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Introduction 

  

 Homestake Mining Company is a major uranium mining and milling 

operation near Grants, New Mexico.  

 The Mill, originally built in 1958, had a capacity of 1650 tons 

per day. With subsequent improvements and the addition of the adjacent 

Homestake New Mexico Partners mill, the HMC mill is currently rated at 

about 3500 tons per day.  

 An alkaline type leach process is utilized by the mill. Milling 

consists of five basic steps:  

 A. Ore handling and preparation  

 B. Extraction  

 C. Liquid—solid separation  

 D. Precipitation and purification  

 E. Product preparation  

 

A. Ore Handling and Preparation  

 1. Ore  

 The primary source of ore for the HMC mill is from its four 

under-ground mines located in the Ambrosia Lake Bed area. Lesser 

amounts of ore are received from the United Nuclear Corporation and 

Cobb Nuclear Corporation. These mines are all within thirty miles of 

the mill site.  

 Two basic types of ore are processed by the mill.  Sandstone 

accounts for approximately 80% to 85% of the mill feed with the 

ba1cnce being limestone. The principle mineralization of these ores 

includes coffinite [U(SiO
4
) 
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a pore filling, or as a cement between sand grains. In the ore there 

is often the presence of carbonaceous materials in association with 

the uranium mineral, In addition to the uranium in the ore, there are 

trace amounts of molybdenum, selenium, titanium, gold, and silver.  

 

 2. Ore Receiving  

 Trucks hauling 22 to 28 tons of ore deliver their load to the 

mill from the mines. When a loaded truck arrives at the mill from the 

mines, it is weighed and the ore is sampled for moisture. The moisture 

determined from the ore in the trucks is used as the basis to 

calculate the number of dry tons of ore for metallurgical accounting. 

Each mine’s ore is kept separate in lots for control purposes through 

crushing and sampling. Lots vary from 200 to 2000 tons each.  

 The ore grade ranges between 0.04% and 0.30% U
3
0
8
. To minimize 

fluctuations in the grade of the feed to the mill, the ore lots are 

selectively crushed.  

 3. Crushing  

 An 18 inch grizzly covers a sub—grade hopper on the ore pad. Ore 

is discharged from this hopper onto an apron feeder. This ore then 

discharges through an anchor chain curtain onto the crusher iced belt. 

As the ore discharges from the crusher feed belt onto a rotating 

wobbler the minus 2 inch fraction is allowed to by—pass the crusher. 

The crusher discharge and rotating wobbler undersize are combined and 

sized to plus or minus 3/4 inch by the use of vibrating screens. The 

3/4 inch screen oversize is recycled no the crusher and the 3/4 inch 

undersize is transferred to the sample plant.  
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 4. Drying  

 Ores containing more than 8 to 9% moisture generally require 

drying. When required, a 10 foot diameter by 80 foot co-current fired 

rotary dryer is used. The burner has a capacity of 70 million BTU per 

hour.  Firing can be either natural gas or light fuel oil. 

 The feed to the dryer is the rotating wobbler undersized (minus 2 

inch) and the crusher discharge. Ore discharges the dryer at about 5% 

moisture. A conveyor belt returns the ore to the vibrating screens in 

the crusher plant.  

 5. Sampling  

 A representative sample of each ore lot is obtained by using four 

stages of samplers. The first stage operates on the entire crushing 

plant output and discharges the sample into a small surge bin. A load 

sensing device is mounted in the surge bin to control the speed of the 

belts feeding the remaining samplers. This insures a steady stream of 

falling ore for each sampler. A roll crusher is in the sample stream 

between the second and third sampler to reduce the particle size to 

minus 1/4 inch. The fourth and final stage of sampling cuts a quantity 

equivalent to one pound of sample for each four tons of ore crushed. 

After the final sample is cut, the ore is continuously dried and 

crushed to minus 10 mesh. With further sample preparation, chemical 

and metallurgical testing data is obtained from this sample for 

metallurgical accounting.  

 6. Fine Ore Bins 

Four concrete silos comprise the fine ore bins, with each being 35 

feet in diameter by 50 feet in height. At full capacity tine ore bins 

contain approximately 6000 tons of ore. Since each lot of ore must 

retain its identity until the ore reaches the ore bins, there is very 
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little blending of the ore prior to milling. A conveyor belt 

transports the ore from the sample plant to the too of the ore bins. A 

belt tripper in used to discharge the ore into anyone of the four ore 

bins or into a truck hopper for return to the ore pad.  

 The ore bins are used to segregate different types of ores in 

order to process the refractory ores such as limestone ore that 

require a finer grind and a longer retention tire during leaching to 

maximize the uranium recovery. The mill utilizes two parallel circuits 

in grinding, thickening, and leaching. These circuits are referred to 

as the north and south circuits. A majority of the mill’s sandstone 

ores is processed in the north circuit while the south circuit uses a 

secondary grind and a longer atmospheric leaching time to process the 

limestone and other refractory type ores. These ores are directed to 

the two ore bins that feed the mill’s south circuit.  

 The feed to the grinding circuit is withdrawn from the ore bins 

by means of two belt feeders under each ore bin. A collecting belt 

transfers the discharge from the feeder belts to the ball mill belt 

feed.  

 7. Grinding  

 Each primary grinding circuit consists of a ball mill which is 

operated in closed circuit with a spiral classifier.  

 The grinding circuits utilize ]0 feet by 66 inch Hardinge Conical 

ball mills. The ball charge in each mill is approximately 22 tons. 

Equa1 weights of 2 and 2 1/2 inch forged steel balls are used for 

charge make up.  Each ball mill is driven by a 400 hp, 4160 volt, 

motor geared through a pinon shaft to the ball mill. Operation of the 

ball mills is maintained at 20 rpm or 83% of critical speed. The ball 

discharge  
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density is maintained at 65% solids in a sodium carbonate and sodium 

bicarbonate mill solution containing 37 grams Na
2
 CO

3
 per liter and 7 

grams Na HCO
3
 per liter.  

 A 72 inch Wemco spiral classifier is operated in closed circuit 

with the ball mill. Overflow from the classifier is controlled at 20% 

solids. The overflow product of the classifier is about 10% plus 48  

mesh and 35% minus 200 mesh.  

 The north circuit spiral classifier overf1cx goes directly to the 

north thickening circuit. As compared to the south circuit containing 

limestone and other refractory ores the overflow is fed to a 20 inch 

cyclone which is in closed circuit with a regrind ball mill, this mill 

is a Denver 6 feet diameter by 6 feet long mill. A 200 hp, 480 volt, 

motor is connected to a conventional belt drive system that provides 

the drive to the mill. The mill contains approximately 4 tons of 1 

inch forged steel balls.  

 The regrind cyclone overflow product is about 5% plus 65 inch and 

50% minus 200 mesh. This product then goes to the south thickening 

circuit.  

 8. Preleach Thickening  

 The HMC mill has two thickening circuits. Overflow from each 

grinding circuit is pumped to its respective 20 inch cyclone in the 

thickening circuit. The cyclone overflow advances to the thickener 

where a polyacrylamide flocculant is used to aid in settling and 

clarification. Both thickeners overflow by gravity to a common mill 

solution storage tank for recycle to the grinding circuit. The 

thickened slurry from the thickener is removed at about 40% solids. 

The thickener  
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underflow and the cyclone underflow are recombined in their respective 

preheat tank of the leaching circuit.  

B. Extraction  

 1. Theory  

 The chemistry of the alkaline leaching system requires the 

oxidation of tetravalent uranium to the hexavalent state, Oxygen 

available in the air is the most common oxidant used. The hexavalent 

uranium dissolves in the presence of carbonate alkalinity to form a 

uranyl tricarbonate complex ion according to the following reactions.  

2 UO
2
+O

2
 • 2UO

3
 

2 UO
3
+6 Na

2
 CO

3 
+ 2 H

2
O • 2 Na

4
 UO

2
 (C0

3
)
3
 + 4NaOH 

 The uranium will not dissolve in a sodium carbonate solution 

because the hydroxide alkalinity formed with the complex ion causes 

the ion to decompose. In a solution containing sodium bicarbonate, the 

hydroxide alkalinity is neutralized immediately, and the reaction 

proceeds as follows:  

U0
3
 + Na

2
 CO

3
 + 2 Na HCO

3
 • Na

4
 UO

2
 (CO

3
)
3
 + H

2
O 

 

 2. Leaching 

 The extraction of the uranium from the ore is accomplished in a 

two stage circuit. The first stage consists of a pressure leach where 

the pressure is maintained at 60 PSIG and the temperature is 

maintained a 200°F. Retention time of the slurry in the pressure leach 

is 4.5 hours. The second stage consists of an air agitated atmospheric 

leach at a temperature of 170°F. The atmospheric leach slurry has a 

retention tire of 12 hours for the slurry coming from the north leach 

circuit and of 24  
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hours for the slurry coming from the south leach circuit.  

 a. Pressure Leach  

 Pressure leaching is accomplished in two separate circuits each 

containing eight autoclaves. The autoclaves are 12 feet diameter by 16 

feet high, domed, pressure tanks equipped with a top mounted 

‘Lightnin’ mixer. Each tank has two, turbine type, 42 inch diameter 

impellers mounted on a 14 foot, 4 inch diameter shaft. Oxidation air 

is fed into the bottom of the autoclaves through a 30 inch bubble-cap 

diffuser. Pressure in an autoclave circuit is maintained by an 

automatic bleed—off valve on the Pipe header connected to each 

autoclave, Heat for leaching is supplied by steam coils. Temperature 

and pressure in the autoclave circuit is maintained by automatic 

controls.  

 Each of the two circuits is operated as a series of eight 

autoclaves. The ore has a retention time about 4.5 hours in the 

circuit. The first unit in each leaching circuit is a preheat tank in 

which the thickener underflow and the cyclone underflow are recombined 

and heated to 150°F. This preheated slurry at about 55% solids is 

pumped to the first autoclave leaching tank of its circuit. The flow 

through the autoclaves is by gravity, and the feed to each autoclave 

enters the slurry surface and discharges from the bottom through an 

internal riser. A six inch drop between autoclaves provides the head 

for flow through the piping in the circuit. The operating volume of 

each autoclave is approximately 11,000 gallons. The discharge from the 

last autoclave in each circuit flows into a letdown tank. From the 

letdown tank, the leached slurry discharges through a concentric tube 

heat exchanger that cools the slurry from 200°F to 170°F. The pressure 

of the system provides  
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the energy to push the partially leached slurry through the heat 

exchanger to the atmospheric leach.  

 b. Atmospheric Leach  

 Atmospheric leaching also consists of o separate circuits. The 

north circuit pressure leach discharges to the first of three pachuca 

tanks with a retention time of 12 hours. The south circuit pressure 

leach discharge, is split where half the flow goes to the first of 

another three pachuca tanks and the other half of the flow goes to the 

first of another three pachuca tanks. Retention time for the south 

circuit is 24 hours. Each pachuca tank is 19 feet in diameter by 38 

feet tall. Four, ten inch air lifts provide agitation for each 

pachuca. Heat for the circuit is provided through steam jackets on the 

air lift pipes. Additional air for oxidation and agitation is supplied 

through five pipes that are suspended from the top of each tank. The 

air enters the slurry approximately 3 feet from the bottom of the 

tank.  

 The slurry from the pressure leach circuit is added to the top of 

the first pachuca tank of its circuit and f1cxs by gravity through the 

tanks and discharges into a sump where the slurry is pumped to the 

liquid—solid separation circuit.  

 

C. Liquid-Solid Separation  

 1. Filtration  

The leached slurries from both atmospheric leach circuits are pumped 

to the fitter feed tank in the liquid—solid separation circuit. This 

leached slurry is pumped to each of the first stage of filters, where 

the soluble uranium values are removed by three codified stages of 

counter current filtrations. A dilute solution of flocculant is pumped 

into the tuber feed line where the filter feed and flocculant are 

mixed. A  
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thorough mixing takes place as the filter feed slurry and flocculant 

flow through the pipes, the filter feed valves, and a small mixing 

chamber on each filter tub.  

 Each filter stage contains five, 650 square foot and two, 570 

square foot rotary drum vacuum filters. The filters are 11 ½ feet in 

diameter and are equipped with polypropylene grids. A heavy duty nylon 

filter cloth is used to cover the filters. A 14 gauge stainless steel 

wire is wound on the filters to retain the filter cloth.  

 The first stage filter cake is washed with a hot filtrate 

solution from the third stage of filters. The filtrate is sent to 

clarification, and the first stage filter cake discharges into 

repulpers for repulping with third stage filtrate. The repulped slurry 

flows by gravity through an agitated sump and into the second stage of 

filters. Flocculant is added to the repulper solution to aid in the 

second stage of filtration. The second and third stage of filters are 

operated in much the sane manner as the first stage; except that 

recarbonated barren solution from the precipitation circuit is used as 

a filter wash and in the repulpers on the second stage, and tailings 

pond solution or water is used as a wash and in the repulpers on the 

third stage. The wash solution for each stage of filters is maintained 

at 100°F, The second stage filtrate is sent to the mill solution 

circuit, and the third stage filtration is used as a wash and repulper 

solution on the first stage of filters. The filter cake from the third 

stage of filters is repulped with recycled tailings pond solution and 

slurried for tailings disposal. 

 

2. Clarification  

 The filtrate produced by the first stage of filters is the 

pregnant  
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uranium solution for the precipitation circuit. The solution must be 

clarified before precipitation to remove slimes that have penetrated 

the filter cloths. Clarification occurs in a thickener where a major 

portion of the silica and shire contaminants settle out. The pregnant 

solution for precipitation is then pumped from the thickener through 

heat exchangers to heat the solution from 125°F to 180°F before 

flowing into the precipitation circuit. The heat is obtained by 

cooling the pressure leach discharge slurry from 200°F to 170°F.  

 

 3. Tailings Disposal 

 The filter cake from the third stage filters is repulped with 

recycle solution from the tailings pond ion exchange system and 

transferred through launders to a tailings slurry tank. Disposal of 

the tailings slurry is handled by three Ash pumps in series and a 

cyclone truck. The pumping capacity of these pumps is rated at 1500 

gallons per minute.  

 Tailings disposal encompasses an area of 110 acres. Construction 

of the pond is done by pumping the tailings slurry at about 40% solids 

through two, truck mounted, 20 inch cyclones. Underflow from the 

cyclone is deposited on the dike that surrounds the pond and the 

cyclone overflow is directed into the pond where the slimes settle out 

of the tailings solution. Recovery of the tailings solution is through 

two centrally located decant towers. The reclaimed tailings pond 

solution flows underground to a pump basin and is returned to the mill 

where it is processed in an ion exchange circuit for uranium removal.  

 

 4. Tailings Pond Ion Exchange  

 Prior to the reclaimed tailings pond solution being returned to  
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the third stage filters, the solution is treated in a NIMCIX system to  

remove the soluble uranium.  

 The NIMCIX plant is rated to treat 1200 gallons per minute of 

solution yielding a tail of less than 10 ppm U
3
0
8
.  

 

D. Precipitation and Purification  

 1. Precipitation  

 The pregnant solution from clarification after being heated to 

180°F is pumped to the precipitation circuit. The precipitation is 

conducted in two stages. First the pregnant solution is mixed in the 

dissolving tank with recycled yellow cake to increase the soluble 

uranium content. Second, caustic soda is added to precipitate the 

uranium. The uranium in the pregnant solution exists as a uranyl 

tricarbonate complex. When the pH is raised above 12.0 with caustic 

soda, the complex ion decomposes to form carbonate and sodium 

diuranate. The latter salt is a yellow precipitate commonly called 

yellow cake.  

2 Na
4
 UO

2
 (CO

3
) + 6 Na OH • Na

2
 U2O

7
 + 6 Na

2
 CO

3
 + 3H

2
O 

 The technique of recycling yellow cake was developed to achieve a 

more complete precipitation of the uranium in the original pregnant 

solution. The dissolving tank operates with a yellow cake recycle 

equivalent to 500% to 700% of the uranium in the incoming pregnant 

solution. In five hours of contact with the pregnant solution, a 

portion of the yellow cake dissolves; and the soluble grade of uranium 

in the solution increases. The precipitation efficiency of the circuit 

will vary with the level of soluble uranium in the feed. The 

undissolved yellow cake in circulation does not appreciably effect the 

precipitation.  

The precipitation circuit consists of nine agitated tanks in a  
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series. The solution has a retention tine of about 12 hours. A 

solution of 50% caustic soda is metered into the first tank of the 

precipitation circuit of sufficient quantity to neutralize the sodium 

bicarbonate and also to maintain an excess of 5 grams per liter 

caustic soda in the barren solution. The caustic soda may also be 

added to the pipeline feeding the tank to change the characteristics 

of the precipitated ye1la cake and the efficiency of precipitation, 

which are affected by the point of addition.  

 The yellow cake slurry from the precipitation circuit flows into 

a 40 foot diameter by 12 foot deep thickener. The thickener is 

insulated with a floating two inch Styrofoam lid and two inches of 

Fiberglass insulation on the sides. Because the thickener operates at 

l70° to 180° F, the cover insulation is necessary to minimize 

evaporation and heat loss which create thermal currents that hinder 

settling. The thickener underflow is pumped at about 35 - 40% solids 

to the vanadium removal section or to the yellow cake dissolving tank 

for recycle. The thickener overflow is pumped through three plate and 

frame filter presses for final clarification and then to caustic 

barren storage.  

 

 2. Recarbonation  

 The caustic barren solution produced in the precipitation circuit 

contains sodium carbonate and a small quantity of sodium hydroxide. To 

reuse the barren solution, the caustic must he converted to sodium 

carbonate and sodium bicarbonate. This conversion is accomplished in 

two packed towers in which the caustic barren solution is contacted 

with boiler flue gas. The CO
2
 in the flue gas neutralizes the sodium 

hydroxide and converts some of the carbonate to bicarbonate, the 

recarbonated  



—5— 

 

barren solution is pumped to the liquid-solid separation circuit for 

use as a wash and repulping solution on the second stage of filters.  

 

 3. Purification  

 The primary precipitation of yellow cake produces a product 

which, when washed and dried, will assay around 75 to 77% U
3
0
8
, 5 to 6% 

V
2
O
5
, 2 to 2.5% CO

3
 and 7.5% Na. Although the uranium content is 

satisfactory, the vanadium, carbonate, and sodium content of the 

precipitate exceeds contract specifications. Removal of these 

contaminants is required before the yellow cake is acceptable to the 

upgrading process plants.  

 

 a. Vanadium Removal  

 The removal of the vanadium and, quite incidentally, carbonate 

from the yellow cake is accomplished by roasting followed by water 

leaching. The yellow cake thickener underflow is pumped to a disc 

filter to dewater the slurry. The filter cake is agitated with a small 

quantity of sodium carbonate before being fed to the yellow cake 

roaster.  

 Yellow cake roasting is accomplished in an 8 foot 6 inch 

diameter, six hearth, Pacific furnace. The yellow cake is dried at 

around l600°F. The calcined yellow cake discharges into a water cooled 

screw conveyor which cools the yellow cake to approximately 200°F 

before discharging into a ball mill conveyor. Water is used to 

dissolve the vanadium and carbonate contaminants in the yellow cake. 

The leached yellow cake slurry is collected in a 16 foot diameter by 

10 foot deep thickener. The thickener overflow, containing the 

vanadium, is filtered and sent to vanadium storage. The vanadium 

solution is concentrated and cold to a carry vanadium producer.  
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 b. Sodium Removal  

 Vanadium solution contained in the yellow cake slurry in the 

sixteen foot yellow cake thickener underflow is removed on a four and 

one—half foot diameter by six foot long, vacuum, drum filter. Then the 

yellow cake is washed and repulped with water. This yellow cake 

containing approximately 7.5% sodium as sodium diuranate is dissolved 

with sulfuric acid at a pH of around 2.2. Next, ammonia is added to 

maintain a pH of around 7.4. The uranium reprecipitates as yellow 

cake, ammonium diruanate and basic sulfate, generally containing less 

than 0.5% sodium. This product is filtered and washed with ammonium 

sulfate solution on two six foot diameter by eight-foot long, vacuum, 

drum filters in series before being dried in a four hearth Pacific 

roaster and packaged as described under the section on Product 

Preparation.  

 

E. Product Preparation  

 The filter cake from the second yellow cake filter discharges 

into an agitated sump, from where it is pumped to the yellow cake 

dryer. Yellow cake drying is accomplished by an 8 foot 6 inch 

diameter, four hearth, Pacific furnace, which is fired to about 

1000°F. By the time the yellow cake reaches the bottom of the yellow 

cake dryer, the moisture and ammonia have been removed. The yellow 

cake is discharged from the drier through a pulverizer into a hopper, 

where it is held until packaging.  

 Yellow cake is packaged in 55 gallon open head drums. A vibrator 

under toe drum loading station is used to settle the contents or each 

drum. After the drums are sealed, sampled, and weighed, the drum is 

cleaned and placed in storage until it is shipped.  
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Each drum contains a maximum of 1000 pounds of yellow cake and about 

45 drums comprise a shipping lot.  
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