view of Hydrogenation Furmasce with a Reel of

Barrier Material in place, .
3. |
b DELETED
5.
é.
7o pov b
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9. v DELETED

.\ DoE
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13. '

. i DELETED Doe b (3>
15, Ges Bearing Blower. - |

16. Westinghouse Model CS-V Gas Bearing Blower.

17. Front View of Pilot Plant No, 1 (Code Hame: Gertrude).

18, Rear View of Pilot Plant No. 1.
9. Pilot Plant No. 1, showing & front view of the Twelve-

Stage Caseade as first assembled in the Pupin Physies
Laboretories of Columbia University.

20, Pilot Plant Bo. 1, showing a rsar view of the original
Twelve-3tage Caseade with Type B Pumps mounted as &
Common Crenkshaft.

21. Rear view of Pilot Plant No. 2, showing three Type W
M.o ‘
22. Interior View of Pilet Plant No. 2, showing Diffusers
. and Presaure Transamitters.
a3. Pilot Plant No. 3A, showing & view of the Main Instre-
ment Panel. |
2h.  Rear view of Pilet Plant Ne. 3A, showing the feur Tep

Stages, and (in the foreground) the Motor Coelamt Cir-
ing Systes

25,  +  Pilot Plant No. 3B, showing Stages 3, &, md 6, Type
C8-Y Gas Bearing Hlowers, Blower
Whitehead Diffusers, Surge Drum, and Heat Exchangers.

26. Pilot Plant Ne. 3B, showing Stages 1, 3, and 5, Kowers,
Diffusers, Control Instruments, and Sampling Manifolds.

27, View of Vasunm Engineering School, showing Btudents
exanining Elestronic Equipment used in lesk Detesting
Apparatus. - .

28, Vacuum Engineering 8chool, showing & lLeak Detecter and

and & Pumping Viagon being asseabled.
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29, Vacuum Engineering School, showing the Mass Spectrometer
lLeak Detector,



Gl Nydrogenation Purnsee with Neating Bell in positiom,
as eperated at the Schermerhorm Pilot Flant for Heat
Treating Barrier,






G2 Interior View of Hydrogenation Furnace with a Reel of
Uarrier daterial in place.
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G)S Ges Dsaring Blower. This is the first cas bearing
aodel, It was ¢mstructed at the fupin rhysics
laborastories of Columbia ‘/niversity.






C18 ‘estinghouse lodel CSY s learing Nlower.
The auxiliary apparatus is being used to ale
11fe tess studles of dlower performance with
rooets Pl

-






Q17 Front View of Pilot Plant llo. 1 (Code Namet

~

Gertrude).






Cl8 Rear View of Pilot "lant llo. 1.






Cl9 Fllot Plant No. 1, showing & front view of the Twelve-
Stage Cascade as {irst asseszbled in the Iupin [hysics
Laboratories of Columvia University. The diffusers,
pressure indicators, piping, and valves are shown.






c2c

Pilot Plant Ko. 1, showing a rear view of the original
Twelvy~-Stage Cascade with Type B Fumps mounted as a
Common Crankshaft.







L2l Rear view of Pilot Plant No, 2, showing three T,pe W
Pwnpl.







L Tnterlor View of ©llot Flant Lo, 2, thowing Diffucers
and Fressure Tranamitiers. During operation, the
diffusers are hioused in a constant tezperature chawmber.
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C23 Filot Plant No. 3A, showing a view of the Xain Instru-
ment I'anel,







C2, Rear view of ’1lot Plant No. 3A, showing ithe four Top
Stages, and (in the foreground) the iotor Coolant Cire
culating System,







C25 Pilot Flant No. 3B, showing Gtages 2, 4, and 6, Type
CS=V Gas Hearing .lowers, 3lower Repressuring System,
ihitehead I'iffusers, Surge Nrum, and Heat Exchangers.
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C26 Pilot rlant No., 38, showing Stages 1, 3, and 5, Blowers,
Diffusers, Control Instruments, and Saupling danifolds.







€27 View of Vacuum Engineering School, showing Students
examining Electronic Equipment used in lLeak letecting
Apparatus.







£28 Vacuum Engineering School, showing a leak Detector and
a Punping Wagon being asseabled,







C2? Vecuum Engineering School, showing the lass Spectrouster
lesak Cetector,
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Minutes of Meeting held 16 January 1544 at Decatur, I11.
Those present were:

Army - Brigedier General L. R. Groves. Kellex Corporation -

Lt. Cal. Japes C, Stowers Mr. P, C. Keith
¥ jor A, Temmero ' Mr. A, L Bakc;
Captain John H, Bramnan Mr. P, B. Géz:don

Lt. Homer D. Walker
Columbia Univereity -

Boma:llle-ﬂauhq Oorperatton -~ Dr. Harol
ir. C. G, Getler + Parodd O, Urey
Kr. Don S. Devor . Union Carbide & Carbon Compamy -
Mr. Senford Brown Dr. Berrill
Mr, Peul E, Davis Dr. George Felbeck

Br. J. K, MsclLennen
Mr. %, L. Pinner
Yr, R. C, Smith
I're Ao K, Grahzm

1. Investigetiomel by H.H, i
Mojor K (not to be inmterfered w/by the minor)

Minor A madified in eny way E.H. desires

2. Construction
Build for K.

3., Plen for K, rrocess.

K imweetigutionel in K.Y, in prescat org. heeded by Teylor. H.H. to furnish
everyone needed to fill 4in that orgsnizetion. '

Comst. and process changes to be worked out by Kellex w/H.H. advice.
Stop vroduction of cll unnececsary eyuipment et once.

HH. to continue in present :osition.

OCC to teke overall swervisory position, will tie everything together from
beginning to end. Ultimete veto power over differences of opinion within
overell directives of Kellex &s to required specs and deliveries. To be worked
out in detail by UCC and Kellex. UCC will secure powders, blend, mamufacture

sheet end furnish to E.H.
Kellex to coord. prroduct »/ Chrysler und 8ite rnd other outside sgencies.

Stowers to be recponcible for delivery rriorities end apy frilures om his purt
to be reported at omce to me or drs. U'leery by phons.
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GLOSSARY
4 Tore Definition

Alnico = & highly mapgnetic metallieo alloy sontaining 24«36 per eent
niockel, 9<13 per eent aluminum, and 5el0 per eent

eobalt,

Ca2l44 « & highly fluorimbed lubrieating ¢l suitable for wse in
esontaot with fluorine or wrenium hexaflueride

(Book VII),

Ohain reastion = a pescotion which provesds in such mamner that
ninute, funiamental, sompenent entities react with
ene ancther in such & way that ene eor more of the
produsta resulting from each fundanental reaction
acts as & peapent to inititate an identionl reaction
in adjmoent sinilar mterial, If the preduwts
resulting from a specified mumber of fundamental
resotions sause the initiation eof an equl (er
greatsr) murber ef secondary reactions, the shain
reaction 1is said t0 be self-guwstaining er (multiplying),.

Xowr « & metallic alloy wsed in forming metal %o glass Joints, A
tpical amlysis would be 20 per eent miekel, 17 per

sent eobalt, 0.5 per esnt manganese, and & $race of

e
DELETED _,l‘ 5(5)

WPe10 « a highly h\m'imhd phltié mterial suitable for wse in
sontagt with fluorine or wraniwm hexafluoride

(»eok VII)e

Kuslear fission « the prooess in which the musleus ef an aton is
split into seweral parts which are ef the sars order
of mgnitude, as distinguished from & precess in
which ¢ smll part of the nuslaus, of weicht equml
to only & small fruotion e the total mucleus, s
eplit offe

!

W



Tore: Definition

Poly IFi « & speoial fluorimted plastic resistant ¢0 uranium hexa-
fluoride and fluorine, and consistinz of & polymer
of tetrafluorcethylens (Book VII),

Radioactive docny eonstant « & nuerical quantity used to express
the intonsity of redionctivity of an element, It is
mthemtionlly dofined as the ratio of the muwiber
of ators decaying per mit ¢time, at a given instant,
to the number ef ators prosent at that instant,

Jw oz-xoo stosl « one of & large mubor of steels specified for
& particular uwse by the Boolsty of Autonotiwe

Bylphon « Wwude nas for a particular type ef ecrrugmted sstal
bellows,

DELETED
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Koy Personnel, Colusbia Ares,
9 Esy Personnel, BAX laboratories,
Koy Persomrwl, Bell Telephons labormtories
4 Key Personnel, Prineeton Universify
8o Koy Perscuns), Kellex Corparation (Ressarch enly)
¢, Koy Personmwl, Interchsmioal Oorporation
7 Key Fersonnel, California Irstitute of Toohnolory
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KEY FriSOW'&l, CGILUBIA Akit

iy Vojor B, Ke Jr. = Area Engineer froz Merch 1943 to Jeauery 1944;
adaindistrition of resesrch eontracts under the Jurisdiction of the

Golumuia Ares.

Brovne, Ceptein S, H, = Technicel Advisor to the Are: Engineer on

matters perteining to scientific research and developmeut from
June 1943 to Februrry 1Y44.

Gambe, Captain G, C, - Executive Officer from May 1944 to July 19453

asslsted in the adninistration of eontracts, end the supervision
of Area Office activities.

= koscutive Officer from June 1942 to January
1944. Area Engineer from January 1944 to 1 July 1946; responsible
for adminietration of contracte under the jurisdioction of the
Coluwbina Ares,

Hicks, Ceptain K, J, = Executive Oliicer; assistec in the aduinistretion

of contraclLs, and the supervision of Areas Office sctivities.

- Technicel Advisor to the Area Engineer on matiers
pert.uning to sclentific research and developwment fron February
19“ to Nove;. ber 19“.

- Assistant to the Area kngineer, New York

o
Ares; rescarch ohe ist directing Kellex and SAN laboratory group
on barrier development and quality control problews,

aw 4 5 0N = Assigned for duty to the Patent Ad-
visor, Mauhattan District.
2 = Aspigned for duty tc the Fatent Advisor,
Manhattan District.

or st L ; - Assigned for duty to the Patent Advieor, Manhat-
tan Dielrict,

gls ' . = Assigned in September 1945 by the Manhsttan In-
telligence ané Security Division to Colusbin Ares, directing Area
Intelligorice and Security Section.

Allan, 2nd Jt, G, S, = Assigned by the kanhattaon Pistrict Intelligence
and Securily Divisiou to Colwwbie Ares, direcling fref Intelli-
gence and Security Seeiion, frou Janusry 1944 to June 1945.

Csl /SEL o = Special Assistont Lo the freas kngineer;

Froject Architect; prepsred special reporte for the Ares: hngineer;
controlled issuunce of speciul prucess materiuls v contractors.

Gl



Dziyrgynsii, N/Set. J, I, = Directed the Froperty, Frocure.ent anc

Lguipment Control Section; muinteincd property records for the
Area Oiffice enc for contrectors.

Fische - bdupervised aduinistretive sections of the Arca Office;
Chicf Projoect Auditor perforiing flunl sudit o1 contractors!

vouchers,

L e o g e prem weemq




KEY FLROOUTL, SRV 1ADEATOLIES

Adler, Dr, Eédward - OELETED | ) y [’

« Sypervised research on methods for the mechani-
cal testing of bsrriers; January 1943 - December 1944.

DELETED ) . ('\
— A 3
- Conducted resesrch en gas bearing blowors snd ’

their fundamental behavior and design.

= Directed the work of all physies research groyups
concerned with studies of methods for testing separating efficien-
¢y and physical properties of barriers, as well as assay msthods
such a8 asss spectromesters, counters, fission analysis, etc.

, = Conducted rescarch on the eomposition of furnsce
gooes and the offect of furnace atmosphers on barrier ductility;

February 1943 = June 1944.

=~ Directed the work: of 8il applied cheuistry
and chonical engineering groups concermned with barrier development.

| Brown, Dr, Henry = DELETED )DDE

‘ - aupervuod ruurch on the nynthoau of fluoro=- 6/3’
earbons; January 1942- April 1943.

= Conducted research on tests and msassurements.
of the flow of uraniua hexafluoride and inert gases throuvgh bar-

riers. Performed sarly experiments on high te.perature fluori-
nation of barrisrs to increese corrosion resistance,

= Conducted research on dust plugging and surface
areas of barriers; Jenuary 1944 -~ January 1945,

Clerk, Dr. Cherles R, - Supervised research on plant conditioning pro-

cssses, conditioning equipment and systems; design and life test
studies on valves; experi.msntal operation of pilot plantas,

=~ Conducted rescarch on the use of fluorocarbon
oile as lubricant in the presence of uranium hexafluoride;

December 1742 « August 1943.

- Directed the fundamental theoretical and mathe~
matical studies ol‘ plant design anc operstion; July 1940 « April
194k




1 ahin < rrzivvee e PLreeloy In dlrecting and coordireling
all rescarch and deveiopment studies with speciel esphasis wpor:
@p jor epdainistralive prooleis,

Creir, lowr D, - . “ DELETED ]D&
e e - N b[g)

Croigtion, Dr. E., Jerrgip - Supurvised &1} patent work and acted #a
special consultant and liaison officer between SAlM and l'ecatur on

It barrier production,

w Directed and goordinsted ell resesrch snd develop=
S ment shudiece corducted for vhe Kenheitan Dietriet at the Carbide

and Carborn Cheaidcrle Corporstion, SAM Laboratories,

r, 8 = Bupervised the conatructicn and operation of pilot
planits for testing barrier performance in isotope separationg
February 1943 - Novomber 1344.

= Assisted and coordinated all rescarch and
developuent, with special attention to aduinistrative duties;
Associste Director of S5AL Laboratories, Januery 1944 = February
1945; Gonsultant fram latisr date.

Devis, Dr, Hugh G, =/

D¢
{: \ RELETED ‘ 6(3)

; o. = Supervised research and development on flow prop-
ort.ies of blrr.;eu, mioroscopic ard heat treatusent studies; lab-
oratory services for the barrier projuction group.

Vries = Conducted research on laborstory techniques in-
volved in corrosion studies and investigated the behsvior of
pubber when exposed to corrosive gases; Decandber 1943 ~ June 1944.

« Conducted research en absorpiLion and surface
aress of barriers; January 194 - December 194iL.

a , = Conducted rescarches on the development of dis-
' phragm motors,2starting end stopring of gns bearing blowers, new
tvpes of blowers sad blower besrings,

in = Nirected all rescerch ancd development on mechani-

cal engineering problems, pilot plante, process operstions and
isstopic methode of anslysis; July 194U - Decewber 1945, UDirected
2ll resesrch on the diffusion project st Columbie University from

July 1940 = Decaxber 1941.

L ) - Directed rescarch and de'velopment of DA barrier,
including pilot rlant production; March 1944 -~ January 1945; eon-
sultent since latter date,

: G



F’M"/

1is 1 Be = Concacieu reseerch ancd developwent of vacuun test-
in;,, directed school for the treining of vacuun engineers; Febru-
ary 1945 = July 1944.

ocett, Lz, © ig = Directed all civaicel research dealing with eon=-
sucriion, plugsing and stabilisation of berriers; with the corro-
uou snteriais and with the devclopment of fiuorosarbonsj August
1542 = Novesdber Q)443 consultant since latter date,

t, Dr s §y =
//Ts v, Cher - DELETED >Ua_;
: . - " (3]
= Assisted in the direction of resvarch and de-

velopment of A barrierj planned and organised laborstory and pilot
plants for this purpose; Merch 1943 - January 1944.

= Supervised studies of plant conditioning to the
corrosive action of gases; Koveuoer 1945 = July 1944,

‘reec, D - Cunducted rosearch on Xe-ray diflreciion and slectron
diffraction studies of surfaces of materials of plant econstructiorn.

Sllbertoon, Dr. Lvla lu = ) Joe
. } DELETED 5(3)

Got. a - Buperviud opernuan ot t.he A barri.er pilot plmt,
July 1543 = Jenuary 1945.

r ~ Supervised research en fluorocarbons, on the
dnorganic chesdstry of uranium compounds snd on their physical prop-
erties; July 1940 - December 1943.

‘ = Conducted ressarch on organic snd other con-
uunaung moterials in plant, and specisl studivs on stabilization;
developeld contrpl methods for parricr manufacture.

' MIM__. &’m‘u(:tod research on mechanicsl probleas dealing withwcf
tre fu3 bearing blower; July 1944 = Decexber J.9M. B

Herzde, 0w, Froetonu M -t DELETED /

erpick, U PR/ '
< . DELETED )l.m \
; v(3)

; - Consultant on genersl lubricating problems, bosring
theory and patent ‘metters Soricerned with tiw gus besring blower;

epmmenuaihiniie




Ocicber 1943 - Jenuary lyh4s.

Hicks, Dr, John £. G, Jr, = Supervised research on corrosive properties
ol uraniwy hexafluoride, dvnade barrier plug:sing tests and on
Tiw.rockroong; soleu a6 lielson agent belween LAY Laborsturies

and vne k=25 Site; Lece.ver 1943 - Jauary 1945.

Loard, 3k, Juws I, - Directed ressarch at Cornell University on sub-
cntract for mezsurenent of the A-ray dirf{raction of uranium hexa-

flunricey Jaly 1745 = June 1944.

w‘ = Conducted research on the counting method of iso~
topic anailysis; July 1942 = Koveuoor Y43,

= Conducled ressarch on process variaoles in DA barrier
pro..uction and oporated piloi plant for this purpose.

~ Conducted research and developasent studies on mass
spectroneter method for assay anc analysis of plant ges aixtures
and for isotopic abundances in uranium eompounds.

an, D = Supervised principal theoretical and methematical
studies on plant design, operation and improvement.

‘ ~ Conducved ressarch on phylicll cheaistry of uranium
and fluorine compounds.

Knox, Dr, ®iliiam J, - Conducted research on stabilisation of barriers,
consumption vl process gas and corrosion provieme.

£3;

¥ « Consultant on probless of the inorganic cheamistry
of uranium eompounds; October 1943 -- December 1945.

N « Conducted research on the developament of
-ot.hodc for inert ges and separation fuctor testing of barriers;

July 1942 = Noveuber 1943.

= Conducted research on slurry production end testing
for the D/ bercier pilot plant; Septeaber 191.1. - Jmuary 19&5.

C T DELETED /)DZZ>

wson, V. .

e ora——— =

Lioby, Dr, h. F, = Directec wor« of all eherdistry groups concerned with
funda..ental studies of stubjllgation and plugging of berr.ers, con-
sunption of proceso gts by barrier and plant construction materizils,
end the cevelopuwiit of new maierlels such as the fluorocaibons.



As = Conducted ressarch on the ther.odynaiic properties

#1) X
of uranium compounds; January 1942 = Merch 1943,

(] ? - Concucted regesrch on the development of iiu barrier
and the correlauon of RE procduction data.

fac ) = Directed all resesrch and development on the pro-
duct.ion of A barrier, including process conirol and pilot plant
production; Novezber 1943 = August 1944,

eMil) ire B G = Conducted research ou effects of absorp-

-~ '  tion of process gas on surfsces in the plant,

onian. Fdward N, =/ J
DELETED
ﬁ | b0

Meoke, John R, = Conducted research on ges beasring blowers, blower bear-
ings, theory of centrifugal sompressors and the engineering de-
velopment of pilot plants for isotope separation,

s, D « Supervised research on stabiligation and plugging
of barriers, and process ges eonsuuption.

I } ' = Supervised research on fluorocarbons and their
development for use in the diffusion plant. :

1 = Conducted research on barrier stabiligation
and consumption; January 1943 = May 1944.

: = Directed the administrative work of the Patent
and Theoretical Groups and in addition was responsible for all
technical reports including their editing, reproduction, distri-

obution and custody.

= Canducted ressarch on the developmont anc testing
of seals for gas bearing blowersj March 1943 = April 1944.

2)

h

8

= Consultant on heat provlems involved in the con-

8
dit.ion.ln;; of kb'arner diftfusers; July 1944 - Soptomber 1344,

' A - Gonducted research on theoretical studies of
ouc.‘du, slrgle stage diffusion unite and design of plants for
isotope ecparation; experimental studies of mixing efficiencies

and barrier separstion efficiency.

!‘_ix?,Dr..,_ Fostor ¢, </ |
/bl

Norris. Fdward On = DELETED

@_ j//
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~ Supervised rescarch on isolope scperastion in
single stage systeus and on engineering tests of tubular diffusers
and blowers; Jenuery 1943 - July 1944,

‘9llissier e K « Conducted resesrch on metallogrephic and
electron sicroscope studies of structures of berriers and other
maloriels of plent gonstruction,

« Conducted research and development studies on
methods for testing snall s2iples of berrier miterisls for sep~
arating efficiencr with uraniuwr hexafluoride.

JEriest - Conducted resesrch on eorrosion of plsut matertisls
snd on the physicsl properties of uraniurm compowds: Yryreh 1541 -
June 1944,
be « Condusted research on correlation of incrt ges

testing methods used in plants with inert gas separation effi-
eiencies messured in laboratory.

 } _!" o -
DELETED ) Jor
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ths Dre & =« Conducted ressurch on raiLes of sorroslon. w_
. § R R R,
. / i)
kY
\ DELETED -
Scatcherd, Dr, George ~ Supervised research on theory of ges {low through

berriers; eoordinated and interpreted experimental resulte on bar-
ricr theory; edvieed and planned nev resesrchas,

D Hro ~ Sponsored or directed all rosearct end develop-
ment stvdies ot the S2M laborstorier on Lhe separsiion of urtnlum
{notdpes by the diffusion method under verious governmert coritrrets
with Columbia University; Decembter 1941 - February 1945.

¥eicenbouma Pr, Bernhergdt - e >

TRt e e et |

< —w —
Rest, I're K « Coriducted research on the behivior of veviier i
the presence of flowing vragius hexsfluoride; Deceviver 1y4d -

Kevenier 1943,

Nilliame, Dr. Clarke = Supervised rescarch on spectrometric snd other

G
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R analytical methods, high veouum and other types of

cialised
:’.‘:u, and high veouum pilot plant development research.
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KEY PERSOMNEL, BELL TELEPHONE LABORATORIES

M._l} « Supervisor and eocordinator of all research and de-
velopment for the Msnhattan District at the Bell Telephone Lab-

eratories,

= Supervisor of eorrosion, cansumption and barrier
plugging studies, o

e oG/ DELETED y D
7 )

W = Supervised mstallurgical snd mieroscopie studiea cn
or uaterials, o -

?%JJ‘J DELETED J
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= Coordinator ef Prineeston University barrier re-
search sctivitiea,

" - Directed research work on barrier properties, and
dovised and supervised new experimsntal teehnigues.

W«- Supervised and directed all ressareh and develep~

T ment st s oonducted fer the Manhattan Distriet at Princeton
University on barrier production and wee.

Iapkaviah, Dr, ds = In eharge of eptical studies and testing.




‘ KEY PERSONNEL, KELLEX CORPORATION (RESEARCH ONLY)

= Instrument Engineer. Partieipated in the development
of several unique pressurs, tezperature and flow msasuring snd oon-
trelling deviees,

Dirom: of Kellex research and development. Super-
vised uul soordinsted all research and developmsnt studiss and
other teshuieal phases of work wnder OBRD and Manhattan Di-tr:lct

eontracts,

= Projest Manager in charge of gensral administration =d
seschanical engineering - Manhattan Distriet eontract.

- Engineer in eharge of Prossss Design. Plamned much
of the experimental work en barriers, sorrosion, pilet plant, eold
traps, vacuum pusps and eoolers wder OSRD and Manhattan Distriet
eontracts., Carried out all the fundamental mathematical studies
of the diffusion process and established the basic pringjples wpon
whieh the design of the plant is founded. Also developed the pro-
osss design fer the entire plant and auxiliaries exsepting wtilities.

W = Consultant Chemist. OCritisally reviewed sssentially
phases of the resesrsh and development work; aided in setting
of specifications and prosedures for large seale manufacture of

special materials and eontinually inspected and construetively
eriticised chemical aspects of sush mapufacturing units and of the

largs diffusion plant.

- Censultant Mechanieal Enginser. Developed a eomplete
Developed

valves of wmique design for vasuum servies.
ial expansion jJoint and designed several modals of mmall scals

#pec ;
diffusion wnits. Also sonsulted en a variety of ether develepmsnt
problems. '

= Engineer in eharge of eleaning. Supervised
ment and spplieation of eleaning methods. Also supervised de-
velepsent work on niekel plating.

= Physieist, Developed vasuum testing techniques snd
specisl vacwum equipment wmder OSRD and later under Manhattan Die-

trict contrasts.

W = Research Engineer. Developed barrier eventually

plent. Aleo supervised much of the experimental work en
eorrosion, pilet plant, eold traps and socoler under OSHD and Men-
hattan District sontracts. He aleo supervised equipmsnt development
tests in eonjunction with large plant operation.

Eaith, P, Co - Vice President and Exscutive in Charge of the Kellex
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Project. Formerly member of Planning Board of OSRD Project 8SRC-17.
Directed eonsidersble esrly researsh and developmsnt as well as
other technical work wnder Manhattan District eontrast.

« Physicist, Did early work on mass spectrometer st
E?nﬂo«go.oﬂgalluw%nog ﬂ&ﬂ. Eﬁpp-a
u. soooo..

-ou

Powers, B Bs = Oonditioning Engineer. Critisally reviewsd the research

J snd develspment work en cleaning and conditioning. Applied the re-
sults to the design of 1 scale equipment, supervised the per-
formanse tests en this t and directed all sudsequent develsp-

msnt work en esleaning and eonditioning technigues,

« Developed two types of vaswum puap, mist filters, etes, for

pomp. process gases of large plant, Consulted en vasuma testing

and eonditioning problems,

Erjogn.bgon%ioﬂ-. Devised inspee-
Sion methods and sompiled epecifisations for all special ehemisals

developed for the large plant. Aleo earried out & variety of ehygmi-
eal investigations including the bulk of the work en valve seats,

éu Ressareh (hemist, Supervised the later work en eer-
ro " treps and valves and the work en #0ld treps and vacum
pusps. .

Skog, Lo - Bagineer in eharge of meshaniesl mginsering. Developed special
power reating and distridution systems fer large plmat. Also

— S . N2
DEL . Uv@

out incidental work wnder OSED and later work wnder Manhsttan District.
Also did fundamental work on, pump designs and gas bearings, Also
develeped test methods and apparetus,

. Iarlor, H. 8, = Consultant Physicel Chemist. Coordinsted lster work on




barrier developasnt of both Kellex and SAM Laboratories which led
to the product eventually used in plant.

!.m:a*_h - Engineer in charge of pump department. Supervised all

lopment work on special process pumps including Allis-Chilmers,
Valley Iron and Elliott models. Alsc supsrvised performancs tosts
at feaotory and plant.



KKY PERSOMNEL, INTERCHEMICAL CORPORATION

- Develeped methods for acourste sise determinations en
metal powders; slso ssotioning methods and techniques for elsotron
mieroscope examination of the interior and surfase of barriers.

« Assisted with superviaion and ecordination of all re-
search and development studies for the Distriet at the Ressarch
Laboratories of the Interchemisal Corporation.

= Sypervised snd soordinated all research and devel-
epaent studies eondusted for the Manhattan Distriest at the Research
Laboratories of the Interecheaieal Corporstien.

= Bupervised mieroseopic work in eonnection with researsh en
astal powders,

AR R e et A Lt B




KEY FERSOMNEL, CALIFORNIA INSTITUTE OF TECHWOLOGY

%- Supervised snd ecordinated all research sonducted
' at ornis Institute of Teehnology. ted and
_methods for the study of barrier material.s
Q DELETED &
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Absorption spectrmun of prooess K-8, 481
o Rob Hx type, 244
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Argon, 8.2
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Back 4iffusion, 3.4, 8.6
Sack pressure, 8.4 rr.'u e

Baokground M 8,28, 8,86
Sadger, Re M, 114
mird Assooiabes
Bakelite m&u 282,85,
418 £
Baker Chemical Cempany, J» Tep
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