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(COPf)

Donald I. Walker, Director, Idaho August 4, 1961
Compliance Ana, Division of Compliance

Walter B. Carlson, Assistant Manager for
Administration, Grand Junction Operations Office

PETR0 TONICS COMPANY'S URANIUM MILL OPERATIONS

SYMBOL: SN:DRG

'

In reference to your memorandum of July 28, the Commission
entered into a contract with the Petrotomics Company on
Aagust 12, 1960. This contract provides for the purchase
of uranium om only in the period prior to April 1,1962
and for the purchase of umnium concentrates during the
period April 1, 1962 - December 31, 1966.

The Petrotonics Company is a corporation formed by the
followin6 companies:

Tidewater Oil Co.
4201 Wilshire Blvd., Los Angeles 5, California

Kerr-McGee Oil Industries, Inc.
Oklahoma City, Oklahoma

Skelly 011 Co.
Tulsa, Oklahoma

Getty 011 Company
Wilmington, Delsware

Mr. Noman A. Grant, Project Manager, is in charge of vyming
operations. His address is Petrotomics Co., P. O. Box 184,
Casper, Wyoming. Overall responsibility for control of the
Petrotomics operation is in charge of Mr. J. P. McCabe,
Production Manager, Foreign Exploration and Production Division,~ _

Tidewater Oil Co., 4201 Wilshin Boulevard, Los Angeles 5,
California.
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.

URANIUM MILL SLATED'
'

.Petrotomics Regins Building-

|
Plant in . Wyoming

"'ho Peifoto'mics C [npany
|hasbegun construction of &
;500 ton.a. day uranium mill in
;the Shirley Basin area, about
sixty miles south of Casper,

,tWyo. According to George F..
'Getty Od. president of the Tide-
jwater Oil Company, managing
partner in Petrotomics, the
' plant is scheduled for comple.
itien in April.1062.
I Petrotamics is developing the

*

, hirley Ea.tn properties underS
a five yc:tr contract with the
Atomic Energy Commission.

|The compa..y is a partnershipcomposed of Kerr-McGee Oil
' Industries, Inco the Skelly 011
' Company, the Getty 011 Com.
ipany and Tidewater. .
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F YOUR E N Gl G NOTEBOOK
,,

By ELMER J. GARBELLA, E. Met., P. E.
Denver Equipment Company Division, Joy Manufacturing Company

;

I

hw
Lew e4 the empsnded Petec':m:cs Ccmpany Uranium Pia-t at She e, Bas n. W,em|ng Tre crusmnq plan' is at tFe ee e-e 'e't '

!
'c re r e a 80 t ime'er CENv E R TNce ene s and t e c g r s wa , o.cn c6 o= 55 d i~ete DENVER Th,c.erers 5e ,"e

I
er.., - t* e pe cta h e soivent estractan bund n) is a' t* e 8 5e rt

|
'

Introduction Administration and Operations
3

| [ sploration for uranium ore in th structure of the PetrotonuesCono
5hirley liasm ot %)onung started early par emams sittually the same as report-i

| 3 r. 1957 and dnelosed suhtanti.d ere ed llulletin No. 514-11115. with the ,

reserses warrantme mimng and nulkne exception that now the Getty Od Com- |-|
,

operatiens lhe Petrotenues Company pany a the managme partner ,

| was formed as a partnership between the D,rection of operations that melude.

j lidewater Oil Company Kerr-NieGee Oil thn sa ture rests with Gem Od personnel
. Industries, Skelly Oil Company and Gett) under \1r L P NicCabe. ceneral manacer

( bl Company, with lidewater .n the op- ot Spead Projects Divnion; Dr. Siegfned
eratme partner in 1967 'lidewater and O '

\1ues e. manager or mmera!s exploration
Getty amalgamated, so that now Getty ELVER J GARBELLA and nunine; and .\fr. Norman A Grant. !
Oil Company is the manapng partner manaeer o'f mming operations Their of-

On .Npril 5.1962, a newly constructed 500-ton per fices are m I os Ang:'es. Cahf

Iday acid leachoolvent extrastion null started operation, d Petrotonues Company at Caper.
I

j and has run continuously since that date lhe ongnal % yonung, is Ntr. J udson 11. Whitman Ifis staff includes
|plant was desenbed m the Aug -Sept Oct ,1962 inue the foHowing personnel

'| of the Di co Trcfml (llulictm No N14.llll5 ), and is
; the subject of this account of the recent doubime of Ntr C D Polhuno, chief accountant i

capacity Although the process has not essentially been Nir, W. K. llornsby, purchasmg agent j

changed. there hase been significant deselopments in W C. R. Wurster. personnel and satetv eoordmator !

equipment, and the esp.msion of the plant was accomp-i W Roben Jones, planmng enpneer.
| hshed m a most mgenious manner ,

I \1r O Dasid Niedermeyer, Jr .mme surenntendent
Ihis article relates to the chances that hase takeni

W L F Mft. nun supenntendent
| place, and the method and egmpment by which the
I plant espanuon w.n au "upinhed N1r JW Rosson. maintenance surenntendent |

'*'
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Left to right, G. A. Hamar, Mill Foreman; H. G. Cooley, left to right, Gordon T. Swanby, Project Manager for Stearns.

l Metallurgist; O. P. Moon, Mill Maintenance Lead Man, C. M. Roger Corp., who handled the mill expansion; Judson H.
] Bittle, Mill Shift Foreman; P. J. Thornburg. Chemist; CE Whitman, Manager of the Petrotomics Company Shirley Basin
, Wolff, Mill Superintendent. Operation; C. E. Wolff. Mill Superintendent; W. K Hernsby,
j Purchasing Agent.

j The milling operations include the following per-
recently, when a new pit, known as the Dave Pit was

I * ""'
placed into production.

Nir. G. A. Hamar, mill foreman. Stripping of the new pit started in 1966, and in
Nir. H. G. Cooley, metallurgist. general entails the removal of a depth of about 150,

i Nir. P. J. Thornburg, chemist. feet of overburden to expose a depth of about a 50 to
,

) Nfr. R. W. Beattie, mill maintenance foreman. 70 foot horizon containing rolls or lenses of milling cre. '

i Nir. O. P. Nioon, mill maintenance lead man. In early operations mining was done using a 2-yard
l N!r. A. P. Jackson, shift foreman. Bucyrus-Erie shovel, and a Kochring back-hoe. The

ore was hauled in 14.7 cubic yard capacity Euclidi

j Nfr. G. E. Latimer, shift foreman. trucks, to the mill one-half mile away.
I Nir. J. Niichael, shift foreman.

Contrast to present operations is indeed great. Early
| Nir. C. N1. Bittle, shift foreman. in 1968 the company brought in new equipment for a

removal of overburden, consisting of a 17 cubic yard J
| Operating crew for the mill totals 58 men, in the Bucyrus-Erie shosel, electrically powered from Hot

following categories: Springs R.E.A. generating plant, and a fleet of seveni

Lectra-Haul 100 ton capacity trucks. These trucks have
Nfill superintendent I an electric motor driving each rear wheel, powered by
Niill foreman I a generator driwn by the truck motor.
Nfetallurgist i The Riverton Ranger reports that the daily capacity
Chief chemist I of this shosel and truck fleet is about 37.500 tons, or

Ntaintenance foreman 1
equivalent to a train of 750 ore cars, 50 tons each.
which would stretch out over six miles of track.

51aintenance lead man I
The Dave Pit is two miles from the mill, and ore

Shift foreman 4
s hauled to the mill feed stock pile in 35-ton Euclid

Analytical lab technicians 2 and Dart trucks. at a rate of about 1.400 tons per day.
Crushing plant 7 Each truck load is weighed on a platform scale

(includes 4 operators, 2 loader operators and ore grade is estimated by an Eberline counter. Ore
and i doser operator) is stock piled in accordance with estimated grades, then

blended for mill ore feed of a reasonably uniform grade.
Niill operators 18 .g.h I h Mh$6
Helpers 4

cxcess of that which may be blended with higher grade
Niill laborer 7 ore, is heap-leached. This is described later.
Nfechanics 7

Stechanic helpers 3
Design and Construct. ion

The original mill was designed and constructed
during the period of June,1961 to April 5.1962 by the

M. ,mmg Stearns-Roger Corporation, utilizing the flowsheet and
The milling plant, star:ed in 1962, ' received ore metallurgical criteria resulting from test work performed

from an open pit on which stripping had started in July by Kerr NicGee Oil Industries. Inc., and in cooperation
of 1959. Since that time, the origmal pit was worked with A. H. Ross and Associates of Toronto. Canada as j
out, and several nearby smaller pits were worked until metallurgical consultants.

_ _ _ . _ _ - . . _ _ _._ _ __
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Early in September of 1967 the plant e[cpusion was * ** **zza
cuthorized, and Stearns-Roger Corporadan was again f="" *o g,'*"

Iengaged for th' design'and edrhtad; tion. Tais work was - ' \_ A. .8 venarme smuu *7,'7 -

e
,

- V under the direction of Mr. Gerdon T. fwanby, project # ao,%* g a ;-

$)manager. Mr. Russ Hankel was the project engmeer, 4r.in eenvc= '
and Mr. Wayne Varah was the field superintendent in '","ri"o s ."' vi!M'

' *("''"
charge of the construction. .

The construction was completed with y.rtually no ,e,*;r,tgr, g . '

loss of production except for very short renods when , c aus.c ."~
changes over to the expanded circuits were made. (
Doubling of the capacity was ac'complished at a very 4

favorable cost. The fine manner in which the job was ' " _ ' " ' " , cMMin
done, practically and economically, was due to the f__ ? *

,,,, ,,

effort of the many people msolved -full cooper.ition p cosovoca

of the Petrotomics maintenance and operating crews e , , , , , , , , , , , , ,
and the Stearns-Roger field construction crews. r*[ oar ra[ oat

About the middle of June,1968, thc; expansion was p q /
on stream and at full rated capacity within a few weds. ,xg y
Following is a description of the revised flusheet, 4 2... . 4 8 ."n'y*

eco nchanges and additions that were made, and details of ''"g','fgg ,_,,cq
present operations. Peroca ..... e ca ,y,,e

-
,

'

TO GRINDR'C ]
-

ClassWieAuoMgCrush.mg , ,,,ue ,, ,,,,, u,,,, ..ccaewiNs

There were no changes made in the crushing plant,
to the present time, although a new and larger impact agitators. The underflow is returned to the second mill,
crusher has since been installed uplaciz,g the present dosing the circun.
unit to ease the crushing burden. Seccmdary crushing Bab charge, at 45 percent volume is made up of
becomes difficult when the ore is wet, or frozen, as molvbdenum-copper-alloy forged steel grinding balls,
during the winter months, and it is ar.ticipated that the Con'sumption has been 0.75 pounds per ton of ore feed,

3 new crusher, of the swing-hammer type, will relievemill liners are presently double wave r pe magnese
difficulties encountered under these conditions. steel with an expected life of 225,000 tons of ore for

Ore to the primary crusher is limited 3n size by a each mill.
grizzly with 24" spacing. The primary crusher reduces Discharge from the new ball mill is pumped to the
it to 4", and the hammer mill to the final minus 1" eyebne by a 5" t 4" DENVER SRL-C Pump, with a
mill feed size. The hammer mill operates in closed duplici pump as standby, the same as she pumps
circuit with a 5' x 12' vibrating screen, used for the origina! circuit.

Grinding .o.a_et ss,,c, ries _ce.com j'"" " ' *( 5 5 " ' ' * " ' * * " ' ' ' * * * " 'The 6'x8' overflow type ball mill originally installed
was quite adequate for the 500 tons per day plant and ,cco,.o.

eIc*to$ .

*
had at times ground over 600 tons per day. There was C"0 "*,* ',"*

t
- . M,c Q,*adjacent space sufficient to install a reg duplicate mill.

~

l
''""''"and this was done.

[ !.''u [5Ned) ei f @The existing belt conveyor frorc the ore feeders O
"

under the mill ore bins was not changed, but at first a ; -- """"

splitter was inserted at the conveyor disch:rge to divide
feed b'etween the old and the new mill. However, it was pr.o ;rt L g ' pr.o ccL >
difficult to maintain an even split between the two mills. * *""" '*&',Q(,",vt" ''""" T*?qQ2;('",

and cyclone control and grinding performance required ,4cg;jj;gg,,
a lot of attention, it was decided therefore to change the
circuit. g"g g Q fig"

i 4Present flow of ore is not split, but goes to one mill. " r i

the older one, and the discharge from this mill is | " . ' . g
pumped to the first cyclone. This cyclon: ovedow is t
maintained as a finished grind, going to the teach ">' a

, n .,

h Y O O
-

acitators. The underflow from this cyclone is fed to the
* *

second mill, the new one, ar.d the discharge from this *7So,

mill is pumped to the new cyclone. The oserflow from OsJ1 ok"cTfn aso.'5
s

d't!!, .Msthis cyclone joins that of the first going to the leaching i

q==
gr< =cagn . , , .,,,

stoa
a ra, . mg.v.~. m

, , , , ,

3reo- 1.osovia
c.c.f En

y, *,
sal C Pumps m pynso pulaP

i a:m;=:11b l l'o" w:a' '.= =t"a I
.
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Cyclone overflow, at 52 percent solids flows by DENVER Thickeners were erected in an adjacent open
gravity to a sampler, and thence to the first leach area.

,

agitator. These three 80' thickeners are in series, the first
it is too early to state operating data on this two- receiving pulp flow from the leach agitators at the rate,

'

stage grinding circuit, but from current operations it is of more than 1.000 dry tons of ore per day, and the
apparent that the final results will be essentially the solids going successively to the second and to the third
same as with the divided circuit, but with considerable thickener.
casing of operating controls.

. The underflow, containing 59 percent solids, isThe feed to the primary mill is 45 tons per hour
|j of minus !" ore and grmding is done at 669 solids. pumped and metered from each of these thickeners by a

4 Each of the 6' x 8' overflow type ball mills is powered 6" Model EC Duplex DENVER Adjustable Stroke Dia-

by a 150-hp motor. Cyclone overflow is held to mmus phragm Pump, to the following thickener, excepting the*

28-mesh. last, or number 3, pump discharge.
'

Overflow from the third thickener is pumped backLeach.mg to the second thickener, and overflow from the second
The number of 14' x 14' Heavy Duty Turbine thickener is pumped back to the first thickener in each ,

DENVER Agitators was doubled, from 5 to 10. all ten case by a 5"x 4" Acid-Resistant DENVER SRL-C Pump.
operating in series, retaining the same retention time of

In rder to preserve six stages of counter-currentnine hours on the cyclone underflow pulp at 52 percent
solids' w shing, as in the ongmal plant, the underflow from

5

. . the No. 3 80-foot thickener, after metering and pump-The new installation did not require moving or og from the last 6 inch DENVER Diaphracm Pump
| re-arranging the existing agitators, and the provision t drops to a pump sump and is then pumpe'd with aby. pass feed from any unit to the next was retained s,

5" x 4" DENVER SRL-C Pump to a splitter.that the circuit would not be disturbed for inspection or
maintenance of any of the units. Here the flow is equally disided into two streams.

Reacents to the leach acitators are sulphuric acid ne-half going to the first of the original six thickeners.
and sod'ium chlorate, as referred to in the section on and one-half going to the fourth thickener. The first

| reagents. three of this line are in series, and the last three are in

, Each agitator has a 4" stave and bottom wood tank, series. The underflow from the third thickener (No. 6A
on the flowsheet) and the sixth (No. 6B on the flow-with DENVER Mechanism and superstructure utilizing

; No.10 DENVER Reducer Drise, rubber covered 54, sheet) thickener are final tails and are pumped to the )
'

diameter 6-blade, rubber covered axial flow DENVER tailings pond.

150% Pitch Propeller, rubber covered shaft and driven The layout .md arrangement of the three new thick-
with 20-hp motor, eners and diaphragm pumps is worthy of special atten-

Discharge from the final agitator flows to a pump tion. The thickeners are placed like the leaves of a
sump and a 5" x 4" DENVER SRL-C Pump sends the clover, with the center being a pump house that accom-
pulp on to the counter-current decantation system. modates all three of the diaphragm pumps on the upper

levels and the centrifugal pumps on the lower level.
Counter-Current Decantation Each of the diaphragm pumps is located at the liquid

level of its corresponding thickener so that the head
in this section more extensive change w|as required. requirements are low.not in location of existing equipment, but in flow lines

between the old and the new. The six original 55' Grouping the pumps in one small house permits
diameter x 12' deep Heavy Duty Acid- Resistant economical building requirements, protection from the
DENVER Thickeners in series were retained as installed, weather, and convenience for operations and mainten-
and three new 80' diameter x 12' deep Acid-Resistant ance. Within the house also is the control panel for

these thickeners and their related pumps, with appro-
Three new 80 ft, diameter by 12 feet deep DENVER Acid. Priate signal lights so that an operator can see at a
Resistant Thickeners were added for increased plant capacity. glance whether or not all equipment is functioning.
DENVER Diaphragm Purnps and DENVER SRL Pumps are
housed in the small building at the center of the " clover The arrangement also provides for the rapid and
leaf" arrangement of the thickeners. easy by-passing of any one of the three pumps or thick-

'
, gE. - e eners for maintenance or inspection purposes.*

,

-

Each of the 80 foot thickeners is operated by a
- e' -

~ . . 5-hp motor and has a manually operated lifting device
MAN' - 9. % . to provide for 18" lift of the rakes. Each of the 6"rp . ~''%-- _ . . _ duplex diaphragm pumps is operated by a 5-hp motor.

- - -

* 29*
- Solution for wash and make-up for the thickener g*

or decantation circuit is the raffinate that is returned (
from the solvent extraction circuit.,

,.

,

p M

-M .h . . ,,,,,,,,, M
o x _ _-

I
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The oserflow from the first thickener, or pregnant by unit. but the plant flow now normally goes to a new
liquor, carries from 0.75 to 1.1 grams U O. per liter pre-coat filter with about 600 square feet of filter area.2

and flows by gravity to a 22' x 12' DENVER Clarifying This solution, or generally termed pregnant liquor, is
Thickener. Underflow from this thickener is pumped pumped to the first stage of solvent extraction.
by a 5" x 4" DENVER SRL-C Pump to thickener No. 2.
and the overflow is pumped to the solvent extraction Here again the original extraction and stripping

stages were not disturbed. but duplicate units werec c t.
added in open area beyond the existing units. The feed

Solvent Extraction of Pregnant solution was divided, one-half to the old
and one-half to the new extraction units.in order to obtain clear solution from the overflow

trom the final clarifying thickener in the decantation Each of the circuits. No. I and No. 2 are the same.
circuit, the remaining fine solids are removed by means Each has four extraction stages and four stripping stages.

L of pre-coat filters. The original unit, about 300 square As in the original plant, concrete tanks. compartmented
feet of filter area, has been retained to serve as a stand- for extractinc and stripping stages, and lined with fiber-

_ _ __ _ __ . _ _ _ _ _ _ _
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glass, were used, and DENVER Solvent Extraction Pump- oxide and sulphuric acid are removed from the organic
'ing Turbines were used, duplicating original equipment. by ion exchange with the ammonium sulphate. ,

The pregnant liquor entering the first stage of extrac. This has been a change from previous operations at
tion carries from 0.75 to 1.1 grams U,0, per liter. As it this plant. Formerly the strip solution was made up a

progresses through the four stages, the UsO, is gathered with sodium chloride, and precipitation by means of D

by the reagents carried in the organic, and when it magnesium oxide. This however resulted in some sod-
ium content in the final plant product, which wasleaves the final stage it is reduced to a minimal amount

of uranium. Recosery from the pregnant liquor by tndesirable. With the ammonium salts and ammonia
solvent extraction exceeds 99 percent of the contained Precipitation, this element in the product is minimized.
uranium. The barren organic from the stripping stages returns

The liquor from which the uranium has been ex. for re-use in the extraction stages.

tracted. the "raffinate" is pumped twenty-five percent
to the tailings pond, and seventy-five percent to a raf. Precipitation and Filtration
finate storage tank. Raffinate is pumped to the last of The loaded strip solution is pumped to two 6' x 6'
the counter-current decantation thickeners, No. 6A and mixers, in series. Anhydrous ammonia is used in the
No. 6B, where, with some water, it provides a solution mixers to accomplish precipitation of U,0., and is also
balance for the system. added to each of three DENVER 10' x 12' Paddle Agi-

tat rs which are in parallel, each receiving dischargeWhile the liquor progresses through the extraction fr m the second mixer. A stand-by Ime is mamtainedstages it is in each case thoroughly mixed with the which permits cutting out the two mixers, and one ofreagent-carrying organic, allowed to settle to separate
the three paddle agitators can be cut out as desired.organic and liquor, and the organic flowing counter-

current to the liquor. In other words, the barren organic The control of acidity for precipitation must be
enters the No. 4 extraction stage, and leaves the No. I precise. In the first of the two mixers the pH is brought

extraction stage, carrying the load of uranium it has to 6.1 by the ammonia addition, and in the second it is

gained. The barren organic carries less than 0.05 grams brought to a pH of 6.8 to 7.0. These stage additions
per liter of U,0, and leaves as pregnant organic carrying are made to control as largely as possible the sulphate

2.5 grams per liter. content of the precipitate.

Next, the uranium is " stripped" from the reagents The precipitate and ligtid from the paddle agitators

carried by the organic. This is done in four stripping is Pumped to a Whitco plate and frame filter press, and

stae:s. Orcanic flows from the first through the fourth filtrate from this press is pumped to a second, or g
stake :fe strip solution flows counter-currently from " Polishing" Shriwr plate and frame filter press.

the to m stage through the first stage. The filtrate com this press, along with water as
needed, is used :o make up the ammonium sulphateThe strip solution comes from recycle after precip-

itation of U.0, plus water as required, with regulation s fution used for the sch;ent extraction stages, and a
Part is bled off te mill tailmgs to avoid excessive build-such that when leavine the stripping stages it carries

0.35 grams per liter U d.. up of impurities in the circuits.

, Stripping is accomplished by close acidity control Drying and Packaging
usmg an ammomum sulphate solution. so that uranium The precipitate from both of these filter presses is

repulped with water in a 6' x 6' DENVER Turbine-Type
Sofvent extraction units are housed in a separate buildin9- Agitator and to about 65 to 70 percent solids, and then
ranks are covered, and the DENVER Turbine-Type Solvent
Extracton Mixers provide the thorough rnixing required for Pumped to the top hearth of a 6' diameter x 6 hearth
each stage. multiple hearth dryer. Fuel used for firing is propane

-- v, y gNV 'NNN ' gas. Drying is carried on at about 750 F.'

W hh
' +
< Gas and dust taken off over the top hearth coes to-

a Rotoclone wet scrubber, and dust is collected'into a4" -
| #,
|4 4 sludge while gas passes to atmosphere. The scrubber-

g d sludge is pumped to either the leach tanks or to the' '
,

counter-current decantation thickeners.,

. g
|' ||; Formerly a dry dust cyclone was used between the ~$ i

,, ,

".

g |
, ,

i f turnace and the wet scrubber, but has been eliminated
! '[j as needless.*

--

g g The dried precipitate. or concentrate, from the furn- i

jm - h ace, containing less than 0.5 percent moisture. is broken
,

_

to minus %" size and carried by a screw conveyor to i
,

! 9 rill 55 gallon drums for shipment to market. Each drum!

weighs about 950 pounds. )
s

i

'
- The final concentrate runs from 92rc to 98Fc U 0..3

l ..

-

-
,
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j ; use ot any secondary sampler, and a cut is taken each'==

| e, k* , 20 minutes. ,

I I / All other samples, principally all solution flows, are=

# taken by hand once each hour..

s
Heap Leaching- <

jf Ore that is too low in grade for mill feed, and excess
i /v over what can be economically blended with higher
| grade for mill feed is heap leached in an area adjacent
j to the mill.

The leach pad is about 150' x 150' in area, and is
,

! loaded to a depth of about 15'. The bottom is protected
Six inch Duplex DENVER Adjustable-Stroke Diaphragm Purnps from scepage, and liquor collected, on 6 to 8 mil thick

I
are set on three levels, corresponding to thickener levels, Polyvinyl chloride sheeting, on top of which at about
* dh'n the central pump house.

36' centers are perforated Orangeburg plastic pipes for
drainage of liquor from the pad. Between each of these

,

|Rea9ents pipes the bottom raises, so that drainage travels 18'
Sulphun.c acid, about 93 percent strength, is added to each pipe.

| at the first leach tank following grinding. Consumption Raffinate from the plant at about 25-gpm is used ,

is 95 to 105 pounds per ton of ore. for this teach, and floods paddies which are arranged |
Sodium chlorate is dissolved in water in a 4' x 4' in squares of about 40' by 40' on the top of the heap.,

! agitator, and added at a solution strength of about 25 Drainage from the perforated plastic pipes is direct-
percent, to the first teach agitator. Consumption is 1.5 ed to one of two sumps which are excavations eachi

to 2.0 pounds per ton. about 40' x 40' area. Seepage is prevented by use of
Flocculants are used in the counter-current decanta- PVC sheeting of about 20 mil thickness. |

tion thickeners and are Tylac M-Il at 0.05 pounds per When the liquor in a sump reaches a strencth of'

ton of ore, and animal glue at 0.07 pounds per ton of 0.5 grams per liter of U,0. it is pumped to the s'olvent ;
,

ore. The glue is useful to flocculate the bentomtic extraction circuit in the mill. If it has not reached the L

material. desired strength, it is pumped to the teach heap, and |s
' After clarification of the pregnant liquor, 0.05 thus recirculated until proper strength is reached.

iI pounds per ton of Solkafloc and 0.75 pounds per ton Heap leaching recovers about 75 percent of the
of Dic.le are used as filter aids for the precoat filters. U,04 contained , this low grade material. '

3
'

Cor.mmption of reagents for the solvent extraction Conclus,onicircuit are kerosene at 0.02 gallons per ton of ore, Tr .
I decanol at 0.04 pounds per ton and Adogen 364(amine) The expansien of the Petrotomics Company plant

at 0.05 pounds per ton. Since the change from sodium has been accomplished to the pride and satisfaction of
chloride to ammonium sulphate in the stripping circuit, all concerned. Careful planning, engineering, construc-
and anhydrous ammonia for precipitation instead of tion. and plant operations all combined for the notable ;

i magnesium oxide, the exact consumption has not been result of minimum lost production, moderate capital
determined, but it is expected that ammonium sulphate cost, and an enlarged plant that got on-stream with very *

will be in the range of 0.4 to 0.6 pounds per ton, and few and rather minor operational problems. ,

anhydrous ammonia at about 0.15 pounds per ton. Changes in process and flowsheet over the years ,

hase resulted in improved performance. An enthusiastic, !
Sampim.g alert and competent staff looks to the future, for even

, Only two automatic sampling systems are used for better operations. if possible, and continuing growth.
mill control. Feed material is sampled after grinding, at
a point where the overflow from the cyclones enters the Acknowledgment
first leaching agitator. Here sampling is done by a The editors of Deco Trefoil and the Denver Equip-,

DENVER Automatic Sampler and the sample cut is ment Company Division of the Joy Manufacturing
further reduced in volume by two 16" DENVER Ve2in- Company, gratefully acknowledge the cooperation, the .

Type Wet Automatic Samplers in series. Rejects from time, information and technical data given by the staff
'

all these samplers flow by gravity into the agitator. of Petrotomics Company, and in particular Mr. Gordon
'

The other automatic sampler is on the mill tailing T, Swanby, project manager for Stearns-Roger Corpora-
as it enters the pump sump for pumping to the tailings tion, Mr. Judson Whitman and Mr. Charles Wolff of the
pond. This is a DENVER Automatic Sampler, without Petrotomics Company.

Prtrwed in U.s.A.
JOHANNfsBURG tlMAVANCOUVER * MExlCO CITY toNDoNDrNVrR SAN FRANCISCO + NEV' YORK TUCSON TORONTO * =a+

, e

* jkt fte (k&f annekte gle |14tMd4 kd$$det. ktd/fkets Antd eser&{fkitt"|

DENVJiR DENVER EQUIPMENT COMPANY
k -- ' '

A osvissON OF JOY MANUFACTURsNG COMPANYi

Denver Colorado 80217 Area Code 303-244-4466 6
. 140017th St. -
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introduction location
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Nir. Norman Grant and N1r Emmerson Kemp of the

. !)j .
, .y

-

3 .[ h * [. .. M .{, W j' Petrotamie3 Fempany and A H. Ross and Assodatts

O /.Je * .
y dunng all pnaes of design and construction This: e -

3 ;, 7 .
. .7, JA c :w- modern mill and flowsheet is a inbute to present days

11
.

.

. ...~

c]e r%e 4 y.. '7
+. - *.sww y n . c. .. - y ';. ,}.. engineering practices. Simpheity w as the keynote ofc -

-
.

,, 9 7 .,
-. -Y the efficient Petrotomics Niill desien,

; . " . w . .- + :. u .o '

m

, . .. . ' . - .| Water^ [ :' . L . ;;;;
-

_;.
7 ~ (' , 1 .

? |j
3. . All water used in milhng orieinates from the open3 e

. ',
-

J'. ; .y ,( - 3 pit mine The mme water is pumped to a 5.000.000.'.,

7 % ;%.s
' :.~.

- .. - - ''s -

.,g .j.k gallon holding pond and then to an elesated 200.000
:

,

(' -'
.

d gallon water tank The top one-half of the tank capacity
.

.

'f * 9
e

' '.- .; is as ailab!e for milhng purposes If the water lesel
1 v .''. should drop to this pomt, there is still water available. .

,
D .. .v, .ag

.[' -4 A '. g..
"

...
. M. , q for fire protection The water pressure m the plant is4

'. ',s'. v .. - '' fJ ,
5 0-psi .,,

-t i
.

. ", .O Powerg .
.. .. . -':.

.

'

..[ ; y ' '( g'. I h '. y J< Power is supphed by the R E A. at 39.000-voltsa e

i.t '. t . ! . .- . , m. . ~ - and reduced to 13.000-volts at the mill substation. All

p (- -j .
' .s, - . .

-

.

.

g gs - null equipment operates at 440 and 110-volts. The mill:
,

.: ; ; . D T? i -QQ, ; . .'; : , '
. by 250 KVA power unit is available in the null to
'3 has approximately 750 connected horsepower. A stand-i. :'

79<,3
M f .%g' O%g

/ k, .,
T [ i $ . g >i

. ,.

"
supply emergency power for the leach agitators. thick-

M .Q' M . [, ' ' J.M " .f e V -
''i eners, taihng p umps boilers, hghting, and other uses.

'^'' ; . , ,| (c .4 ,y- in the office. careteria. and sleeping quarters

h' (L. ,e^- .; . - v 0

.7.-s
.j A 1.. . . . k., . n, ' .g. seM a

- -

..s.. Milling" . . , ...,...n. .g ..' -. . ...;/ a..
y . .. t ,6 d [ '.. '.;,,. . Y The milhng process consists of crushme. ermding.

%' A.(Q|2 '. G h. TMf f' _ k.g $ QKp Q @ y([[j ,1, . ' ' [. /; 5 Q .|
' d, .] acid leaching. countercurrent decantation. sohent extrac-

. - g f, Qf, * J.* tion of the preenant liquor. and precipitation as shown; .

on the flowsheet \dditional details are given below.
The mine.rvn ore, aber bein%ENVER

scalped of mmus dance fines
is crushed m a 3C'= 40'' Ja* Cos e- C.e w em

crasher was selected to accomodate large sce es vd Crush n9
%.s wo.d se : roa- ncomg rec- T he ore from mme is dumped directly into the

40 ton coarse c re an usine 22 ton trucks or bs means%th the exception of ou asional lenses of hard
end lo' der from the ore stockpilesof a fou r y a rd t ri ahmestone no blastmg is required The mill f eed en

The coarse ore bin. w hich n equipped with a 24" open-sists entirely of the ore mined by Petrotomics The feed ine rail ennh. is discharced bs a 42" x 12' Denverassays 025 to 0 30 L O.. and the overall recosers is in Apron Ore i eeder to a 4f x 5'sibrating grizzly withthe mid-nmeties
a 4" opening The ore is very soft and sandy m nature

The test work was performed in the metallurchal so a large part of the feed is immediately removed as

laboratories of Kerr N14ee (hl industries. Ins near
inside the rn H lookmg 'oward grmding sect'on with the leachGolden. C,olorado. by Ntr i mmerson Kemp. \letal a9 stators in the bac ; mund fMi floor is on one level with.

lurgist for Petrotomas Company and the Kerr-NieGee opewg walkways above
research staff. in cooperation with A H Ross anJ

. ['ge.

h [d ,s i ' . k M ; ' k,. . -.rh b ) D, ). -
- . .. . . . . .

% [C k| Associates, of To ro n t o . Nietallureical Consultants to
h;Pet rotomics The latter are also metallureaal wnsult- K y .p. ,f ?' iMy ay

ants for the operation N@' ' K' g f f . [ h I'-b | T J ? ' 1 ' >g-

4 k. ..m. ~.in -
n.- . -

m aan>- ./ ... . ,- , p ,p
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1/ ;y y ym. 77 e3
. .. .., g. t
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Design and Construction g'
As soon as the flow sheet w as finah/ed n June. , -

p .'j ' g f. , g T , t r .f . ;v;
5 y , , ghj 1%1 Stearns - Rocer Nianut a t u r m e ('ompan: u as ' ' n ?s 13 :s 6 .*';e-)

| eneaced for the mill deuen and w nstrucnon \ fill Q,.1;Q.j).6 '[,g ) O , ,,

design and construenon started immediarch Despite d'' ..& J. t<'i+
the sescre win'er w hn h had temperatures of Mi helow E ' ~ /.!
tero and colder. construction w as completeJ on sshed- - hQcb . [d .4V a S. }'ff

y ' [ u v ' kj."5,M.s
,

[ t

* 1*: \fr .jMy \ ', 'j [ * ' e . f t .' N'gule and nulhne mmmensed on \pnl .s. 4 g' . 4J '

Ha r rs J NicN1h hael and Ntr Brute H ham were DF .

<-
- ;QU ' '1 , .D nc

protec t manacer and p' ' enemeer respectn ek for
''

f. 7?*[ ~. Jp
~

. f 4 '[~ hSte.irnvRoger. and womd m close woperanon with . t . ''. . N,- . . ::" . 7,.. - @ . S ,, .+.,.t
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prmury underu/ hy the sibrating grizzly. T he osersize
the , va c.edna c sn s: es s s r c,e d m 3
CENsto A u 0-c.: srp er +0 censtve te p.a-t neu aplus 4-inch i trom the gnIlly passes to a .W" x 4()"

sam e c , acre 0.ea om i'e scal.g 8.c a s e , g s . . I)enser Jaw Cru her I his crusher is of much larcer
selec ted ' tocapa ity than astually required but w as' a 'ra ia 'ei se:

accommodate f ar . site lumps and to aseid secondary
breakmg in the :n \ he;Ter w ah screw senseyer
discharce is plact ! under th; arron feeder to continually
remose arn leakaee of fine sanJ and sonse) it to the
prunary belt ecn . ,or

A 24" belt cense >or with a suspended magnet oser
,

the head pulle) elisers the grit /l> undersize and w ,

x 12'sibrating .creen equirred [, Ccrusher product a

lened-ts pe screen deck T he screen fiw ith a 's " x
osersi/e passes t' .n impact s cusher anJ i then returneJ
to the pnmary cer".cyor bs means of an 1 s" conse>or
I his prosides cloed cirsuit secondary trushing opera- }
tion ~I he sibrar . -;reen undersite Jmh irees te 24"

'
belt conse>or w;" a tnpper to deliser tht' fine ore to
one of two ''(Hi * 'n tme ore b;n- 'T he Jeuen cara ity
of the crushine plant i, 124 ten per hs ur T he fine
ore bins . ire of dnlJal-shape with 1. tree area bi d t e m

3

openings to f.tilli' ate d!w h.tryin e d. imp i're

4 crush:ng ;'lant bu'
No dust soi!Js!!on t .t s ill! ic s .t r e required in the j

ill s hutes are hooJed T h mdi teed
sample is taken .Mer gnnding and classif t * 'n,

|
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thickener and overflowed into 180-degree launders. The

4R{ pregnant liquor overflowing No. I thickener contains
J.,' g18 approximately 1.5-grams U,0, per liter. g /.|3g p.

'g.
I The thickener tanks are constructed of 4" nominal W

thickness wood staves. The shafts, rake arms and tie
j

' rods are rubber covered and drisen by a 60" enclosed
running-in-oil Denver Nfechanism mounted on beam--- ~

type superstructures. Superstructures were fabricated*

and shipped in one piece to reduce installation costs. !

( k g The rake blades and all wetted hardware are of 316 :
|

%| p stain! css steel. The Denser Diaphragm Pumps hase
rubber lined bowls, rubber valve seats and lead impreg- i

!

e . nated ball valves. Experimental work is being conducted
in the use of ceramic ball valves and results look fasor-

p , able. Nietal parts in contact with the acid pulp are of-

,,

316 stainless steel.,

) e4
r_. ; Separan NP-10 and glue are added to the thickeners,

f | as flocculants in quantities of 0.05 and 0.04 pounds
t

i
per ton of solids, respectisely. The Separan is prepared: (
as a 0.25G solution. The glue is prepared as a 1.0G

l
solution in a 3' x 3' agitator using a No. 6 Denver Dry
Reagent Feeder to slowly add the dry glue powder to j- '

,

.

the agitator. The only steam employed in the plant is
used in preparing the glue solution. |i -

,

'

|
Clarification of Pregnant Liquor |

The pregnant liquor from the No. I thickener is !

further clarified in a 22' diameter by 12' deep Denserr

| Acid Proof Clarifying Thickener. The shaft and rake |
| Close up view of one leach agitator. Feed can be bypassed anembly are rubber cosered and tank is of 3" wood M

from any agitator without disturbing the circuit during inspec- '1

| tion or maintenance periods The agit,ators are ecavipped with construction. The underflow is returned to the feed
rubber covered shaf ts attached to 54 diameter,150'. pitch, well of the No. I washing thickener. The oserflow from4

sin bladed, rubber covered DENVER Turbine Propellers.I

the clarifying thdener is pumped to a 400-square-foot

rubber covered shafts attached to 54" diameter,150% precoat filter for final clarification and stored in a 28' i

pitch, six bladed, rubber covered Denver Turbine Pro. diameter by 2' deep tank preparatory to solvent (
extraction. ;

pellers. The propellers are attached to the shafts by
means of an acme thread. Each agitator has a 20-11P The washed underflow solids f tailings) from No. 6 3

motor. Wood tanks have 4" nominal staves andbottoms. thickener are sampled using a Denver Automatic Samp- i

The agitators are arranged so that the feed can be ler and then pumped through a 6" wood pipe to the !

bypassed from any unit without disturbing the circuit tailing pond approximately 1600 feet away.Two 5"x 4"
Denver SRL-C Pumps (one standby) are used to pumpduring inspection or maintenance periods. An auto. the tailings. The portion of non-cycled rafhnate andmatic pli recorder and controller is provided for regu-

lation of optimum dissolution conditions. In excess of bleed from the filtration circuit are added to the t.'iling

97.0% of the contained uranium is dissolved in the pump sump and dncarded.

agitatws. No 10 DENVER WmGear Reducers with flanged connection
Countercurrent Decantat. ion Washing ,o .g,,,,o, ih.,,, .. us,e g.cn .gi,ator has . 20 HP motor.

The discharge from the teaching circuit is delivered Agdators are desige'ed to start up under full load.

to the countercurrent decantation washing system using pm W WE'"

a 3" x 3" Denver SRL Pump. A second identical pump
is installed for standby service. The washing system [

'

consists of six $5' diameter by 12' deep Denser licavy s.
Duty Acid Proof Thickeners. The thickeners operate
at approximately 19% solids at a pil of 1.5. Each
thickener is equipped with two 4" duplex Denver i

Adjustable Stroke Duphragm Pumps (one for standby) j

for advancing the thickener underflows at approximately 1

55G solids. Approximately 100 GPNI of fresh water
and 100 GPN! of raffinate solution from the sehent
extraction system are added as wash solution to the last

.

t

1,
. .. .

. .. _ _ _ _
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He s heneser te mred -jt he ratonate ' pent lea.h u lutnin'is amp!cJ with
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The raffinate is sampled with a DENVER Automatic Sampler The washed tailings and waste solutions are pumped to the ,

ahead of the organic scavenging tank. One half of the raffin- tailings pond using two 5"x4" DENVER $RL.C Pumps. One g
a'e is discarded and the other one. half is used for solution

pump is employed for standby duty. Tailing pcnd is approxi. =
back wash in the washing thickeners. mately 1600 feet away.
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Drying and Packaging Acknowledgment
Denver Equipment Company wishes to thank Petro-

The fdtered yellow cake is repulped with water in a
6' x 6' Denver Vertical Turbine Actator designed with tomics Company for permission to describe their Shirley _

Basin Uranium Operation. Special thanks are extended sill
an oversize turbine operated a' slow speed to asoid to Nir. Norman A. Grant, Project Nianager; Nir. G. K.

"

breaking down the precipitate. It is pumped to a 6- Coates, Still Superintendent; and Str. Emmerson Kemp. y
diameter by 6 hearth dryer. Vangas is used for fuel. Nietallurgist and General Foreman, for their assistance

[The dried yellow cake is discharged by gravity through in providing the information for thi., article. We also s
a small hammermill to break-up any lumps ar$d then to Iwould like to thank Stearns-Roger Nianufacturing Com- _

a screw consc>or. Three discharge spouts are prosided pany for their moperation in supplying the excellent ';
in the screw convesor to automatically fill a concentrate
drum and signal when it has been fille'd. photographs show n in this mill description. !
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TABLE I ]
The exhaust from the dryer passes through a dry "'" "'' """

cyclone which remoses some yellow cake and discharges -
u,,,4., ,

into the screw conseyor. The remaining dust is remosed 0.',5;,% 3"|,*,"',, ,,,,,, j

in a wet dust collector and the slurry is pumped to the c4 '',g,* ,i;,,,,, j 'i
3* so m <oc. - im 4 '

clarified pregnant liquor storace tank where the vellow
$

''' ' ' " " ' '
cake is immediately dissolved'and reprocessed tiirough $,"*iy ' " ,,, ;.", C" '""
the sohent extraction system. Cm' ." '0''c '' '

;'*
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t ao,.. a., .w. oom i

The drying and packagine are conducted in enclosed Ca;" ,.,, ,,, , j 2

areas within the mill building to avoid any possible con.
-
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tamination of the working areas. c,,,s ,c,,, o.,,,,,o,,.. ..,

--%~. cori.s'ww '.w+o.c...a c. <*. sed .o f..o 2
-

Ms . a' .c .ac s of reas o<n or ' tw
+ .

The drums of yellow cake are sampled, weighed, U o',' *- ."a?."M." 7.*/"'"* ' '"' '""*""' * '' '' ** _

ed r

steneiled, and shipped to the Atomic Energy Commis- -'

sion at Grand Junction, Colorado. The yellow cake TABLE 11
=

CHEMICAs CONSUMPflONassays 88 to 894 U 0..3 a.a . m
Pecado per tea

->

ri60 00 'o 00
l.aboratofY 5~ ' a"*' * c ' o,d...' P '"'as+

2 oo . 2 25
-

so w cmo j
A complete chemical laboratory is available at the PfJ.'".W's. % '.'? E

-

mill for making all assays on ores, solutions and final P'*,",".* m 'lii $a 10

yellow cake product. A metallurgical laboratory is also h,',$""* FT j
=

N mw
available for plant control studies. w a.*, "e. u o'.,i ou- co-oov d. .43 aoe
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