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U.S. Nuclear Regulatory Commission
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dUranium Recovery Field Office

( d -,.f
g C/,Box 25325 -e.

Denver, CO 80225 ' ',iA %*
Dear Gary:

.

I have enclosed some information on vacuum dryers
similar to what we would plan on using at the Crow Butte
Project. If you have any further technical questions about
the "zero discharge" aspects of this type of dryer, I would
suggest you contnet Bart Conroy of Resource Technologies
Group in Lakewood (303-969-8511). Bart is familiar with the
operation of this type of dryer unit.

Sincerely,

Qk 7, L
Ralph Knode
Project Supervisor

Enclosure

cc: Bart Conroy
Steve Collings
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ESIMILETRANSHISSION
.

NUMBER __[_k h., *

DATE: August 24. 1987

PLEASE DELIVEP THE FOLLOWING PAGE(0) ASAP TO:

NAME: Mr. Chuck Schick

COMPANY: Rescarce Technologies Group

~

FAC0! MILE NUMDER: 303-985-0439

FROM: _Beb Adair

COMPANYs STOKES VACUUM - PENNWALT CORPORATION
FAX NO. 215-831-5420

TOTAL NUMDER OF PAGEG INCLUDING THIG GHEETe M
l

IF FOR ANY REASON YOU DO NOT RECEIVE ALL THE PAGEO, CALL
215-031-5400 A8 000N AB POD 8 IDLE

MESSAGE:

RE: Your Verbal Inquiry for "Yollow Cake" Vacuum Drying Cquipment System

In confirmation of my verbal reply to your referenced inquiry. I specified
and quoted 0./M. pricing as follows:

1. A Stokos 59-50. 3' O x 15' L rotary vacuum drying system comprised of
the following components. 'G g .

a. 59 50 r.v.d. , type 304 s.s. shell and agitator, carbon steel jacket,
f. V. In shell. 50 p.s.l.g. at 297o f in jacket and interior of agitator.

304 S.S. scraper blades, nanually operated discharge door. ~

IS HP delvo system.

.
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2

b. 50-523. 25 square foot inverted bag dust filter with vibrating shaker
bag notor controls includin a pneumatically operated outlet butterfly
valve (from the dust filter .

c. A condensing vacuum skid which includes a Model 85 E condenser / receiver,
0 to 200 torr pressure indicating control system, liquid ring vacuum
pump with closed loop, recirculating water seal system.

d. Controls mounted on pre-piped, skid mounted condensing vacuum system.

ORDER-_0F-MAGNITUDE _ P_ RICE: F.O.B. Factory, Philadelphia, PA $200 K'

.

DEL IVER_Y_: Approximately 28 to 30 we,eks A.R.O.

It is understood tt.at direct steam heating up to, but not exceeding 50 p.s.i.g.,
would be supplied on-site by others.

Our preliminary sizing for equipment specifying and pricing was based in the
following:

1. 1,000,000 lb./ year of vacuum dried yellow cake, utilizing a .260 day
operating year. zoo

.

2. Initial slurry solids content of 50%.

3 Assumed average rate of drying of 1.75 lb. of water per hour 'per wetted
square foot.

4. Assuir.ed wet bulk. density of 160 lb por cubic foot.

5. Assumed dry bulk density of 260 lb per cubic foot.

26. Assumed max. rate of evaporation (for condenser sizing) of 3.0 lb/hr x f t .

Your interest in our Stokes rotary vacuum drying systems for the vacuum drying of
Yellow Cake slurry is sincerely appreciated. When you feel that the timing is
appropriate for a firm proposal with detailed specifications, please let me
know and we will be delighted to comply with your request.

Truly yours,

~ ('b, b bLt:1..
R. D. Ada1E

Attached: 59 Specs.
. -c/L N g Nos. D410 817 D-50-523

Data Sheet 490-2, Yellow Cake Data Sheet
E. & M. Journal Reprint

cc: A. Baraty
J. A. Lendino
M.R. Spotts

.
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$. OKES VERTIGAL a unseT'

S. URFACE CONDENSER AND RECEIVER
..

- -

MODEL NO. 85 0 85 89 8 5.CD 8500 85.E
__

Cooling Surface 50. FT. 10 43 67 98 190

Cootsng Water 20 30 55 05 110
E E..t.i Y.Y .c

'

c GPM @ 85'F
. .

,_
,+ v'

I Number of Tubes 12 38 58 76 142,

'D "
<v . , n

Tube Shell Length 3'.9" 5'f%" 5'.1 % * 5'.9 % " 5*.11 % "
-

.h

,,

inside Ole. of Shell 6" f,% " 11" 12V." 16"

* * * ' " ' A 6'.9% " 6'.10" 9'.7 % " 10'.5% " 11'-G% "
c o.= ~'6 i iva

-
,

D, c'.6 % * s'.6% * 9 '.3 " ' 0'.0 % " 11'1"

C 18 % " 28 % " 33% " 33% " 40%"

' O 24 % * 31" 39%" 30%" 50"

C 6" 8" 10".._ 11" 13"
-

F 2" 3" 4" $" 6"
'

U s" 4" 8" 8" 8",

~

. a uagtte y 4%= 6" 7%" 8% ** 9%"-cwu w,s. ... s ., .

. t . n o rtaa. 4 9 6 ,3 r4 e %" * %" h" U"
, d' _ .. ,

,
u. te th 9 - , , . - 4

_

e.nu wt
L 2" 2%" 3" 3" 3,

s . mn e- i "' T '.
_ 4, 4n 4= 4*-,

I _._ __

.

d S - ...,f+8**d.' ' ' ' ' *f,7;q',', , ' ~.

, , , ,,

i5 * ',h P 4%" 10" 13 !'t " 13 % " I3*
.!- ~< _

--

n. mem is U, ,. ,, 2 3%.
N.P.T.:et.,s.. e.i agga

_

_,_ __

-. -

E C.TA P %" ih" ?%" 2W" 3"

T
,,p" . Ja. > . s s
~. - . . w ... c H.P.T.

, .

. . .

. v c,4 mis ams' U TAP
/ ..

g ., 2" 2" 2" 2"
' ~ ~ ~ ~

.cmi. carsweeis- N.P.T.

W Gallons 0% 27 52 52 _L
f W1. LbS. | 375 700 1050 1200 1850

-

. , ~ , .

,/ .
.
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3. Read fight from point whoto vapor rato
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Low Cost Drying of Yellow Cake -
.

Have you considered vacuum drying?
A Stokes vacuum drying system of fors certain advantages over an open hearth drycr.
These advantages are:

* Low Capilnl Equipment Cost * !.ow installation Cost
* Low Operating Cost * Dust Containment

* Environmentally Protective
,

.

The approximate utilities required for an 6000 lb. The auxillary equipment includes a Stokes inverted
load ut "yettow cake" sturry containinD 30% solids bag tvpo dust filter which is flango mounted on top of

the dryor. The dust is collected on the inner walls ofarc as loilows: Peak the bags. At regular imervals the bags are mechanic-
Stcam at 50 psig . . . . . . 250 lbs / hr. ally c:taken and the dust returned to iho dryer.* .......

Cooting tower wates at 85* F . . . . . . . . 50 gpm Automatle ba0 shaking controls are provided.*

Etcetric . . . . . . . 10 H P* The Stokos vacuum system is mounted on a common...............

Installation of the Stokos vacuum :ng system basoplate completo with a contfoi panel and the
requiros only rotary dryor support, I. onnectin0 interconnecting pipin0 and wiring.
vacuum pipin0 between du3t filter and uum skid, The water vapor from the dryer is condensed in a
and utility connections. Stokos vertical tubo type condenser. A solvent
The stationary jacketed dryor can bo loaded and recalvor is supplied (as on integral part of the
untooded with easo. The "yellow cake" slurry can be condonsor) and can be furnished with a Icycl con-
pumped into the dryer; the dry product dischar00d troller and a condensato removal pump.

inin a suitable container via dust.tl0hth 3,
The system is ovacuated by a liquid ring type vac-
uum pump. A closed loop seal fluid system far the

in addition to its ease of installation and simpilcity of vacuum pump is included and consistri of a circulat-
operation. the Stokes system provides dust contain- ing pump, heat exchanger and a cornpressant tank
ment during dryin0 and product dischargo. The use with a lovel contro!!er.
of thu condenser and the closod-loop soal lhJid A free standing control panel contains the requiredsystem permit almost total recovory of the proce:S motor starter, selector owitchos. pilot liuhls and
water. control power transformer.
This system is in koeping with tho zero di 'i1Gkes is in the ur'que position of being the industrym.

concept advocated by regulatory agencies. !aadar in the basic vacuum technology in addition to
The heart of our system is the Stokos rotary VA" ? oxtensivo oxperience in the heat and mass trancier
dryrir. This hatch tyise vacuum dryer with its intert.- techniques governing the drying process,
htly heated agitator providos excellent heat transfer.
The addition of spring loaded scraper baldes pre- Wo welcomo tho opportunity of supplying rt vacuum
eents product bulld up durin0 the drying cycle. system for you.-

.

fT0HEU

E PEMWALT
==.w
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** $ TOKES MODEL 50 523
DUST FILTER-

B

p STCAM C -'

50 PStG Y. g' ---

#[y
G WET YELLOW CAKE .

3 0 % SOLIDS [3
'

| 1

_ =/
STEAM . T' pi

50 PSl0' - -- - - Y
n

~

STOKES MODEL 59 35 nn
DC R ]; ~

yg- ROTARY VACUUM DRYER p. ,'N

1 STEAM
I I 50 PSIG

n
_ __ _ _

h *

DRY YELLOW C AKr.

* '
.

:

C001.ING WATER,

40 GPMG 858F.'

13 CFM., lH P.
VACUUM PUMP Pl

tet

4ENT FILL VALVE
f r 3

@
I

'-

(I Y
COMPREStaMT

T*MS c). -' STOKES MCOEL
85 0$ CONDENSEi1j **'9FA"#?6?#M q u

I

! @- g..

m ..-;

W^ O GN'
HEAT EXCH ANGCA

"
)_ g p

WASTE An
' *

WATER

6,'

!g/'8i HP CIRC.
Ni Puwe

; 3

c

YELLOW C AKE VACUUM DRYING SYSTEM,

.. . - _ . ..._

. .

1

1 STOKES
i Stokes Vacuum Components Department

PCNNW.".L' ~ ORPO.lATION
550.: Tabor Road,Phila#Na,T A 19120 -

213 209 013. EOWPMENT m CHEMICALS
HE ALTil I'It00UCTS
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. i. . ') A sp.u .a,itar oevetner c aam an overaio io e an
E. bb vai aun War ve 6yer authat asi rme et 9./*y >>wsi ne

osow condg to recme a ions er des picace wren
tre t., ret h IA tw 4 cre sm a cio a W tre emet rs
noneted buf wAe&d to a s sigting statnJn.

A )clkmeake precipitation prxcw docioped by Interwti. The well (kid operate.: in a balanced condmen thai )nental Uncrry Corp (ll'C) for its hminw m4itu i.ranium cun0nes leachacits to the ore rones t<iween mjection and {leaching operati.<,4 in Lne Oak County, 'l cs., ute.t neither prcifu-* ion wells Water in a scries of 4.in dia monient wdis,

iulphates nor chlorides in entractivn and precistation. The surrounding the orebody it sampled biwcekly to dciermine ifI

)prten thersby avoidt formation of uranium talts that any leachant in ee.capint, from the wc!! Ocid.
i requuc hi,ch.tempcratute esteiners. It'C utet a sulution of Uranium hearing leachant is pumped to a surfacc plans

amman;um vart wiale and hydrogen perutide for ! aching cyuipped unh three parallel ion cachante circuits, each of
,ir.d inc steam in 6parre the pregn. int etuate, drning off which insludes a 10,000-tal fiberglast surge tant, a 60 hp
arnmonia and carbun diotide and paceiptating pilowcate. A circulation pump, rt series of Olters to renunc p,nticulate
rolary sacuum dr)er, the Orst in be used in such an matter, and three 7 a 8.ft damn flow resin ion enchange
apphcahon, accepts a yellowcave slurry containing 3(d columnt After uranium has been estracted in the ion
tohdi and produce a dry product ready (m paskaging enchange circuits, the leachant is pumfed back to the well

Phmt manager Kun Harden nuievi that the process does field by 15 hp injection pumps
twt require piilotion control devices tus h n stack fikers and When an inn enhange column becomes loaded to capac.
sciutters, that (nust be instailed for calcincit U'dily costs ity, it is isolatcd from the ciscuit, and a solution of anunon-
for Ilie vacuum drying twicm are site lom, and spicm ium carbonaic it used to strip the uranium fruni the ion
components arc guchared on skids that are pmtioncd c,,sily enchange redn The resulting pregnant cluate then advamn
on wnerer Acurn ,ind reincated tiuickly in a new job site to one of threc 4,OVO gal stamlos sicel lanks.
TI r sacuum orying ty, tem was suppbcd by the Stakes Div The cluate it sparecd with hse steam,drnmg off amniuma
of Wnna.ih C,u p and tarbon dwaide and pret.pitating the uraniuni Ollpues

At 7.imiu+, ll.C enculain loch t dution throuth vre are recovered, eind the inulting uranium slurry n pmngd to
tones atuut iU ft hcLm ground %: !oh., tion naidian the a 5,000 p.a! Cherglass storage tank for setthnt and decantint.
uraniam nunerah io a form amenabk tv leaching by Afice decantation, ihc slurry is pumped to the snuum
anme aium earl mate Chemoiry of the svinli.w it evntrolle 1 drycr.
to preseni sfn ticant precintahon of calcium carbonate in A rescrsewmotit water treatnscrit plant prusids ; plant
the tytcm At any pisen time, b0 in 100 nation wcth and maLeup mater and water for the 1. dctr t.eachants and
40 to 50 praiuction well, are usually a . opeistion to provide cluhun soluhons are prepartd on the ute by inject ng anhp
leach hquor h.t tLe punt The wcth .tre cased aith PVC and deous animonia and caibon diosiJe into walcr m a unhfied -
arc equipped with ).hp 10 thp ti.unicu ticel doan.hcde 4,000 pl stainless steel ferbliter miner.
pumpt that rccer.ite an ascrare kachant lluw of 1,050 rpm 11 e rvtarv sacuum dryer in ut.c at Zamroa n one of a hne
to three ur,mium retuvery cucuns Wah minor vicepicw.<, of Stuko unas that have foun.1 a s.wi> of ap;katmi s
comirucliun and completion vi the atlls lullowt consentional including instaltations to alry slurrin rif ponstered metJ,
pra6twet of the water well iaduttry. pharmaceuticals, herbicides, and peticides. The near.sern

_
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Vacuurn drying syslim tt Zamzow min? pollution ther:eterittics of the systei.s were very attractive to3

IEC. Itecauw the system operates under vacuum, a leak
rc<ults in air being drawn into the system, rather than

(E Staatu. w contaminants being released to the utmosphere.The units are''--*

.{ -.ater vapo, available in sites ranging from 15 in, to 5 ft ID and fium 20
,

to in , - - - -

wei yritowede. in. to 30 ft internal length.,,

> 3cv. steds The dryer at Zamtow has an inside diameter of 3 ft and am
3 '

steam, f internal length of 10 ft, providing a total volume of 70 cu ftg. g*
50 p59 g g, |' and a capacity of 1,500 lb per day of yellowcake. It is lqted

'

''

by means of steam jacketing along the cylindrical containct. . . . . - .
7

and steam inside the sliaft and arms of the helical agitator.

h'' 3fwy vacci d,yer Ileal transfer is aided not only by the continuous mining.

_ action of the rotating agitator but also by spring loaded
]- ' - l'' ] -~ y j % h.'p'[,3 ,,

i
scraper,de heating surfacca. blades that prevent buildup of dried )ciluwesLe on| y ') ,,J, the ina

h~ Approximate utility requirements to procets a 4,000 lb
Cochng mater. load of yellowcale slurry at 303. solids include: 210 lb per hr-.-

D'1)***(**' o sta of team at 50 psig. 40 rpm of condenser coolinti wate. sio
* ' Or,1 85'F, and electricity to drive a to hp motor.

13 cien. hip vacuum purnp%g lg
y

ver. Dried )ctiowcake discharges directly into 55.pl drums:

f' i reu tve! Q}
\/ * the discharge valve port is fitted with a dust tight shroud An

'

1r t L ', @) invericd, bag type dust filter flange mounted on top of the'

/ Carvessant (c') ca.wiense, dryer prevents dust from Ectting into the vacuum s> stems

(' y The bags are shaken mcChanically at regular Interials, and\ lac k 7,

k g-- 3'
dust is returned to the dryer.

'Vster vapor from the dryer is condensed in a vertical,

t-----d W tube type condenact, and the water that is reu tred returns

(}incat entanger [&atapf
),' L--* Wilei.10 SPS to the circuit, another significant tullution.cor al feature of** 4

f) the system. (See flowsheet ) 1

"% Ht l 2amtow, which is deaigned to produce 300.000 lb per ) car

@-h'i
O*'Mi

nf U 0, is the second in situ Icaching uranium niine devel.ic - lev.scint oi 3

%g4 Pl = pressure nrecatar oped by IEC in Tetas, the first being located at Pawnee.
g ,'' O CI''* W 11 = torpe,atuit Indicato, Pacific Gas and Electric, which has contracted for the entire

output of the Zamtow mine, received its first shipment of
|

t- J yellowcake on Aug.1,1978.se
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Rotary acum dryer woth t4ttom her?er os packaged on sk4s
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..

.

-
.

j A process for the extraction and vacuum dryer, avoids the need for the circuit. A ' solution of ammonium
precipitation of uranium oxides - pollution control equipment. cartenate strips the uranium from the
yellow c.ske .- utilizes r. rotary vae- The extraction and precipitation ion.cachange resin.
uum dryer to coraert the uranium process works like this: an ammonium The cluat'e? containing a high
or. des w!ution to a dry powder. The carbonate and hydrogen peroxide so. concentration of uranium, is trans-
process. now operating succe.sfully lution is circulated through the ore ferred to stainless steel tanks. Livr.

| at the Lmzow Uranium Mine in Ray zones. The uranium minerals are steam is i. sed to sparge the cluaic,
| Point. Tesas, r6 quires neither sulfates oxidized, then leached. The leachant drising off ammonia and carbon diax-

r.or (Wides to extract or precipitate is pumped to three independent ion- ide and precipitating 'the uranium.
|the u..mium ThercTure. Zamzow is exchange circuits in the surface plant. The uranium oxides are pumped as a

stile to noid the formation of ura- Uranium is absorbed and the leachant slurry to a storage tank for decantin3 *

nium s hs that require the use of high is pumped back to the well fic!d. Containing 30% solids, t> c com-temper.:ture cale: .:r> for d hydra- When an ion exchange co!umn is pourWs are pumped to the vacuum
tion. Thus, the pic<ess. utiheing a loaded to capacity, it is i:,olated from dryer, capable of drying 1500 lb of

'

.
-

,

-_ -___a
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yellowcake per day, j);, h i .
.

The primary appeal of the vacuum i ., . p.ph g. .
, "'

a g g, pg 9
drying sy> tem for Zamrow is its near p;g., N So 3 e %, ,, . , , y
zero pilution feature. Because it ag. s.,3; 3 7.,

,.,.,ght,.[g,y.g ,g.k,rh, , ^.;V ,k. h,
y{.~Q7 .f.p ,

operates under vacuum, any leaks will
result in air being drawn into the *

" 9 q c 4 h, y} Q y~ ,
. g g<!;.. M] .3

-

mhp,.hg%
.

3,3

gf .system rather than ,n the release ofi ,

31 '

contaminarts to the atmosphere. , . . ,

ge.T . hM . m ;rm Tii-' The drying unit at Zamrow has an ~

jf
,

p /, ,,4 . gID of 3 ft and an internallength of 10 . g.g .. ,. ,

A. .:. y:.gt{- ' kg . % 3. Err; i s .7;,gy t. 4 g i, . -ft, providing s ' total volume of 'l0 cu .-

ft. It is heated by means of steam'

3'g:f,ty d.
.

' '" ,,,,g' .g.7- Mjacketing all along the cylindrical
D,Q u., e ..a e n ,. (i,.4

'
.g (g"container. In addition, steam flows * .

inside the shaft and arms of t}}e heli- ; . . .Q ,.y pg3dgy gg*r. i .

g[.IhT N;- [~Ih' w. rf '. ,',, , g[. .g@,
cal agitator. Heat transfer is pro- .

U,p L*.

moted by the continuous mixing of the - J.f f1 [: .4 .k;
.: s % . ..

rotating agitator'as wc!) as by spring. h, % .,? 'hi..
"

i'. I3
''''Nh h

"
"* 7

' % xf %
loaded scraper blades which prevent [D

' $ [.
" '

d . ' bs.h ' h ,5,*.*< !. .g h ,',O. f,

.

M %
, ''

b|'. 1buildup of dried yellowcake on the e h M "

,

"*y " , " ''.i,. ' .. T.**,'f,%Ns .-

2. . '* . -r#inside heating surfaces. Dried yellow. - 2. c . .." .

'

cake is d:scharged directly into $5 gal . .

''. .JN ** 'M t " ?,',% "' P'".s _ , , ,g
- .

drums, udng a dust. tight shroud ,..
'

,,

8a* *MW.W/?"|5,8^,'

around the discharge valve port. ~
*" . . -,s..

An inverted bag. type dust filter is, . Your business depends on energy, our business depends on con %,e,,s
- -

.
- - . ' n r:

serving 1t3aange. mounted to the top of
dryer. Dust is collected on the . the .w H- ..

. t a- 4.

inner . -

walls of the bags. At regular intervals. ciroe 133 cppos.te test pse. '

I the bags are mechanically shaken and . -

i the dust is returned to the dryer. )
'

. M..L i 'l {". M.p C:
. dn t, - 'py#

M. ( M. * '# r' 'h,, .-
Water vapor from .the dryer is , o. .

4,Q~g'condensed in a vertical tube. type

.a 1.

-

N((-condense . The system is evacuated by p jJ.' ig. . n
,J .i, g 7t, 1;5.j ,,,a liquid rint, type vacuum pump
[ R...j. ,e N- 7 FiMc N. ' N 3 m a--L

'

w.s

which has a closed loop seal fluid ..ys
system. Wastew. ster from the daying | M ., n. ..g : qvy 9.n b .;t g, . , q , ,

r

process is recovered and returned for i 3 3, g c. . . QP^ . g hg,g.;p t .-
t y "* ;hn.M-Jg .

N. ["hj ? .
mreuse. s -

Q O -c'm i t pygg.pg p,. , ,.| The drying system components are pi
;. O , .g- j L. W ,57

g!,.y ,.g '.yp f.,.o f,,p;. c ..N . -rJ g, ., p ''d n @q F M, ? -
"

| packaged on skids which mount on '-

' r.v.srete Omrs. They can be relocated '

7'|gk. f . " TP)g.a:.. Iu 3 new job s,te cauly. Installation nhc..- ;t r 1ui
- D'-. -
4;GWp,(d' ' '

*c. :'requires or.l> rotary ' dryer support,
- v. 2,0W

. ;;. 5,7t'9 'Q.e :,4#.k.7%f'/Ca@%fa%fnh'r ['r;d.., .Q
interconnectirg ocuum piping be- -

tween the dust filter and the vac0um h.Q,g. .T.i, -

.- W n,y

*g.",/ i;',fy
slid, and utility connections. 'lle case '

g, g(3 . ,
q ., ,,

of installation, along with the many
,

,c.;tt 6 g '- A ;a .. .. , , ,

'"gt:'itg3t}.,6, j .
~

pilution control features, have made yt;,z.y44 :- ; - j ,g' <.

|
n mrow. u A ,[.' . p;,. ggg.il,Jy , *. rp'+ ..A

| the dryer a sital piece of equipment at y;c
. . . . . - . g.q ,,.r: .. p..

I'acam Jr>ing sptcm was supplied i; . )
, {{

' ' * *

f y., ,
' ? '..Q Q, ?:',*I,.:U [Q '\; gg G,.

.. '

K.by St0Les Div. Pennm alt Corp., 3 , c' '

'A ? 'Park way. Ph,la.!ciphia, PA 1910:.- 4 4 : t, . - y
Sce 1 n c.mte int age- .'s[' , s. ' ' *, ? .' ' " Q,,7"'V A*

| Ur.u.iu m o 1 t r '.rtion] precipitation ' G . ,, , M yrg;.T;' yjh*T' ~ ' ' '
.

praccss s.n .!. .ciqcd by Interconti- g , , ', M y m Q :' .

,
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Your buunns ci n:'s on energy, our huuness der =2nds on conserving it. 3
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