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Received 3//3/6& .................
Mr. S, J. Ewsiden, Adviser Name ... 5. 58 7ms. .
U, S, Atomic Insrpgy Commissicn _ -
!Iez York Oscretionn Offieca Hours .7.’..;:?{4!.;{5. ---------- 56, Aed
376 ludson Streot Reply Sont . 2, ;  rarz
New York :;J*, Yavwr York Py i AFf\ {'/“,,‘,O

Subject: Extonslon of our Fosaibility Report Tated 8-10-59
Dsar Mr., Braiden;

Flonss extend cur Feagibillty Repert datsd §-~10-5% to includs
the following procesaos;

{1) Direct g te UF), process for all 1235 gurd chmsnta.
{2) Metal prodachion fur a1l u=3% enrichmx;te.
Doth of the mbove processes ere dircusesd frem on oversll
stendpoint, end fron a3 ¢gitlcallty stendpolnt below.

tiaximum quantitiss of V¢32 sxpectnd to bo in vrocees st any
given time sre olso lisbted: '

T. Discugsion of Procosgseoas:

The procoss of converting UF5 to UF &nd UF, bo metsal
is cerriocd out in the southesst cornenr ol the Red Room.
The eres occupled is approximately 20 feet Ly L0 feet
while ths ontire Red Room ercva is approximabely 60 feet
by 76 feet. : .

A. Direct UFH te UFy Proceas:

This process involves the dirsct conversion.of WFg

to UF)A by the use of a non-hydrogenous organic -

liquid. The rexction will teke place in vessels of

safo goomotric configuretions which sre enclosed

in ventilated hooda. In the {ellowlng dlscussion,

the organic liquid is relerred te ss the reductant.

A Figurs showing the relative locetions of::thS (g §dr)
pleces of eguipmont used in the process X§lericlosed ™ iT.

(Figuro 1). . b |:8' IZ 15 PH 60
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As the £irst ster, s 5" dlameisr S5 pound (meximum)
cylinder of UFg will be brought inko the proceas
arga from our spproved storage vauit (see our
Feasibility Report of 8-10-59 for a dsseripbion
of UFg storage mnd hondling). This cylinder will
be preherted to 70°C by msmns of #n elactric
heoiing blenket in & hood to the left of the eares
shoun 1n Flg. X. After preheoating, the cylinder
will be pleicod inslide the Urg=-Ur) proceus hood shown
in Fig. I, end comnected to ths xtiping leeding
to the reactor. It is te be noted that the
cylinder rosts on & scals vhile inside the hood.

Bofore the UFg cylinder 17ill bs hoated further,

snd the YFg permitted to enber tho 5" dilsmeter

roactor, the appropriate quantity of reductant

will be pumped 1nto tha reactor from & tonk which

also serves a3 the filtrote receiving tenk. After

the reductant is in the resctor, it will be con-

tinuously racyeled from ths bottom of the reactor,

through the fllter and asgain into ths top of the

reactor. At this polnt the U will be permitted

to veporize from the UFg cylinder Snte the top

of tho resctor. A slurry of T, will be produced

when the UFg contacts the clreuleting liquid

roductant. It is to ke nctsd that the reactor las

egquivped oxternally with water ocooling 2nd stesm .
hesting colls ir order to control tomporaturo. " uﬂm
£€tor approzimately ons~fourth of ths UFg cylinder 377
has besen veporiszed intc the roactor (5.91 kilograms

of UFg containing 3.98 kilograms of U) as denotoed

by the scale, the Tlow of UFg will be terminated. ——3 Asu ?
The UF) liquld slurry wlll ccatinue to recycle

tarough the poroue metellis filtor until the

glurey is clearifised. A bulls-eoye sight glass

le previded in the line feor determining when the

liguid is clear. After the UM, hes besn filtered,

the il%rate is pumposd to the Hold tank. Thie

Tilérate will thon either bes (1) Held for re-use

es the reductant solution In the next run or,

{2) Disgcerded aftor the low uranium content is

recovered by filltering through another filter in

a8 soparate hood, This is 8 laborztory hend type

operation using sefe goonetry vessels.
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Ovher i%ems of nots Include:

{1} Tho solutiona and filter cake 2ll have
e ureniun density of less than 3.2.
grans psr millllibter,

{2) 211 piping in tho system is 1" dlameter
or less,

{3) The filter 1s 5" in dismetor and hes a
volums of cbout 350 cubiec inchos
(including ths it volume).

(L) The reductant solution bocomses clamr
only when the ursnium contsnt is less
thtn 5 grans per liter.

{5) %o wator 1B commectod into the systom.

The Ur) filter cske will be withdrawn from the
filter into . tray 187 x 17" = 13" deop. As the
eako falls into the tray i% will be suvothed out
to an "pproxirntelj i" thick sleb., The matorisl
in this tray will thon bs zubdivided into two
trays 837 x 15-5/8% z 121" deep. Thome trays will
be pls,od in tho even in ths UPg $o TF), Tilter
ncod snd the UMY, given & superficisl dr¥ying. The
configuration of ths oven is such that oniy elght
trays cen be plsced in the oven at sny one time,
Tho trays wlll be pleced in the oven iIn two layers
of four trays sach with a separatlon distence

between lsyers of 16",
rf%er this superfielsl, drying thrse of -these

smell nrags i1l be plaeced in & muffie box (speced
one on top of Lnother) for nmors 8OVaTe drying in

& hydregen etmosgphere.

Aftsr drying, and the mulffle box has beon allowed
to coel, ths throe treys of UF) in the muffle box
will bs transferrod to the grinder d»y box via the
mufllo box cart. Hore the lumpn ir the dried UF)
will be broken up in m lsbgeindér. Only two traye
aro in the dry box abt s time,

It 1s to be noted that the grinding chember of

the grindar has & volumo leses than 293 cubic inches.
As the TPy is greund, 1t will be collected deneath
the g?i or in & one pgellen bottle {231 cublc
inches) and =fored pending reduction into mstel,
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B,

Metal Production:

This procecas involves the reduciion of UF, to
uranizn metal following thas process outlizied in
T 4035, Supplomeni ..  Ths reaction is initiated
by hzsting 8 mizturs of UFy, calclum and lodine.
This resction tokes plses in 5" I.D. x 12-3/4" long
"bomb® cylinders heving flanped lids. £ plan view
showing ths location of most of the sguipnent
needad for this procoss 1s included with this
letter (Pigure 1).

Firgt, a gollon bottle containing dried UF) will
be placod in the completely enclosed bomb meko-up
glove box. A totsl of 3000 to 3800 grams of UF)
will bes weighed into two other galien bottles.

Tho excoss UFy remeining in the firat bottle will
bs retornod (o the storege rack. A amall amount
¢f icdino und the required amount of caleium to
react with the UF), will be added tc the two bottles
in ths hood., The bottles of UFp~--~coleivm-iodine
blond~-nuill thzn bes removsd from the hood and the
ingredients blended on 2 rolleyr mixer., Alter
mixing, She tuc bottles will &gain Le placed in
the bomb maks-up hoed for loasding into 2 bomb.
NOTZ: The twe bottles conastitute one bomb charge.

The boud ahsll 1s prapsred by pouring a small
anoint of magnosium oxide send inte the stsel

bomb cesing. A magnesium oxids thimble 12" long
snd hsving an inside dismstor of L-3/8" will be
plaoced on top of the send. The vold spece bsiwsen
the. bemb shell and tho thimble will be filled with
maghosium oxide sand.

in loading the bomb, the prepared bemb shell will
firsi be cennected to the bottom of the bomb make-~up
hood, Ths UF, blend wlll bs poured through =

hole in the bditiom of the hood into the thimble

in the bonb shall. Aftor the blend is in the bomb
shell, ib will bs gently tapped down. A mnagnesium
oxidoe 1id will be placed on top, and more magnesium
oxide sand poured on top of the lid. Then & copper
gaeket wlll be placed on the bomb shell flenge and
a8 steel 1id beliad om. The filled bomb will then
be ovacurted end brought back to antmospharic
praesaure with argon completing the bomb make-up.
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The made-~up bomb will be pleced insids the high-fraquency
furnecs. A thermocouple will be plzaeced in ths thermowall
welded to ths cutsids of the bemb shell. The bomb will
be hsated to Initiate the reosction between the UF4 and
the colcium. The thermccoupls indlzates the bomb'sas
firing. 1t 1s to be noted thet the furnace 1is

enclosed in z ventlilatsed hsavy metel hood &8s & precaution
agasingt rcom contaminstion from tomb lsaks or blowouts
vhen th» bomb firocas,

After firing, the bomb will be removed from ths

furnacoe by moans of ¢ hoist and pleced in the cooling
teble, This teble is constructed of stosl =nd has

holes in it for the placenent of six bimbs. & scenbter to
center distance of 2" 1s maintsined batween adjacent
tembs.,

Wiien cool, the entirs bomb wlll bs placsd inside
ths honb bresk-out glove box., Here the 1id of
the bomb will de remevod and the contents of the
bont Zimped and seperaied. Specinl openings are
previded in the bettom of this glove box so that
tre slag and bowb 1iner cstn bo dummed directly
Inte g dvum. Tie nedel bubtton formed in the bomb
111l bs removed Troem the hoed, cleznsd by brushing,
and picklod. The metsal button will ba sampled by
shezring off a smell pliecs. Finally, the button
will be etorod in cans--11 kKlilograms par can
nsxinuwm--prior to belng shipped.

C. Reprocessaing:

neprocessing will be discussed in & subsequent
Feeplbllify Repori.

I1. Criticality:

A. Direct UFg Vo UF), Process:

In general, each plece ef equipment hes & safe
geonetrlic configuration. All piesces of fixed
eguipment have & mininum edge to edge spsacing of -
18", Yo interccnnsciing piping lerger than 1" 1s
used., All materials heve 8 uranlum density of less
than 3.2 grams per milliliter. In addition, the
followlng conments ers made with rogard to each
piecs of equipment and operation, )
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2,

3.

Rosecticn vessel, Illter, UFg cylinder, filtrate
hoid wuenlks

Esch of those pilocen of equipment has en "elways
aefs” 5" dismeter {poge 20, Tabls XI1I, K-1019,
Firth Revision). Critlcallty calculations
shou Yhat tho maxinum s0lld angle subtended by
any three of these vessols at ths fourth i3 ,6
stapradians {seo Lthe sample celenlations that
are lncluded with this letter). This velus is
conoidorably less thaon the 3.2 esteradian angle
pernitted for the .58 k velue allowsd for S
dismeter cylindsrs (pege 29, Table ¥1I, K-1019,
Tifth Revielon).

Trensfer of the UF) from the filter to a tray:

Tho volume of ceke trensferred doss not exceod
310 cublc inchesg=--which is only siightly over
the nucicarly safle volume of 293 cublc inches
{pege 21, Toble X3iIlI, £-1019, Fifth Revision).
Ir the fllter, the UF| celte is containod in a
5" gafs dlsmetor cylinder; in the tray it will
bo in &n approximately 1" simb {Page 21, Table XI1I,
Fifth Revision). During transfsr and until
tho cake is smcothed out in the tray, the csalie
will probebly be in o conicsel configuration.
if this conlcel conflguration is only s sale
25 a ¢7linder of the sems volume, the trensfer
wili bes pafe since & curva drawn fer a 310 .
cuablic inch cylinder lles under the nuclesarly:
sufe curve in TFlgure 4, page 20, X-1019,

Fifth Revision. Thess two ocurves sra shown in
Figurs 2 of this lettor. :

Oven:

The oven 1s construeisd so thot oniy eight
8-1/4" x 15-5/8" =z 1-1/4" deep trays cen be
pleced in tho oven at sny one time. The trays
aro urranged in two lsyers wlth four trays per
laysy end 16" botween layers. The trays in
ezch layer form e peri of the seme nuclesarly
sefe¢ glasb. The maxinum solld angle subtended
by the trays in ons of the lsyore on the other
luyor is 1.3 storadicna. {Sese the calculations
at the end of this lotter} A soiid angle of
5.9 storcdisns is sllowsd by Teble XVII, page 29,
K-1019, rifth Revision. It 1s to be noted

that the matorial in the oven adds little to

the sclld angles subtended at the reactio
vassel, the UP, cylinder, 2nd the filtexr {less
then .03 sterediens, cee the sample celculations
included with this letter].
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[ Muffle box:

Each muffle box hes places tc hold thrse
8-2/4" x 15-5/8" x 1-1/4" doep trays, one
tbove the other with a 1" spaecing. Throe

ireys are considered to be safe in e muffle
boit sinca:

8. The ond edge ersas of tho three trays are
Pproximabely eguivalent to the &rca of o
dlamoter circle,

b. A 6" diemeter cylinder 17.6" long is -
"limlited safe” (pege 23, Ta2ble XV, Kr1019,
FAfth Rsvision).

5. TMuffle box cooler and nurrle box rackn:

By The physical nature of these pliscos of
eéguipanant, no two nuille boxes can ever bo
zloger than u' When thrae mufile boxes are
set perallel (o one another~-at 24" intervala--
s mexinum selld angla of .33 sctermdisns is :
gubbondad at the center box. This ecngle is
considered safe aince ths treys in the muffle
voxcs hsve besn likénad to 6" dimmoter safe
cylinders. Assuming a k factor of .8, a
solid angie of 1.0 stesredlans can beo . tolerated
- by oach tox.

6. ¢Grinder dry box:

This process arsm ls considered to be aare
sincs:

a. Only two treys (8-1/4" x 15-5/8" x.1-1/4")
. of material contzining sprrozximetely 300
- -ecuble inchee of material uill bs in the
- @ry box. et eny ons tims. The slight’
oxcogs volume over the nuclesrly sufe
yolume of 293 cuble inches should bs safe
by srgunents presgonted in "2" above--
‘transfer of the WrFy from tho rilter to
traye.
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b. The grinding chember of the grindser has a
volums less than ths nueclsnrly ssfe volume
of 293 cubic incher {page 20, Tabls X11,

. K=1019, Fifth Revislon). '

¢. The ground meterisl empties into nuclearly
safe bottles (231 cubie inches).

B. Moatel Productlon:

1.

2.

3

One galion béttles of UFy, and bomb maks-up
blend: '

gne gallon boitleoz ers nuclezrly sefo by volume
considerations. The volume of & one gollon
bottle is €31 cubic inches; tho nuclearly safe
voluma is 293 eubic inchaes {page 20, Table XII,
K~1019, Pirth Revislon). Individnel gellon
botties are elso sels by pago 23, Tehle XV,
k~1019, ¥ifth Revision, since our gallon hottles
ave 6" in dismster and less thaa 17" long.

301id anglo coleculations for thase bottlea sre
incinded with this lstter.

Mzda~-up Bombs:

Mede-up bombs uill be nuclesarly scefe bscause
of volums end disnsier conzlderatlons, Tho
Inzido dlsmetor of the magaeslum ozlde cylinder
that contain=thne bomb bleond is 4-3/8". The
volume of the blend is less than 293.-cublc
inches {Table XII, page 20, K~1019,,Fifth
Revision). -Only tweo ¥made up bombs"™ ers in

the eren ot one tima, one in the Turnace snd
one weiting.

Bomb make-~up glove box:

7he bomb mako-ud glcve bHox wlll be safe smince -
only one bomb charge will be sllowed in tho hood
2t emy ons tims, Such & charge hoz a volume
lens then the nucleerly sefe volume of 293 cuble
inches (page 20, Tabls XiI, X-1019, Fifth
Revision). :

If s socond boub shergs or bottle.of UFy is
plrced in ths hood by eccidont, the system will
st111 be more than gufficiantly. sefe bscouse
of the low H/U235 ratio. It is_.to be noted thst
the dried UF), will heve mi/US35 retio of much
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iesz than 2 {which corresponds to 2 moisturs
confent of mors then 5% by welght). For an
H/ﬁév retio of 2, the safe mess of US3S is 20
kilograns {page 24, Teble IVI, K‘%?%?* Fifth

. Revision). £ 20 kllogrem lot of U=“? 1s equivalent
to mors then gsoven bomb cherges.

4. Inductlon furnsceo:

The constructicon of thls furnnce is such that
cnly onc bomb can be pleeed in it et a time.

S. Bomb cooling table:

This tabls will be ssfe because of the 24"
conter %o conter distancs betucen bembs, and
the feet that o maximuam of slx bombs w31l be
in the teble at any one timo (page 16, Tabls 6,

6. chb,break»but glove box:

O0nly one bombly will Ye permitted in thia hood
et a8 pgiven time. Howaver, over thres bonbs
could be pefcly plreod In the hood st one time
since 11 kilogrens of mebal are consideresd
safe. Threo btombs contein less then 10
kilograms of u235 {pege 7, Toble I, TID-7016).

7. Slag drum:

Ths clag 1s collected in m 15 zellon drum which
1s large enough to hold the sleg from epproxi-
mately 25 bomba., Noraal bornb yields are well
in gxcezs of 99%, Assuning e 99% yield, the
=35 content in ths alsg from 25 bombs 1s less
then 1000 grams. This quentity is assumed
salc sinee no water or othsr hydrogsnous-
matgr,al is nsod in the bomb process and tha
B/1°35 retio in tio plsg w%% gbo less than 2.0
for whlch 20 kilogrome of 2 apa safe {per
Tebis XVI, pege EE,'K~1019; Fifth Revision).

in the unlikely event that the bomb yileld
falls below 99%, no more than one or iwo bombs
uill be flrad before the process. is stepped
end the troubles sliminsted.
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8. Wachenical clesning snd pickling of metul
bubttons:

Only one metal button will be msghanically
cleanzd, or brushod nt a time, In like

srnor, only one button wlll be plcekled a%
& tine, It is to be noted thet the pickling
dish hes a 7" diexetor which makes it elmost
impossible to plekle mors than one button at
a time.

In Process and Preduct Stormgs:

The atersge of UF, prlor to conversion %o moetal znd the
storags of moiel Zwelting shipment is on a rsck shown
or. skebch Zh0~1-k. Tuac rack is spproximatély 8 feet
tell by 21 feet long with six shelves mpproximately

one foct Geep. Raferrlng o Flgure 1, the rack 1a
locoted elong tho south wrll of the Red Rooi. 3 fest
waot of the bomb cocling teble.

This steorage rock is usod to stora uranium compounds
and metal of any enrichmont, Ons gelicen polyethylens
bottles ere unod for waniumx compounds while &ul/Q“
dismoter vy 5-1./2" $£1l cans are wssd fer metel, In
the cssze of compoundz; & mzximum of 10 pounds of UO

equlivalont i3 stored por bvolile vhile a maximum of -

A1 kilegrazmg of metal ere stornd poy ean. The thelves

sre fitted with lipht gego cheins for the purposse of
loceting the conteinsers on 17-1/2% centors. A maximum
of spproximatoly 90 conteinnrz are uitorsd on the rack.

K fzctors were calculoted followlug tho mathod ocutlined
in sectlion I of K-1380. Theso celculatione are included
ulth the refleroncsd skotch. It is %o be noted thet ‘
the celeculatlons sngsuxs epbimun mudsration wheresns

the matoriel la scinally 8ry. A calculated k factor

of .57 for the uranlum compoundsa.wags uaed to determine
ths 2llouicble solid angle subtended by the most
central unit. This compares fovorably to & k value

of .61 foxr & &" diemscior Ly 9-1/2" high (2 em) BOoF2
cylindsy lLizted in Table 7 of K-1309. Accordingly,

a2 tolel s0lid angle of 3.2 sterodians is permitted
(Flgure 6. page L2, E~1019, ¥ifth Revision). The
meximum 90lid zngle "seen” by the most contral bottle
is epproxzimstely 2.3 sterzdians. ' "

In ths cage of mebul storsgo, & k factor wes not
caleuleted, Howsver, since The metel is in the form
of buttens and occuples a smaller volumsse than the
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compound, 1t appoars thai u
for the metal conteiner,

k of 57 is conservabive
Therofora, the aame spacing

ugod for the ursnium compound storage 1s ssfe for metal
storage.

As 8 Tinal Justiflcation of the salfety of this storage

rack, it should be neicd that the centsr io center
soparation is g nminlaum of 16%.

This moeets the

criteriz ¢f Table &, of TID~7016 in which say numbor

of uni%s may be stored In sn isolated plane array,

Maximum guentities of U in Process:

As Direct UPg to UF), proceas:

1.

Pronsating TUFg oylinder (1 cylindsr of Urg,

enough for li batches

5" in ths rermctor system (1 ocylinder

of UFg, enough for li Letches).
"y" in the drving oven ()} batchen)

"y" in tho nuflfle furneces (i
Surnacss~-1~3/2 botches in ezch)

Hulfle bones ceolling {2 boxes op
3 batchesg)

Grindey dry box (2 treys or 1 batek)

B. HMetal production:

1.

2,
3.
iy
5.
6.
7

In bond makeo-up glovs box (1 gellon
bottle)

On: tho roller blendor {1 bomb bstch)
Storage of nmade-up bomﬁs (1 bomdb) .
in the induction furnece (1 bomb)
in the Somﬁ cooling table (6 bombs)
in the brésk-out hocd (1 bomb)

In the picikling dish (1 button)

15.9 Xg.

15.9 kg.
1509 kgo

2309 kE,o

12.0 kg
I{_.O kge

4.0 kg.
2.9 kg,
2.9 kg.
2.9 kgo
}7.& kge.
2.9 kg.
2,9 kg.

g a0 g9 o o d
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V. Hoslth:

All the heods, dry boxes, bomb furnsce, etc., discussed
above arc ventllsted to prevent dust or fumes from entering
the room aimosphore. '

Other health and éafaty procauntions describsd in tho
Foezlbility Deport dated August 10, 1959, will, of coursge,
be obasrved.

The sbove dsmscripbtion of the UF, to UFR,, UM, to metal processes
ies intonded to be applicsble to sny JoU rogliring fully enrichsd
metsl. The imnodiate gpplication 1s for the production of
1250 kilogroms of 93.50 enrichod motal for frgonne Netlional
Laborpteory. PFProcessing of this netsrlesl is expected to start
on or sbout April 1, 1960 and bs completsd on or ebout

June 15, 1560. & description of sacurity arransements will
follow sherily. .

Ploase et uo knouy if you require ndditionsl information.

Respsctifully yours,
MALLINCERODT NUCLEAR CORPORATION

L. Jo Suzllow
) Hometito ¥lang

LIs/irt
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