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Solutions resulting from the leaching of uranium underground is recovered through the
production wells and piped to the processing plant for extraction. The uranium recovery
process utilizes the following steps:

* Loading of uranium complexes onto an ion exchange resin;

* Reconstitution of the leach solution by addition of carbonate and an oxidizer;

* Elution of uranium complexes from the resin; and

* Drying and packaging of the uranium.

The process flow sheet for the above steps is shown in Figure 3.1-7.

3.1.4.1 Uranium Extraction

Recovery of uranium takes place in the ion exchange columns. The uranium bearing
leach solution enters the column and as it passes through, the uranium complexes in
solution are loaded onto the IX resin in the column. This loading process is represented
by the following chemical reaction:

2 R HCO 3 + U0 2(CO 3)22 --- > R2UO 2(CO 3)2 + 2HC03-1

2 RC1 + U0 2(C0 3)22 --- > R2UO2(CO 3)2 + 2Cr

R 2 S0 4 + U0 2 (C0 3)2-2 
--- > R 2 UO 2 (CO 3)2 + S04-2

As shown in the reaction, loading of the uranium complex results in simultaneous
displacement of chloride, bicarbonate or sulfate ions.
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Figure 3.1-7: Process Flow Sheet for Central Plant and/or Satellite Plant
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The now barren leach solution passes from the IX columns to be reinjected into the
formation. The solution is refortified with sodium and carbonate chemicals, as required,
and pumped to the wellfield for reinjection into the formation. The typical lixiviant
concentration and composition is shown in Table 3.1-3.

Table 3.1-3: Typical Lixivant Concentration and Composition

Range
Species Low High

Na < 400 6000
Ca •20 500
Mg •3 100
K •15 300

CO 3  • 0.5 2500
HCO 3  < 400 5000

C1 < 200 5000
S0 4  • 400 5000

U 308 • 0.01 500
V20 5  •0.01 100
TDS < 1650 12000
pH •6.5 10.5

AilVdUll I l~ L A L~Ljlllltl.
-x via ues mv ex •cecpt, p ku LSm).

Note: The above values represent the concentration ranges that could be found
lixiviant and would include the concentration normally found in "injection fluid".

in barren lixiviant or pregnant

3.1.4.2 Elution

Once the majority of the ion exchange sites on the resin in an IX column are filled with
uranium, the column is taken off stream. (In the current main process plant, there are
eight IX columns. In each train, leach solution passes sequentially through the columns).
The loaded resin is then stripped of uranium in place through an elution process based on
the following chemical reaction:

R 2UO 2 (CO 3 ) 2 + 2C1 + C03-2 --- > 2 RC1 + U0 2 (CO 3 ) 2 "2

During the elution process, the pregnant eluant is transferred to the precipitation tank and
intermediate eluant is stored in a tank for use during the next elution cycle.

After the uranium has been stripped from the resin, the resin is rinsed with a solution
containing sodium bicarbonate. The rinse may also be performed with raw water or with
water from another source. This rinse removes the high chloride eluant physically
entrained in the resin and partially converts the resin to bicarbonate form. In this way,
chloride ion buildup in the leach solution can be controlled.
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3.1.4.3 Precipitation

When a sufficient volume of pregnant eluant is held in storage it is acidified to destroy
the uranyl carbonate complex ion. The solution is agitated to assist in removal of the
resulting CO 2. The decarbonization can be represented as follows:

U0 2(CO 3)3 -4 + 6H+ - UO2++ + 3 CO2' + 3H20

Sodium hydroxide (NaOH) is added to raise the pH to a level conducive for precipitating
pure crystals. Hydrogen peroxide is then added to the solution to precipitate the uranium
according to the following reaction:

UO2++ + H20 2 + 2-2-I-f" U0 4 * 2H 20 + 2H+

The precipitated uranyl peroxide slurry is pH adjusted, allowed to settle, and the clear
solution decanted. The decant solution is recirculated back to the barren makeup tank,
sent to fresh salt brine makeup, or sent to waste. The thickened uranyl peroxide is further
dewatered and washed. The solids discharge is either sent to the dryer for drying before
shipping or is sent to storage for shipment as slurry to a licensed recovery or converting
facility.

3.1.5 Process Wastes

The operation of the Crow Butte Facility has several sources of liquid and solid wastes.
These sources, and associated methods of handling, are discussed in Section 4 (Effluent
Control Systems). A summary of major process waste streams is provided below.

3.1.5.1 Air Emissions

Airborne emissions from yellowcake drying are maintained at a minimum by a vacuum
drying system. It is only radon gas that is mobilized during process operations and vented
to the atmosphere.

3.1.5.2 Liquid Wastes

The operation of the process plant results in two primary sources of liquid waste, a
production bleed and an eluant bleed. The production bleed stream is continuously
withdrawn from the recovered lixiviant stream at a rate between 0.5 to 1.5 percent of the
total volume of recovered lixiviant. The production bleed stream is taken following the
recovery of the uranium by ion exchange and has the same chemical characteristics as the
lixiviant. The eluant bleed stream is currently produced at a rate of approximately 5 to 10
gpm. The eluant bleed waste stream is managed by reuse in the plant or disposal in
existing ponds and/or by deep well injection. The production bleed waste stream is
managed by a combination of evaporation pond and deep disposal well injection.
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