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K-26, the geseous diffusion plant at Oak Riége. has besn
desoribed as "the largest contimuous chemico-physical prosess in the
world”., With a total of 68 process buildinge, sprawling over 600
acres and aosf:ing e half billion dollars, the project up to Janusry
1946 had required spproximately 60,000 carloads of materials and
equipment,

The developing of a diffusion plant of this magnitude from
techniques considered previocusly only on a laboratory scale 10;:1 to
rany unusual problems and their solutions; péoblm rauging from spece
trosaopic analyses to generation of snormous quantities of variable
frequenoy eleotrical power; from the produstion of millions of square
faet of diffusion barrier having on the order of hundreds of millions
of pores per square inah to the agsembly of hundreds of thousande of
pieses of equipment into a single vecuum-tight system having an ine
ternal volume in excess of 600,000 cubioc feet; from the control of
flow of a fow cubic inches of ges per dey to the movement of millions
of gallons of water; from the mounting of delicate instruxents to the
inztall'gtion of probably the greatest collestion of cemplex apparatus
ever uuabied in one plssce. ‘

Beaause of the sise and aceplexity of the plant, this paper
does not attempt to treat the individual phases of cperation in detail
bub will discuss the salient features of cperstion in general teris.
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PURPOSE

The gas diffusion plant was desizned and constructed to
concentrate the uranium 285 isotope from feed of natural urenfum con-
taining only 0.714 atom percent of the light isotope. At the time the
K«26 plent was authorized i{n its present extent it was comtemplated that
the plent would process 980 kilograms per day of normal uranium hexa-
fluoride to produce 4.06 kilograms per day of uranium hexafluoride having
an 1soto§ic oonoentration of 56.6 atom psrcent of wranium 235, equiwvalent
to 1.0 kilograms pér day of uranium éss metal, This corresponded to a
yield of approximately twenty-two percent of the uranium 236 in the feed,
Aotually, the diffusion plant has been producing since the first portions
of the plant started operating in KHarch, 1945, and produwotion has contin-
ued at inorea..sing purity until full operation was attained on 16 August
1946. The entire product from the K-25 plant has been transferred to the
Y-1l2 electromagnetic separation plant for further cnriohn_iont. During
several months of operation, the wsﬁim hexafluoride producst from the
8«50 thermal diffusion plant, averaging about 0.86 atom peroent in
:tlot;:pio concentration of U-285, has been fed to the K~26 plant for

further enrichment.
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AD¥INISTRAT ION

The K26 project has been carried out under the authority
and direotion of the War Department, represented by the Manhattan
Distriot, U. S. Fngineer Offioce. Research, dovelopment, design, en-~
gineering, prosurement, supervisiom of construction, end congsulting
services have besn discharged by The ¥. W. Kellogg Company and its
sub-ss.dury. The Kellex Corporstion, as architest-engineer. The main
sonstruction contrectors wers the J. A. Jones Construction Conpany,
Inc., builders of the main plant, the power plant, and =ost of the
suxilisry instellations, and Ford, Bacon & Davis, Ins., bullders of
four of the suxiliary plents. The operation contrastor ie the Carbide
and Carbon Chemicals Corporation.

Fumsrous other organisations were prominent in the K-25
projest, particularly in the fields of researoh and development, and
equipment manufsoture. Some of these organi.utiohs, such as the
Columbia Leboratories, The Bsll Telephons labtoratories, the Primceton
Laboratories, the Chrysler Cerporation, Allis-Chalmers Nenufaoturing .
Goxpany, Houdsille-Hershey Gorporation, General Elestric Company, and
Westinghouse Eleotric .Corporation, worked in close collabaration with
Kellex. Other organizations conducted independent investigations.
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The K=26 plant gite is logsated in a walley dus wost of
McKinney Ridge near Poplar Creek in Roane County, Temnessee. Widway
botwesn the Watts Bar end Norris Dams, it is in the heart of the
Tennessee Valley Lnthoriﬁy.

The plent ocoupi.n & 5000 acre tract of land in the northwest
sorner ot‘ the Clinton Works, ‘pproxiutoly 18 miles from the townsite of
Osk Ridge. Bordered on the west by the waters of the Clinsh River, the
site is hemmed in by thiokly wooded ridges whish are charsoteristio of.
this terrain. The western half is arissorosssd by Poplar Oreek as {t
follows & winding course to join the Clinch. The elevation wvaries be-
tween 760 and 900 feet cbeﬁ moan ses level, the highost pleases being
200 or 300 feet bslow the orests of the surrounding ridgses.

At the time the gite was golested it was thougit that the
neqessary power aould be obtained from IVA. Howaver, sinoce most of the
available TVA power at the time was being used by ether consumérs and the
pature of the. procsss required ).u'go smounts of éxtrensly reliable power
of wariadle tnqumy 1t decame mecnry ¢o build e power phnt. )

The site selected for the power house was ¢n the Glinch River
on the western extrenity of tho bend jJust prior to 4ts interseation
- with Poplar Cresk. This aite was chosen for the availability of con-.
densate water from thi Gltpoh R!.m end the discharge of sams into
Poplar Cresk, plus the u.nugbulty of reil fasilities and cod: gtorage.”
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THRORETICAL ASPECIS

A T B T A

As has been ctated before, the purpose of the E-26 gaseous
difuston plant is to soparate two gasecus isotopes of uraniua UF, with
the ultimate gosl of cbtaining & produst concentrated in UsEE5.

o undorstand more olearly the operation of the plent, some
of the theoretiosl upocte of gas weparation will be disoussed.

The two gasoous istotopos of U!‘s {U-255 and U-£38) are separ-
sted by means of tubes made of porous metal ~- that i, the matal tuhes
have very ssall holes through them. The purposs of thess holes is to
" separate the two gases by allowing a partial ssepage of gas through the
holes. '

How £t would be very simple to make such a separation if it
were possible to make up tubss containing holes Ju.at large ensugh %o
£ilter oub the larger gas particles. Unfortunately, this is preotically
sapossible. Gas particles are so very suall that 1t would be impossible
to make holes esall enough or sjcurataly ensugh to let partioles of aue
sise through and hold back larger particles.

There 4s. ous pesuliarity of gus partisles, howewver, which -
uﬁu it pouiblc‘ to meke & separation fn this manner. _ 41} eas particles
476 in wotidn &6 all timee. Purther, sll gas particles have the swus
axount of kinitis energy ut-a glwven temperatire. In plein words heavy
gss pertiales move more slouly than do light gac partioless For = cone
paricon, Smsgine putting the saxs site motor in & tan ton truck s is in
e Jeep. m,sﬁ can be driven xush faster with that sise moter than
aould the e ton Sruck.
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THEORETICAL ASPECTS (Continued)

wWith this ressoning in mind, suppose you have & ges tight box
ooni-'.uning two types of gas partiocles - one heavy and one lights These
part.i.olca are bounding about inside the box, striking the walls, bouncing
off, striking each t;th&' and bounoing off. Because of their higher veloo-
ity, though, the lighter particles sre making more collisions per second
sgainst the walls of the box then ere an equsl number of heavier particlies,
Now suppose a smell hole is made in one wall of the box. A gus particle
will escepe through the hole enly {f it strike that particular spot. 8inmce,
the lighter particles strike the walle more oftea they have a better chance
of passing through the hole.
' It ¢ in this manner that we make a separation of two gases -
one heavy snd one light. Thie separation of two gases is not acoomplished
by the use of a box with one hole but by a large series of porcus metal
tubes having billions of holes. Ths inoresse in counsentration por set
of tubes (comverter) will be very slight {f the speeds of the particles
are nearly the same. That fs the case in this pmoib. Besause the
speods are &0 nc#r!y the sano & great number ol couverters ere neéu’ury
to make ousplete separation. |
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DA BARRIER

Barrier, e¢ince it accozplishes the Lsotope separation, is in
a sense the most important part of the easosde. It is a highly spesial-
fzed materinl, develaped by an intensive program of over thrae years
duration and manufactured by now plant facilities tuilt and equipped
within o pericd of a year.
 Various types of barrier, a«ll of them ingenious axd thoroughly

novel, end 5.:1'0.~ variety of materisl, were developsd as forerunners to the
"DA" barrier finally seleoted for fnstallaticn in the plant. Among others,
these insluded; (1) \

(2) etched eopper, made by dissclving the manganese froa thin sheets
of ?;pooial alley coantalining 70X copper and 80% manganess,

—

Hoze of thess barriers gave satisfastory separating efffofensy

Y
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DA BARRIER (Continued)
nor were they suitable for the continucus manufaocture of the large quanbi-

ties of barrier nscesgary for ths p.uom diffusion plant, Therefors,

work wes begun to develop & more satisfastory barrier, with “DA" barrier

the result. The following steps show® the msthod of produsing this barrier -
o material heving pores of an aversge diameter of three (3) millionths of

an inch and i{n the order of 40 billion of these holes per equing: iuch,
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' DA BAHRIER (Continued)
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DA BARRIER (Continued
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DA BARRIER (Continued)
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DA BARRIER (Gontinued)

16,
‘rupntivdy. {nelnde.
ing thres differeat types, with the greatest amounts being of the N

type desoribed aboves A eonsidoraticn of the uagnitude of the progran and
1ts successful completion w be gained by noting that the dedfsion to
preduce "DA™ m«mmmmuﬁmm:unmmf
in Auguct of thet year. By liay,1946, over 6 millten tubes hiad besn pro-
dused,

.1".‘
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THE COBVERTER

Since the individusl comverter is essentially the “heart" of
the entire prosess, it might be sppropriate to consider triefly some of
the more pertinent detmils regarding this rather vital piscs of oquip-
ment, of which there ere nearly ¥00 throughout the process arei.

There are § types of ccnverters, ¢ of which are slike exoept
for physiocal sizes, while the £ifth is of the flat diffuser type axd
vory szall in size. The various diwensions sud distributicn is ahown
in the following table. | :

-TABLE
SIZES OF CONVERTENY AND THEIR LOGA!ZQ?

Husbey Diametoer Length Tude Ko«0f mﬁﬁz Hldg.
e lamgn Tubex (Sootion)

3

—

1 g KIS LB (N 3277 3 -1, 1 209,501
gN 6 83" 10t §° 7¢ E-g/8" -2, 8A,2B 502,510

2 (Plain) &' 68" 11t 1 7° s-s/s*‘ 2B 308

5 4 g* gt 4" §¢ S «5,%4,58 311,504,505
4 3 " g* &* . 8' 2-3/8" 4 506

5 1 ¢ €' T/8®  Plat Plubtes (Stripping) 31%

The extermal shell is rabrtum of nlskeleolad steel and mounts
mwmm.mammqumum
zmmmammua. MGMW,%&IWW
mmmqwmetm.&azm-whmlmﬂﬁum
ummmmcwmmwmmmm.mm
imall cnéeinah gemmestion on top is for/Pr mwﬁ&&u&mﬁ

wilding procedures. Refer to disgran. -

ﬁmmmmutmm %m‘wﬁi&sﬁmm
.uvhieu'mmeumandmmwwwmehmpmm
mmmmmmmﬁmamthwmwwuw
moved from the gas. nuruﬂnﬂuretmwmmw

-15-
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THE GOHVERTER (Continued)

§/6° poraus, metallic tubas, auppmhysm sheet at esch end and
suitably baffled so that thie tube uoti.on is divided into thres consentric
gootions with the reasult that tha pracesns gu makes three passas in nego-
tiating & ccmverter, MNaterial penetrating the tube walls, pasges out of

- the convertor at the senter conasstien and i¢ aonglidarad the "A® or 1ignt
frastion. Matersel passing the length of the tubes withoub ponetrating

" the walle leaves the converter at the side scumestion and is considered
the "B® or heavy frestion. Oomponents inside the converters are construste
o4 chiefly of eithier mouel or nickelmolad stainless stoels; emiept for the
tubes

The tube mwmn@totw;mumwwm
gholl while the rear sheet is nobd fastsned to the shell but is supported
o a guide ramp which permits & longitudinal siiding motion of the entire
" tube sxsesbly, end in this pazner evarcomas effeqts of thermal «epansion
azd contraction.
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EPEQIAL OHEMICALS

It is appropriate to mention at this time the txemuity~ for
daveloping a new group of chemicals to be used for variocus functions
in contact vith UF¢ (uranium hexafluoride).

| The UFg which is uséd as process gas readily undergoes re-
acti.on with metals. water vapor, and with othsr compounds containing
hydrogen.

The nane “Bpecial Chemicals®™ is applied to the variocus cox=
pounds which have been developsad for use on thie project or which have
been used extensively by the project. These include!

0-816 - The coolant used in converters.

MFL - Iubs 04l used in pumps which hendle UFg or fluorine.

C-214% - Lube oil used in pumpe which handle UFg or fluorine. -

0-616 - Uranium hexaflunorids.

KFP-10 - Fluorinated plastic used in valve seats.

Pertinent facts about spacial chemicals!

(1) uxg

Uranium hexafluoride can exist in thres phases.

1. Colorless orystalline solid of high refraction.
2. CGolorless liquid.
- _. 3« Golorless gas.

The molecular weight of UFg is 352 and its density as a
14quid at 147.3° T 4s 229 1bs. per footd, 2.67 ixes the den-
sity of water. ' |

Upon contact with the atao:ﬁlure ur5 vapor is fmmediately
hydrolysed bty the moisture present to form a dense white gcg
of U0,Fp particles and a eorrosive colorless gas EF (hydrogen

ﬂuqud.).




(2) c-g216.

C-816 is = completely flnorinated saturated fluore-
ocarbon. VYhen pure 4t ie a colorless liguid with a faint
but distinotive odor.

The molecular weight of C-816 is 40O, heavier than UFg,
and hae a boiling point of 216° F.

(3) ILade ofil. '

C-214% and HFL are high molecular weight fluorocarbens
conteining a very small per cent of hydrogen. 021k hag
the expirical formmla O ¥y, vhareas KFL is a polymerized
darivative of freon 113 and ig a Ylend of varying-length
chain moleecules. Both 0ils are required to meet exsoting
specifications cn extremely low acidity and moisture con-
tent as well as high resistence to the corrosive action of
fluorine and uranium hexefluoridae.

(1) wmEP-10.

HFP-10, like HFL, is a derivative of freca 113 tut &g

uore highly polymerised.




PROCESS AREA

All of tha opsrations direotly connected with the isotope
gaparation are carried out vithin the Process Ares. That part of the
Pracess Arsce which houses tl.n:n diffueional equipment 1s known as the
Hain Process Arsa end the tuildings which house thie equipment are
¥nown as the Hain Process Buildings.

The rav meteriel is received at the srea as refined UFg.. It
is vaporized from the ehipping drums, filtersd, and charged to the main
cascede (Saotion 300} at a point ebout cne-tenth tha wey up from the

_botto- to the top of tha osecads. Pm&ct'tc withdrawn from the top of

the couoade &nd waste from the bottenm.

The 4iffusional separsticn is sccomplished in spproximately
3000 separate ataps, each step being carried cut in an oparztionsl unit
galled & “atage®. The gas that has diffused through the barrier of &
etage, therely being enriched in Upys, (ccwmenly celled A streem) is
directed up the cascads to the naxt stsge. Ths gae that flowe through
ths stags without diffusing through the barrfer, (ccmmonly called 3
strasn) therely becosing depletsd in Uszs. 1s dirested downstresm to
the next stage Below. The stages are connected i{n sories as a eiwple
esscads..

The stegen aliove the feed point of the cascads are called $he
eniiching stages. Those Below the fasd pofnt are called ths stripping
stogos. _ '

. #me stages are md in ’blea!zs. or %aclle®, ot six. Zhe
uu 1e tlw sxallest unit of tho esscads that can dbe bpound individ-
vally. rlm & stage cannct be cut 4nto or cut of the cascade by itselfs
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this can bs asccomplizhed only by catéing cut the cell {n which the stage
{s located. The main casgoads contains four hundred eighty-three tyﬁicnl
colls, not including a number of special purpose cells known as intersec-
tional ocells.

Each stege is composed of four prineipal partes - (1) the con-
verter, (2) the gas coolsr, (3) the pumping units, and (&) the control
valve. .

The .enrichnent takes placs in ths converter - ; tubular uni¢
of intricate dssign end constmuon-. sonevhat similar in shape and er-
rangement 0 a shell and tude heat exehaagexj. Rach of the hrge’:t son=-

vorters contein _tubea made of the fimsly porous bar- 7
rier uaterial, providing a vorking surface of appro‘:hsuly' e
“equare feot.

The gas cooler, a circular tundle of finnsd tubes built within
the converter, removes the heat of comyre_ssion and controls operating
tanperature. ‘
' The booster and blowsr yumps ciroulate the procéss s,sreaé
through the barrier and from estage 0 stage.
%he control valve maintains constant pressure on the tube side
of the diffuser. Regulstion of this pressure on each stage constitutes
ﬁ.hi ‘eantrol of flow throughout the plant.
| Ia briéf,- the process stresm enters the- oonverter, ¢ passed
through the gas coolsr (known es the abdsorber) and flows into s tundle
of pernestle tubes. Ralf the gas (the A streem) diffuses through the
palle of thess tabes 1ato & lov pressure ohamber from whieh 1% ie ex-
hausted ty the booster pump and advanced to the suckion of the Smlr

=80 =
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fecding the next highsr stage. £he other half of the gas (B stre'
flows through the. tubes and cut the high pressure cutlet of the conver-
ter, passing through a preseure control valve into ths suction of the
blover feading the next lowaer stage. The prosess stream is oirculated

in $hig manner throughout the cascade.

8ix stages are inter-connected and $nstalled ss sn operating
unit called a cell. It is the call and not the stage that is connected
to the main cireulating lines with facilities for by-passing. Thus,
vhen & ctege smst be faken off the process stream, the other five steges
of the cell must coms off with it. In goneral, the esll can be 8sid to
ke a solf-contained oporating unit with {ts own eontrol board, cocling
system and other auxilinries.

The cells have been grouped and housed in the Kain Proceas
Buildings, with ten cslls to a building on the averege. However, the
term buiiding {e¢ used here in s senwe that is broadsr than Just a
fhousing®. The Building {¢ the operating unit next up tha scale in
site and complexity from the csll.

The strusture snd arrangemant of the bullding are of ingeaious
design with facilities for housing or cnmtng all of the uw anxiliary
systens required for the o¢peration of ﬂa stages and ths colls. It is
" tnterssting to note that meny of thess auxilisries vere not even acageived,
snd, in fsot, ths design of the stazes themselves not fixed vhan tﬁo
bulldings were dosigned, due to the nacessity of releasing the tuilding
designs vhile soze development work and studies were still under vey.

Tie Wilding has four levels - (1) basement, (e) cell tl.oor.
(3) pips gallery end (4) operating floor.
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The stages, grouped into cells, are installed on the cell
floor in two parallel rows extending ths longth of the uilding,

. The pipe ganc;ﬂ carries the main building process gas lines,
aalled coll ly-pess lines, as well as many suxf{liary lines. Tha aells
are connected to the csll by-pass linas s0 that any cell may be taken
off gtresm vi.'thtmt affecting the others.

The basement housss suxiliary equipwent such as Indrioating
011 systez, coolant equipment, ventilating fane and switch gear.

Ths top lovel 4s primarily the operating level and carries
the inetrument panels with most of the indfcating, recording and control
instrumente, as well as the electrical control equipment. ¥The handwheels
for the valves used for hy-passing the calls are located above the apera-
ting flaor, vhere thay can be reached readily by the cperators.

Japle driveways called "withdrswal alleys” are provided along-
side the rows of cells at truck ded height below the cell floor on which
equipuent 4s transported by speciel truck into and out of ths milding.

There are 51 main process nildings laid.cut under a CoEmOR
roof in the shaps of & massive "U", Pour storfes high, nearly a querter
of a mile across and over a half o mile long, the U encozpaszes an
area of 60 asres. The individual buildingf varying scwevhas in length
and width tat similar in ai'reugevent a‘zn.d structurs, sre srranged side .
by side under cne roof, with the fromt of the balldings fasing the in-
side of the ﬁ'. Thus, excspt from the Operatfonal standpoint, there s
in effact ane lmge builaing housing all of the raln process equipment.

A eyaten of handors, ca¥zying the process streams and inter- -
connecting the btuildings, runs slong the ineide of the "U*. These head-
ers, which are tha main arteries of the plant, are oqtuppca -,wt.th-
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operatsd valves, making 1t possible to fsolate buildings or even seb«

tions from ths main stream. This sutcaatic valving is one of the many
precantions which have been token to prevent lccalized operaticnsl die-
turbances from interrupting the operaticn of the cesgade as a whole.
There are tvo etmaw;s of uranium hexafluoride flowing through
the cascads, one travelling toward the top, which begcomes progressively
richer in 8235. and the other .tra:reliag toward the bottox which begomen
progressively richer in dg}g- These two etreams mset at each strge, sre
nixed and passsd through the comverter. Half of the gas fed to¢ the gone
vertar passys through the darrfer end {s fed upstraam slightly enriehsd

_ in the light tsotope: the other half, which peeses through the acuverter

and is slightly lesner in the l,i:ght igotopo, %¢ fed downstress. Tihms,
each atep up the cascsde _bring: the cmmtri;t!.&n nearer to the gosl
until $ke top is reschad and the gas s taken off and condsnged s«
produot. | '

The diffusional seperetion of the fsotopes of crenfwm must be
earried out &t subatzospheric pressures. - This required thet thoussnds
of plscas cf mimefst exd niler of pipdng having o totel gae volums of
Eore than o halt millfon cuble feot Be harmetically eenled.

| This requirement mnde neaessary thejdsyelopment of Sngzenious
wethods snd equipmont for vesuun testing. Ehedearaa of tightnoss re-
quired, the vast cuount of eqaipwent involved, mnd the 1imited tims
avalilable, combined to meke the vxouum enginearing Job of a &iffepent

. ovder of aceplexity than ever befors $ackled. It ales involved the

study and testing of methods for joining varitns parts to insuve ‘thas
the plant would remaln Sight after consiruotion.
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Leakage of stmospheric air inte. the equipment or piping
handling the process stroam kad to be kept within exceedingly small
1nits, ss the molsture carried by tha alr would reset with the process
gas, csusing losas of product and plugzing of ths darrier. For these
roasons, the proceds equipment and piping have been surrounded by an
atnosphere of dried alr ranging in dev point betwesn «70% F and =iQ0 ¥,
All process equipment and piping of the maia eascads ove enclosed by
alr tight-shest metal casings, the totel voluee of which excesds 6,000,
000 gubic feet. ZThis entire volume 10. filled with &ry air supplied from
a largs ceontral drying plant through miles of distriltion piping.

The internsl surfases of each plese of equipmeny, each plsce
of pipe, and each suxiliary devics coming inko aontaat with procaesc gos
had to be cleaned to & degrec spprosching surglesl standsrde. This
tranendous task was necessary ¢o prevent contamineation of the process
strean, to prevent lose of process geg die -to reastion with fwpurities,
$0 prevant undus oorrosion and t¢ elimingte a escurce of plugging of the
porous barrier. Thia clesning has preved to be sn invaluable precsution.

In adfitien to the wtringest cleantng wsthéds, Gonsuspiion of
process gas has been mintaizes by construeting ths cpecads of nat.erlnla
most resfetant t0 UFg corrosicn and 4 chexically conditiontng sll pro-
cong equipment défore exposure t0 the process stress.

4n extenisive corles of taste vere earried cut on an esoelei-
ated soale $0 deternine what materiale should be used and spesifics-
ticna vare eet up whioh vers particulsrly exmoting ss to frpurities.

A Valanse muunmmmmaummmtmmmu
froz the corrosfon stendpoint snd the praaticabliity of obfeining the
‘Targe Quantitios of the specisl materisle involved.




The oonditioning involved traating the internal surfaces of
all process eguipment end pipe before exposure to the proosss streaxm.
This was done by exposing these surfaces to fluoring under centrolled
tpnpe;-atm and presgure conditions, thus forming a coating which is
nearly impsrvicus to UFg. penetration. Special techniquee and exten-
eive aystams were doveloped for this procedure.

The development of the ghaft seals for the prooess pump
shafte was another major task. It vas nécessary to punxii oat-leakage
of process gas, to i:old..t.hq in-leakags of sealing medium to o minizus
and t0 positively alixinate in-lankage of atmospheric air. m. involved
the development and manufacture of over 12,000 Sriplex sealinz dgviaces
and the das!;@ of & complicated and dslicately controllsd sesling system
for the controlling of prassuras and feeding of dry nitrogen used as
the sealing madium.

FPor the overall control of the plant thers is a csntral con-
trol rooca connested to all parts of the process ares bWy a mhfor).; of
wires and esbles. On panel boerds in ¢hs master control room are nounted
- dnstrancnts sasttered throughout the plant, and indicators which show
the positions of important valves. This is ths rerve center of ths
plant whare the wast opcrittops are scanned and coordizated snd from
vhich instrustions are sent cut through the plent telephons aystem to
loosl operators. &ome of ths important iwotor cperated valves ¢sn be
operated by maans of push battons lacated in the master ooatroi room,

The t-?.? plant has been designsd to prepare eariched fead for

the X=25 plant;. tharcby tnsreasing the productive capacity of the lstter.
Except for the flow of E-2Y .pro&a.gt to K=25, and the flov of K=-25 waste
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to X-27, the K-27 plant funations as a separate uunit with the compleie
foed, product, purging, surge and weate facilities. Operation of K-p7
could be coapletely divorcad from K-2§, Lf desired.

Section 400, ths main casoade of the E-27 plant, consicte of
nine 10-gell tmildings, X-U02-1 through E-U02-9, asch similar in its
principal featurss to Building K-302-3 of the E=25 plant, excopt that
1t 1s run at & controlled taile pressure and the normal
interstoge flow rate 1-4: ) :per day.

Daring oombined operation of the K-25 and E-27 plants, product
fron Bection 400 &s piped directly to the X=25 plant from the top of tha
K=2T plant to eny oze of four feed points in the K-25 plent.
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The 0sll fc the smallest individuslly operating wnit. It
consists of eix diffusion stages cnd piping housed in & metal enclos-
ure. In ths X-25 cascads, there ars two pumps at each stage, namsly,
the "boosterf and the “blower®. %he booster pump takes the diffused
gas £rom & given atazga, compresess it and sdvansces 1% 0 thea next
highar stage. $he blover receives the diffuned gas from the stage
belov and the undiffased gas frox the stoge above, compresses the wix~

' ture and feeds it 6o ths stage it asrves.

While it would have bsen posaible o desisn o cascads with
only one pump per afege, this would have nesessitated shrottling the
undiffusod ges to the sare presgure as thet of the diifused gem ond
then re-coxpressing. Such a schems would have comsumsd considerable
addstionsl pwér. Farther, to have uced only che pusp for the entire
pressure ronge would hsve required e compression retlo of & in scme
casog ot sgadnst 3 in the present eysien. wha.reu a ggapression ratic
of & 48 feasible with reciprocating pumps, it cculd mot be obtained
in a cenitrifugel machine except at extremsly mch Hy .spaad_.s.

The motors and half n:thc@guiacm cuteida of the
cell enslosure but sll piping to and from ths pump s inside. Zhe
flov of mekerinl through $he cell is ap followst

The 2 stream after entering ths Fo. 1 couverter, together
vith the B streem from Ho. 2 converter of the same cslls fiows through
the converter with further separatfon taking place. Emerging fraw the
A-discharge of the converter, it flows to tho istsko efide of the No. £
blover/vizers, Upoa Mixing vith the E sirecu from ths Ho. 3 comverter,
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it 1s forced by the blower into Yo, 2 oonverter. Lexving Ho. 2 conver~
tey, £t mixes vith B from ¥o. 4 converter amd subsequently enters No, 3
convertei'. ™hie process continues un¢il the A stream emsrgec from the
Ho. 6 converter, whers it then flows through the cell & stresm blodk
valve. the tuilding header, and into the next esll.

The B stream entering the No. 6 comverter from the call ebove,
works 1t way tm the Xo. 1 aonverter $r the came manner that the
4 strasa vorks towards ths ¥o. 6 converter. That is, the 3B gtrean from
Fo. 6 cawerter mixes with & from Ko. U ganverter and enters No. 5 cog-
verter. lLeaving Ko, 5 gonvarter, .1t mixey with 4 froa ¥o. Y convertar
ond enters ¥o. § ocaverter. Leaving Yo, § aonverter, {t mires with A
from Bo., 3 convarter and anters Wo. Y end 80 on until 1t leeves the
cell in a ¥o. 1 converter and tha cell block valve.

In the intake side of each converter the 0-616 passes threugh
8 cocler vhare 1t is ccoled down by oirculating C-816 or coolant. After
the 6A pump, the A strean raseex through an aftémcoler located on the
coll s1ds of the A ocutlet blook valve,

If, during normal operstion, the poresity of the tnube sestion
of & aonverter in any glven cell should be reduced, for example, by
plugeing, the preseure wonld be incrassed snd the flov reduced back a)l
aleng the 1ime $0 the previcus cell (A efrean direction).snd hewse 4
streen flow from the previous cell wonld be praporticnately reduced,
Thie change 1n Fate of flow would be detested T a flow sensibive ales
ment located In the A dlssharge of the Xo. G somvérter of this previcas -
esll.- faitabla transnitters will than operats an air motor valve, .
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losated in a 1ins, called the Cell Direct Rooyele linme, betvsen No. 6
booster entput and impat, cameing it to0 open and permitting some of
the A streant $0 return to tha tnput side of the oonverter instead of
tha next oell. Thée dncréasea the A output of Fo. & and prevents
additional preraure ries in the direction of the blook. To sompensate
for the inaressed flow of materde) through the B seotion of ¥o. 6 con-
verter, the =Ly operated wotor valve tn the 3 discherze 1line opens,
slloving the flow ¢o Ho. § t0 inoremse. The B Atscherpe velve of Ko.
5 mey now open t0 fnoresse the flow to Ho. & srd 8o on natll eafficisnt
volume hes besn {nvolved to sbeord the murge. Under certain oondttions,
thic may mn;x & supge alear haok to the 6§00 section dapanding o tha
nature and completensre of the blonk, It should be remsmbered that,
e té the meachontiozl conetrueiicn of a aonvertor.. $t is ${mprobadle
that eny obztruation othar than redaction of morosity of the tubse (s
likely to coowr.

Invsrce Reoyole.

Ti potting a call on the Yine, 84 {3 first neesesnzy that
the coll temperatuyes and pressures da brought to those of etanfayd
cperating contitions. This s necomplished by rumning the ocall sg &
vaparate walt end sdfasdiing the tespersturec and pressures %0 their
nomgl tperating condittens. Thde procees i knowvn s inverse recyola,
end coisists of nothing wore then wetting Yy-pres, block, end inverss -
.racyale valves I8 sick & wenner that paterisl neronlly mwtng s el
for the naxt dell, fnstesd returns 0 -its stortiag poimt vithin the
soms ¢oll. In.othar werds, & lecying Fo. € eonverter flovs through
the & tnvorse recyole line back te.Ne, 1 coavorter of the same oell,

i}
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while B learing ¥o. 1 converter flows through the B inverse reaycle
1ine back to Ho. 6 converter of the game cell. In taking a cell off
the line, the operation consists only. of opening two cell by-pass
velves, two inverse recycle valves, end finally closing four cell

block valves. In putting 2 cell on the line, the reverse epplies.




CASCADE IN SECZIONS

In an $deal aascade the two streams entering any stage, i.o.,
the undiffused portion from the stage above and the diffused portion
from the stage below, have identical ocompositionss Then there is no
mnixing of materials of diffarent omlﬁim, which would chbvicusly
represent a loss in separation. %o attain suok an ideal system, it fs
nesessary to n&mc suscossively the mass of material eiroulating n
each stage from the feed point to tho top of the casosde and from the
feed posnt to the bobttom of the cusgede. This could genteivably be
done by using different sizo equipmmnt for each stage. However, tho re-
quired change from stage to stage would be very ssall, and the ideal
oascade can be epprosched sufficliently clesely for all praotical purposes
by limiting the equipment to four or five cises and chenging oparating
conditions every hundred or so stages. This latter plan wae used in the
design of the X-28 plant., Above the fued point the plant is divided into
sfx sections, axd below, into thres sectiocns. There are four different
sises of equipment used. Fressure csnditions are varied from seation to
sesotion, and, to & luc& degres, within gootions.

The distribution of stages iuto eections and the salient oporse
ting ccnditions are ghowa in the follewing table:
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CASCADE IN SECTIONS (Contimued)

TABLE II
NUMBER OF STAGES IN EACH SEOTION WITH OPERATING CONDITIONS
8ize of Typieal

Stages Pusp Converter Tamperature
Ho.of  (Bqefts of Capnofity Presswe  Inside

Seotion Steges _ Tubs Ares) ofw, (paisn) Converter
4 sez 1200
&b 708 3800
fa 268 3600
b 552 $800
878 §200
b3 g2z 11200
-l 80 11200
2 126 9200
‘ 8 & | seo0 L

Xotes The equipment sises are keyed to the sestion mmber, $.c.,
Section ¢ uses iize four equipmont; Seoticns -8, % and b use
sise three equipment, etc. The sub-letters after the secticn
mmber designate & ohange in operating conditions u_aho@ in
the table,




8,740 Pumps -~ 1/8 to 700 H.P, including:
6,808 Cantrifugal Stage Pumps (Blowers)
182 Reoiproasting Stage Pumps .
, 666 Coolant Pumps

3,662 Diffusers. « 1° 53" = &' 1.5/6" ¢o 6' 108/8"x 111 5"
1,000 Ventile Pang - § $o 86 H.F.
14,105 Motors ~ 1/20 €0 700 HePe

894 Goolant Coolers

634 Erooess Gas Coolers
2,808 Drums - 4% x 185/8" to 6¢ to 82¢

. 18,708 Tong Shest Metil

INSTRUMENTATION

152,167 Instruments
1,086 Instrument Panel Boards
126 Line Recarder Unite oonafsting of total of 4,167 component partsa.

44,000 Instrument Transfer Cooks
4,000,000 £6. Coppes Tubing

: ELEOTRICAL
1,070 Treusformers - %5 EVA 40 1000 XVA

601 Switohgear « 1,000 A % 150,000 &
. 4,480 Cirauit Breakers < 18A €o

1,602 Safety Switohes - 6 A %0 800 A
134 Control Panels
14,855 Oalrod Heaters

10,318 Eleatris Aly NeaSers
1,858 Lighting Panels . i
8,378 Noter- re 4nd Uonftrsotors

. 8,800,000 f£t. Cabis (A} sixes)
11,889,000 ft. Single Gonduotor Wire




TABLE XXX (Continued)

P mr A wa e A Mg,

PIPING

251,000 Valves -~ 1/8% to 43" fncluding:
114,664 Speoial Oreue Velves of which 1,548 are
eleatric mator cperated
3,907,700 £t. Piping'- 1/€" to 6
414,538 £t. Pips Insulator
2,200,200 5q. £6, Housing Ineulation

STEUCTURAL

£51,187 Cu. ydo Conarete
41,475 Tons strustural, siscsllansons ad pips tridge stecl
13,184 Tons reinforoing stesl

8,625,600 Cu. yis, exoavation earth and reck.
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