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1.0  SITE DESCRIPTION AND FACILITIES LAYOUT 

 

The Nichols Ranch ISR Project is located in the Pumpkin Buttes Uranium Mining District of the 

Powder River Basin in the state of Wyoming in the counties of Johnson and Campbell.  The 

Nichols Ranch ISR Project is divided into two units, the Nichols Ranch Unit and the Hank Unit.  

The central processing plant will be located at the Nichols Ranch Unit, and a satellite facility will 

be located at the Hank Unit.  The Hank Unit is approximately six miles northeast of the central 

processing plant at the Nichols Ranch Unit.  Figure 1-1 (see map pocket) shows a general 

location map of the area.  Uranerz desires a license that authorizes a central processing plant, 

satellite facility and accompanying wellfields for an in-situ recovery operation with ion exchange 

columns.  

 

1.1  DESCRIPTION OF FACILITIES 

 

The Nichols Ranch ISR Project is divided into two units, the Nichols Ranch Unit and the 

Hank Unit.  The Nichols Ranch Unit encompasses approximately 1,120 acres of land, and the 

Hank Unit area encompasses approximately 2,250 acres of land.  The major surface facilities 

include the central processing plant, satellite plant, wellfields, and deep disposal wells.  The 

injection and production proposed wellfield and disturbance area for the Nichols Ranch Unit will 

contain approximately 113 acres, and the Hank Unit will contain approximately 155 acres.  The 

deep disposal wells will be designed for at least 100 gpm flow rate and have a maximum 

injection pressure less than that of the fracture pressure of the formation.  

 

Uranerz plans to mine the Nichols Ranch Unit (Township 43N, Range 76 West, Sections 7, 8, 

17, 18, and 20) and Hank Unit (Township 44N, Range 75 West, Sections 30 and 31; 

Township 43N, Range 75 West, Sections 5, 6, 7 and 8) ore zones using the in-situ recovery (ISR) 

extraction method.  This is the same method that is used by Power Resources Inc. (PRI) at the 

Smith-Highland mine in the southern Powder River Basin and is the same method used by 

COGEMA (AREVA) at the nearby Christensen Ranch site. 

. 
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The ore zones at the Nichols Ranch Unit and the Hank Unit will be divided into individual 

production areas where injection and recovery wells will be installed.  As typical with the above 

mentioned commercial operations, the wells will be arranged in 4-spot, 5-spot or 7-spot patterns. 

In some situations, a line-drive pattern or staggered line-drive pattern may be employed. 

Perimeter and vertical excursion monitor wells will be installed at each wellfield as dictated by 

geologic and hydrogeologic parameters, and as approved by the Wyoming Department of 

Environmental Quality-Land Quality Division and the United States Nuclear Regulatory 

Commission.  The facilities will be constructed according to acceptable engineering practices.  

 

The Nichols Ranch Unit will consist of a complete processing plant including auxiliary facilities 

such as office, change room, laboratory, maintenance and deep disposal well.  The processing 

plant will have the capability of concentrating the wellfield recovery solution obtained from 

wells installed in the Nichols Ranch Unit ore zone.  

 

In addition, the Nichols Ranch Unit processing facility will have excess installed capacity to 

process uranium loaded resin or yellowcake slurry from the Hank Unit Satellite plant.  The 

accumulated uranium values from both ore zones will then be processed into a dry yellowcake 

concentrate, packaged in approved 55 gallon steel drums, and trucked off site for conveyance to 

the licensed uranium conversion facility of choice.  At the Hank Unit there will be a plant 

building, maintenance building, and deep disposal well.  

 

1.2  MAPS 

 

Figure 1-2 (see map pocket) provides a contour map for the Nichols Ranch Unit and Figure 1-3 

(see map pocket) shows the contoured area for the Hank Unit.  The figures show the proposed 

plant sites at a scale of 1” = 500.’  There are no public highways on either Unit.  The Nichols 

Ranch Unit does not have any easements, however Figure 1-3 shows the easements for the Hank 

Unit.  Figure 1-4 (see map pocket) gives the locations of the Christensen Ranch commercial ISR 

site, the North Butte permitted site, the North Rolling Pin pilot test site, the Collins Draw pilot 

test site, the Nichols Ranch Unit and the Hank Unit proposed sites.  
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Figure 1-5 (see map pocket) shows a site facility diagram of the Nichols Ranch Unit.  The figure 

shows the major surface facilities located for this unit.  Figure 1-6 (see map pocket) shows a site 

facility diagram showing the major surface buildings for the Hank Unit.  

 

Figure 1-7 (see map pocket) shows the monitoring wells and ore zone for Nichols Ranch Unit 

and Figure 1-8 (see map pocket) shows the monitoring wells and ore zone for the Hank Unit.  

 

 



Uranerz Energy Corporation  Nichols Ranch ISR Project 
 

Revised September 2009 MP-4 

2.0  DESCRIPTION OF THE ORE BODIES 

 

2.1  DESCRIPTION OF PRODUCTION ZONES 

 

The ore zones for the Nichols Ranch Unit are 300-700 ft below the surface and occur in two long 

narrow trends meeting at the nose.  The nose is the northwest corner of the ore zone where the 

two narrow trends meet to form the tip of the geochemical front.  The Hank Unit’s ore zones are 

approximately 200-600 ft below the surface.  The depths of the two units depend on the 

topography, the changes in the levels of the formation and the stratigraphic horizon.  The host 

sand for the Nichols Ranch Unit is designated as the A Sand and the Hank Unit host sand is 

designated as the F Sand.  The average grade of the two units is above 0.1 %, the average 

thickness is above seven feet, and the combined areal distribution is near 100 acres.  These ore 

bodies formed when oxidized uranium charged groundwater flowed into the chemically reduced 

host sandstone unit, uranium precipitated out of solution along the interface between the two 

chemical environments.  The uranium was precipitated out in ‘C’ shaped rolls as demonstrated in 

Figure D5-a.  In plan view, roll front trends are sinuous, they may be a few feet to 500 ft wide 

and can be many miles in length.  Along the length of the trace of the roll front ore grade 

uranium may be found; however, ore is not likely along every mile of the front.  Ore zones are 

where the uranium leaching solutions are injected and recovered in the in situ recovery wellfield.  

The ore zones are bounded above and below the host sandstone unit by mudstone, shale, and 

siltstone aquitards.  

 

2.2  CHEMISTRY OF MINING 

 

2.2.1  Underground Recovery 

 

Oxidation of tetravalent uranium is achieved by using oxygen or hydrogen peroxide.  For 

economic reasons, oxygen is widely used in commercial applications.  Uranerz will utilize 

oxygen as the primary oxidant; however, hydrogen peroxide may be used if needed to increase 

the oxidation potential in the lixiviant.  
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The end product of the carbonate/bicarbonate complexing process can be identified as 
uranyl-dicarbonate, [UO2 (CO3)2]2- (UDC), at neutral pH ranges and as uranyl-tricabonate, 
[UO2 (CO3)3]4- (UTC), at more alkaline pH ranges.  
 
The chemical reactions for the alkaline recovery process are listed as follows: 
 
Oxidation:  UO2 + ½ O2 = UO3 
 
   UO2 + H2O2 = UO3 + H2O 
 
Complexing:  UO3 + 2HCO3- = [UO2 (CO3)2]2- + H2O 
 
   UO3 + 2HCO3- + CO3- = [UO2 (CO3)3]4- + H2O 
 
2.2.2  Ion Exchange 
 
A strong base resin will be used for the ion exchange of either the uranyl-dicarbonate complex, 
[UO2 (CO3)2]2- (UDC), or the uranyl-tricarbonate complex, [UO2 (CO3)3]4- (UTC), in the process 
plant.  The chemical reactions are: 
 
   [UO2 (CO3)2]2- + R2+ = R [UO2 (CO3)2] 
 
   [UO2 (CO3)3]4- + 2R2+ = R2 [UO2 (CO3)3] 
 
R denotes the active site on the ion exchange resin.  

 
The barren lixiviant will be reconstituted to the proper bicarbonate strength if needed prior to 
wellfield injection.  Sesqui-carbonate, soda ash, and/or carbon dioxide will be used, if needed, to 
maintain proper sodium bicarbonate strength. Carbon dioxide may also be used to adjust the pH.  
 
2.2.3  Elution Process and Resin Handling 
 
The resin is ready for elution when it is fully loaded with uranium.  The elution process reverses 
the loading reactions for the ion exchange resin and strips the uranium from the resin.  The eluant 
will be an aqueous solution containing salt and sodium carbonate and/or sodium bicarbonate.  
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The chemical reactions are: 
 
   R [UO2 (CO3)2] = [UO2 (CO3)2]2- + R2+ 

 
   R2 [UO2 (CO3)3] = [UO2 (CO3)3]4- + 2R2+ 

 
The elution circuit at the Nichols Ranch Unit facility will be designed to also accept and elute 

uranium loaded resin from other satellite operations.  A DOT approved trailer will be used to 

transport the resin to and from satellite facilities.  The resin will be hydraulically removed from 

the trailer and screened to remove formation sand and other debris.  Once screened, the resin will 

flow by gravity into a dedicated elution vessel where the resin will be contacted with eluant.  

 

2.2.4  Yellowcake Production 
 

Yellowcake will be produced from the rich eluates that are processed at the Nichols Ranch Unit.  
The eluate from the elution circuit will be de-carbonated by lowering the pH below 2 with acid. 
The yellowcake product will be precipitated with hydrogen peroxide and a base such as sodium 
hydroxide or ammonia.  
 
De-carbonation:   [UO2 (CO3)2]2- + 4H+ = UO2

2+ + 2CO2 + 2H2O 
 
    [UO2 (CO3)3]4- + 6H+ = UO2

2+ + 3CO2 + 3H2O 
 
Precipitation:   UO2

2+ + H2O2 + 4H2O = UO4·4H2O + 2H+ 
 
The precipitated yellowcake slurry will be transferred to a filter where excess liquid will be 
removed.  Following a fresh water wash step that will flush the dissolved chlorides, the resulting 
product cake will be transferred to the yellowcake dryer which further reduces the moisture 
content, yielding the final dried free flowing product.  
 

The yellowcake drier will operate under a vacuum.  The use of vacuum conditions lowers the 
temperature at which the yellowcake solids are dried (typically 165 F to 190 F).  At these 
temperatures, water soluble uranium oxides and other compounds are not formed.  In addition, 
the vacuum draws solids and water vapor toward the system’s interior preventing unwanted dust 
releases.  This type of dryer is the same design that has been successfully used by Power 
Resources Inc. (PRI) at the Smith-Highland mine in the southern Powder River Basin.  
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3.0  WELLFIELD DESIGN, CONSTRUCTION AND OPERATION 

 

3.1  WELLFIELD DESIGN 

 

Wellfields are designated areas above the ore zone that are sized to reach the desired production 

goals.  The ore zone is the geological sandstone unit where the leaching solutions are injected 

and recovered in an in situ recovery wellfield and it is bounded between aquatards.  Production 

areas are the individual areas that will be mined in the wellfield.  The injection and recovery 

wells are completed in the ore zone intervals of the production sand.  Perimeter monitor wells are 

located in a ring around the wellfields.  Vertical monitor wells will be placed in the overlaying 

and underlying aquifers, accordingly.  

 

3.1.1  Monitor Wells 

 

The density and spacing of monitor wells for the Nichols Ranch Unit and the Hank Unit is 

determined during the geologic and hydrologic assessment of a proposed wellfield.  Monitor 

wells will be installed in the ore zone at a density of one monitoring well per four acres in the 

proposed wellfield.  These wells will be used to obtain baseline water quality data for the 

proposed wellfield to determine groundwater Restoration Target Values (RTV’s).  

 

Perimeter monitor wells will also be installed on the edge of the wellfield in the same zone as the 

ore zone.  This “ring” of wells will be used to obtain baseline water quality data in the area 

outside of the wellfield and to ensure that recovery solutions do not migrate outside of the ore 

zones.  Upper Control Limits (UCL’s) will be determined for these wells from the baseline water 

quality data that are collected.  The distance between these wells and the wellfield is 

approximately 500 ft.  The distance from perimeter monitor well to perimeter monitor well is 

also 500 ft.  These distances were determined using a groundwater flow model and estimated 

hydrologic properties for the proposed wellfield.  This distance also takes into consideration that 

if an excursion were to occur, processing fluids could be controlled within 60 days as required by 

the Wyoming Department of Environmental Quality.  
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Vertical monitor wells will also be installed in the overlying and underlying aquifers at a density 
of one underlying and one overlying well per every four acres of wellfield.  These wells will be 
used to collect baseline water data that will be used to determine UCL’s for the overlying and 
underlying aquifers.  If the immediate overlying or underlying aquifers in the wellfield are non-
existent, or the confining unit (aquitard) is thin (less than five feet in thickness) within the 
proposed wellfield or section of the wellfield, then monitor well spacing and density will be 
determined in consultation with the regulatory agencies.  In the case of the wellfield becoming 
very narrow where a line drive pattern may be utilized, overlying and underlying aquifer monitor 
wells will not be more than approximately 1,000 ft from one another.  
 
3.1.1.1  Completion Details for Monitor Wells 
 
The final locations of the perimeter and vertical monitor wells will be submitted in the Wellfield 
Data Package (Production Area Pump Test).  This is because the actual locations might need to 
be changed because of topography, access, etc.  The screened intervals for the excursion monitor 
wells are across the entire production zone.  The specific details on the monitor well completions 
are discussed in the next section and a copy of the Well Completion, Standard Operating 
Procedure (SOP) is attached as Addendum MP-C.  The Exploration Hole and Well Pilot Hole 
DNC Procedure is attached as Addendum MP-E, and the Calculations for Cementing and 
Displacement Procedure is attached as Addendum MP-F.   
 
3.1.1.2  Completion Details for Injection and Recovery Wells 
 
Pilot holes for monitor, production, and injection wells are drilled through the target completion 
interval with a small rotary drilling unit using local mud and a small amount of commercial 
drilling fluid additive for viscosity control.  Pilot holes will not be drilled more than two feet into 
the underlying aquitard if a completion interval is at the bottom of the production sandstone.   
The hole is logged, reamed, casing set, and cemented to isolate the completion interval from all 
other aquifers.  The cement will be placed by pumping it down the casing and forcing it out the 
bottom of the casing and back up the casing-drill hole annulus.  The drill holes will be large 
enough in diameter for adequate sealing and, at any given depth, at least three inches greater in 
nominal diameter than the diameter of the outer casing at that depth.  
 
Typical well completion schematics for production wells (recovery and injection wells), and 
monitor wells are shown on Figures 3-1 (see map pocket) and 3-2 (see map pocket), respectively.  
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Uranerz standard operating procedure, EXP-SOP-02, Well Completion Procedure is available in 
Addendum MP-C. 
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The well casing will be fiberglass or PVC.  The fiberglass casing has a standard joint length of 
30 ft and is rated for at least 1,000 pounds per square inch operating pressure. PVC well casing is 
typically 4 to 6 inches in diameter and Class SDR-26, SDR-21, Schedule 40, SDR·17, or 
Schedule 80 (or equivalent). The PVC casing joints normally have a length of approximately 
20 ft each.  When PVC casing is used, each joint is connected by a watertight o-ring seal.  
 
Manufactures can include CertainTeed with products such as CERTA-LOK, and SureFIT.  
Typically 5 inch inside diameter (SDR 17) PVC casing is used; however, Table 3a lists a PVC 
well casing specification range and Table 3b refers to a fiberglass casing specification range.  
 

Table 3a PVC Well Casing Specification Range.  
 

Nominal 
Size 

(Inches) 
Class 

-- 
I.D. 

(Inches) 
O.D 

(Inches) 

Wall 
Thick 

(Inches) 

Collapse 
Pressure 

(PSI) 

Collapse 
Safety 
Factor 
(Ratio) 

Internal 
Pressure 
Rating 
(PSI) 

URZ Max 
Depth 
(Feet) 

4.0 SCH 40 3.968 4.5 0.237 158 2:1 115 450 
4.5 SDR 26 4.502 4.95 0.190 59 2:1 115 450 
-- SCH 40 4.379 4.95 0.248 135 2:1 130 500 
-- SDR 17 4.288 4.95 0.291 224 2:1 160 700 
-5 SDR 21 4.941 5.563 0.265 115 2:1 130 500 
-- SDR 17 4.81 5.563 0.327 224 2:1 180 800 
-- SCH 80 4.708 5.563 0.375 347 2:1 215 1,100 
6* SDR 21 5.885 6.625 0.316 115 2:1 150 650 
-- 
 

SDR 17 
 

5.728 
 

6.625 
 

0.39 
 

224 
 

2:1 200 
 

1,000 
 

 
* If a 6-inch casing is used a 9 ¾ reamed hole is required.  

 
 
Table 3b Fiberglass Well Casing Specification Range. 
 

 
**If fiberglass casing is used, a typical manufacture may be Centron International, Inc.   

Nominal 
Size 

(Inches) 
Class 

-- 
I.D. 

(Inches) 
O.D 

(Inches) 

Wall 
Thick 

(Inches) 

Collapse 
Pressure 

(PSI) 

Collapse 
Safety 
Factor 
(Ratio) 

Internal 
Pressure 
Rating 
(PSI) 

URZ Max 
Depth 
(Feet) 

5 DHC 175 4.33 4.68 0.175 160 2.5:1 1,000 +1,100** 
-- DHC 200 4.33 4.73 0.2 240 2.5:1 1,200 +1,100** 
-- DHC 250 4.33 4.83 0.25 440 2.5:1 1,400 +1,100** 
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Casing centralizers, located at a minimum of every 40 ft along the casing, are normally placed 
around the casing to ensure it is centered in the drill hole.  Effective sealing materials shall 
consist of neat cement slurry and/or sand-cement grout meeting DEQ Wyoming State 
requirements described in Section 6, Chapter 11 of the LQD Non Coal Rules and Regulations 
unless a variance is obtained from the LQD Administrator.  The purpose of the cement is to 
stabilize and strengthen the casing and plug the annulus of the hole to prevent vertical migration 
of solutions.  If the primary cementing process fails to circulate the cement slurry to the surface 
then the upper portion of the annulus will be cemented from the surface to stabilize the wellhead.  
This procedure is called “topping off”.  A tremie pipe will be used to top off a well where 
necessary.  
 

After the well is cemented and the cement has set a minimum of 72 hours, the well is under 
reamed in the ore zone and completed either as an open hole or it is fitted with a screen assembly 
(slotted liner and/or fabric sock fitting), which may have a sand filter pack installed between the 
screen and the under reamed formation.  The well will then be air lifted for a minimum of two 
(2) casing volumes to remove any remaining drilling mud and/or cuttings.  A submersible pump 
or small trailer mounted air compressor may be run in the well for final cleanup and/or sampling.  
 

3.2  WELLFIELD INTEGRITY 
 

Before a wellfield is put into operation, pump testing is performed to verify that injection and 
recovery wells are in communication with the perimeter monitor wells.  Uranerz Energy 
Corporation plans to use perimeter monitor wells that are completed in the ore zone aquifer to 
verify communication with the injection and recovery wells and detect and confirm excursions. 
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3.3  WELLFIELD METHODS OF OPERATION 

 

3.3.1  Injection Rates 

 

Uranerz Energy Corporation estimates the U3O8 content for the Nichols Ranch Unit to be 

2,521,000 pounds and the U3O8 content for the Hank Unit to be 2,482,000 pounds.  The central 

processing plant at the Nichols Ranch Unit will have a nameplate capacity to produce 

2,000,000 pounds per year of U3O8 (yellowcake).  Initially, the Nichols Ranch Unit will have a 

designed flow rate of 3,500 gallons per minute (gpm) and an annual designed production of 

500,000 pounds.  The satellite facility at the Hank Unit will have a designed flow rate of 

2,500 gpm and an annual designed production of 300,000 pounds.  

 

The Nichols Ranch Unit will have a designed recovery of approximately 3,500 gpm 

(5.04 million gallons per day) and injection of approximately 3,465 gpm (4.99 million gallons 

per day).  The Hank Unit will have designed recovery of about 2,500 gpm (3.60 million gallons 

per day) and injection of nearly 2,425 gpm (3.49 million gallons per day).  Injection well and 

recovery well flow rates are monitored in order that injection and recovery can be balanced for 

each pattern and the entire wellfield.  This information is also needed for assessing operational 

conditions and mineral royalties.  

 

3.3.2  Injection Pressures 

 

The injection pressures for the Class III wells for the Nichols Ranch Unit and the Hank Unit will 

be calculated to assure the pressure in the production zones do not generate new fractures or 

spread existing fractures.  Uranerz Energy Corporation will operate the Class III wells in a 

manner that the injection pressure will be lower than the calculated pressure that could fracture 

the confining zone, or cause the injection fluid to migrate to unauthorized zones.  The injection 

pressure for the Nichols Ranch Unit and Hank Unit will be no greater than 90% of the formation 

fracture pressure and will not exceed the pressure rating of the casing. 
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Using a conservative fracture gradient of 0.45 psi/ foot of depth, the following range for 

maximum injection pressures is shown: (600 ft X 0.45 psi/foot = 270 psi) to (375 ft X 

0.45 psi/foot = 168 psi).  The range of 270 psi to 168 psi is greater than the maximum injection 

pressure ratings for the casing that Uranerz will use.  The maximum casing pressure is 150 psi.  

The 150 psi casing pressure is less than the maximum injection pressure of 168 psi.  
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3.3.3  Stimulation Program 

 

There are several proposed stimulation programs that Uranerz Energy Corporation may use if 

there are flow or pressure issues with the Class III wells.  The programs include rinsing, air 

lifting, acidification, plunging, and raw hiding.  Uranerz may use one of the methods or a 

combination of the methods to stimulate the wells.  Uranerz will report well stimulation activites 

for Class III wells in the Annual Report.  The report will include stimulation technique, materials 

used, injection rates, total volumes, maximum pressures encountered and stimulation results.  

Uranerz will not allow exceedence of the formation fracture pressure in the well’s completion 

zone during stimulation activities.  

 

3.3.4  Type of Recovery Fluid Used 

 

The lixiviant, or recovery fluid, for the in-situ uranium recovery process is a dilute carbonate/ 

bicarbonate aqueous solution that is fortified with an oxidizing agent.  During the injection of 

lixiviant, oxygen or hydrogen peroxide will be added to oxidize the uranium underground.  A 

small amount of chlorine or sodium hypochlorite, approximately 3 mg/l as chlorine, may be 

added to the injection solution to prevent bacterial plugging of the injection wells.  Carbon 

dioxide is provided to lower the pH to about neutral.  Additionally, carbon dioxide dissolved in 

water provides another source of the carbonate/bicarbonate ions.  Finally, sodium 

carbonate/bicarbonate may be used to adjust the carbonate/bicarbonate concentration.  

 

Table 3c Typical Lixiviant Solution Composition, is shown below.  The table represents 

concentration ranges that could be found in the barren lixiviant or pregnant lixiviant.  If changes 

occur, this table will be updated annually.  The pH ranges from 6 to 8.  Other geochemical 

reactions that may occur are the ion exchange of the lixiviant cations with any formation clays, 

and the dissolution of other formation trace metals.  Trace metals that could be liberated 

include arsenic, selenium, vanadium, aluminum, iron, molybdenum, and manganese.  It is not 

anticipated that any of these trace metals will cause any issues with groundwater restoration.  A 

chemical reductant can be added if needed to reverse the oxidizing state of the groundwater and 

to precipitate the trace metals back underground.   
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Table 3c Typical Lixiviant Solution Composition.  

 
 Value (mg/L) 

Chemical Low High 
Ca 20 500 
CI 200 5,000 
CO3 1 2,500 
HCO3 400 5,000 
K 15 300 
Mg 3 100 
Mn 0.01 50 
Na 400 6,000 
SO4 400 5,000 
TDS 1,500 12,000 
U3O8 0.01 500 
V2O5 0.01 100 

 

 

The barren solution that leaves the uranium ion exchange system will be refortified with 

chemicals prior to the reinjection into the ore zone aquifer.  The process continues until the 

economics become unfavorable.  

 

Depending on the oxidation requirement of the formation, the injection wells may be equipped 

with down-hole oxygen spargers with oxygen being metered through individual rotometers so 

that each well can be controlled as to the amount of oxygen concentration it receives or a header 

house oxygen manifold distributor will be installed.  Header houses are small buildings that 

contain the manifolds that connect to the individual injection and recovery wells.  The header 

houses will contain the electrical closures, flow metering, possible oxygen rotomoters, and/or 

sock injection filtration.  
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3.3.5  Proposed Injection Procedure 

 

The patterns for the injection and recovery wells follow the conventional 5-spot pattern.  

Depending on the ore zone shape, 4-spot, 5-spot, 7-spot, line drive, or staggered line drive 

patterns may be used.  Three typical well patterns are shown in Figure 3-3 (see map pocket).  

The dimensions of the pattern vary depending on the ore zone, but the injection wells will likely 

be between 50 and 150 ft apart.  In order to effectively recover the uranium, and also to complete 

the groundwater restoration, the wells will be completed so that they can be used as either 

injection or recovery wells.  The leaching solution will be injected into the injection wells, and 

the solution will be recovered through the recovery wells.  To create a cone of depression in the 

wellfield, a greater volume of water is recovered than injected.  The excess water or wellfield 

bleed will be disposed of in a Class I deep disposal well.  With the cone of depression being 

created, the natural groundwater movement from the surrounding areas is toward the wellfield 

providing an additional control of the leaching solution.  Over-production can be adjusted to 

guarantee the perimeter ore zone monitor wells are influenced by the cone of depression from the 

wellfield bleed.  

 

The wellfields will have injection and recovery wells with the appropriate equipment to transfer 

the solutions to and from the processing facility.  The proposed injection procedure will 

incorporate standard centrifugal pumping systems.  The lixiviant that has been through the ion 

exchange columns will be refortified and re-injected into the injection wells.  The lixiviant will 

be refortified with oxygen or other oxidant, and carbon dioxide and/or sodium bicarbonate if 

needed.  

 

The pipelines transport the wellfield solutions to and from the ion exchange columns.  The flow 

rates and pressures will be monitored to the individual lines.  Automatic valves are installed for 

control of the flow.  High density polyethylene (HDPE), Polyvinyl chloride (PVC), and/or 

stainless steel piping will be used in the wellfield.  The piping will be designed for an operating 

pressure of 150 psig.  However, the equipment will be operated at pressures less than or equal to 

the designed piping and other equipment ratings.  If higher operating pressures are needed, the 

overall system will be evaluated and materials of construction with appropriate pressure ratings
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will be used.  The types of fittings that may be used in the wellfield plumbing include stainless 

steel, Victaulic type, and HDPE or equivalent.  There will be no uncoated black iron or steel 

fittings used in contact with the lixiviant.  

 

Trunk lines to and from the wellfield will be up to 14 inches in diameter HDPE.  Feeder lines to 

and from the well head will be 1 to 2-inch HDPE or PVC pipe.  The HDPE pipe will be butt 

fused with a machine designed for the task.  PVC pipe, if used, will be glued.  The entire 

wellfield pipe pressure system will be tested to the maximum rated pressure of the lowest rated 

pressure component.  The trunk lines will be buried to a depth of at least 2.0 ft.  Trenches for the 

pipe burial will have the top soil removed and stored separately.  The subsoil will be placed next 

to the trench which will be excavated with a backhoe or trenching machine.  Following a 

successful pressure test, the subsoil and topsoil will be replaced.  During mining and restoration, 

the piping system will be under pressure conditions with no routine maintenance needed.  

Wellfield personnel will continuously monitor the wellfield area.  If a leak should occur, the line 

will be isolated, exhumed, and repaired.  If the line is a recovery line, any contaminated soil will 

be removed for proper disposal.  The well field flow lines are expected to last for the life of the 

wellfield (+5 years or more).  The trunk lines being very sturdy will be used for another wellfield 

if possible, and should last 10 years or more.  At the conclusion of restoration, the wellfield flow 

lines will be exhumed and properly disposed of or if in serviceable condition will be reused.  
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3.3.6  Expected Changes in Pressures, Natural Groundwater Displacement and 
Direction of Injection Fluid 

 
An analytical simulation of the gradient reversal was conducted with the use of the well flow 
equation and the “WELFLO” program developed by Walton (1989).  The details of the 
groundwater flow model are included in this permit as Addendum MP-B.  This program sums 
the drawdowns from numerous stresses over a grid.  The critical location for the gradient reversal 
for the Nichols Ranch Unit is to the northwest in the down gradient direction.  The wellfield 
orientation extends in this direction and therefore the drawdowns for the northwestern portion of 
the wellfields were calculated to evaluate the gradient reversal.  Figure 3-4 (see map pocket) 
shows the location of 73 recovery wells in the northwestern end of NR Production Area #1.  
Additional stresses were lumped together and placed at 15 locations over the remainder of the 
wellfield which extends for an additional 4,800 ft to the southeast of these 73 well stress 
locations.  This accounts for the composite stress from the wellfield with distribution of the 
stresses over the area.  The bleed rate was applied to each of the recovery wells to simulate the 
net withdrawal of water from the A Sand aquifer.  
 
An average transmissivity of 350 gal/day/ft and a storage coefficient of 1.8E-4 were used to 
simulate the drawdowns resulting from the bleed of the Nichols Ranch Unit Production Areas.  
A stress of 0.155 gpm was applied to each of the 73 recovery wells shown in the northern portion 
of the production area.  The lumped bleed rates for the remaining 15 stresses varied from 0.93 to 
2.48 gpm for a total bleed of 23.7 gpm from the additional stresses.  The simulation period was 
one year to allow definition of the gradient reversals after a significant period of operation.  The 
cumulative drawdown was calculated at each of the nodes.  The differences between the 100 ft 
node drawdowns to the northwest (groundwater gradient direction) are shown on Figure 3-4.  
 

This simulated bleed rate was 1% of the overall flow and the distance between adjacent nodes on 

the diagonal is 141 ft.  In the northwest direction, a simulated head difference between adjacent  
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nodes that is greater than 0.47 ft indicates gradient reversal toward the wellfield.  The northwest 

corner of the model grid is approximately 1,100 ft from the northwest edge of the wellfield, and 

the simulated head difference between adjacent nodes in the northwest corner of the model grid 

is much greater than 0.47 ft.  Hence, the operation of the Nichols Ranch Unit Production Areas at 

a bleed of 1% will result in gradient reversal to the wellfield at a distance much greater than 

1,100 ft from the northwest edge of the wellfield.  A perimeter monitoring ring that is located 

500 ft from the perimeter of the Nichols Ranch Unit Production Areas is within the zone of 

gradient reversal and will be adequate for detection of potential excursions from the Production 

Areas.  These monitoring wells will also be spaced 500 ft from each other.  

 

The magnitude of this simulated gradient reversal shows that the maintenance of a reversal zone 

in the confined aquifer at the Nichols Ranch Unit is readily achievable, and adjustments in local 

wellfield balance can be used quickly to induce reversal in the event of excursions.   

 

The groundwater gradient at the Hank Unit site is 0.005 ft/ft to the west.  Seventy-one (71) wells 

in the southern end of the Hank Unit Production Area #1 were used to simulate the composite 

drawdown response for the Hank Units at a rate of 0.426 gpm per well.  Aquifer properties used 

in the simulation were a transmissivity of 400 gal/day/ft and a specific yield of 0.05.  A 

simulation period of 365 days was also used for the Hank Unit Production Areas.  The Hank Unit 

Production Areas are planned for a 2,500 gpm production rate and a 3% bleed was used in this 

simulation.  This resulted in a stress at the 71 recovery wells of 0.426 gpm.  An additional nine 

stresses were used to simulate the remaining 105 wells in the northern portion of the wellfield 

with varying stresses from 3.41 to 7.24 gpm for a total additional stress of 44.74 gpm for the 

northern wells.  The total stress rate was 75 gpm.  

 

Figure 3-5 (see map pocket) shows the results of the gradient reversal for the Hank Unit.  The 

head change between the 100 ft nodes is shown on this figure to the left of the 71 recovery 

stresses.  An additional drawdown of 0.5 ft is needed to create gradient reversal toward the 

wellfield.  Perimeter monitoring ring distance for this unconfined aquifer will be adequate at a 

distance of 500 ft from the wellfield perimeter with a 3% bleed rate for the Hank Unit.  A 

spacing of 500 ft between the monitoring ring wells is also proposed for the Hank Unit. 
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An additional simulation was conducted on the gradient reversals for the Hank Unit.  The second 

simulation was the same as presented above except that the net extraction from the nine southern 

recovery wells in the production area were increased by a total of 5 gpm, which increases the 

overall wellfield bleed from 3% to 3.2%.  The individual bleed rate for these nine wells was 

0.982 gpm instead of the 0.462 gpm used in the first Hank Unit simulation.  This localized 

small increase in the bleed rate caused the reversal to increase by greater than 60% at a distance 

of 500 ft from the production area.  The second simulation shows that small local adjustments in 

the bleed rate can be used to expand the local zone of reversal and prevent or retrieve an 

excursion in a particular area for the Hank Unit.  

 

The overall volume of groundwater consumed for Nichols Ranch is expected to be an average of 

100 gpm – which equates to 161.3 acre-feet per year, or 1,129 acre-feet for the estimated life of 

mine for the proposed Nichols Ranch mining operations.  The overall volume of groundwater 

consumed for Hank is expected to be an average of 100 gpm – which equates to 161.3 acre-feet 

per year, or 1,129 acre-feet for the estimated life of mine for the proposed Hank mining 

operations.  This is based upon one deep disposal well at Nichols Ranch and one at Hank with an 

estimated disposal flow rate of 100 gpm at each site.  

 

3.3.7  Water Balance Calculations 

 

For the Nichols Ranch Unit there are three types of liquid effluent that will constitute the bleed 

that can be up to 35 gpm: 1) the wellfield bleed, 2) the elution circuit bleed, and 3) the general 

plant waste (resin wash, filter backwash, etc).  A small quantity of water may be introduced from 

a permitted water well for plant wash down and yellowcake wash.  The bleed solution is to be 

used to rinse and clean-up freshly eluted resin, make-up fresh eluant in the elution circuit, back 

wash sand filters, and wash yellowcake if necessary.  A flow and material balance for the two 

Units is presented nominally in Figure 3-6 (see map pocket).  The flow shown is an example 

capacity for the facilities and does not represent any design or regulatory limits.  A water balance 

is shown in Figure 3-7 (see map pocket).  A description of each unit’s water requirements for 

production and restoration is shown below.  
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Nichols Ranch Unit 1% Bleed 
Production Only  
 Deep Disposal Well (DDW) Flow  +100 gpm 
 Production Flow to DDW   (-)40   gpm 
 Other      (-)1-2  gpm 
 Remaining Balance    +58  gpm 
 
Production and Restoration 
 Deep Disposal Well (DDW) Flow  +100  gpm 
 Production Flow to DDW   (-)40  gpm 
 Restoration Flow to DDW   (-)57  gpm 
 Other      (-)1-2  gpm 
 Remaining Balance    +1  gpm 
 
Restoration Only 
  Deep Disposal Well (DDW) Flow  +100  gpm 
 Restoration Flow to DDW   (-)90  gpm 
 Other      (-)1-2  gpm 
 Remaining Balance    +8  gpm 
 
Hank Unit 3% Bleed 
Production Only  
 Deep Disposal Well (DDW) Flow  +100 gpm 
 Production Flow to DDW   (-)75  gpm 
 Other      (-)1-2  gpm 
 Remaining Balance    +23  gpm 
 
Production and Restoration 
 Deep Disposal Well (DDW) Flow  +100  gpm 
 Production Flow to DDW   (-)75  gpm 
 Restoration Flow to DDW   (-)22  gpm 
 Other      (-)1-2 gpm 
 Remaining Balance     +1     gpm 
 
Restoration Only 

  Deep Disposal Well (DDW) Flow  +100  gpm 

 Restoration Flow to DDW   (-)90  gpm 

 Other      (-)1-2 gpm 

 Remaining Balance    +8      gpm 



Uranerz Energy Corporation  Nichols Ranch ISR Project 
 

Revised June 2010 MP-17 

For the restoration operation, reverse osmosis or other purification technologies will be used to 

treat the recovery solution from the spent production areas.  The groundwater restoration plan is 

discussed in detail in the Reclamation Plan.  The average annual net water consumption from the 

ore zone aquifer during restoration activities is anticipated to be approximately 50 gpm 

(80.6 acre-feet per year).  

 

Surge capacity is an important factor in maintaining balance within the main processing plant 

and the satellite plant.  The Nichols Ranch Unit main processing facility has four (4) large tanks 

with a capacity of over 17,000 gallons each.  At a fill rate of forty-two (42) gallons per minute 

(gpm), the surge capacity has approximately twenty-four (24) hours.  The Hank Ranch satellite 

facility has six (6) large tanks with a capacity of over 17,000 gallons each.  At a fill rate of 

seventy-seven (77) gallons per minute (gpm), the surge capacity has approximately twenty-two 

(22) hours.  

 

URZ has three possible solutions to manage surge capacity.  One option would be to rent large 

capacity bladder tanks with secondary confinement.  A second option would be to haul the 

solution over to the other site (Nichols to Hank or Hank to Nichols), and a third option would be 

to reduce production to minimize the waste tank fill rate, thus minimizing the volume  of 

solution needed to be sent down the deep disposal well.  

 

Uranerz plans to use a combination of up to two (2) Type I – Non Hazardous deep disposal 
wells.  As required, the deep disposal wells will be completed in approved formations.  A typical 
deep disposal well (DDW) is depicted in Figure 3-8 (see map pocket).  The DDWs will be 
permitted through the Wyoming Department of Environmental Quality - Water Quality Division.  
Uranerz will provide a summary of the Nichols Ranch Unit and Hank Unit DDW permits.  The 
summaries will be included in this Mine Plan as an addendum after the DDWs have been 
approved.  
 
The impact to water quantity and water quality within the permit area and on adjacent lands 

during mining and restoration is considered.  The groundwater restoration operations will not 

adversely affect groundwater used outside of the production zone.  During restoration activities,
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a bleed rate is still maintained to draw in outside water to the production area.  The only affect 
this would have on the groundwater outside of the production zone would be the same as during 
operations in that it could have potential drawdown effects of the aquifer outside of the 
production zone.  
 
Impacts to any wells that could be affected by consumptive use in the “A” Sand by Uranerz are 
addressed in surface use agreements between Uranerz and the surface owner of the land where 
the Nichols Ranch ISR Project is located.  Although the details of the surface use agreement are 
confidential, Uranerz has agreed to work with the landowners if a well is affected by the 
“A” Sand drawdown.  Potential actions could include installing pumps in artesian/flowing wells 
that stop flowing or drilling a new well for the landowner.  Nearby stock wells may be impacted 
by drawdown during restoration.  These impacts during restoration are no different than those 
impacts associated with operation of a wellfield.  
 
3.4  LIXIVIANT CONTROL 
 
In order to contain the lixiviant within the designated production area, a small portion of the 
barren solution is withdrawn from the ion exchange circuit.  The amount of bleed as previously 
discussed is estimated to be in the average range of 1% of the overall flow rate or equivalent to 
about 35 gpm for the Nichols Ranch Unit and 3% for the Hank Unit or about 75 gpm.  
 
The bleed rates were determined based on prior ISR operating history and modeling results.  For 
the Nichols Ranch Unit, the 1% bleed rate was selected and modeled since the production area 
occurs in a confined aquifer.  Industry history and the modeling showed that the 1% bleed rate 
was adequate in developing drawdowns at the monitoring ring and producing an adequate 
gradient reversal, thus controlling the lixiviant within the production area.  
 
The 3% bleed rate for the Hank Unit was selected and modeled because this rate would develop 
adequate drawdowns at the monitor ring wells since the Hank Unit is in an unconfined aquifer.  
The 3% bleed rate was also selected because this rate produced adequate gradient reversals 
between the wellfield and the monitor ring.  Using a value of 1% bleed, the typical bleed rate for 
a confined aquifer, did not produce an adequate gradient reversal at the Hank Unit and was not 
acceptable for lixiviant control. 
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To ensure the recovery and injection operations in the ore zone aquifer are not in hydraulic 
communication with the overlying and underlying stratigraphic horizons, vertical monitor wells 
will be completed in the lower portion of the first aquifer above the ore zone aquifer and in the 
upper portion of the first aquifer below the ore zone aquifer.  The wells will be placed upon 
knowledge of the nature of the extent of the confining layer, hydraulic gradient, and hydrologist 
input. 
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3.5  MINING SCHEDULE 

 

3.5.1  List of Proposed Production Areas 

 

To plan production, develop extraction schedules, establish baseline data, comply with 

monitoring requirements and complete restoration, the Nichols Ranch Unit will be divided into 

two production areas.  The Nichols Ranch Unit contains the central processing plant with two 

production areas, NR Production Area #1 and NR Production Area #2.  As the productivity or 

head grade of some patterns for the NR Production Area #1 decrease below the economic limit, 

replacement patterns for the NR Production Area #2 will be placed into operation in order to 

maintain the desired flow rate and head grade to the processing plant.  Eventually, all the patterns 

in NR Production Area #1 will reach their economic limit and all production flow in that area 

will cease. At that time, all production flow will be coming from NR Production Area #2, and 

restoration activities will commence at NR Production Area #1.  

 

The Hank Unit is a remote satellite facility with two production areas, Hank Production Area #1 

and Hank Production Area #2.  The Hank Production Areas will follow a similar developmental, 

production, and restoration schedule as outlined in the above section for the Nichols Ranch 

Production Areas.  

 

3.5.2  Maps with Proposed Sequence 

 

Figure 3-9 (see map pocket) shows the two Production Areas for Nichols Ranch.  A 

characteristic flow rate for each of the two Nichols Ranch Unit Production Areas will range 

from 1,000 - 3,500 gallons per minute (gpm).  The two Hank Production Areas are shown in 

Figure 3-10 (see map pocket).  A characteristic flow rate for each of the Hank Unit Production 

Areas will range from 1,000 - 2,500 (gpm).  
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3.5.3  Proposed Time Schedule for Each Production Area 

 

A Gantt chart showing Nichols Ranch and Hank Production Areas is presented in Figure 3-11 

(see map pocket).  The chart shows the proposed plan for production, groundwater restoration, 

and decommissioning of each production area.  However, the plan is subject to change because 

of extraction schedules, variations with production area recoveries, production plant issues, 

economic conditions, etc.  The exact annual extraction schedules will be updated in the 

Annual report to the WDEQ.  The exact production area size and location may change based on 

the final delineation results of the ore zone and the actual production performance of the 

particular production area.  

 

Construction for the two units is estimated at approximately one year, but could be completed in 

an accelerated construction schedule.  The Nichols Ranch Unit should have a 6 month ramp up 

to the full annual production, and after the Nichols Ranch Unit ramp up, the Hank Unit will start 

a 6 month ramp up phase to the full annual production.  It will take an estimated 3-4 years to 

extract the uranium from the Nichols Ranch Unit and an estimated 5-6 years to extract the 

uranium from the Hank Unit.  

 

3.5.4  Capacity of Water Treatment for Mining and Restoration 

 

The proposed plan incorporates adequate water balance calculations so that the deep disposal 

well can process the proposed production and restoration efforts at any given time.  After each 

production area is completed, aquifer restoration will begin as soon as practical.  If a completed 

production area is near a unit that is currently being mined, a portion of the first production 

area’s restoration may be delayed to limit interference with the current extraction production 

area.  

 

A water balance was completed for the production and restoration phases for the two units.  The 

capacity of the deep disposal well is approximately 100 gpm.  The water balance was discussed 

in section 3.3.7.  
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3.6  MECHANICAL INTEGRITY TESTING 
 
After an injection or recovery well has been completed, and before it is made operational, a 
Mechanical Integrity Test (MIT) of the well casing is conducted.  For the integrity test, the 
bottom of the casing adjacent to or below the confining layer above the production zone is sealed 
with a plug, down hole packer, or other suitable device.  The top of the casing is then sealed in a 
similar manner or with a sealed cap, and a pressure gauge is installed to monitor the pressure 
inside the casing.  The pressure in the sealed casing is then increased to 125% of the maximum 
operating wellhead casing pressure. A well is considered satisfactory if a pressure drop of less 
than 10 percent occurs over 60 minutes.  A second procedure that uses a 5 percent pressure drop 
over 30 minutes may also be used.  
 

If there are obvious leaks, or the pressure drops by more than 10% during the 60 minute period, 
or equivalent period, the seals and fittings will be reset and/or checked and another test is 
conducted.  If the pressure drops less than 10% the well casing is considered to have 
demonstrated acceptable mechanical integrity.  A standard Operating Procedure for Mechanical 
Integrity Testing is included in this permit as Addendum MP-D.  
 
The results of the MITs conducted during a quarter are documented on a quarterly basis to 
include the well designation, date of the test, method by which the MIT was completed, 
verification of whether the MIT was or was not established, test duration, beginning and ending 
pressures, and the signature of the individual responsible for conducting the test.  Results of the 
MITs are maintained on site and are available for inspection by NRC and WDEQ personnel.  In 
accordance with regulatory requirements the results of MITs are reported to the WDEQ on a 
quarterly basis for those wells that were tested.  In accordance with WDEQ and EPA 
requirements, MITs are repeated once every five (5) years for all wells used for injection of 
lixiviant, or injection of fluids for restoration operations.  
 

If a well casing does not meet the MIT criteria, the well will be placed out of service and 
the casing may be repaired and the well retested or abandoned.  If a Class III injection well 
fails an MIT, and is converted to a recovery well, Uranerz commits to continuously pumping the 
well until the well is repaired or properly abandoned, except for pump maintenance and 
temporary power outages.  If a repaired well passes the retest MIT, it will be employed in 
its intended service.  If an acceptable test cannot be obtained after repairs, the well 
will be plugged and abandoned.  The WDEQ-LQD Administration will be notified in 
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the quarterly report of wells that fail the MIT.  In the quarterly report the following is required: 
the identification of the failed well, a description of the method of plugging or repair, a status of 
the corrective actions on defective wells, the results of well plugging or repair, statements that 
the wells were plugged according to the approved permit and that the volume of material used 
for plugging equals the volume of material placed in the well.  
 

During wellfield operations, injection pressure at the injection well heads will not exceed 90% of 

the mechanical integrity test pressure.  Injection wells will not be used for injection purposes if 

they do not demonstrate mechanical integrity.  Additionally, a MIT will be conducted on any 

well to be used for injection purposes after any well repair where a down hole drill bit or under 

reaming tool is used. Any injection well with evidence of suspected subsurface damage will 

require a new MIT prior to the well being returned to service.  

 

3.7  MAINTENANCE OF WELLS 

 

3.7.1  Wells Covered to Protect Against Undesirable Material 

 

Uranerz Energy Corporation will maintain the Class III wells to protect against undesirable 

material access into the well.  The well openings will be closed with a cover to prevent the 

introduction of undesirable material into the well.  The injection wells have a pressure head and 

are sealed.  The recovery wells and monitor wells will have plates or splined heads to ensure 

debris will not get into the well.  The well heads may be in a boxed enclosure to prevent freezing 

and also to protect against undesirable material entering the well.  

 

3.7.2  Wells Marked 

 

The well casings will be approximately two feet above the ground surface and each well casing 

will be marked after the well has been completed.  The wells will also be marked.  The injection 

and recovery wells will likely have boxed enclosures.  The boxed enclosures will also have the 

same identifier number as the well casing.  
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3.7.3  Area Kept Clear 

 

The area around each well will be kept clear of brush and debris.  In order to provide access for 

repairs, maintenance, sampling or other work, the wells will be located a minimum of three feet 

from any buildings and a minimum of ten feet from any power lines.  

 

3.7.4  Monitoring Equipment Serviced and Maintained 

 

The equipment that will be used to monitor the wells will be installed, maintained and serviced 

so that Uranerz Energy Corporation can meet the LQD monitoring requirements.  Uranerz will 

comply with the requirements for proper use, maintenance, and installation of monitoring 

equipment, frequency of monitoring intervals, and methods used to generate monitoring data.  

 

3.8  REPAIR AND ABANDONMENT OF WELLS 

 

Uranerz will comply with the WDEQ-LQD reporting and repairing schedules for wells that are 

improperly sealed, completed, or abandoned to prevent fluid from entering unauthorized zones.  

When a well is improperly sealed, completed, finished with restoration or otherwise abandoned, 

Uranerz Energy Corporation will provide the well information including; a list and map of the 

abandoned wells giving location, depth, producing interval(s), type of use, condition of casing, 

plugging procedures, and date of completion.  Wells that are improperly sealed, damaged, or 

unserviceable will be properly abandoned within 60 days after abandonment is found necessary.  

When wells are no longer needed following groundwater restoration and stability has been 

determined by the regulatory agencies, surface reclamation and well abandonment will begin 

within 60 days.  Damaged wells that can be repaired from the surface will be excavated and 

repaired.  Wells with deeper damage that cannot be repaired will be abandoned.  

 

Wells will be abandoned using the following procedure: 

 

• All pumps and piping will be removed from the wells when practicable.  
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• All wells will be plugged from total depth to within five feet of the collar with a well 

abandonment plugging gel formulated for well abandonment and mixed in the 

recommended proportion of 10 to 20 lbs per barrel of water, to yield an abandonment 

fluid with 10 minute gel strength of at least 20lbs/100 sq feet and a filtrate volume not to 

exceed 13.5 cc.  

 

• The casing will be cut off at least two feet below the ground surface.  Abandonment fluid 

will be used to fill the void to the top of the cut-off casing.  

 

• A cement plug will be placed at the top of the abandonment well casing.  The area will 

have the subsoil and top soil backfilled, smoothed, leveled, and reseeded to blend with 

the natural terrain.  Reseeding will utilize the approved seed mixture.  

 

• See Figure 3-10A for abandonment diagram of under-reamed, screened, sandpacked, and 

open-hole completion type wells.  
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3.9  WELLFIELD DATA PACKAGE (PRODUCTION AREA PUMP TEST) 

 

Prior to the injection of chemicals (lixiviant) in a given production area, the following 

information will be submitted to the appropriate agencies in duplicate copies in a three ring 

binder.  See section 3.14.7.8.3 through 3.14.7.8.4 for more details.  

 

• Results of an aquifer test that shows the perimeter monitor wells are in communication 
with the production unit ore zone wells.  

 

• Potentiometric surface maps for the ore zones to be mined, the overlying aquifer(s), and 
the underlying aquifer(s) as developed from pre-extraction water levels.  
 

• Baseline water quality of the upper and lower aquifers and proposed monitor well upper 
control limits.  

 

• Baseline water quality of the perimeter monitor ring and the proposed upper control 
limits.  

 

• Map(s) depicting the location of the monitor wells and ore zone monitor wells and tables 
listing the construction details of each well.  

 

• Average production unit baseline water quality.  
 

• Proposed restoration target values.  
 

• A map showing the area to be impacted by extraction.  

 

3.10  URANIUM RECOVERY PROCESSING FACILITIES 

 

3.10.1  Process Description 

 

The proposed uranium in-situ recovery (ISR) process has been successfully tested at the 

Ruth R & D project and on commercial scale at other uranium ISR extraction properties in 

Wyoming including the nearby Christensen Ranch Mine.  This process, involving the dissolution 

of the water soluble uranium compound from the mineralized host rock at neutral pH ranges



Uranerz Energy Corporation  Nichols Ranch ISR Project 
 

March 2008 MP-24 

consists of two steps.  First, the uranium is oxidized from the tetravalent to the hexavalent state 

with an oxidant such as oxygen or hydrogen peroxide.  Second, a chemical compound such as a 

baking soda (NaHCO3) is used to complex the uranium in the solution if needed.  The uranium 

rich solution (typically 20 mg/l to 250 mg/l but may be higher or lower) is transferred from the 

production wells to the processing facility nearby for uranium concentration with ion exchange 

resin.  Figure 3-12 (see map pocket) shows a general flow process schematic.  

 

The proposed Nichols Ranch Unit central processing plant will have three major solution 

circuits: the recovery/ extraction circuit, the elution circuit, and a yellowcake slurry production 

circuit.  The system is designed to recycle and reuse most of the solutions inside each circuit.  A 

small bleed will be taken from each circuit to prevent buildup of undesirable ions.  This bleed 

solution will be routed to the deep disposal well.  

 

The recovery/extraction circuit includes the flow of lixiviant from the wellfield either to the sand 

filters or directly to the ion exchange columns and back to the wellfield.  The uranium, that is 

liberated underground, is extracted in the ion exchange system of the process plant.  The bleed 

from the circuit is permanently removed from the lixiviant flow to create a “cone of depression” 

in the wellfield’s static water level and ensure that the lixiviant is contained by the inward 

movement of groundwater within the designated recovery area.  The bleed is disposed of by 

means of injection into Class I – Non Hazardous approved deep disposal wells.  The volume of 

the concentrated bleed is approximately 0.5% to 1.5% of the circulating lixiviant flow for the 

Nichols Ranch Unit and 2.5% to 3.5% for the Hank Unit.  

 

The Nichols Ranch Unit elution circuit is designed to release the uranium from the loaded ion 

exchange resin by applying an aqueous solution of salt and sodium carbonate or sodium 

bicarbonate to the loaded ion exchange resin.  The uranium concentration in the eluate will be 

built up at a controlled concentration range of between 20 to 40 grams per liter.  This uranium 

rich eluate is ready for the de-carbonation process that occurs in the uranium precipitation 

circuit.  
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The yellowcake production circuit starts when the eluate is treated with acid to destroy the 

carbonate portion of the dissolved uranium complex.  In addition to adding the acid slowly, a 

common defoamer may be used to reduce the foaming activity.  The precipitation reagents, 

hydrogen peroxide and sodium hydroxide, or ammonia are added to the eluate to precipitate 

uranium yellowcake.  The yellowcake slurry is then filtered, washed, dried, and drummed.  

 

A bleed from the elution and the yellowcake precipitation circuits is used to control the 

concentration of undesirable ions such as sulfates.  The chemical strength is refortified during 

each cycle.  

 

The Nichols Ranch Unit and Hank Unit wellfields will have header houses that contain 

manifolds with valves, piping, and instrumentation for injection and recovery wells.  Each header 

house will contain approximately 30-60 well accommodations.  The design of a typical header 

house is shown in Figure 3-12A Header House Details (see map pocket), and the details of the 

piping and instrumentation for the header house is shown in Figure 3-12B Header House Piping 

and Instrumentation (see map pocket).  

 

The header house will be a metal building that will be set on top of the concrete foundations.  

The concrete foundations will have grating which will allow access to the sub floor containing 

some valves and hose runs.  The maximum dimensions for the header houses will be 40 feet by 

20 feet with a six inch concrete floor.  The floor will slope to a sump with an automatic level 

control pump.  The sump will pipe to the recovery line and will include check valves.  Individual 

well flow readings will be recorded on a shift basis, and over all wellfield flowrates will be 

balanced at least once per day.  Alternately, flow and totallizer data will be transferred to the 

main plant and checked automatically.  

 

3.10.2  Nichols Ranch Unit 

 

At the Nichols Ranch Unit processing facility, most of the process equipment will be housed in 

an approximate 150 x 250 ft metal building with eave heights less than 50 ft.  The major process 

equipment is shown in Figure 3-13 (see map pocket) with some of the bulk chemical storage 

tanks will be located outside of the process building on cement pads with protective berms.  A
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detailed diagram of the Nichols Ranch Unit is shown in Figure 3-13A (see map pocket).  The 

major equipment inside the process building will be the ion exchange circuit, the lixiviant make-

up circuit, the elution/ precipitation circuit, and the yellowcake drying facility.  During 

restoration, the water treatment system for aquifer restoration will also be located in the process 

building.  

 

The yellowcake drying and drumming facilities will be located at one end of the process 

building.  Due to the height of the dust abatement equipment, the building’s eave height is 

approximately 40 ft at this end.  A yellowcake storage area will be located adjacent to 

the yellowcake drying and packaging area.  This will be an enclosed, heated area approximately 

60 x 60 ft.  By storing the drummed yellowcake within an enclosed area, employee safety will be 

improved (no snow or ice to work around) and the packaged product will be secured under 

locked conditions.  The floors on the processing, drying, and yellow cake drumming facilities 

will be eight inch concrete reinforced with rebar.  Areas with higher stress because of tank 

weights, etc., will be designed to handle the additional stress.  These plant areas will have sloped 

flooring with sumps, and the sumps will be pumped to the waste tanks.  Routine cleaning and 

plant generated spills will also drain to the sumps.  The waste storage tank contents will be 

pumped down the deep disposal well.  The final floor and building designs will be shown in the 

final design for construction diagrams.  

 

An office building, now planned to be approximately 150 x 60 ft, will be located adjacent to the 

process building.  The office will have standard eight foot ceilings plus eaves and four inch 

concrete floors.  The office will be very near to the process building to allow use of a centralized 

lunchroom and restroom facilities.  A central security monitoring room, computer server room 

and the on-site laboratory will be located in the office building.  

 

A second auxiliary building (maintenance building) will house the vehicle, electrical and rotating 

equipment maintenance area, as well as provide an area for additional office spaces for field and 

operating personnel.  The first aid area may be located in the maintenance building.  This 

auxillary building will have fifteen to twenty foot ceilings plus eaves and six inch concrete 

floors.  
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3.10.3  Hank Unit 
 
The Hank Unit Satellite facility will consist of an ion exchange circuit and lixiviant make-up 
circuit, bleed treatment and disposal well.  Most of the process equipment will be housed in an 
approximate 80 x 160 ft metal building with eave heights less than 40 ft.  The floors in the 
satellite facilities will be eight inch concrete reinforced with rebar.  Areas with higher stress 
because of tank weights, etc., will be designed to handle the additional stress.  These plant areas will 
have sloped flooring with sumps, and the sumps will be pumped to the waste tanks.  Routine 
cleaning and plant generated spills will also drain to the sumps.  The waste storage tank contents 
will be pumped down the deep disposal well.  The final floor and building deigns will be shown in the 
final design for construction diagrams.  The process equipment layout is shown in Figure 3-14 (see 
map pocket) and a detailed plant layout is shown in Figure 3-14A (see map pocket).  Some of the bulk 
chemical storage tanks will be located outside of the process building on cement pads with protective 
berms.  Carbon dioxide and possibly sodium bicarbonate if needed is added to the lixiviant as the fluid 
exits the Hank Unit satellite facility and returns to the header houses where oxygen could be added 
prior to injection into the wellfield.  
 
An auxiliary building (maintenance building) will house the vehicle, electrical and rotating equipment 
matenance area, as well as provide an area for additional office spaces for field and operating personnel.  
This auxiliary building will have fifteen to twentuy foot ceilings plus eaves and six inch concrete floors.  
 
3.10.4  Storage and Handling of Chemicals 
 

Uranerz plans to use chemicals to extract uranium, process waste water, and restore groundwater.  
The Nichols Ranch Unit and the Hank Unit will store chemicals that are both hazardous and 
nonhazardous.  The different types of chemicals will be stored in separate locations.  Any bulk 
hazardous materials that could impact the radiological safety of the facility will be isolated and stored 
in accordance with regulatory agency requirements.  Chemicals that are considered nonhazardous and 
will not affect radiological safety can be stored inside the main buildings.  A list of possible 
chemicals to be used at the facilities include:  hydrochloric acid, hydrogen peroxide, sodium 
chloride, sodium hydroxide, sodium hypochlorite, ammonia, oxygen, carbon dioxide, sodium 
carbonate, and sodium bicarbonate.  Material Safety Data Sheets (MSDS) for each of the 
chemicals will be reviewed for facility safety and for radiological effects.  The sheets will be 
located at the Nichols Ranch Unit and the Hank Unit.  
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3.10.4.1  Process Related Chemicals 

 

Chemicals that are considered hazardous and have the potential to effect radiological safety are 

ammonia (pH adjustment), hydrogen peroxide (uranium precipitation and oxidant in lixiviant), 

and hydrochloric acid (pH adjustment).  These chemicals will be located outside of the main 

processing building.  They will be separated from inside the process area until their addition 

point.  The outside storage location will have a concrete curbed secondary containment basin for 

the tanks.  

 

Oxygen (oxidant in lixiviant), sodium hydroxide (pH adjustment), sodium hypochlorite, carbon 
dioxide (carbonate complexing), sodium carbonate/bicarbonate (carbonate complexing and resin 
regeneration), and sodium chloride (resin regeneration) are the other bulk chemicals used for 
processing the uranium.  The carbon dioxide is typically stored outside and is added to the 
lixiviant before the flow leaves the ion exchange facilities.  Oxygen can also be stored centrally 
so that it can be added to the injection stream in each header house, or if necessary the oxygen 
can be added down hole with individual spargers.  The sodium hydroxide, sodium 
carbonate/bicarbonate, and sodium chloride will be stored near the point of addition.  
 

Chemicals that could be located at the Nichols Ranch Unit include:  hydrochloric acid, hydrogen 
peroxide, sodium chloride, sodium hydroxide, sodium hypochlorite, ammonia, oxygen, carbon 
dioxide, sodium carbonate, and sodium bicarbonate.  Chemicals that could be located at the 
Hank Unit include oxygen, carbon dioxide, and sodium bicarbonate.  During operations and 
especially during groundwater restoration activities, hydrochloric acid may be located at the 
Hank Unit.  The hydrochloric acid storage tank will be located within a concrete curbed 
secondary containment basin.  Sodium carbonate and/or sodium bicarbonate could be located at 
the Hank Unit for leaching.  
 

Standards for transporting, handling, storing, and managing hazardous chemicals have been 
developed by regulatory agencies.  In reviewing the on-site chemicals, anhydrous ammonia is 
likely to be the most hazardous chemical with the greatest impact to chemical safety.  Uranerz 
may use sodium hydroxide or ammonia.  If ammonia is used, the ammonia system at the Nichols 
Ranch Unit will be reviewed and follow accepted Environmental Protection Agency (EPA) 
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regulations for on-site quantities.  To prevent unintentional releases of hazardous chemicals and 
limit potential impacts to the public and environment, the Risk Management Program (RMP) 
regulations require facilities to comply with certain actions.  The actions include accidental 
release modeling, documentation of safety information, hazard reviews, operating procedures, 
safety training, and emergency response preparedness.  Uranerz will comply with the RMP 
regulations if on-site quantities of anhydrous ammonia require such actions.  
 

3.10.4.2  Nonprocess Related Chemicals 

 

Chemicals that are nonprocess related materials are stored at the Nichols Ranch Unit and the 

Hank Unit.  The materials include gasoline, diesel and propane.  Since these materials are 

considered flammable and/or combustible, the bulk quantities are stored outside of the main 

buildings.  The storage tanks are located above ground and within secondary containment basins 

in compliance with local code.  

 

3.10.5  Plant Equipment, Instrumentation and Control 

 

The plant equipment at the proposed facilities will consist of standard design, construction, and 

materials for uranium in situ recovery.  Uranerz plans to install automated devices within the 

plant circuits to assist the operators with their coverage and reduce the number of operators 

required for successful coverage.  Most of the automated devices will be pre-programmed to 

control operating parameters along with recording process information.  The automated systems 

will include alarms and shutoffs to prevent overflow and overpressure situations and provide 

centralized monitoring of the process variables.  

 

The central processing plant, satellite plant, production circuits, wellfields, header houses, lines 

to and from the wellfield to the plant, and the deep disposal well will have instrumentation.  The 

control system will have continuous monitoring, and alarms that are set when operating 

parameters are outside of the specified operating ranges.  The alarms signal the operators to 

proceed with corrective actions until the parameter is back within specific ranges.  Extreme tank 

levels or pressures will activate automatic shutdown of equipment for that area.  The header
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houses, pipelines, and deep disposal wells are the sources of greatest risk for large spills and will 

have high and low pressure, and flow alarms for automatic shutdown of related equipment.  

 

The total plant flow, total waste flow leaving the plant, and tank levels will be monitored.  There 

will also be a low vacuum alarm for the dyer that will indicate either corrective action or 

automatic shut down.  Manufacture’s recommendations for the operating and maintenance of the 

dryer will be followed and recorded according to 10 CFR Part 40, Appendix A, Criterion 8.  The 

critical systems will be equipped with back up systems that are automatically activated in a 

power failure or operating failure.  The wellfield flows and pressures may be continually 

recorded, but at a minimum once a day recordings.  The pressures will be kept under casing and 

formation rupture pressures.  

 

The Uranerz Standard Operating Procedures (SOP) will address alarm responses, automatic 

shutdowns, and start up after automatic shutdowns.  The SOP at both the Nichols Ranch Unit and 

Hank Unit facilities are designed to minimize the risks of uncontrolled releases of leaching 

fluids, chemicals, and plant fluids, and provide the maximum safety and protection to the 

environment and personnel.  

 

3.11  ACCESS ROADS 

 

There are four types of roads that will be used for access to the Nichol Ranch ISR Project Area.  

They include Primary Access Roads, Secondary Access Roads, Temporary Wellfield Access 

Roads, and Well Access Roads.  Access to the Nichols Ranch ISR Project is via Wyoming State 

Highway 50 to Van Buggenum Road to T-Chair Livestock Ranch roads.  Figure 3-15 (see map 

pocket) shows the major access roads to the Nichols Ranch Unit and Figure 3-16 (see map 

pocket) shows the major access roads to the Hank Unit.  Figure 3-17 (see map pocket) depicts 

the access roads to the ISR project area from Highway US 50, and shows the road that will be 

used to truck the resin from the Hank Unit to the Nichols Ranch Unit and back.  There is also a 

new alternative route from Highway 387 through the T-Chair Livestock Roads which gives 

access to the southern end of the Nichols Ranch Unit.  The road was constructed for coal bed 

methane activities.  This new road is shown on Figure 3-17. 
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Primary access roads will be used for routine access to the main processing facility at the Nichols 

Ranch Unit; the satellite facility at the Hank Unit and the transfer road between the Nichols 

Ranch main processing facility and the Hank Unit satellite facility.  The major portions of the 

roads are existing roads, and in some cases have recently been improved because of coal bed 

methane activity in the same areas.  Uranerz will need to add less than 1,000 ft from the T-Chair 

Livestock Ranch road into the Nichols Ranch central processing plant and less than 750 ft of 

primary access road from the T-Chair Livestock Ranch road into the Hank Unit facility.  The 

proposed road additions are shown on maps listed above.  These additions or any upgrades to 

existing roads will comply with the documented landowner’s desires and with applicable 

portions of Land Quality Rules and Regulations.  

 

Road construction will consist of removing the top layer of good topsoil and temporarily 

windrowing to each side.  Then the barrow ditch is cut with subsoil from the ditch going onto the 

roadbed to elevate it.  The topsoil is then placed in the drainage ditch on each side of the road 

and reseeded.  For road reclamation the good topsoil in the ditch will be winrowed to the outside 

of the backslope, then the gravel from the roadbed will be removed, the roadbed will be ripped, 

the subsoil will be placed back in the ditch, the road surface and ditch area will be ripped again, 

and the good topsoil will be placed on top of the subsoil, and reseeded.  A letter from the 

landowner with road specifications is shown in Addendum MP-A.  

 

The secondary access roads will be used at the Nichols Ranch Unit and at the Hank Unit to 

provide access to the wellfields and header houses.  The secondary access roads will be 

constructed with limited cut and fill construction and may be surfaced with small sized aggregate 

or other appropriate material.  The temporary wellfield access roads are for access to drilling 

sites, wellfield development, or ancillary areas assisting in wellfield development.  Uranerz will 

use when possible existing two track trails or designate two track trails where the land surface is 

not typically modified to accommodate the road.  The wellfield access roads will be used at both 

the Nichols Ranch Unit and at the Hank Unit.  The roads will be used to access recovery, 

injection and monitor wells within the wellfield pattern area.  The roads will be used for limited 

travel and consist of designated two track trails where the land surface is not modified to 

accommodate the road.  
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The wellfield roads will be designed and constructed in such a manner so as to minimize the 

amount of land disturbances and keep reclamation costs as low as practicable.  Additionally, the 

road design is intended to provide access year around to the wellfields in both dry and wet 

seasons.  Uranerz will utilize a combination of water bars, ditch cutouts and riprap to prevent 

excessive erosion on those portions of the road with a steep grade.  

 

If drainage control structures are required, as road construction progresses, culverts will be 

installed at prominent drainage ways.  Uranerz will commit to commit to submitting culvert 

designs to the LQD and surface owner for approval prior to installation of any culvert.  The 

culvert designs will follow LQD Guideline 8 criteria.  

 

As previously discussed, the details of the locations of the monitor wells will be developed in the 

wellfield data packages.  Because of the gradient and slope of North Middle Butte, the spacing 

and location of the monitor wells for the Hank Unit will be adjusted considering topography and 

geohydrology.  If monitor wells need to be located on the slopes of North Middle Butte there are 

some options for accessing the wells.  One option would be to build an all weather access road.  

A second option would be to have an ATV with a mounted portable generator to sample any 

monitor wells that are located on steep terrain.  No matter the locations of the wells, Uranerz 

commits to timely performing required sampling of all monitor wells.  
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3.12  CONSTRUCTION CONSIDERATIONS AND TOPSOIL HANDLING 
 
Topsoil will be salvaged from any building sites, processing facilities, header houses, permanent 
storage areas, short term storage areas, construction camps, construction staging areas, drilling 
staging areas, main access roads, secondary access roads, and chemical storage areas prior to 
construction in accordance with Wyoming Department of Environmental Quality-Land Quality 
Division (WDEQ-LQD) Guideline No.4, Attachment 3 requirements.  To accomplish this, 
typical earth moving equipment such as rubber tired scrapers and frontend loaders will be 
utilized.  Uranerz Energy Corporation commits to salvage to six inches of topsoil and an 
appropriate depth of subsoil, depending on actual construction practices involved.  This provides 
for an adequate salvage of resources.  
 
Wellfield access roads topsoil removal will be in accordance with the landowner’s road 
construction practices.  These practices are outlined in the letter attached in Addendum MP-A.  
All together, an estimated 100 acres of topsoil will be salvaged, stockpiled, and reapplied during 
the life of the Nichols Ranch ISR Project.  
 
Topsoil that is salvaged during construction activities will be stored in designated topsoil 
stockpiles.  These stockpiles will be located so as to minimize topsoil losses from wind erosion.  
Topsoil stockpiles will also not be located in any drainage channels or other locations that could 
lead to a loss of material.  Berms will be constructed around the base of the stockpiles along with 
the seeding of the stockpiles with a mixture of Western Wheatgrass, Slender Wheatgrass, and 
Thickspike Wheatgrass at a seeding rate of 14 pounds pure live seed per acre per wheatgrass 
species to reduce the risk of sediment runoff.  Additionally, all topsoil stockpiles will be 
identified with highly visible signs labeled “Topsoil” in accordance with WDEQ-LQD 
requirements.  
 
During excavations of mud pits associated with well construction, exploration drilling, and 
delineation drilling activities, topsoil is separated from the subsoil with a backhoe.  The topsoil is 

first removed and then placed at a separate location.  The subsoil is then removed and deposited 

next to the mud pit.  When the use of the mud pit is complete (usually within 30 days of initial 
excavation), the subsoil is then redeposited in the mud pit followed by the replacing of the 

topsoil.  Pipeline ditch construction will follow a similar path with the topsoil stored separately 
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from the subsoil with the topsoil deposited on the subsoil after the pipeline ditch has been 

backfilled.  These methods of topsoil salvaging have proven to be adequate as demonstrated by 

the successful revegetation and reclamation at prior and existing ISR operations.  
 

3.13  EFFLUENT CONTROL SYSTEMS 
 

This section describes the effluent control systems that will be used for the Nichols Ranch ISR 

Project.  The potential effluents include radon, radioactive particulates in air, and radionuclides 
in liquid streams.  A copy of this exact section is also located as Section 3.20, Effluent Control 

Systems.   
 

3.13.1  Gaseous and Airborne Particulates 
 

The major airborne radioactive effluents include radon gas and radioactive particulates.  To the 

extent practical, the facility ventilation systems for control of these effluents will be designed to 

accomplish the following: 
 

• Provide for general area and local ventilation where concentrations of natural uranium 
and daughters, and radon or daughters may be present in excess of 25% of the values 
given in Table 1 of Appendix B to 10 CFR 20.  

 
• Exhausted air will not enter air intakes that service other enclosed facility areas.  

 

3.13.1.1  Radon 

 

The principal gaseous radiological effluent is radon released from the circulating leach solution 

and/or in the elution and precipitation circuit.  The buildup of radon in buildings will be 

controlled by general area and local ventilation systems.  

 

3.13.1.1.1  General Area Ventilation 

 

General ventilation of work areas in process buildings may be maintained by a forced air 

ventilation system.  The general area ventilation system will be designed to force air to circulate 

through the process areas.  The ventilation system will draw fresh air into the building and 
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exhaust outside the building.  The forced air system will be used when the buildings are normally 

closed due to weather or other factors.  During favorable weather conditions, open doorways and 

convection vents will assist in providing satisfactory work area ventilation.  

 

3.13.1.1.2  Local Ventilation 

 

A system independent of the general area ventilation will provide local ventilation for process 

vessels where significant concentration of radon could reasonably be expected to be released.  

The system will consist of ducting or piping near the expected point of release for the respective 

process vessel.  Fans will collect gases through the ducting or piping and exhaust outdoors.  The 

design will include considerations of redundancy or compensation.  Airflow through openings in 

the vessels will be from the process area into the vessel and into the ventilation system, thus 

controlling any releases that occur inside the vessel.  Separate and independent local ventilation 

systems may be used temporarily as needed for functional areas or non-routine activities.  

 

3.13.1.2  Particulate 

 

The principal particulate radiological effluent is uranium and daughters released from the drying 

and packaging of yellowcake.  An independent ventilation and filtration system is installed as a 

part of this operation.  

A description of the effluent controls of vacuum drying and packaging system are summarized 

as: 

• The drying chamber operates at negative pressure.  
• A bag house is situated above the drying chamber.  It provides for filtration of air and 

vapor from the drying chamber.  The dry solids on the filter surfaces are discharged back 
to the drying chamber.  The bag house is maintained under negative pressure by the 
vacuum system.  

• A condenser is located downstream of the bag house.  Dust passing through the bag 
filters is wetted and entrained in the condensing moisture within this unit.  The gases are 
moved through the condenser by the vacuum system.  

• The vacuum system is a water sealed unit.  It provides a negative pressure on the entire 
system during drying and packaging.  The water seal captures entrained particulate 
remaining in the gas stream.  

• Ventilation is provided by the vacuum system when yellowcake is transferred from the 
drying chamber for packaging.  
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• The low intermittent air flow exiting the vacuum system precludes sampling of this 
effluent.  

• The system is instrumented to shut itself down for malfunction or failure of the vacuum 
system.  The system will alarm if there is an indication that the emission controls are not 
performing within specifications.  Operating procedures will provide for return of the 
system to service upon correction of the malfunction or failure.  

 

Instrumentation provides an audible and/or visual alarm if the vacuum level is outside 

specifications; the operation of this system is monitored during drying and packaging 

operations.  In the event the instrumentation system fails, the operator will document 

checks of the vacuum every four hours.  Additionally, during routine operations, the air 

pressure differential gauges for other emission control equipment is observed and 

documented at least once per shift during dryer operations.  

 

The vacuum system is proven technology which is being used successfully at several uranium 

recovery facilities where uranium oxide is being produced.  

 

3.13.2  Liquids and Solids 

 

This section provides description of disposal methods for the major liquid effluents and solid 

wastes at the Uranerz sites.  

 

3.13.2.1  Liquid Effluents 

 

Liquid effluents are expected to be generated from well development water, pumping test water, 

process bleed, process solutions, wash-down water, and restoration water.  The water generated 

during well development and pumping tests is expected to satisfy WDEQ-WDQ Class III 

(Livestock) standards at a minimum and has minimal potential radiological impact on soils or 

surface water.  No alternate handling or disposal method is required allowing water to be 

pumped onto the ground.  
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The process bleed and wash down water will be transferred to a deep disposal well.  This deep 

disposal well will be equivalent in design and depth to existing deep disposal wells at similar ISR 

uranium recovery sites.  This deep disposal well will be permitted through the WDEQ and 

operated according to permit requirements.  

 

The restoration water will be treated by reverse osmosis or other purification technology.  The 

treated restoration water will be re-injected into the production area undergoing restoration with 

the restoration water bleed transferred to the deep disposal well.  

 

3.13.2.2  Solid Wastes 

 

Solid wastes will normally consist of spent resin, empty packaging, miscellaneous pipes and 

fittings, tank sediments, and domestic trash.  These materials will be classified as contaminated 

or noncontaminated based on their radiological characteristics.  

 

3.13.2.2.1  Noncontaminated Solid Waste 

 

Noncontaminated solid waste is waste which is not contaminated with radioactive material or 

which can be decontaminated and re-classified as noncontaminated waste.  This type of waste 

may include trash, piping, valves, instrumentation, equipment and any other items which are not 

contaminated or which may be successfully decontaminated.  Noncontaminated solid waste will 

be collected on the site in designated areas and disposed of in the nearest permitted sanitary 

landfill.  

 

It is estimated that the site will produce approximately 700 to 1,000 cubic yards of 

noncontaminated solid waste per year.  This estimate is based on the waste generation rates of 

similar in-situ uranium recovery facilities.  
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3.13.2.2.2  Contaminated Solid Waste 

 

Contaminated solid waste consists of solid waste contaminated with radioactive material that 

cannot be decontaminated.  This waste will be classified as 11.e (2) byproduct material.  This 

byproduct material will consist of filters, personal protective equipment, spent resin, piping, etc.  

These materials will be temporarily stored on site and periodically transported for disposal.  

Uranerz will establish an agreement for disposal of this waste as 11.e (2) byproduct material in a 

licensed waste disposal site or licensed mill tailings facility.  

 

It is estimated that the site will produce approximately 60 to 90 cubic yards of 11.e (2) byproduct 

material as waste per year.  This estimate is based on the waste generation rates of similar ISR 

uranium recovery facilities.  

 

3.13.3  Contaminated Equipment 

 

Surface contamination surveys will be conducted of potentially contaminated equipment and 

materials before they are released to unrestricted areas.  The applicable surface contamination 

limits are provided by USNRC, Guidelines for Decontamination of Facilities and Equipment 

Prior to Release for Unrestricted Use or Termination of Licenses for Byproduct, Source, or 

Special Nuclear Material, Division of Fuel Cycle and Material Safety, April 1993.  A 

comprehensive radiation survey will be made in conformance with these guidelines which 

establishes that contamination is within the limits specified within the referenced guidelines and 

is as low as is reasonably achievable before release of the equipment or material for unrestricted 

use.  

 

 If contamination above these limits is detected, the equipment or material will be 

decontaminated until the limits are satisfied, or the item will not be released to unrestricted use.  

 

Radioactivity on surfaces will not be covered by paint, plating, or other covering unless 

contamination levels, as determined by a survey and documented, are below the aforementioned 



Uranerz Energy Corporation  Nichols Ranch ISR Project 
 

November 2007 MP-37 

limits before application of the covering.  A reasonable effort will be made to minimize the 

contamination before use of any covering.  

 

The radioactivity of the interior surfaces of pipes, drain lines, or duct work will be determined by 

making measurements at all traps and other appropriate access points, provided that 

contamination at these locations is likely to be representative of contamination on the interior of 

the pipes, drain lines, or duct work.  

 

3.13.4  System Failures 

 

In the event that a spill occurs in the wellfield or process plants, measures will be taken to safely 

and quickly contain the spill and mitigate the impacts of any released material.  Proper 

notification of plant and corporate management will be made along with properly contacting the 

NRC and State.  

 

Spills are likely to occur from leaking pipelines and fittings.  If a pipeline leak or spill occurs in 

the plants, the spill or leak will be contained within the building with all spilled material 

collected in the plant sump.  This material will either be pumped back into the process or sent to 

the deep disposal well.  

 

Wellfield spills will be contained as soon as possible.  The area of the spill will be surveyed to 

identify any contaminated areas and then cleaned up and removed for disposal according to NRC 

and State regulations.  

 

If any process vessels or tanks that contain or have contained radioactive materials have to be 

entered for any reason such as cleaning, inspection, or repairs, a radiation work permit (RWP) 

will be issued detailing the requirements for special air sampling, protective equipment, and 

increased exposure surveillance.  

 
To notify operating personnel of potential issues with process and wellfield operations, 
instrumentation such as flow meters and pressure indicators will be used.  If any process 
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condition falls out of the normal operating range, audible and visual alarms will sound notifying 
employees of potential plant problems.  The alarm notification will aid in reducing the severity 
of any potential spills that might occur.  
 

3.14  OPERATIONS 

 

Operations at the Nichols Ranch ISR Project site and facilities are conducted in conformance 

with applicable laws, regulations and requirements of the various Federal and State regulatory 

agencies.  The organization and management controls described below are established to ensure 

compliance and further implement the company’s policy for providing a safe working 

environment including the philosophy of maintaining radiation exposures as low as is reasonably 

achievable (ALARA).  

 

3.14.1  Corporate Organization and Administration Procedures 

 

The management structure and responsibilities of the Uranerz Energy Corporation (Uranerz) 

organization are described in the following section.  The organization function is to provide for 

development, review, approval, implementation, and adherence to operating procedures, 

radiation safety programs, environmental and groundwater monitoring programs, quality 

assurance programs, routine and non-routine maintenance activities, and changes to any of these 

programs or activities.  

 

3.14.1.1  Management 

 

The Uranerz organization management structure is shown in Figure 3-18 (see map pocket).  The 

structure is applicable to site construction and site management.  The structure is applicable to 

the central processing facility and the satellite facility.  The responsibilities and authorities are 

described below for these management positions.  

 

A Safety and Environmental Review Panel (SERP) will be established, in whole or part, from 

these management positions.  The SERP is described in Section 3.14.2.2.  
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President 

The President has the overall responsibility and authority for the radiation safety and 

environmental compliance programs.  The President is responsible for ensuring that operations 

are compliant with applicable regulations and permit/license conditions.  The President is also 

responsible for maintenance of the license.  The President provides for direct supervision of the 

Executive Vice President in this capacity.  

 

Executive Vice President 

The Executive Vice President reports to the President and is directly responsible for ensuring that 

operations personnel comply with radiation safety and environmental protection programs.  The 

Executive Vice President is also responsible for compliance with all federal and state regulations, 

license conditions, and reporting requirements.  The Executive Vice President has the 

responsibility and authority to terminate immediately any activity that is determined to be a 

threat to employee or public health, the environment, or potentially a violation of state or federal 

regulations.  The Executive Vice President directly supervises the functional area managers.  

 

Production Manager 

The Production Manager reports directly to the Executive Vice President.  The Production 

Manager is responsible for all production activity at the site.  In addition to production activities, 

the Production Manager is also responsible for implementation of industrial and radiation safety, 

and environmental protection programs associated with operations.  All site operations, 

maintenance, construction, environmental health and safety, and support groups report to the 

Production Manager.  The Production Manager is authorized to implement any immediate action 

to correct or prevent hazards.  The Production Manager has the responsibility and the authority to 

suspend, postpone, or modify, immediately if necessary, any activity that is determined to be a 

threat to employee or public health, the environment, or potentially a violation of state or federal 

regulations.  The Production Manager cannot unilaterally override a decision for suspension, 

postponement, or modification if that decision is made by senior management, the Manager 

Environment, Safety, and Health, or the Radiation Safety Officer.  The Production Manager 

directly supervises the Mine Superintendent.  
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Mine Superintendent 

The Mine Superintendent reports directly to the Production Manager.  The Mine Superintendent 

is responsible for day-to-day operation and management of activities at the site.  The Mine 

Superintendent is also responsible for line implementation of industrial and radiation safety, and 

environmental protection programs associated with operations.  The Mine Superintendent 

oversees the operations, maintenance, construction, and support staffs.  

 

ES&H Manager 

The Manager Environment, Safety, and Health reports directly to the Executive Vice President.  

The Manager ESH is responsible for all radiation protection, health and safety, and 

environmental programs, and for ensuring compliance with all applicable regulatory 

requirements.  The Manager ESH also has the responsibility to advise senior management on 

matters involving radiation safety and to implement changes and/or corrective actions involving 

radiation safety authorized by senior management.  The Manager ESH is tasked to ensure that 

the radiation safety and environmental monitoring and protection programs are conducted in a 

manner consistent with regulatory requirements.  This position assists in the development and 

review of radiological and environmental sampling and analysis procedures and is responsible 

for routine auditing of the programs.  The Manager ESH has no production-related 

responsibilities.  The Manager Environment, Safety, and Health supervises the Radiation Safety 

Officer.  

 

Radiation Safety Officer 

The Radiation Safety Officer (RSO) reports directly to the Manager Environment, Safety, and 

Health.  The RSO is responsible for conducting the radiation safety program and for providing 

assistance in ensuring compliance with NRC regulations and license conditions applicable to 

worker health protection.  The RSO is responsible for overseeing the day-to-day operation of the 

radiation safety program and for ensuring that records required by NRC are maintained.  The 

RSO has the responsibility and the authority to suspend, postpone, or modify, immediately if 

necessary, any activity that is determined to be a threat to employee or public health, the 

environment, or potentially a violation of state or federal regulations, including the ALARA 
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program.  The RSO has no production-related responsibilities.  The RSO supervises the 

Radiation Safety Technician(s).  

 

Environmental and Radiation Safety Technicians 

The Environmental and Radiation Safety technicians report directly to the Manager ESH and the 

RSO, respectively.  The Environmental and Radiation Safety technicians assist the Manager ESH 

and the RSO with the implementation of the environmental monitoring and radiation safety 

programs.  The Environmental and Radiation Safety technicians are responsible for the orderly 

collection and recording of all data from environmental and radiological safety programs.  The 

Environmental and Radiation Safety technicians have no production-related responsibilities.  

 

3.14.1.2  ALARA 

 

The radiation safety and environmental programs at the Nichols Ranch ISR Project site will be 

implemented in the context of keeping personnel and environmental exposure to radiation and 

radioactive material as low as is reasonably achievable (ALARA).  

 

3.14.1.2.1  Philosophy 

 

The considered purpose of the radiation safety and environmental protection programs at the 

Nichols Ranch ISR Project site are to maintain exposure to radiation and radioactive materials 

ALARA for all employees, contractors, visitors, and the environment.  The implementation and 

effectiveness of a successful ALARA program is the responsibility of everyone involved in 

conducting operations at the site.  

 

3.14.1.2.2  Responsibilities 

 

Responsibilities for implementation of the ALARA philosophy are shared by management, the 

RSO, and all workers at the Nichols Ranch ISR Project site.  
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Management 

Management is responsible for developing, implementing, and enforcing the policies and 

procedures necessary for effective radiation safety, environmental protection, and ALARA 

programs to ensure the health and safety of workers and visitors, and protection of the 

environment.  

 

Management will provide the following: 

1. A strong commitment to and continuing support for the development and implementation 
of the radiation safety, environmental protection, and ALARA programs; 

2. Information and policy statements to employees, contractors, and visitors. 
3. Periodic management review of operational and procedural efforts to maintain ALARA; 
4. Continuing management evaluation of the radiation safety and environmental protection 

programs including staffing, and allocations of space and funding; and  
5. Appropriate briefings and training in radiation safety, environmental protection, and 

ALARA concepts for all employees, and, when appropriate, for contractors and visitors.  
 

Manager ESH and RSO 

The Manager ESH and the RSO have primary responsibility for the technical adequacy and 

correctness of an ALARA application for the environmental protection and radiation safety 

programs.  Each has continuing responsibility for surveillance and supervisory action in the 

enforcement of the ALARA program.  

 

The Manager ESH and the RSO will be assigned the following: 

1. Major responsibility for the development and administration of the environmental 
protection, radiation safety, and ALARA programs; 

2. Sufficient authority to enforce regulations and administrative policies that affect any 
aspect of the environmental protection and radiation safety; 

3. Responsibility to review and approve plans for new equipment, process changes, or 
changes in operating procedures to ensure that the plans do not adversely affect the 
environmental protection and radiation safety programs; and  

4. Adequate equipment and facilities to monitor relative attainment of the ALARA 
objective.  
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Workers 

Environmental protection, radiation safety, and ALARA programs are only as effective as the 

workers’ adherence to the program.  All workers at the Nichols Ranch ISR Project site will be 

responsible for the following: 

1. Adhering to all policies, operating procedures, and instruction for environmental 
protection and radiation safety as established by management; 

2. Reporting promptly to management equipment malfunctions or violations of standard 
practices or procedures that could result in increased radiological hazard; 

3. Suggesting improvements for the environmental protection, radiation safety, and ALARA 
programs.  

 

3.14.2  Management Control Program 

 

Activities will be conducted in a manner to protect the health and safety of employees, the 

public, and the environment.  Management controls are provided to implement this policy.  

 

3.14.2.1  Administrative Procedures 

 

Activities that may affect health, safety, and the environment, including compliance with license 
commitments or conditions, will be conducted in accordance with written procedures or 

instructions.  

 
3.14.2.1.1  Operating Procedures 

 

Written operating procedures or instructions (procedures) will be established for all activities that 

involve handling, processing, or storing radioactive materials.  These procedures will include 

consideration of pertinent radiation safety practices.  Written procedures will also be established 

document control, record keeping, corrective action system, quality assurance, operations, 

industrial and radiation safety, workplace and environmental monitoring, and emergency 

response.  

 

Procedures, new and revised, for activities involving radioactive material will include review and 

approval by the RSO.  Approval and training will occur before implementation.  A current copy 
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of each procedure will be accessible to all employees.  The procedures will include 

documentation of revision and date.  Procedures will be reviewed annually by RSO.  

 

3.14.2.1.2  Radiation Work Permits 

 

Activities not covered by a written operating procedure but involving radioactive material will be 

conducted in accordance with requirements of a radiation work permit (RWP).  The RWP will 

describe the job to be performed; precautions necessary to reduce exposure to radioactive 

materials; and monitoring and sampling requirements before, during, and after completion of the 

job.  

 

The RWP will be completed in accordance with a written operating procedure.  The RSO or RST 

will indicate approval of the RWP by signature.  Those working under the RWP will 

acknowledge in writing that they understand the requirements.  

 

3.14.2.1.3  Record Keeping 

 

Records will be maintained of receipt, transfer, and disposal of source or byproduct material 

processed or produced at the site.  Records will also be maintained of the radiation safety and 

environmental monitoring programs to include surveys, sampling, and calibrations.  These 

records will be maintained for the period described by regulation or license.  

 

The following records will be permanently maintained and retained until license termination: 

• Records of deep well injection.  
• Records containing information important to decommissioning and reclamation, 

including: 
o Descriptions of spills, contamination events, … and associated corrective actions.  
o Information related to site and aquifer characterization, and background radiation 

and radioactivity levels.  
o As built drawings of structures, equipment, restricted areas, wellfields, radioactive 

material storage, and any modifications showing the locations of these structures 
and systems through time.  

o Drawings of areas of possible inaccessible contamination, including features such 
as buried pipes or pipelines.  
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• Occupational exposure history of employees and contractors.  
• Records of environmental monitoring. 

 

Records will be maintained with safeguards against tampering and loss.  Records will be 

maintained as hardcopy originals and/or electronic copy of same by scanning.  Records will be 

readily retrievable for inspection at the site. 

 

3.14.2.2  Safety and Environmental Review Panel 

 

A Safety and Environmental Review Panel (SERP) will be established.  The purpose of the 

SERP is to review proposed changes, tests, or new activities with respect to whether they first 

require a license amendment.  

 

3.14.2.2.1  Organization 

 

The SERP will consist of at least three members.  One member will have management authority 

for implementing managerial and financial changes.  One member will have expertise in 

operations and/or construction and will have responsibility for implementing any operational 

changes.  One member will be the RSO, or designee, with responsibility for assuring that 

changes conform to radiation safety and environmental requirements.  Additional members may 

be included in the SERP, as appropriate, to address specific issues or disciplines.  Additional 

members may serve temporarily and may be consultants.  

 

3.14.2.2.2  SERP Procedures 

 

The SERP will function in accordance with a written operating procedure(s).  The procedure(s) 

will ensure that approvals of changes in the facility, license, operating procedures, or conduct of 

tests or experiments are appropriately documented and reported.  These approvals may be 

effected without obtaining a license amendment pursuant to 10 CFR 40.44, so long as the 

approved activity does not: 

• Create a possibility for an accident of a different type than previously evaluated in the 
license application (as updated).  



Uranerz Energy Corporation  Nichols Ranch ISR Project 
 

November 2007 MP-46 

• Create a possibility for a malfunction of a structure, system, or control with a different 
result than previously evaluated in the license application (as updated).  

• Result in a departure from the method of evaluation described in the license application 
(as updated) used in establishing the final safety evaluation report or the environmental 
assessment or technical evaluation reports or other analyses and evaluations for license 
amendments.  

 

Absent approval by the SERP, a proposed activity may not occur without revision subsequently 

allowing SERP approval, or approval by NRC.  

 

The RSO will not approve self-proposed changes to radiation safety and environmental 

requirements.  A designee satisfying the qualification requirements of the RSO will serve as a 

SERP member in these cases.  

 

3.14.2.2.3  SERP Records 

 

The SERP records will include written safety and environmental evaluations that provide the 

basis(es) for determining whether changes satisfy the procedural requirements described 

previously.  These records will be permanently maintained and retained until license termination 

and otherwise in conformance with previous description of record keeping requirements.  

 

3.14.2.2.4  SERP Reports 

 

A report will be submitted annually to the NRC describing activities approved by the SERP.  The 

report will include the results of the annual audit of the radiation safety and ALARA programs.  

Revised pages of the license application will be included with the report as applicable; each 

revised license application page will have a change indicator for the area changed and a page 

change indication.  
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3.14.3  Management Audit and Inspection Program 
 
3.14.3.1  Audit 
 
An audit will be completed annually of the content and implementation of radiation safety and 
ALARA programs.  The scope of the review will be consistent with U.S. NRC Regulatory 
Guide 8.31 “Information Relevant to ensuring that Occupational Radiation Exposures at Uranium 
Mills Will Be As Low As Is Reasonably Achievable.”  Revision 1, 2002.  A written report of the 
audit will be submitted to corporate and site management.  A written report of the audit will be 
provided to the Safety and Environmental Review Panel for action as applicable.  
 
3.14.3.2  Inspections 
 
Inspections will be conducted periodically, as described below, of the wellfield and process 
areas.  The purpose of the inspections will be to ensure that radiation protection, monitoring, and 
safety requirements are being followed and/or are properly functioning.  The inspections will be 
performed and documented in accordance with a written procedure.  
 
Daily 
An ES&H staff representative, or designate will conduct a daily walkthrough inspection of the 
process and storage areas, operating wellfields, and header houses.  The inspection will provide 
for a visual survey of proper implementation of procedures, housekeeping, and contamination 
control.  
 
Weekly 
The ES&H staff will complete a weekly inspection of the site.  The scope of the inspection will 
include radiation safety practices, procedural compliance, environmental monitoring, and 
environmental conditions at the site.  
 
Monthly 
The ES&H manager will provide to site management a written summary of the conditions of 
radiation safety and environmental monitoring.  The report will include summaries of personnel 
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monitoring, radiation and contamination surveys, trends important to ALARA considerations, a 
general assessment of compliance, and a description of problems with recommendations for 
corrective action.  
 

3.14.4  Qualifications 

 

The minimum levels of education, experience, and training for personnel assigned responsibility 

for developing, conducting, and administering the radiation safety program will be consistent 

with NRC Regulatory Guide 8.31, “Information Relevant to ensuring that Occupational 

Radiation Exposures at Uranium Mills Will Be As Low As Is Reasonably Achievable”,  

Revision 1, 2002 at Section 2.4.  

 

3.14.5  Radiation Safety Training 

 

All personnel will be provided training before entering controlled areas or beginning their jobs.  

The scope of the training will be based on access requirements to the facility and potential for 

exposure to radiation and radioactive materials.  The scope of training will initially be 

determined with respect to whether the individual is a visitor, or an employee or contractor.  

Training of visitors will be applicable to newly hired employees and contractors, and visitors 

who will not or have not completed other site-specific training (e.g. as described below).  All 

visitors to the facility will receive instruction on what they should do to avoid possible 

radiological and non-radiological hazards in the areas of the facility they will be visiting, escort 

requirement, and actions to take during an emergency.  

 

All new employees and contractors will be instructed by means of an established course in the 

inherent risk of exposure to radiation and the fundamentals of protection against exposure to 

uranium and its daughters before beginning their jobs.  The training will be commensurate with the 

risks and hazards associated with their requirements for access to the site.  Those personnel who 

need unescorted access to the wellfield and process area will be provided a course of instruction 

covering those topics identified in NRC Regulatory Guide 8.31, “Information Relevant to 

ensuring that Occupational Radiation Exposures at Uranium Mills Will Be As Low As Is 
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Reasonably Achievable”, Revision 1, 2002 at Section 2.5.  The instruction will be consistent with 

NRC Regulatory Guide 8.29, “Instruction Concerning Risks from Occupational Radiation 

Exposure”, Revision 1, 1996 and NRC Regulatory Guide 8.13, “Instruction Concerning Prenatal 

Radiation Exposure”, Revision 3, 1999.  

 

Those employees and contractors who will work in the wellfield or process area (i.e. working 

around radiation and/or with radioactive materials) will be provided additional training.  The 

additional training will include more depth on the previously identified topics, particular instruction 

on the health and radiation safety aspects and non-radiological hazards of tasks, and the 

requirements of procedures and instructions pertaining to radiation safety.  

 

A written or oral test will be given to each individual.  The test will cover radiation safety and health 

protection principles and requirements as applicable to the Nichols Ranch ISR Project site.  The test 

will be reviewed with the individual(s), including discussion of wrong answers.  Individuals who 

fail the test will be provided additional training and successfully retested if the intention remains to 

place them in the wellfield or process area.  

 

Employees and contractors will be provided refresher training annually.  The refresher training will 

be an abbreviated form of the original training.  Refresher training will also include relevant 

information available since the previous training, review of safety issues since the previous training, 

applicable changes in regulations and license conditions, and personnel exposure trends.  

 

Training will be documented to include individuals name and employer, topic, date, and 

identification of instructor.  Records will be maintained of this documentation and test results.  

 

3.14.6  Security 

 

Security measures will be provided to prevent unauthorized entry to controlled areas and 

unauthorized access to licensed material in storage.  The security measures will be comprised of 

passive and active controls.  Passive controls will include fencing of wellfields and the process 

area.  Passive controls will also include postings indicating that radioactive material may be 
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present and that permission is required for entry.  Active controls will also include capability to 

lock gates and doors.  Visitors will not be allowed inside the wellfields or process area without 

an escort.  

 

Uranerz Energy Corporation will fence required areas to protect the health and safety of humans 

and animals and temporarily protect re-vegetated areas.  In some cases fencing can be 

detrimental to wildlife, especially to antelope, and therefore, the correct fence type and length of 

fence will be used.  Uranerz plans to fence the plant site at the Nichols Ranch Unit and the plant 

site at the Hank Unit.  Uranerz also plans to fence the wellfield at the Nichols Ranch Unit and the 

wellfield at the Hank Unit.  This fenced area does not include the perimeter monitor wells at 

either the Nichols Ranch Unit or the Hank Unit.  Uranerz plans to coordinate the fencing with the 

surface landowner.  

 

3.14.7  Radiation Safety Controls and Monitoring 

 

A corporate commitment to and support for the implementation of the radiation safety program 

has been established for the Nichols Ranch ISR Project sites.  This commitment and support 

incorporates the ALARA philosophy into the environmental protection and radiation safety 

controls and monitoring programs described in the following sections.  

 
3.14.7.1  Effluent Control Techniques 

 

This section describes effluent control techniques designed to minimize in-plant and 

environmental emissions at each step of the process where release might occur.  

 

3.14.7.1.1  Airborne Radioactive Effluents 

 

The potential airborne radioactive effluents include radioactive particulates and radon gas.  
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3.14.7.1.1.1  Particulate 

 

The potential for airborne radioactive particulate emissions is associated with the drying and 

packaging of the recovered uranium.  These activities will occur in a closed system under 

vacuum.  This type equipment has been shown to eliminate particulate releases from drying and 

packaging activities at ISR uranium processing facilities.  

 

Additionally, the vacuum drying and packaging will occur in a dedicated room or enclosure.  

This will provide for confinement of releases associated with these activities.  

 

3.14.7.1.1.2  Radon 
 

The potential for radon gas emission is associated with emanation from process solutions.  

Radon gas mobilization occurs from recovery solutions at process locations where systems allow 

venting.  Control of radon gas will be achieved by using passive and mechanical ventilation in 

buildings where radon gas venting is expected.  This type of control has been shown to be 

effective in reducing and controlling radon gas levels at ISR uranium processing facilities.  

 

3.14.7.1.2  Liquid Radioactive Effluents 
 

The major liquid effluents include well development water, pumping test water, process bleed, 

process solutions, wash-down water, and restoration water.  

 

The primary control techniques are application of the systems and methods described in 

Section 3.13.2.  Otherwise, general contamination control techniques of confinement, 

containment, isolation, and decontamination will be implemented by operating procedures to 

affect effluent control.  

 

Nichols Ranch ISR Project will not release liquids into surface waters.  
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3.14.7.1.2.1  Contingency for Unplanned Releases 

 

Administrative and engineering controls will be established to prevent both surface and 

subsurface releases to the environment and to mitigate the effects should a release occur.  These 

controls, including response actions, will be implemented by operating procedures.  

 

Releases can be of two primary types at an in-situ uranium recovery facility: surface releases 

such as vessel failure, piping failure, etc.; and subsurface releases such as well excursion or 

piping failure.  

 

3.14.7.1.3  Surface Releases 

 

Vessel failure - Releases may occur from leaks or ruptures of process vessels.  These releases 

will initially be confined within the building by curbing and/or sloped flooring.  The entire 

building will drain to a sump that will contain the solutions until transfer for appropriate 

management.  

 

Piping failure - Releases may occur from leaks or breaks within the above ground segments of 

the piping system that transfers fluids between the wellfield and the process area.  These are 

expected to be small and of short duration due to visual inspections and engineering controls that 

detect pressure changes in the piping systems subsequently alerting the plant operators through 

system alarms.  Surface piping will be protected from vehicle traffic.  All process solution 

pipelines will be pressure tested prior to use.  

 

3.14.7.1.3.1  Subsurface Releases 

 

Well excursion - Extraction fluids are normally maintained in the production aquifer within the 

immediate vicinity of the wellfield.  The function of the encircling monitor well ring is to detect 

any extraction solutions migrating from the production area due to fluid pressure imbalance.  
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This system has been proven to function satisfactorily over many years of operating experience 

with uranium in-situ uranium recovery operations.  

 

A ring of perimeter monitor wells located no further than 500 ft from the wellfield and screened 

in the ore-bearing aquifer will surround all wellfields.  Additionally, shallow and deep monitor 

wells will be placed in the first overlying and first underlying aquifer above each wellfield 

segment.  These wells will be sampled biweekly for the presence of leach solution.  The total 

effect of the close proximity of the monitor wells, the low flow rate from the well patterns, and 

over-production of leach fluids (production bleed) makes the likelihood of an undetected 

excursion extremely remote.  

 

Migration of fluids to overlying and underlying aquifers has also been considered.  Several 

controls are in place to prevent this.  Current and future exploration holes will be plugged to 

prevent commingling of aquifers and to isolate the mineralized zone.  In addition, prior to 

placing a well in service, a well mechanical integrity test will be performed.  This requirement 

ensures that all wells are constructed properly and capable of maintaining pressure without 

leakage.  

 

Piping failure – Releases may occur from leaks or breaks within the underground segments of 

the piping system that transfers fluids between the wellfield and the process area.  These are 

expected to be small and of short duration due to engineering controls that detect pressure 

changes and flow rates in the piping systems subsequently alerting the plant operators through 

system alarms.  All process solution pipelines will be pressure tested prior to use.  

 

3.14.7.2  External Radiation Exposure Monitoring Program 

 

Monitoring, surveys, instrumentation, and equipment will be provided to determine exposures of 

employees to external radiation during routine and nonroutine operations, maintenance, and 

cleanup activities.  
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3.14.7.2.1  Personnel Monitoring 

 

Industry experience reveals that personnel working at in situ uranium recovery facilities are not 

likely to exceed 10% of the applicable external occupational dose limit.  However, individual 

monitoring devices will be provided to the group or category of workers who will receive the 

greatest external occupational dose; i.e. those assigned to the central processing plant and/or the 

satellite facility.  

 

External exposure monitoring will be accomplished using thermoluminescent or optically 

stimulated luminescent dosimeters.  These dosimeters have a lower limit of detection of one 

mrem and an upper limit approximately 1,000 rem.  The dosimeters will be processed at least 

quarterly by a vendor accredited by the National Voluntary Laboratory Accreditation Program.  

 

Corrective action will be implemented for any worker reaching 25% of the annual limits of 

10 CFR 20.  

 

The program for external exposure monitoring and determining doses from external exposure 

will be conducted in accordance with or equivalent to NRC Regulatory Guide 8.34, “Monitoring 

Criteria and Methods to Calculate Occupational Radiation Doses”, 1992.  

 

Documentation of these monitoring results will be completed consistent with NRC Regulatory 

Guide 8.7, “Instructions for Recording and Reporting Occupational Radiation Exposure Data”, 

Revision 1, 1992.  

 

3.14.7.2.2  Exposure Rate Surveys 

 

Exposure rate surveys will be performed on at least a quarterly frequency in the process areas.  

Surveys will be performed at normally and periodically occupied locations and areas of potential 

gamma sources such as process vessels, filter press, dryer, and yellowcake storage.  
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The surveys will be performed with instrumentation that, individually or in combination, covers 

a range of approximately 0.010 mrem per hour to five mrem per hour.  The survey instruments 

will be portable and hand-held.  The instruments will be calibrated at least annually.  The 

instruments will be calibrated and operated in accordance with manufacturers instructions.  The 

instruments will satisfactorily complete a performance check each day of use.  

 

The results of these surveys will be used to establish postings in accordance with requirements of 

10 CFR 20.  The results of these surveys may be used to supplement personnel monitoring when 

work is being performed where workers are required to be monitored.  

 

Exposure rate surveys will be made consistent with NRC Regulatory Guide 8.30 “Health Physics 

Surveys in Uranium Mills”, Revision 1, 2002.  

 

3.14.7.3  Airborne Radiation Monitoring Program 

 

A program will be implemented at the Nichols Ranch ISR Project sites for determination of 

concentrations of uranium and radon daughters in air.  The scope of the program will include 

routine and nonroutine operations, maintenance, and cleanup.  Results of the program will be 

used for personnel exposure calculations, and to implement ALARA with respect to airborne 

radiation exposures and airborne radioactive releases.  The airborne radiation monitoring 

program will be implemented in conjunction with the respiratory protection program.  

 

Air sampling will be conducted in accordance with or equivalent to NRC Regulatory Guide 8.25, 

“Air Sampling in the Workplace”, 1992.  The program will be implemented consistent with 

NRC Regulatory Guide 8.30 “Health Physics Surveys in Uranium Mills”, Revision 1, 2002.  

 

3.14.7.3.1  Airborne Uranium Particulate Monitoring 

 

Airborne uranium particulate monitoring will include both breathing zone (e.g. lapel) and area 

sampling.  The samples will be collected under known physical conditions.  Typically, the air 

filter will be glass fiber or paper, flow rate will be 2 to 5 liters per minute for breathing zone and 
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20 to 50 liters per minute for area, and start and stop time will be recorded.  The flow meters will 

be calibrated after repair or modification, but at least annually.  The samples will be analyzed 

onsite for gross alpha count rate.  The resulting airborne radioactivity concentration will be 

interpreted as total uranium to support the calculations described in Section 3.14.7.4.  

 

3.14.7.3.1.1  Breathing Zone 

 

Breathing zone air samples will be a method used to monitor the worker’s intake of uranium.  

 

This type of air sampling will be used routinely for drying and packaging activities.  This type air 

sampling will be used for nonroutine operations, maintenance, and cleanup as required by 

operating procedure and/or RWP.  

 

3.14.7.3.1.2  Area 

 

Air samples will also be collected for general and/or local areas when and/or where there is 

potential for generation of airborne radioactive material.  

 

These samples will be used to verify that confinement or containment is effective, and provide 

warning of elevated concentrations for planning or response actions.  In each case, the sampling 

point will be located considering airflow patterns and to provide the most reasonable 

representation of the work environment.  

 

This type of air sampling will be used routinely for drying and packaging activities.  This type of 

air sampling will be used for non-routine operations, maintenance, and cleanup as required by 

operating procedure and/or RWP.  

 

3.14.7.3.1.3  Action Level and Limit 

 

An administrative action level will be established for this type of air samples of one derived air 

concentration (DAC) described in Section 3.14.7.4; air sample results greater than this 
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administrative action level will be reported to the RSO.  An administrative limit will be 

established for these type of air samples of 12 DAC-hours per week; individual exposure greater 

than this limit will require the individual to be restricted from work involving potential exposure 

to airborne radioactive material unless approved by the RSO.  

 

3.14.7.3.2  Radon 

 

Radon monitoring will be conducted of the general work areas.  The radon detectors will be of 

the track-etch type.  The detection limit will be at least 0.33 pCi/l per 90 days of exposure.  The 

radon detector will be exchanged quarterly.  The detectors will be analyzed for total radon.  

 

3.14.7.3.3  Radon Daughter Concentration Monitoring 

 

The airborne concentration of radon daughters will be determined using the modified Kusnetz 

method.  The flow meters will be calibrated after repair or modification, but at least annually.  

The air sample result will support the calculations described in Section 3.14.7.4.  

 

This type of sampling will be made of the process areas.  The sampling frequencies and actions 

levels will be as described in NRC Regulatory Guide 8.30 “Health Physics Surveys in Uranium 

Mills”, Revision 1, 2002 at Section 2.3.  

 

3.14.7.3.4  Respiratory Protection Program 

 

Respiratory protection equipment will be used when other means are not available or sufficient 

to control a worker’s exposure to airborne radioactivity.  Respiratory protection will routinely be 

used for drying and packaging activities.  Respiratory protection will be used when airborne 

radioactivity levels are known or expected to exceed one DAC as described in Section 3.14.7.4, 

and when surface contamination levels are known or suspected to exceed 220,000 dpm/100 m2.  

Respiratory protection will be used for nonroutine operations, maintenance, and cleanup as 

required by operating procedure and/or RWP.  

 



Uranerz Energy Corporation  Nichols Ranch ISR Project 
 

November 2007 MP-58 

The respiratory protection program will be conducted in accordance with or equivalent to 

NRC Regulatory Guide 8.15, “Acceptable Programs for Respiratory Protection”, Revision 1, 

1999.  

 

3.14.7.4  Exposure Calculations 

 

The methodologies to calculate intake of radioactive materials by personnel in work areas where 

airborne radioactive material may exist are in accordance with 10 CFR 20.1204 and 20.1201.  

Exposure calculations will be completed for routine operations, nonroutine operations, 

maintenance, and cleanup activities.  The intake estimates will be based on actual exposure times 

and airborne concentrations of radioactive material.  Exposure times will be determined from 

interview, the radiation work permit, other record of work, or a combination.  The airborne 

radioactivity concentrations will be determined as described in Section 3.14.7.3.  

 

Exposure calculations for airborne radioactive material will be made in accordance with or 

equivalent to NRC Regulatory Guide 8.34, “Monitoring Criteria and Methods to Calculate 

Occupational Radiation Doses”, 1992 at Section 3.  

 

3.14.7.4.1  Uranium 

 

The predominant method will be by comparison of the airborne concentration of uranium to the 

Derived Air Concentration value of 10 CFR 20, Appendix B, Table1, Column 3, Uranium-

natural.  A solubility classification “D” will be assigned to all uranium at the Nichols Ranch ISR 

Project sites.  Account will be made for use of respiratory protection with respect to Appendix A 

of 10 CFR 20.  

 

The resulting intakes will also be compiled to allow comparison to the weekly intake limit for 

soluble uranium of 10 CFR 20.1201(e).  

 

The resulting intakes are recorded onto each worker’s occupational exposure record.  
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3.14.7.4.2  Radon Daughters 

 

The predominant method will be by comparison of the airborne concentration of radon 

daughters in terms of working level (WL) to the Derived Air Concentration value of 10 CFR 20, 

Appendix B, Table1, Column 3, Radon-222, as WL.  A classification “with daughters present” 

will be assigned to all radon daughter sample results at the Nichols Ranch ISR Project sites.  

Account will be made for use of respiratory protection with respect to Appendix A of 

10 CFR 20.  

 

The resulting intakes are included in each worker’s occupational exposure record.  

 

3.14.7.4.3  Prenatal and Fetal Radiation Exposure 

 

Monitoring, calculations, and dose assignment will be performed in accordance with the 

guidance of NRC Regulatory Guide 8.36 “Radiation Dose to the Embryo/Fetus”, 1992.  

Guidance and dose limits set forth in NRC Regulatory Guide 8.13 “Instruction Concerning 

Prenatal Radiation Exposure”, 1999 will also be provided.  Efforts will be made to avoid 

substantial variation above a uniform monthly exposure rate to a declared pregnant woman with 

respect to the 0.5 rem limit.  

 

3.14.7.4.4  Recording Radiation Dose 

 

The radiation dose assigned to a worker that requires monitoring as a result of exposure 

calculations described here will be recorded in conformance with NRC Regulatory Guide 8.7 

“Instructions for Recording and Reporting Occupational Radiation Exposure Data”, 1992.  

 

3.14.7.5  Bioassay Program 

 

A bioassay program will be provided to confirm results of the airborne radioactivity monitoring 

program.  The bioassay program will be applicable to all workers routinely or potentially 

exposed to airborne uranium.  The type of bioassay will be urinalysis.  
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The program will include baseline samples from all new employees.  Bioassay samples will be 

collected at least once per month from those workers involved with uranium extracted into 

solution from ion exchange through final packaging, and those who conduct regular maintenance 

on drying and ventilation/filtration equipment.  Additional bioassay samples may be collected 

with respect to specific activities, as described on a Radiation Work Permit, or when air 

sampling data are not available.  Random sampling of other personnel will be conducted on the 

same monthly schedule.  The program will include exit samples from all employees upon 

termination of employment.  

 

Action levels for bioassay results will be those described in Table 1 of NRC Regulatory Guide 

8.22 “Bioassay at Uranium Mills”, 1988.  

 

The bioassay program, including time of sample collection, availability of results, method of 

sample collection, measurement sensitivity, and quality control will be implemented consistent 

with the NRC Regulatory Guide 8.22 “Bioassay at Uranium Mills”, 1988.  

 

3.14.7.6  Contamination Control Program 

 

A contamination control program will be established to prevent contaminated employees and 

equipment from entering clean areas or from leaving the site.  The contamination control 

program will be implemented considering the guidance of NRC Regulatory Guide 8.30 “Health 

Physics Surveys in Uranium Mills”, Revision 1, 2002.  

 

3.14.7.6.1  Surveys for Surface Contamination in Restricted Area 

 

Inspection will be made daily in the drying and packaging areas for visible yellowcake on 

surfaces.  Inspection will be made weekly in the other process areas for visible yellowcake on 

surfaces.  Visible yellowcake will be cleaned up promptly, but not later than the end of the shift 

or workday.  Spills will be cleaned up before the yellowcake dries so that re-suspension during 

cleanup will be lessened.  
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A survey for removable surface contamination will be made weekly in rooms within the process 

area where work with uranium is not performed, such as break rooms, change rooms, control 

rooms, and offices.  An area will be promptly cleaned if surface contamination levels exceed 

1000 dpm/100cm2.  

 

3.14.7.6.2  Surveys for Surface Contamination in Unrestricted Area 

 

A survey for removable surface contamination will be made monthly in the unrestricted area, to 

include eating areas, change rooms, and offices.  An area will be promptly cleaned if surface 

contamination levels exceed 500 dpm/100cm2.  

 

3.14.7.6.3  Surveys for Contamination of Skin and Personal Clothing 

 

All personnel leaving the restricted area will be required to survey the soles of their shoes.  The 

alpha contamination limit for these surveys is 5000 dpm/100cm2.  

 

Employees working in the precipitation, drying and packaging areas, as well as those involved in 

process equipment maintenance or repair are provided appropriate protective clothing and 

equipment.  Protective clothing is laundered on site or, if a disposable type, is disposed of in a 

facility licensed to accept such wastes.  

 

All employees with potential exposure to yellowcake dust can shower and change clothes each 

day prior to leaving the site.  An employee is considered uncontaminated after showering and 

changing clothes.  In lieu of showering, employees are required to survey their clothing, shoes, 

hands, face and hair with an alpha survey instrument prior to leaving the site.  The alpha 

contamination limit for these surveys is 1000 dpm/100cm2.  

 

The RSO or designee will perform an unannounced spot survey for alpha contamination on 

selected yellowcake workers leaving facility each quarter.  
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3.14.7.6.4  Surveys of Equipment Prior to Release to Unrestricted Areas 

 

Personnel will conduct contamination monitoring of small, hand-carried items for use in 

wellfield and controlled areas as long as all surfaces can be reached and the item does not 

originate in yellowcake areas.  The alpha contamination limit for these surveys is 

1,000 dpm/100cm2.  Requirements for contamination control of equipment and materials 

released for unrestricted use are otherwise described in Section 3.13.3.  

 

3.14.7.6.5  Surveys for Contamination on Respirators 

 

Respiratory protection equipment will be surveyed for alpha contamination by a standard wipe or 

smear technique.  Removable alpha contamination levels will be less than 100 dpm/100 cm2 

prior to reuse of the equipment.  

 

3.14.7.6.6  Instrumentation 

 

The direct alpha surveys will be performed using a scaler/ratermeter with ZnS type probe.  The 

removable alpha surveys will be performed using a standard cloth smear and a scaler/ratermeter 

with ZnS type probe.  The survey instruments will be portable and/or hand-held.  The 

instruments will be calibrated at least annually.  The instruments will be calibrated and operated 

in accordance with manufacturers’ instructions.  The instruments will satisfactorily complete a 

performance check each day of use.  

 

3.14.7.7  Airborne Effluent and Environmental Monitoring 

 

A program will be established for measuring concentrations and quantities of radioactive 

materials released to and in the environment surrounding the facility.  This program will be 

implemented consistent with NRC Regulatory Guide 4.14 “Radiological Effluent and 

Environmental Monitoring at Uranium Mills”, Revision 1, 1980.  
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3.14.7.7.1  Stack Sampling 
 

The operational characteristics of the vacuum drying process preclude collection of air samples 
from the respective exhaust.  No air samples will be collected from the yellowcake dryer exhaust 
since there are no emissions.  
 

3.14.7.7.2  Air Samples 
 

Radon samples will be collected continuously at the same locations as the pre-operational radon 
sampling.  The radon samples will be collected by use of track-etch type detectors, effectively 
equivalent to those provided for area monitoring of the workplace.  The detectors will be 
changed once per calendar quarter.  The detectors will be analyzed for total radon.  
 

3.14.7.7.3  Water Samples 
 

Samples are collected from both surface water and groundwater to support the environmental 
monitoring program.  
 

3.14.7.7.3.1  Surface Water 
 

Surface water samples will be collected annually at the same locations as the used for the 
pre-operational surface water sampling.  The surface water samples will be a grab sample.  The 
sediment samples will be analyzed for total uranium, Th-230, Ra-226, and Pb-210.  The Dry 
Willow Reservoir and the Brown Water Pond will be sampled annually by grab sampling.  Self-
samplers have been installed at the Dry Willow Creek, the Cottonwood Creek and the 
Cottonwood Creek Nichols sites.  Samples will be collected from these samplers after runoff 
events.  The North Cottonwood Creek site is proposed to be moved downstream approximately 
one mile so it includes the southern fork of the Cottonwood Creek.  A self-sampler is also 
proposed to be installed at this site.  Figure D6-1 shows the location of the pre-operational 
surface water sites.  Crest stage gauges are proposed to be installed at each of the self-sample 
sites for measurement of the peak stage of runoff event.  A rating curve will be developed for 
each of the crest stage gauge sites after collection of the stage data to enable estimates of the 
peak flows to be made.  
 

3.14.7.7.3.2  Groundwater 
 

The groundwater monitoring program is described in Section 3.14.7.8.  
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3.14.7.7.4  Vegetation, Food, and Fish Samples 

 

No sampling will be made of vegetation, food, or fish.  The evaluation indicates the ingestion 

pathway to be insignificant; i.e. the predicted dose to an individual will be less than five percent 

of the applicable radiation protection standard.  

 

3.14.7.7.5  Soil and Sediment Samples 

 

Surface soil samples will be collected annually at the same locations as the radon sampling.  The 

surface soil samples will be a grab sample of 0” – 6”.  The surface soil samples will be analyzed 

for total uranium, Th-230, Ra-226, and Pb-210.  

 

Sediment samples will be collected annually at the same locations as those used for the pre-

operational sediment sampling.  The sediment samples will be a grab sample.  The sediment 

samples will be analyzed for total uranium, Th-230, Ra-226, and Pb-210.  

 

3.14.7.7.6  Direct Radiation 

 

Gamma measurements will be made continuously at the same locations as the radon sampling.  

The gamma measurements will be made with passive integrating detectors, effectively equivalent 

to those provided for personnel monitoring.  The detectors will be changed once per calendar 

quarter.  

 

3.14.7.8  Groundwater Monitoring Program 

 

The groundwater monitoring program for the Nichols Ranch ISR Project will be based on 

information obtained from pre-mining baseline geologic and hydrologic information, wellfield 

testing, and wellfield groundwater baseline sampling.  
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3.14.7.8.1  Pre-Operational Wellfield Assessment 

 

The groundwater monitoring program for the Nichols Ranch ISR Project will begin with pre-

operation wellfield testing.  These tests are conducted utilizing the baseline geologic and 

hydrologic information that was collected and assembled for Nichols Ranch ISR Project.  

 

By using the detailed geologic and hydrologic information, monitoring zones can be defined, 

geologic and hydrologic parameters quantified, wellfields planned, hydrologic monitoring 

programs developed, and baseline water quality sufficiently determined.  This is all 

accomplished by conducting a very capital intensive multi-step program that includes interaction 

with the WDEQ-LQD.  

 

3.14.7.8.2  Monitor Well Spacing 

 

The density and spacing of monitor wells for the Nichols Ranch Unit and the Hank Unit is 

determined during the geologic and hydrologic assessment of a proposed wellfield.  Monitor 

wells will be installed in the ore zone at a density of one monitoring well per four acres in the 

proposed wellfield.  These wells will be used to obtain baseline water quality data for the 

proposed wellfield to determine groundwater Restoration Target Values (RTV’s).  

 

Perimeter monitor wells will also be installed on the edge of the wellfield in the same zone as the 

ore zone.  This “ring” of wells will be used to obtain baseline water quality data in the area 

outside of the wellfield and to ensure that recovery solutions do not migrate outside of the ore 

zones.  Upper Control Limits (UCL’s) will be determined for these wells from the baseline water 

quality data that are collected.  The distance between these wells and the wellfield is 

approximately 500 ft.  The distance from perimeter monitor well to perimeter monitor well is 

also 500 ft.  These distances were determined using a groundwater flow model and estimated 

hydrologic properties for the proposed wellfield.  This distance also takes into consideration that 

if an excursion were to occur, processing fluids could be controlled within 60 days as required by 

the Wyoming Department of Environmental Quality.  
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Vertical monitor wells will also be installed in the overlying and underlying aquifers at a density 

of one underlying and one overlying well per every four acres of wellfield.  These wells will be 

used to collect baseline water data that will be used to determine UCL’s for the overlying and 

underlying aquifers.  If the immediate overlying or underlying aquifers in the wellfield are 

nonexistent, or the confining unit (aquitard) is thin (less than five feet in thickness) within the 

proposed wellfield or section of the wellfield, then monitor well spacing and density will be 

determined in consultation with the regulatory agencies.  In the case of the wellfield becoming 

very narrow where a line drive pattern may be utilized, overlying and underlying aquifer monitor 

wells will not be more than approximately 1,000 ft apart from one another.  

 

3.14.7.8.3  Production Area Pump Test 

 

When a proposed wellfield has been found to be feasible to be mined using the ISR method, the 

wellfield becomes a production area.  A Production Area Pump Test is then developed to 

determine information about the hydrologic characteristics of the production area and the 

underlying and overlying aquifers within the production area.  The information to be determined 

during the Production Area Pump Test includes:  hydrologic characteristics of the ore zone 

aquifer, determination of any hydrologic communication between the ore zone aquifer and the 

overlying and underlying aquifers, the presence or absence of any hydrologic boundaries in the 

ore zone aquifer, determination of the degree of hydrologic communication between the ore zone 

and the monitor well ring, and the vertical permeability of the overlying and underlying 

confining units that have not all ready been tested.  

 

Before conducting the Production Area Pump Test, the test plan will be submitted to the WDEQ 

for review and comment.  Standard Operating Procedures (SOPs) will also be developed that will 

detail the procedures of the Production Area Pump Test.  

 

3.14.7.8.4  Production Area Pump Test Document 

 

After the completion of the Production Area Pump Test field data collection, a Production Area 

Pump Test Document will be assembled and submitted to the WDEQ for review.  Additionally 
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the document will be reviewed by the Safety and Environmental Review Panel (SERP) to verify 

that the results of the production area hydrologic testing and the planned production area 

activities are in compliance with NRC technical requirements.  A written evaluation by the SERP 

will evaluate any safety and environmental concerns.  The evaluation will also address 

compliance with applicable NRC requirements.  The written evaluation will be located at the 

Uranerz Energy Corporation offices.  

 

Details to be contained in the Production Area Pump Test document are as follows:  

 

1. A description of the location, extent, etc. of the production area.  
2. Map(s) showing the proposed production area (production patterns) and location of all 

monitoring wells.  This includes the monitor well ring, underlying, overlying, and ore 
zone wells.  

3. Geologic cross-sections maps.  
4. Isopach maps of the ore zone, underlying, and overlying confining units.  
5. Discussion on pump test methods including well completion reports.  
6. Discussion of the results and conclusions of the production area pump test including 

pumping data, drawdown match curves, potentiometric surface maps, water level graphs, 
drawdown map, and directional transmissivity data and graphs.  

7. Data showing that the monitor well ring and the ore zone are in communication with the 
production patterns.  

8. Any other information that is pertinent to the production area being tested.  
 

3.14.7.8.5  Baseline Water Quality Determination 

 

The importance of properly defining the baseline groundwater quality for individual production 

areas cannot be overemphasized as the data collected will be used to establish the Upper Control 

Limits (UCL’s) and the restoration target values that will be used in groundwater restoration.  

Standard Operating Procedures (SOP) will be developed that will detail acceptable water quality 

sampling and handling procedures, as well as the statistical assessment of the groundwater data.  

 

3.14.7.8.5.1  Data Collection 

 

Water quality samples will be collected and analyzed from all monitor wells to establish baseline 

groundwater quality for the ore zone aquifer, underlying aquifer, and the overlying aquifer.  The 
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sampling of the monitor wells will be in accordance to all sampling, preservation, and analysis 

procedures.  The number of samples collected and the parameters that the samples will be tested 

for are as follows: 

 

1. Ore Zone (Production Pattern) Monitor Wells (MP Wells) – All ore zone monitoring 
wells in a production area will be sampled four times, with a minimum of two weeks 
between sampling, during baseline groundwater quality determination.  The first and 
second sampling events shall be analyzed for all parameters found in WDEQ-LQD 
Guideline No. 8 including uranium parameters.  The third and fourth sample events can 
be analyzed for a reduced list of parameters.  The parameters that can be deleted from 
analysis are those that were not detected during the first and second sampling events.  

 

2. Ore Zone Monitoring Ring Wells (MR Wells) – Monitoring ring wells will be sampled 
four times, with at least two weeks between sampling, during the baseline 
characterization.  The first monitor well ring sampling will include the analyses for the 
parameters listed in WDEQ-LQD Guideline No. 8 including uranium parameters.  The 
remaining three samples will be tested for the potential Upper Control Limits (UCL’s) 
parameters chloride, total alkalinity, and conductivity.  

 

3. Overlying Aquifer Monitoring Wells (MO Wells) and Underlying Aquifer Monitoring 
Wells (MU Wells) – The overlying and underlying aquifer monitoring wells will be 
sampled four times with at least two weeks between sampling events.  The first and 
second sampling events will be analyzed for the parameters found in Table 3-1.  The third 
and fourth sampling events will be analyzed for the possible UCL parameters chloride, 
total alkalinity, and conductivity.  

 

3.14.7.8.6  Statistical Assessment of Baseline Water Quality Data 
 

Baseline water quality for the overlying, underlying, ore zone, and monitoring ring wells will be 

determined by averaging the data collected for each parameter analyzed.  In addition to 

calculating the average of the data, the variability of the data will also be calculated.  Outliers 

will be determined by using the methods outlined in WDEQ-LQD Guideline No. 4 or other 

accepted methods.  Any value determined to be an outlier will not be used in baseline 

calculations.  Average data from wells that are not uniformly distributed will be calculated by 

weighting the data according to the fraction of area, or water volume, represented by the data.  

Baseline conditions will be calculated as follows: 
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Table 3-1 Ground Water Monitoring Sampling Parameters.  
 

Parameter Lower Detection Limit* 
Alkalinity 0.1 
Ammonia 0.05 
Arsenic 1 
Barium 0.1 
Bicarbonate 0.1 
Boron 0.1 
Cadmium 0.01 
Calcium 0.05 
Carbonate 0.1 
Chloride 0.1 
Chromium 0.05 
Copper 0.01 
Electrical Conductivity @ 25 degrees C 1 uohm 
Fluoride 0.1 
Iron 0.05 
Lead 0.05 
Magnesium 0.01 
Manganese 0.01 
Mercury 0.0005 
Molybdenum 0.05 
Nickel 0.05 
Nitrate 0.01 
pH 0-14 s.u. 
Potassium 0.1 
Radium-226 0.1 pCi/L 
Radium-228 0.1 pCi/L 
Selenium 0.001 
Sodium .0.05 
Sulfate 0.5 
Total Dissolved Solids 1 
Uranium 0.001 
Vanadium 0.1 
Zinc 0.01 
Gross Alpha pCi/L** 
Gross Beta pCi/L** 

 
*mg/L unless specified otherwise 

**Minimum Detectable Concentrations determined on a sample by sample basis 
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1. Ore Zone Monitor Wells (MP Wells) – Baseline water quality will be calculated by 
using the average of each parameter that is analyzed.  If the data collected shows that 
water from the entire production area is that of waters of different undergroundwater 
classes, the data then will not be averaged together, but separated into sub-zones.  
Data within the sub-zones will then be averaged.  The boundaries of the sub-zones, 
where required, will be delineated at half-way between the sets of sampled wells that 
define the sub-zones.  

 

2. Monitoring Ring Wells (MR Wells) – Baseline water quality will be calculated by 
averaging each parameter that is analyzed.  As with the ore zone wells, if sub-zones 
are present that have different classes of water, data in the sub-zones will be averaged 
separately.  

 

3. Overlying and Underlying Aquifer Monitor Wells (MO and MU Wells) – The 
baseline water quality will be calculated by using the average of each parameter that is 
analyzed.  

 

3.14.7.8.7  Restoration Target Values 

 

The Restoration Target Values (RTV’s) are calculated from the baseline water quality data 

collected from the ore zone monitoring wells.  The RTV’s are used in determining and assessing 

the effectiveness of groundwater restoration within a production area.  Baseline water quality 

averages for the parameters sampled for the ore zone wells constitute the RTV’s.  If sub-zones 

exist in the ore zone, the RTV’s will be determined for each sub-zone.  The Restoration Target 

Value Parameters are discussed in the Reclamation Plan.  

 

3.14.7.8.8  Upper Control Limits 

 

Upper Control Limits (UCL’s) are used to define excursions at monitoring wells.  Through the 

installation of the monitoring ring wells, and the overlying and underlying aquifer monitoring 

wells, tracking of the lixiviant and processing fluids can be accomplished to ensure that the fluids 

are not leaving the defined ore zone.  The process bleed or wellfield purge in combination with 

the production area pumping and injection rates assist in keeping all processing fluids within the 

ore zone.  
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An excursion occurs when the production area processing fluids reach a monitoring ring or 

overlying/underlying monitor well.  This will cause the UCL’s to be exceeded.  If an excursion is 

determined to have occurred, operational changes will be implemented to reverse the flow of the 

processing fluids so that they are retrieved back to the ore zone and the affected monitor well(s) 

is no longer in a excursion status.  UCL’s for the monitor wells are determined from the 

collection of the baseline water quality data.  For the Nichols Ranch ISR Project, the parameters 

to be used for UCL’s will be chloride, conductivity, and total alkalinity.  

 

3.14.7.8.9  Calculation of Upper Control Limits 

 

The UCL’s are based on the baseline water quality data and calculated as follows: 

 

1. Chloride UCL – The chloride UCL will be calculated by taking the baseline mean plus 
five standard deviations or by taking the baseline mean plus 15 mg/L, whichever is 
greater.  The chloride UCL will be expressed in mg/L.  

2. Total Alkalinity UCL – The total alkalinity UCL will be calculated by taking the baseline 
mean plus five standard deviations.  The total alkalinity UCL will be expressed in mg/L 
CaCO3.  

3. Conductivity UCL – The conductivity UCL will be calculated by taking the baseline 
mean plus five standard deviations.  The conductivity UCL will be expressed in 
umhos/cm at 25oC.  

 

3.14.7.8.10  Operational Groundwater Monitoring Program 

 

The groundwater in a production area will be monitored during operation to detect and correct 

for any condition that could lead to an excursion.  Process variables such as flow rates and 

operating pressures of each individual operating well will be monitored in addition to the flow 

rates and operating pressures of the main pipelines going to and from the plants.  

 

3.14.7.8.10.1  Monitoring Frequency and Reporting 

 

The perimeter and vertical (overlying aquifer and underlying aquifer) monitor wells will be 

sampled twice per month at intervals of approximately 2 weeks.  The samples will be analyzed 

for and compared against the UCL parameters of conductivity, chloride, and total alkalinity.
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Static water levels will also be collected and recorded prior to the sampling event (but are not 

used as an excursion indicator).  All static water levels and analytical monitoring data for the 

monitoring wells will be kept by Uranerz Energy Corporation and submitted to the WDEQ-LQD 

on a quarterly basis.  These data will also be available to the NRC for review.  

 

3.14.7.8.10.2  Water Quality Sampling and Analysis Procedures 

 

Water quality samples will be obtained for the monitor wells through permanently installed 

submersible pumps.  Initially the monitor wells will have three casing volumes discharged before 

sampling to ensure that the water in the well is formation water.  As operations continue, the 

monitor wells will be pumped for a determined amount of time, with a minimum of one casing 

volume removed, based on the particular monitor well’s performance.  Each individual monitor 

well will have its static water level recorded prior to pumping.  Conductivity, pH, and 

temperature will be measured in the field and recorded in periodic intervals prior to sampling.  

This is done to demonstrate that the water quality conditions in the monitor wells have stabilized 

and that formation water is being sampled.  All collected water quality data for each monitor 

well will be periodically reviewed to ensure that sampling and analytical procedures are 

adequate.  

 

All water quality samples from the monitor wells will be analyzed at the Nichols Ranch Unit 

laboratory for chlorides, total alkalinity, and conductivity within 48 hours of the sample being 

collected.  All samples will be analyzed in accordance with accepted methods.  Standard 

Operating Procedures (SOP’s) will be developed that will detail all water sampling and 

laboratory analysis procedures.  

 

3.14.7.8.10.3  Excursions 

 

If any two of the three UCL excursion parameters (chloride, total alkalinity, or conductivity) are 

exceeded, an excursion is suspected to have occurred.  Within 24 hours of the first analysis, a 

second verification sample will be taken and analyzed to determine that two of the three 

excursion parameters have been exceeded.  The verification sample is then split and analyzed in
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duplicate to assess any analytical error.  If two of the three UCL’s are exceeded, an excursion is 

then verified.  If the second sample does not exceed the UCL’s, then a third sample will be taken 

in 48 hours.  During an excursion event, all monitoring wells that are placed on excursion status 

will be sampled at least every seven days for the UCL parameters.  

 

If an excursion is verified by the second or third sample, the WDEQ-LQD and NRC Project 

Manager will be notified by telephone or email within 24 hours.  The WDEQ-LQD and NRC 

Project Manager will also be notified in writing within seven days of a verified excursion.  

Corrective actions such as changes in the injection and recovery flow rates in the affected area 

will be implemented as soon as practical.  The corrective actions will continue until the 

excursion is mitigated.  A written report describing the excursion event, corrective actions, and 

the corrective action results must also be submitted to the NRC Project Manager within 60 days 

of the excursion confirmation.  

 

In the event that the concentration of the UCL parameters that were detected in the monitor 

well(s) do not begin to decline within 60 days after the verification of an excursion, all injection 

into the ore zone (production zone) adjacent to the excursion will be suspended to further 

increase the amount of net water withdrawal from the excursion area.  Injection will be 

suspended until such time that a declining trend in the UCL parameters concentration is 

established.  If a declining trend is not established in a reasonable time period, additional 

measures will be implemented.  When a significant declining trend is established, normal 

operations will resume with injection and/or production rates monitored such that net water 

withdrawals for the excursion area will continue.  The declining trend will be maintained; until 

such time, that the concentrations of excursion parameters in the affected monitor well(s) have 

returned to concentrations less than the established UCL’s.  

 

3.15  WILDLIFE MITIGATION AND MONITORING 

 

A wildlife survey/study was conducted for the Nichols Ranch ISR Project.  The wildlife study 

area includes the Nichols Ranch ISR Project area and a 2-mile buffer (see Exhibits D9-1 through 
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D9-4 of the attached Appendix D9).  The entire wildlife survey area (project area plus the 2-mi 

survey area) encompasses approximately 62.0 mi2 (39,659.6 acres).  

 

3.15.1  Endangered Species 

 

There are no know endangered species or endangered species habitat within the Nichols Ranch 

ISR Project area.  Impact to endangered species is, therefore, nonexistent and no mitigation 

factors are needed.  

 

3.15.2  Wildlife 

 

Mining activities within the proposed Nichols Ranch ISR Project area will result in limited 

short-term loss of approximately 300 acres of wildlife habitat over the approximate 10-year 

life of the mine.  Short-term habitat losses will occur in those areas that are temporarily 

disturbed during drilling operations and during the construction of the ancillary facilities. 

The losses in wildlife habitat will be limited to small areas (less than 60-80 acres/year) and 

will be short-term in nature.  The loss of wildlife habitat will be mitigated with the 

completion of reclamation activities.  

 

All wildlife habitat disturbed during the life of the mine will be revegetated following the 

completion of mining operations (refer to the Reclamation Plan).  Reclamation will be directed 

toward the restoration of the site primarily for livestock grazing and wildlife habitat.  

 

3.15.2.1  Big Game 

 

The entire project area lies within winter/yearlong pronghorn antelope and mule deer range of the 

Pumpkin Buttes Herd Units (WGFD 2005a).  Direct impacts to big game as a result of project 

activities will include the disturbance of a portion of winter/yearlong range, loss of forage, 

increased potential for poaching, vehicular collision accidents, and the displacement of big game 

into surrounding areas.  An estimated 300 acres will be incrementally mined or otherwise 

disturbed during the approximate 10-year life of the mine.  As a result of these habitat 
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disturbances, the winter/yearlong range carrying capacity for big game will be reduced during 

the life of the mine and for several years following mining until vegetative growth on the 

revegetated areas becomes productive enough to support big game.  Since only 60-80 acres will 

be withdrawn from use as wildlife habitat at any given time, the Nichols Ranch ISR Project is 

not expected to have any adverse impacts on pronghorn antelope or mule deer.  No significant 

increase in the potential for vehicle collision with big game is expected because of the short 

distances and low speeds required on the access roads.  Also, levels of vehicular traffic 

associated with mine development and use of the roads are not expected to increase above 

current levels.  

 

The number of employees and the nature and intensity of mining activities will be comparable to 

those already taking place on this site, and no increase in the potential for poaching and general 

harassment of big game is anticipated.  Mitigation plans such as speed limits and fencing will aid 

in the reduction of big game conflicts associated with the Nichols Ranch ISR Project.  

 

3.15.2.2  Upland Game Birds 

 

Ten greater sage-grouse leks occur within the wildlife study area (refer to Exhibit D9-3 of the 

attached Appendix D9).  All of the leks were active in 2006.  Direct impacts to greater sage-

grouse from project activities would include habitat loss and fragmentation from mine, road, 

pipeline, and power line construction; alteration of plant and animal communities; increased 

human activity that could cause the birds to avoid an area; increased noise that could cause the 

birds to avoid an area or reduce breeding efficiency; increased motorized access by the public 

leading to legal and illegal harvest; direct mortality from increased vehicular traffic; and an 

increase in mortality from raptors if power poles are placed in occupied greater sage-grouse 

habitat.  

 

To minimize impacts to breeding greater sage-grouse, project activities and vehicular traffic 

would be minimized in areas within 0.25 mi of an active lek between the hours of 8:00 pm 

and 8:00 am during the greater sage-grouse strutting period (March 1-May 15), and project 

activities (i.e., drilling and construction) would be reduced in areas adjacent to an active lek
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between March 15 and July 15.  To reduce raptor predation on greater sage-grouse, the 
construction of overhead powerlines, permanent high-profiled structures such as storage tanks, 
and other perch sites would not be constructed within 0.25 mi of an active lek.  To minimize 
impacts to greater sage-grouse and other upland bird species (i.e., Hungarian partridge), removal 
and disturbance of vegetation will be kept to a minimum through the use of existing roads for 
travel and for the placement of pipelines.  All lands disturbed by project activities will be 
revegetated as soon as practical following the project disturbing activities following practices 
outlined in the Reclamation Plan.  
 
Sage Grouse surveys will be conducted on a yearly basis and submitted to the appropriate 
agencies.  These surveys will include three surveys of known leks on or within one mile of the 
Nichols Ranch and Hank permit areas.  Searches for new leks will also be conducted every third 
year.  
 
3.15.2.3  Waterfowl and Shorebirds 
 
During the 2006 field season, waterfowl were seldom observed on the project area.  This 
minimal use is probably due to the fact that aquatic habitats on the project area are generally 
seasonal in nature and higher-quality waterfowl habitat is located outside the project area.  
Therefore, the Nichols Ranch ISR Project is not expected to have any adverse impacts on 
waterfowl or shorebirds.  No mitigation efforts are needed.  
 
3.15.2.4  Mammalian Predators 
 
The use of the project area by mammalian predators will be temporarily reduced due to mining 
activities at the Nichols Ranch ISR Project.  In addition, the recent outbreak of Tularemia may 
have an effect on the prey base (i.e., rabbits) for mammalian predators, which may have already 
resulted in a shift of predators to other areas to seek prey.  Therefore, the Nichols Ranch ISR 
Project is not expected to have any adverse long-term impacts on mammalian predators.  No 
mitigation efforts are also needed.  
 
3.15.2.5  Lagomorphs 
 

Rabbits were abundant within the project area and wildlife study area.  Direct impacts to 
lagomorphs as a result of the project may include vehicular collision accidents, loss of habitat, 
and increased motorized access by the public leading to legal and illegal harvest, and the
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displacement of lagomorphs into surrounding areas due to human activity and project related 
noise.  The natural outbreak of Tularemia has caused noticeable mortality to the rabbits in the 
area.  Since lagomorphs are relatively abundant in the project area and the fact that they show an 
affinity to disturbed areas with existing facilities, such as culverts and well pads, the Nichols 
Ranch ISR Project is expected to have negligible short-term adverse impacts on lagomorph 
populations.  No adverse long-term impacts are likely to occur.  
 

3.15.2.6  Small Mammals 

 

Some small mammals may be displaced by the mining activities over the life of the mine.  Prairie 

dog habitat (i.e., towns) occurs on the project area.  Prairie dog towns would not be avoided 

during mining activities; however, steps will be taken to minimize disturbance in their habitat. 

However, due to the low frequency of small mammal occurrence in the project area, the Nichols 

Ranch ISR Project is expected to have a negligible short-term adverse impact on small mammal 

populations.  No adverse long-term impacts are likely to occur.  

 

3.15.2.7  Raptors 

 

Forty raptor nests occur within the wildlife study area, of which 14 were determined to be active. 

Twelve of the 14 active nests were located in the Hank Unit and two of the active nests were 

located in the Nichols Ranch Unit.  Two active red-tailed hawk, two long-eared owl, one great-

horned owl, and two prairie falcon nests were observed in the Hank Unit.  Based on the proposed 

permit boundaries, those trees with nests will not be removed during project activities.  The 

principal impact to these nests from project activities and associated increased human access is 

potential disturbance during nesting, which could result in nest abandonment and decreased 

reproduction success.  Potential conflicts between active nest sites and project-related activities 

will be mitigated by annual raptor monitoring and mitigation plans such avoiding areas, when 

possible, where raptor nest sites are located, and limiting the constructing of overhead power 

lines so that raptors will not come in contact with them or use them as perches for viewing prey 

such as sage grouse.  
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The temporary disturbance of approximately 300 acres of raptor prey species habitats is unlikely 
to result in a reduction in the raptor population in the area because only 60-80 acres will be 
disturbed at any time.  Additionally, this reduction is expected to be short-term and negligible.  
Therefore, the Nichols Ranch ISR Project is not expected to have any adverse long-term impacts 
on raptor populations.  
 

Annual raptor studies will be undertaken to determine impacts and possible “takes” as described 
by the Migratory Bird Treaty Act.  The protocol for these surveys will follow those outlined in 
Appendix B of the Wyoming DEQ Coal Regulations.  Results of the annual raptor studies will be 
distributed to the appropriate agencies upon completion.  
 
3.15.2.8  Nongame/Migratory Birds 
 
The temporary disturbance of approximately 300 acres of habitat will result is some reduction in 
the carrying capacity for nongame/migratory birds within the project area.  Birds may be 
displaced by the mining activities and the temporary disturbance of wildlife habitat; however, the 
amount of habitat lost will be minimal in relation to the amount of comparable habitats that are 
available in the general area.  Therefore, the Nichols Ranch ISR Project is not expected to have 
any adverse long-term impact on any passerine bird populations.  
 

3.15.2.9  Reptiles and Amphibians 
 
The two species of reptiles that were documented in or near the project area during fieldwork are 
common in Wyoming.  The mining activities and temporary disturbance may result in some 
reduction in the population levels of reptile and amphibian species in the area; however, these 
impacts are expected to be short-term and negligible.  Therefore, the Nichols Ranch ISR Project 
is not expected to have any adverse long-term impacts on any reptiles or amphibian populations.  
 
3.15.2.10  Threatened, Endangered, Proposed, and Candidate Species and Special Status Species 
 
Based on state and federal wildlife agencies and habitat preference, two TEPC animal species 
and 17 BLM SS species have the potential to occur in the project area (refer to Tables D9-3 
and D9-4 of the attached Appendix D9).  The Bald eagle was the only protected species 
observed within the wildlife study area and may use the area for foraging during the 
winter months and migration; however, no nests or communal roosts occur within the 
Nichols Ranch ISR Project wildlife survey area.  Project lands disturbed as a result of 
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mining will be unavailable for foraging bald eagles until these areas are reclaimed and prey 
species return.  The area has been block-cleared for the black-footed ferret (refer to 
Addendum D9A of the attached Appendix D9; therefore, the mine will have no affect on black-
footed ferrets.  Two BLM SS species, the swift fox and Brewer’s sparrow, were observed 
within or adjacent to the project area.  Since only 60-80 acres will be withdrawn from use 
as wildlife habitat at any given time, the Nichols Ranch ISR Project is not expected to have 
any adverse impacts on TEPC species or SS.  No special mitigation plans for TEPC species or 
SS are planned at this time.  
 

3.16  CULTURAL RESOURCES 

 

Uranerz will comply with the following cultural resource mitigation measures.  

 

(1) Uranerz will not conduct any ground-disturbing work in areas that have not been previously 

inventoried and cleared for cultural resources.  

 

(2) Uranerz will protect all cultural properties that have been determined eligible to the National 

Register of Historic Places within the permit area from ground-disturbing activities until 

appropriate cultural resource mitigation measures can be implemented as part of an approved 

mining and reclamation plan unless modified by mutual agreement in consultation with the 

SHPO.  

 

(3)  To protect a previously identified traditional cultural property, Uranerz will also not conduct 

any ground-disturbing activities above the 5,500 foot elevation within the Hank Unit.  

 

(4) If cultural resources are discovered during operations, Uranerz will immediately stop ground-

disturbing activities in the area of the discovery and will immediately notify the WDEQ-LQD, 

the BLM, and the SHPO.  
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Within two (2) working days of notification, the WDEQ-LQD, the BLM, and the SHPO will 

evaluate or have evaluated any discovered cultural resources and will determine if any action 

may be required to protect or preserve such discoveries.  

 

(5) All cultural resources will remain under the jurisdiction of the private landowner or the 

United States government depending on the where the cultural resource(s) were discovered.  

 

3.17  QUALITY ASSURANCE PROGRAM 

 

A quality assurance program will be established to provide a measure of the completeness and 

accuracy of sampling and measurement results.  The results of the quality assurance program 

will demonstrate effectiveness of implemented programs or allow for identification of 

deficiencies so that corrective action can be taken.  The quality assurance program will be 

applied to all radiological, effluent, and environmental programs.  

 

3.17.1  Organization 

 

The organizational structure described in Section 3.14.1 will be responsible for implementation 

of the quality assurance program.  

 

3.17.2  Procedures 

 

The quality assurance program will be implemented in accordance with written operating 

procedures as described in Section 3.14.2.  These procedures will include consideration of 

quality assurance and quality control for activities of measurement, sampling, sample analysis, 

calibration, calculation techniques, data evaluation, and data reporting.  

 

3.17.3  Records 

 

Records will be maintained to document the activities performed in the program.  The records 

will be specified in the applicable operating procedure.  These records will include field logs, 
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chain-of-custody, measurement results, instrument performance checks, calibration, data 

reduction, and data review and approval.  

 

Record keeping will be in conformance with Section 3.14.2.1.3.  

 

3.17.4  Quality Control in Sampling 

 

Quality control for sample and measurement collection will be included in the respective 

operating procedure.  Requirements will be designed to ensure that the sample or measurement is 

representative of actual conditions.  Chain-of-custody records will be maintained for samples in 

accordance with an operating procedure.  

 

3.17.5  Quality Control in Laboratory 

 

Quality control of laboratory measurements and analyses will be included in the respective 

operating procedure, or a supporting operating procedure or instruction.  

 

3.17.5.1  Calibration 

 

Requirements will include use of calibration standards or sources traceable to National Institute 

of Standards and Technology.  

 

3.17.5.2  Performance Checks 

 

Determination of the background counting rate and the response of radiation detection systems to 

appropriate check sources will be performed on a scheduled basis for systems in routine use.  

The results of these measurements will be recorded and monitored.  Investigative and corrective 

action will be taken when the performance check falls outside a predetermined control value.  

 

 



Uranerz Energy Corporation  Nichols Ranch ISR Project 
 

November 2007 MP-82 

3.17.5.3  Quality Control Samples 

 

Quality control samples will be collected to assess field activities, intralaboratory, and 

interlaboratory analyses.  Control values will be established for evaluation of these results.  

Investigative and corrective action will be taken when the results fall outside a predetermined 

control value.  

 

Quality control for field activities will include replicates and blanks.  Intralaboratory quality 

control will be accomplished by use of duplicate samples.  Interlaboratory quality control will 

include use of replicates or duplicates to different contract laboratories and/or will be made by 

reference to a contract laboratory’s participation in an independent verification program; e.g. 

EPA or state qualifications or certifications.  

 

3.17.6  Computational Checks 

 

Computations of the concentration of radioactive materials will include the independent 

verification of a fraction of the results of the computation or of the calculation method or both by 

a person other than the one performing the original computation.  

 

3.17.7  Review and Analysis of Data 

 

Requirements for review and analysis of data will be included within operating procedure or 

instructions governing collection and analysis of samples and measurements.  These 

requirements will cover examination of data from actual samples and from quality-control 

activities for reasonableness, completeness, and consistency.  Provisions will be made for 

investigation and correction of recognized deficiencies and for documentation of these actions.  
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3.17.8  Review of Quality Assurance Program 

 

Reviews will be made to verify implementation of the quality assurance program.  The audits 

will be performed by individuals qualified in the respective techniques who do not have direct 

responsibilities in the areas being reviewed.  

 

Results will be documented and provided to the Safety and Environmental Review Panel 

(SERP).  Follow-up action, including additional review of deficient areas, will be taken upon 

recommendation of the SERP.  

 

The quality assurance program will be implemented consistent with NRC Regulatory Guide 4.15 

“Quality Assurance for Radiological Monitoring Programs (Normal Operations) – Effluent 

Streams and the Environment”, Revision 1, 1979.  

 

3.18  REPORTING PROCEDURES 

 

The chemical analysis that Uranerz Energy Corporation will perform will follow the Uranerz 

Standard Operating Procedure – Groundwater Sampling Procedure.  The procedure addresses 

safety, sample collection, data recording, preservation, and quality control.  

 

Energy Laboratory (or equivalent) will perform the Uranerz Energy Corporation laboratory 

analysis.  Energy Lab’s physical address is 2393 Salt Creek Highway, Casper, Wyoming 

82601, and the mailing address is PO Box 3258, Casper, WY 82602-3258.  The telephone 

numbers are Toll Free:  (888) 235-0515 or Voice Mail:  (307) 235-0515 and the fax number is:  

(307) 234-1639.  

 

All reports that Uranerz Energy Corporation submits will be signed by a “responsible corporate 

officer” as defined by the WDEQ.  The following reports will be submitted at the designated 

times.  
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3.18.1  Quarterly Reporting 

 
Uranerz Energy Corporation will report the following on a quarterly basis: 

 
The results of monitoring required per Land Quality Division NonCoal Rules and 
Regulations, Chapter 11, Sections 14(a)(ii) and (iii).   
 

The nature of the injected fluids will be monitored with sufficient frequency, and 
at least monthly, to yield representative data on the characteristics of the fluid.  
Whenever the injection fluid is modified to the extent that the previous analysis is 
incorrect or incomplete, a new analysis shall be provided to the administrator.   
 
The injection pressure and either flow rate or volume will be monitored at least 
weekly or metering and daily recording of injected and produced fluid volumes as 
appropriate.   
 
Class III injection wells may be monitored for the two parameters required above 
on a field or project basis rather than on individual well basis by manifold 
monitoring.  Manifold monitoring may be used in cases of facilities consisting of 
more than one injection well operating with a common manifold.  Separate 
monitoring systems for each well are not required provided the operator 
demonstrates that manifold monitoring of injection pressure is comparable to 
individual well monitoring.   
 
The fluid level in the production zone shall be monitored semi-monthly where 
appropriate.   
 
The water levels and parameters chosen to measure the water quality in 
monitoring wells shall be monitored semi-monthly.  
 
The water levels and parameters chosen to detect any movement of injected 

fluids, process by-products, or formation fluids in the monitoring wells where the 

injection wells penetrate an Underground Source of Water in an area subject to 

subsidence or catastrophic collapse shall be monitored quarterly.   
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Pressure changes or other physical parameters if such monitoring provides for 

more rapid detection of excursions shall be monitored periodically. 

 
The results of all mechanical integrity testing (MIT) conducted during the quarter shall be 

reported.  The results will have the following information: date of MIT, method MIT was 

established, verification whether MIT was or was not established, identification of wells 

which failed MIT and required repair, description of method of plugging or repair.   

 
The status of corrective action on defective wells shall be reported quarterly (Section 13 

of Land Quality Division NonCoal Rules and Regulations, Chapter 11).  

 
The results of well repair and plugging shall be reported quarterly.  A statement that wells 

were plugged in accordance with permit, documentation of prior approval from 

Administrator if plugging procedures differ from permit, documentation if different from 

permit on procedure used and specific differences from permit, and documentation that 

volume of material placed in the well equals the volume of the empty hole shall also be 

included in the quarterly report (Section 8, Land Quality Division NonCoal Rules and 

Regulations, Chapter 11).   

 
3.18.2  Annual Reporting 

 
• Information required by W.S. &35-11-411. 
• Maps showing locations of all wells installed in conjunction with extraction activity 

showing areas where groundwater reclamation has been achieved, is taking place, and is 
expected to commence during the next year.  

• Maps showing where extraction is expected to commence in the next year. 
Total quantity of recovery fluid injected and the total quantity of recovery fluid extracted 
during the reporting period for each well-field area, including a description of how these 
quantities were determined.  

• Monitoring program results, for improperly sealed, completed or abandoned wells which 
have not been previously reported.  

• An updated potentiometric surface map(s) for all aquifers that are or may be affected by 
the extraction operation may be included.  

• Data demonstrating groundwater restoration.  
• A map of areas outside process pads affected by spills of process fluids for the respective 

report year, along with depiction of areas affected by previous years’ spills shall be 
included.  
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Well abandonment reports will be made to the LQD and the State Engineer’s office within sixty 
days after the abandonment of any well which has artesian or gassy flow at the surface.  The 
report, set forth in affidavit form, will contain the location of the hole to the nearest two hundred 
feet, the depth of the well, estimated rate of flow, and the facts of the plugging technique.  A 
report will also be submitted within twelve months after the abandonment of any well.  The 
report will include the location of the well to the nearest 40-acre legal subdivision (quarter 
quarter section) utilizing Wyoming state plane coordinates, the depth of the well, and the facts of 
the plugging technique.  
 

An overview of excursion occurrences if any and control actions taken will be included in each 
annual report.  The specifics of the excursion control and reporting are discussed in Section 3.19, 
Spills and Excursions.  
 

Uranerz will report well stimulation activites for Class III wells in the Annual Report.  The 
report will include stimulation technique, materials used, injection rates, total volumes, 
maximum pressures encountered and stimulation results.  
 

On an annual basis, Uranerz will review and update as needed the table, Typical Lixiviant 
Solution Composition.  The table is located in this Mine Plan in Section 3.3.4, Type of Recovery 
Fluid Used.  
 

Annual raptor and sage grouse surveys will also be conducted and reported to the WDEQ.  The 
sage-grouse survey will take place in April or May when sage-grouse can be observed on leks. 
 

The raptor surveys will also take place in April or May to observe known nests and to identify 
any new nests.  
 

3.19  SPILLS AND EXCURSIONS 
 

The prop handling of spills and excursions is extremely important to Uranerz.  Uranerz commits 
to the proper reporting of spills and excursions.  
 

3.19.1  Excursion Reporting 
 

Uranerz Energy Corporation will verbally report to the WDEQ within 24 hours of becoming 
aware of noncompliance occurrences which may endanger public health or the environment
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including monitoring or other information which indicates contaminates endangered an 
Underground Source of Water (USW), and/or noncompliances with a permit or malfunction of 
the injection system which caused fluid migration into or between USWs or unauthorized zones.  
Uranerz will also provide a written report within 7 days of becoming aware of the 
noncompliance occurrence.  
 

Uranerz will notify the WDEQ within 24 hours of a second or third confirmation of an excursion 
in a regularly scheduled sample.  The second sample will be conducted 24 hours upon receipt of 
the results of the first sample.  When the first and second samples agree, an excursion is 
confirmed.  However, if the first and second samples conflict, a third sample will be obtained 
within 48 hours of the results of the second sample.  All re-samples need to be completed within 
30 days or the excursion is confirmed.  Uranerz will also submit a written report within 7 days of 
the confirmation.  
 

An excursion is controlled when it can be demonstrated that recovery fluid is unauthorized areas 
is declining.  If the excursion is controlled, but the fluid has not been recovered, Uranerz will 
submit within 90 days of the excursion, a plan and compliance schedule.  Monthly reports will be 
submitted to the WDEQ until the excursion is over.  
 

3.19.2  Maintenance, Spill Prevention and Spill Reporting 
 

In the event that a spill occurs in the wellfield or process plants, measures will be taken to safely 
and quickly contain the spill and mitigate the impacts of any released material.  Proper 
notification of the plant and corporate management will be made along with properly contacting 
the NRC and State.  This Mine (Operations) Plan addresses handling of spills at Section 3.13.4 
System Failures.  
 

Administrative and engineering controls will be established to prevent both surfaces and 
subsurface releases to the environment and to mitigate the effects should a release occur.  These 
controls, including response actions, will be implemented by operating procedures.  
 

Releases can be of two primary types at an in-situ uranium recovery facility; surface releases 
such as vessel failure, piping failure, etc., and subsurface releases such as well excursion or 
piping failure.  Spill Prevention is addressed in Section 3.14.7.1.2.1 Contingency for Unplanned 
Releases.  
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3.19.3  Management Handling Plan for Contaminated Material 
 

This Mine (Operations) Plan addresses management of contaminated materials at Section 3.13.2 
Liquids and Solids.  The section provides a description of disposal methods for the method liquid 
effluents and solid wastes at the Uranerz sites.  
 

3.19.4  Flow Alarms for Leak Detection 
 

The Uranerz Standard Operating Procedures (SOP) will address alarm responses, automatic 
shutdowns, and start up after automatic shutdowns.  The SOPs at both the Nichols Ranch Unit 
and Hank Unit facilities are designed to minimize the risks of uncontrolled releases of recovery 
fluids, chemicals, and plant fluids, and provide the maximum safety and protection to the 
environment and personnel.  Activation of the flow alarms prompts corrective actions which 
inherently include inspection for leaks and spills.  This Mine Plan at Sections 3.10.5 and 3.13.4 
includes discussion of flow alarms for leak detection.  
 

3.19.5  Daily Inspections for Wellfields and Header Houses 
 

This Mine Plan at Section 3.14.3.2 includes “operating wellfields and header houses.”  An 
Environmental Safety & Health staff representative or designate will conduct a daily 
walkthrough inspection of the process and storage areas, operating wellfields, and header houses.  
The inspection will provide for a visual survey of proper implementation of procedures, 
housekeeping, and contamination control.  
 

3.19.6  Maps of Affected Spill Areas 
 

This Mine Plan at Section 3.18 “Reporting Procedures,” “Annual Reporting,” includes this item: 
 

• A map of areas outside process pads affected by spills of process fluids for the respective 
report year, along with depiction of areas affected by previous years’ spills.. 

 

The maps will be included in the Uranerz Annual Report to the DEQ/LQD.  
 
 



Uranerz Energy Corporation  Nichols Ranch ISR Project 
 

Revised September 2009 MP-85 

3.20  EFFLUENT CONTROL SYSTEMS 
 

This section describes the effluent control systems that will be used for the Nichols Ranch ISR 
Project.  The potential effluents include radon, radioactive particulates in air, and radionuclides 

in liquid streams.  A copy of this exact section is also located as Section 3.13, Effluent Control 

Systems.   
 

3.20.1  Gaseous and Airborne Particulates 

 

The major airborne radioactive effluents include radon gas and radioactive particulates.  To the 

extent practical, the facility ventilation systems for control of these effluents will be designed to 

accomplish the following: 

• Provide for general area and local ventilation where concentrations of natural uranium 
and daughters, and radon or daughters may be present in excess of 25% of the values 
given in Table 1 of Appendix B to 10 CFR 20.  

 
• Exhausted air will not enter air intakes that service other enclosed facility areas.  

 

3.20.1.1  Radon 

 

The principal gaseous radiological effluent is radon released from the circulating leach solution 

and/or in the elution and precipitation circuit.  The buildup of radon in buildings will be 

controlled by general area and local ventilation systems.  

 

3.20.1.1.1  General Area Ventilation 

 

General ventilation of work areas in process buildings may be maintained by a forced air 

ventilation system.  The general area ventilation system will be designed to force air to circulate 

through the process areas.  The ventilation system will draw fresh air into the building and 

exhaust outside the building.  The forced air system will be used when the buildings are normally 

closed due to weather or other factors.  During favorable weather conditions, open doorways and 

convection vents will assist in providing satisfactory work area ventilation.  
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3.20.1.1.2  Local Ventilation 

 

A system independent of the general area ventilation will provide local ventilation for process 

vessels where significant concentration of radon could reasonably be expected to be released.  

The system will consist of ducting or piping near the expected point of release for the respective 

process vessel.  Fans will collect gases through the ducting or piping and exhaust outdoors.  The 

design will include considerations of redundancy or compensation.  Airflow through openings in 

the vessels will be from the process area into the vessel and into the ventilation system, thus 

controlling any releases that occur inside the vessel.  Separate and independent local ventilation 

systems may be used temporarily as needed for functional areas or non-routine activities.  

 

3.20.1.2  Particulate 

 

The principal particulate radiological effluent is uranium and daughters released from the drying 

and packaging of yellowcake.  An independent ventilation and filtration system is installed as a 

part of this operation.  

A description of the effluent controls of vacuum drying and packaging system are summarized 

as: 

• The drying chamber operates at negative pressure.  
• A bag house is situated above the drying chamber.  It provides for filtration of air and 

vapor from the drying chamber.  The dry solids on the filter surfaces are discharged back 
to the drying chamber.  The bag house is maintained under negative pressure by the 
vacuum system.  

• A condenser is located downstream of the bag house.  Dust passing through the bag 
filters is wetted and entrained in the condensing moisture within this unit.  The gases are 
moved through the condenser by the vacuum system.  

• The vacuum system is a water sealed unit.  It provides a negative pressure on the entire 
system during drying and packaging.  The water seal captures entrained particulate 
remaining in the gas stream.  

• Ventilation is provided by the vacuum system when yellowcake is transferred from the 
drying chamber for packaging. The low intermittent air flow exiting the vacuum system 
precludes sampling of this effluent.  

• The system is instrumented to shut itself down for malfunction or failure of the vacuum 
system.  The system will alarm if there is an indication that the emission controls are not 
performing within specifications.  Operating procedures will provide for return of the 
system to service upon correction of the malfunction or failure.  

•  
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Instrumentation provides an audible and/or visual alarm if the vacuum level is outside 

specifications; the operation of this system is monitored during drying and packaging 

operations.  In the event that the instrumentation system fails, the operator will document 

checks of the vacuum every four hours.  Additionally, during routine operations, the air 

pressure differential gauges for other emission control equipment is observed and 

documented at least once per shift during dryer operations.  

 

The vacuum system is proven technology which is being used successfully at several uranium 

recovery facilities where uranium oxide is being produced.  

 

3.20.2  Liquids and Solids 

 

This section provides description of disposal methods for the major liquid effluents and solid 

wastes at the Uranerz sites.  

 

3.20.2.1  Liquid Effluents 

 

Liquid effluents are expected to be generated from well development water, pumping test water, 

process bleed, process solutions, washdown water, and restoration water.  The water generated 

during well development and pumping tests is expected to satisfy WDEQ-WDQ Class III 

(Livestock) standards at a minimum and has minimal potential radiological impact on soils or 

surface water.  No alternate handling or disposal method is required allowing water to be 

pumped onto the ground.  

 

The process bleed and wash down water will be transferred to a deep disposal well.  This deep 

disposal well will be equivalent in design and depth to existing deep disposal wells at similar ISR 

uranium recovery sites.  This deep disposal well will be permitted through the WDEQ and 

operated according to permit requirements.  
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The restoration water will be treated by reverse osmosis or other purification technology.  The 

treated restoration water will be re-injected into the production area undergoing restoration with 

the restoration water bleed transferred to the deep disposal well.  

 

3.20.2.2  Solid Wastes 

 

Solid wastes will normally consist of spent resin, empty packaging, miscellaneous pipes and 

fittings, tank sediments, and domestic trash.  These materials will be classified as contaminated 

or noncontaminated based on their radiological characteristics.  

 

3.20.2.2.1  Noncontaminated Solid Waste 

 

Noncontaminated solid waste is waste that is not contaminated with radioactive material or 

which can be decontaminated and re-classified as noncontaminated waste.  This type of waste 

may include trash, piping, valves, instrumentation, equipment and any other items that are not 

contaminated or which may be successfully decontaminated.  Noncontaminated solid waste will 

be collected on the site in designated areas and disposed of in the nearest permitted sanitary 

landfill.  

 

It is estimated that the site will produce approximately 700 to 1,000 cubic yards of 

noncontaminated solid waste per year.  This estimate is based on the waste generation rates of 

similar in situ uranium recovery facilities.  

 

3.20.2.2.2  Contaminated Solid Waste 

 

Contaminated solid waste consists of solid waste contaminated with radioactive material that 

cannot be decontaminated.  This waste will be classified as 11.e (2) byproduct material.  This 

byproduct material will consist of filters, personal protective equipment, spent resin, piping, etc.  

These materials will be temporarily stored on site and periodically transported for disposal. 
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Uranerz will establish an agreement for disposal of this waste as 11.e (2) byproduct material in a 

licensed waste disposal site or licensed mill tailings facility.  

 

It is estimated that the site will produce approximately 60 to 90 cubic yards of 11.e (2) byproduct 

material as waste per year.  This estimate is based on the waste generation rates of similar ISR 

uranium recovery facilities.  

 

3.20.3  Contaminated Equipment 

 

Surface contamination surveys will be conducted of potentially contaminated equipment and 

materials before they are released to unrestricted areas.  The applicable surface contamination 

limits are provided by USNRC, Guidelines for Decontamination of Facilities and Equipment 

Prior to Release for Unrestricted Use or Termination of Licenses for Byproduct, Source, or 

Special Nuclear Material, Division of Fuel Cycle and Material Safety, April 1993.  A 

comprehensive radiation survey will be made in conformance with these guidelines which 

establishes that contamination is within the limits specified within the referenced guidelines and 

is as low as is reasonably achievable before release of the equipment or material for unrestricted 

use.  

 

 If contamination above these limits is detected, the equipment or material will be 

decontaminated until the limits are satisfied, or the item will not be released to unrestricted use.  

 

Radioactivity on surfaces will not be covered by paint, plating, or other covering unless 

contamination levels, as determined by a survey and documented, are below the aforementioned 

limits before application of the covering.  A reasonable effort will be made to minimize the 

contamination before use of any covering.  

 

The radioactivity of the interior surfaces of pipes, drain lines, or duct work will be determined by 

making measurements at all traps and other appropriate access points, provided that
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contamination at these locations is likely to be representative of contamination on the interior of 

the pipes, drain lines, or duct work.  

 

3.20.4  System Failures 

 

In the event that a spill occurs in the wellfield or process plants, measures will be taken to safely 

and quickly contain the spill and mitigate the impacts of any released material.  Proper 

notification of plant and corporate management will be made along with properly contacting the 

NRC and State.  

 

Spills are likely to occur from leaking pipelines and fittings.  If a pipeline leak or spill occurs in 

the plants, the spill or leak will be contained within the building with all spilled material 

collected in the plant sump.  This material will either be pumped back into the process or sent to 

the deep disposal well.  

 

Wellfield spills will be contained as soon as possible.  The area of the spill will be surveyed to 

identify any contaminated areas and then cleaned up and removed for disposal according to NRC 

and State regulations.  

 

If any process vessels or tanks that contain or have contained radioactive materials have to be 

entered for any reason such as cleaning, inspection, or repairs, a radiation work permit (RWP) 

will be issued detailing the requirements for special air sampling, protective equipment, and 

increased exposure surveillance.  

 
To notify operating personnel of potential issues with process and wellfield operations, 
instrumentation such as flow meters and pressure indicators will be used.  If any process 
condition falls out of the normal operating range, audible and visual alarms will sound notifying 
employees of potential plant problems.  The alarm notification will aid in reducing the severity 
of any potential spills that might occur.  
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MPG.1 NICHOLS SITE NUMERICAL GROUND-WATER MODELING 

The primary modeling approach used a version of the MODFLOW model to evaluate ground-
water flow and drawdown resulting from the planned mining operations.  The MODFLOW 
model was developed by the USGS in 1988 and has been updated and revised several times.  
MODFLOW-96 (Harbaugh and McDonald, 1996) was used for modeling of the ground-water 
system at the Nichols Project.   The names MODFLOW and MODFLOW-96 are used 
interchangeably in the remainder of the addendum. 

MPG.1.1 Nichols Project Modeling 
MODFLOW-96 was used to model the ground-water flow prior to, during and after operation of 
the wellfield(s).  A model grid was developed to cover the proposed mine area with a relatively 
fine grid (50 foot by 50 foot cells) and extending the modeled area with increased cell size to 
encompass approximately 5,050 square miles.  Injection and production wells were included as 
well stresses within the fine grid area.    
 
MPG.1.1.1 Model Configuration 

The five layer model utilized a confined aquifer type for all five layers, with a series of general 
head boundaries on the perimeter of the model grid.  The initial potentiometric head in each of 
the five layers was approximated as a uniform gradient across the model grid areas.  This surface 
was developed using the typical gradient of 0.0033 feet/feet and the general gradient is from 
southeast to northwest.   Because the aquifer is confined, no structural information is necessary 
to define the ground-water system.      
 
On the periphery of the model grid, selected cells were designated as general head boundary cells 
to stabilize the potentiometric surface.  The head in each of the 79 designated general head 
boundary cells for each layer was set at the initial model head and the cell conductance was set at 
a relatively high level to provide a generally stable regional potentiometric surface.   
 
MPG.1.1.1.1 Model Grid 

The model grid consists of 164 rows by 104 columns and is rotated approximately 35 degrees 
counterclockwise from the orthogonal directions.  The smallest cell dimension is 50 feet by 50 
feet, and the largest cell dimension is 73,895 feet by 73,895 feet as shown in Figure MPG.1-1. 
 
The model grid extends beyond the limits of the Wasatch aquifer on the west and southeast sides 
of the grid and some of the model cells are inactive.  Figure MPG.1-2 presents the cells that are 
inactive, and also shows the initial potentiometric surface used in the modeling.  
 
MPG.1.1.1.2 Aquifer Properties 

The primary aquifer properties information used in the model included transmissivity, storage 
coefficient and vertical conductance.  The transmissivity and storage coefficient were distinct for 
each of the five layers primarily as a function of the typical layer thickness.  Three distinct ore 
zones are identified in layers three, four and five.  These ore-bearing intervals are hereafter 
described as upper, middle and lower ore zones.  The transmissivity of layers one, two and four 
was set at 10.0 ft2/day (75 gal/day/ft).  The transmissivity of layers three and five was set at 8.4 
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ft2/day (63 gal/day/ft). The storage coefficient for layer one was set at 6E-05 and the storage 
coefficient for layer two was set at 5E-05.  The storage coefficient of layers three and five was 
set at 2E-05 and the storage coefficient of layer four was set at 3E-05.  These values of storage 
coefficient were adjusted from the composite storage coefficient for the A sand to reflect the 
individual sand thicknesses. 
 
The vertical conductance between layers is specified by the term VCONT which is the vertical 
hydraulic conductivity divided by the thickness between the layers and has units of day-1.  
Because vertical continuity is profoundly reduced by even a thin layer of low permeability 
material, the effective values of VCONT primarily reflect the presence of shale and siltstone 
layers within the sequence of ore bearing sands and sandstones.  VCONT was set at 1E-08 day-1 
for the interface between layers one and two and at 2E-08 day-1 for the remaining layer 
interfaces.     
 
MPG.1.1.1.3 Wellfield Configuration 

The proposed mining sequence includes two distinct wellfields with an anticipated mining period 
of 1½ years for each wellfield.  Each wellfield consists of a combination of staggered production 
and injection wells arranged generally in a line drive layout for the sinuous ore body.  Number of 
wells and well locations is preliminary and may be adjusted with further delineation of the ore 
bodies.  Several model runs were conducted to evaluate horizontal flare, general wellfield 
operation, and excursion control and retrieval. Model runs and wellfield configuration for the 
horizontal flare evaluation are described in a following section. For the purposes of presentation, 
both wellfields are shown with a bounding line for the upper, middle, and lower ore zones in 
Figures MPG.1-3, MPG.1-4, and MPG.1-5, respectively.  The middle ore zone represents the 
largest ore body within the project area for both wellfield #1 and wellfield #2.      
 
MPG.1.1.1.4 Operational Parameters 

The anticipated production rates from the wellfield #1 wells range from 15.8 to 15.9 gpm.  A 
total of 221 production wells were included in the full wellfield #1 operation with 62 wells in the 
upper ore zone, 115 wells in the middle ore zone, and 44 wells in the lower ore zone.  Total 
production rate was 3,507 gpm.  Injection well operational rates ranged from 5.5 to 28.2 gpm 
with a total of 266 injection wells, with 81 wells in the upper ore zone, 128 wells in the middle 
ore zone, and 57 wells in the lower ore zone.  Excess production or bleed rate was set at 1% of 
total production with a resulting injection rate of 3,472 gpm.   
 
The anticipated production rate from the wellfield #2 wells is 21.3 gpm.  A total of 164 
production wells were included in the full wellfield #2 operation with 25 wells in the upper ore 
zone, 99 wells in the middle ore zone, and 40 wells in the lower ore zone.  Total production rate 
was 3,500 gpm.  Injection well operational rates ranged from 9.5 to 39.9 gpm with a total of 183 
injection wells, with 28 wells in the upper ore zone, 111 wells in the middle ore zone, and 44 
wells in the lower ore zone.  Excess production or bleed rate was set at 1% of total production 
with a resulting injection rate of 3,465 gpm.   
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MPG.1.1.1.5 Stress Periods 

Numerous stress periods were included to allow comparison of predicted aquifer response to the 
wellfield operations at several times during the simulation period.  A transient simulation also 
requires very small computational time steps after each significant change in aquifer stresses 
including startup or shutdown of well operation.  This is necessary to prevent a failure to 
converge in the model computation.  The initial stress period and time steps were set at a very 
small value (0.0001 day with 5 time steps) to produce a model output result that essentially 
reflects initial head conditions.  The stress period lengths were then gradually increased until 
there was a significant change in model stresses, at which the sequence reverted to a short stress 
period followed by gradually increasing stress period lengths.  A total of 11 stress periods were 
used in a total simulation period of six years which included 1.5 years of operation of each 
wellfield followed by a three year period of post-mining recovery.   
 
MPG.1.1.2 Model Results 

The MODFLOW model produces output in terms of predicted drawdown or predicted head at 
selected times within the simulation.  The drawdown or water-level rise is calculated as the 
difference between head at a selected time and the initial head for the aquifer at the start of the 
simulation.  Both results are useful in the interpretation of aquifer response to the mining and are 
used to evaluate the modeling predictions.    
 
MPG.1.1.2.1 Wellfield #1 

The configuration for wellfield #1 is a combination of wells in the upper, middle and lower ore 
zones as shown in Figures MPG.1-3, MPG.1-4 and MPG.1-5.  Because the generally sinuous ore 
bodies are in the same area, there may be up to three wells completed in a single planar cell.   
The modeled potentiometric surface for all layers prior to the start of mining is presented Figure 
MPG.1-2.  The mining operation of the production and injection wells is expected to continue for 
18 months, after which mining of wellfield #2 begins.  Figure MPG.1-6 presents the predicted 
drawdown contours for layer four of wellfield #1 after one year of operation, with the production 
from this layer is over one-half of the total wellfield production.  Hence, the propagation of 
drawdown for this layer represents the maximum ground-water impact for the three-layer 
wellfield operation after one year.    Figure MPG.1-7 presents the predicted water-level elevation 
contours for layer four of wellfield #1 after one year of operation.   The operation of the wellfield 
at a bleed rate of 1% of the planned 3,500 gpm production rate (1,821 gpm expected production 
from layer four) has resulted in development of a significant cone of depression around the 
operating wellfield.  The area of gradient reversal in layer four extends approximately 3,000 feet 
to the northwest of wellfield #1.   
 
Figure MPG.1-8 presents the predicted potentiometric surface for the upper (layer three) ore 
zone at the end of mining for wellfield #1. On the northwest side of the wellfield, the zone of 
gradient reversal extends more than 1,000 feet beyond the wellfield, and the potentiometric 
surface is generally convergent to the operating wellfield.  Figure MPG.1-9 presents the 
predicted potentiometric surface for the lower (layer five) ore zone at the end of mining for 
wellfield #1. Like the upper and middle ore zones, there is a significant area of gradient reversal 
on the northwest side of the wellfield that is similar in extent to that of the middle ore zone 
reversal.   
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MPG.1.1.2.2 Wellfield #2 

Wellfield #2 also consists of injection and production wells in the upper, middle and lower ore 
zones as shown in Figures MPG.1-3, MPG.1-4 and MPG.1-5.   The operation of wellfield #2 will 
begin after mining is completed in wellfield #1.  In wellfield #2 the expected middle zone 
production constitutes 2,113 gpm of the total three layer wellfield production rate of 3,500 gpm.  
Figure MPG.1-10 presents the predicted potentiometric surface after 18 months of operation in 
wellfield #2.  The area of gradient reversal to the northwest of the wellfield extends more than 
4,000 feet from the wellfield.   
 
Figure MPG.1-11 presents the predicted potentiometric surface for the upper (layer three) ore 
zone at the end of mining for wellfield #2. On the northwest side of the wellfield, there is a 
substantial area of gradient reversal.    Figure MPG.1-12 presents the predicted potentiometric 
surface for the lower (layer five) ore zone at the end of mining for wellfield #2. Like the upper 
and middle ore zones, there is a significant area of gradient reversal on the northwest side of the 
wellfield.   
 
MPG.1.1.2.3 End of Mining 

The end of mining water level changes are reflected in Figures MPG.1-10, MPG.1-11 and 
MPH.1-12 as described in the previous section.  The planned Nichols area ISR project includes 
two adjacent wellfields operated in sequence for a period of 18 months per wellfield.  The area of 
the wellfields is similar, but wellfield #1 has a larger number of operating wells.  The majority of 
the production is in the middle ore zone (layer four) for both wellfields, but is a larger fraction of 
the total production for wellfield #2.  Hence, the largest cone of depression for the mining 
operation occurs in the middle ore zone at the end of 18 months of operation of wellfield #2 (see 
Figure MPG.1-10).   
 
MPG.1.1.2.4 Extent of Drawdown 

The drawdown in the middle ore zone at the end of mining is presented in Figure MPG.1-13.   
The middle ore zone represents more than one-half of the total wellfield production, and when 
the proportioning of the aquifer storage to the ore sand thickness is considered, this ore zone 
represents the maximum drawdown impact on the aquifer.  The extent of the drawdown is very 
similar to that produced by the analytical modeling with a five foot drawdown contour extending 
approximately 4.9 to 5.1 miles from the central mining area.  The drawdown cone for the 
MODFLOW modeling is slightly elongated in the north/south direction to correspond with the 
general wellfield orientation, while the results from the analytical modeling are generally 
symmetrical.   For the purposes of evaluating regional ground-water impacts of mining, the 
results of the two models are very similar and both are representative of predicted ground-water 
response.   
 
MPG.1.2 Horizontal Flare Evaluation 
Horizontal flare around the operating well field was evaluated by modeling transport of a generic 
solute that was introduced into the injection wells.  The MODFLOW results for a selected ore 
zone within wellfield #1 were used as a basis for simulating flare of the lixiviant in the operating 
wellfield.  The MT3DMS model is an update of the MT3D (Zheng, 1992) contaminant transport 
model. 
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MPG.1.2.1 MT3DMS Modeling 

The MT3DMS model is a convection-dispersion equation (CDE) based model that utilizes 
ground-water flow output from the MODFLOW model to simulate solute transport.  This is 
accomplished using a routine in MODFLOW that produces a transfer file that includes cell by 
cell flow terms.  This transfer file is then read by MT3DMS, and the solute transport processes 
are “superimposed” on the ground-water flow.  The MT3DMS has features for solute adsorption, 
retardation, transformation, degradation, etc., but for this application, the solute was assumed to 
be conservatively transported and these features were not used. 
 
In order to evaluate the flare, a generic solute was used with an elevated concentration of the 
lixiviant injectate.  The ratio of lixiviant concentration to background concentration was 5, and 
the background concentration was set at 1.0 for simplicity.  The lixiviant concentration was set at 
5.0, and the increase in concentration in the area surrounding injection wells was used as the 
indicator of flare.  Because the solute was generic and the magnitude of concentration changes is 
used to quantify flare, the units of concentration do not affect the evaluation.    
 
MPG.1.2.1.1 Transport Model Configuration 

The model grid, dimensions, and layout are the same as those established in the MODFLOW-96 
modeling.   
 
MPG.1.2.1.2 Wellfield Configuration 

The wellfield utilized in the MODFLOW-96/MT3DMS modeling  was limited to the middle ore 
zone of wellfield #1,  This subset of wellfield #1 included 115 production wells operating at a 
rate of 15.84 gpm, and 128 injection wells operating at a rate averaging 14.1 gpm.  There was a 
1% bleed in the well field operation with a resulting net extraction stress of approximately 18 
gpm.  The wells included in the horizontal flare modeling are shown along with the approximate 
area of the identified ore body (light green shading) in Figure MPG.1-15.   
 
MPG.1.2.1.3 Stress Periods 

Because MT3DMS and MODFLOW are coupled through a transfer file, the stress periods for 
MT3DMS are the same as those used in MODFLOW.  A modeling period of 120 days was used 
in the interpretation of horizontal flare.  This modeling period was selected as being sufficient to 
allow establishment of pseudo steady-state solution flow paths and gradients within the operating 
wellfield, while being a short enough period that the increased gradient reversal with longer 
operation will not appreciably change or reduce the flare zone.   
 
MPG.1.2.1.4 MT3DMS Inputs 

For confined aquifers, there is no thickness defined in the inputs for the MODFLOW modeling. 
For the  MT3DMS model, the thickness of the upper two layers was estimated at 15 feet for each 
layer, and the thickness of the lower three layers was set at 10 feet for each layer.  The effective 
porosity of the ore zone was estimated at 10%.  The dispersivity was set at 10 feet, but it is not 
considered a critical factor because ISR mining is primarily a pseudo steady-state convection 
dominated process.   The diffusion coefficient was set at zero.  As discussed previously, the 
background generic solute concentration was set at one, with a lixiviant injectate concentration 
of five. 
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MPG.1.2.2 Model Results 

The development of the drawdown around the operating wellfield area with the 120 day 
simulation period results in gradient reversal to the wellfield.  Figure MPG.1-14 presents the 
predicted potentiometric surface for the horizontal flare wellfield operation.  There is a zone of 
gradient reversal extending around the ore body after 120 days of operation.  
 
The MT3DMS simulation utilized the ground-water flow predictions from MODFLOW-96 to 
simulate the transport of the generic solute from the injection wells to the production wells.  The 
results of this simulation are presented in Figure MPG.1-15 as concentrations centered around 
the operating injection wells.  The contour interval is 0.5 units, and the outer contour is 1.5 times 
the natural background concentration of the aquifer.  This is interpreted as a concentration 
change representing the extent of the lixiviant flare.  In the model cells containing an active 
injection well, the concentration approaches the injectate concentration of five.     
 
MPG.1.2.2.1 Flare Evaluation 

As shown in Figure MPG.1-14, the lixiviant does flare beyond the boundary of the ore body.    
This horizontal flare is quantified as the ratio of the area contacted by the injectate to the area of 
the ore body under wellfield pattern.  The area contacted by the injectate is represented by the 
contour line where there is a 0.5 unit concentration increase over the background concentration 
of 1.0.  The ratio of the area within the 1.5 concentration contour to the area of the ore body 
within the well pattern is 1.19 and this is considered the horizontal flare factor.  This flare factor 
is within the expected range of horizontal flare.   There will also be a degree of vertical flare, and 
the composite flare factor of 1.45 includes both vertical and horizontal flare. 
 
MPG.1.3 Excursion Control and Retrieval 
The potential for excursion was considered in a MODFLOW-96 modeling scenario by adjusting 
modeling parameters to produce a temporary and local imbalance in wellfield operation.  The 
imbalance involves either insufficient production rate or excess injection rate for a local area 
such that the local bleed rate is zero or actually negative representing more injection than 
production.  Limiting this condition to a local area of a few wells is considered appropriate 
because a wider scale imbalance with insufficient bleed is unlikely given continuous monitoring 
of production and injection rates.  
 
Simulation of retrieval of an excursion is essentially a reversal of the process that created the 
excursion.  Increasing the effective bleed rate for a local area will increase the local drawdown 
and cause an expansion of the area of gradient reversal.  Within this zone of gradient reversal, 
ground water will be flowing to the production wells and any ground water that has been 
impacted by mining fluids will be retrieved. 
 
MPG.1.3.1 MODFLOW Modeling Changes 

The MODFLOW-96 modeling configuration described in Section MPG.1.1.1 was used for the 
simulation of excursion and retrieval.  The model included operation of wellfield #1 with 
adjustment of production rates from two wells in the middle ore zone to create a local imbalance 
resulting in excursion, followed by overproduction to affect retrieval.   In the simulations, the 
rate adjustments were preceded by a period of normal wellfield operation.  
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The wellfield operation simulation included a 60 day period of normal operation with a 1% bleed 
rate followed by a period of local imbalance.  In order to simulate a local imbalance, the 
extraction rate for two middle ore zone production wells in the south-central portion of the 
wellfield was reduced by 5.2 gpm/well for a 60 day period.  This was followed by a 60 day stress 
period in which the extraction rate for the two designated wells was increased by 5.2 gpm/well.  
This is a significant change in the well production rate for the two wells, but only resulted in a 
wellfield bleed rate range of 0.7 to 1.3% of total wellfield production.  The rates and operation 
for all other wells was unchanged from the previous simulations.     
 
MPG.1.3.2 60 Day Excursion and Retrieval Simulation 

The results of a MODFLOW-96 simulation of 60 days of normal wellfield operation are 
presented in Figure MPG.1-16.  The cone of depression around the wellfield is expanding, and 
on the potentiometric surface is generally convergent to the wellfield.  At the end of the initial 60 
day period, the production rates were reduced for two wells within the area indicated in Figure 
MPG.1-17.  At the end of 60 days with this local imbalance, there is a significant zone where 
gradient reversal has been lost on the west side of wellfield #1.  This area where there is a 
potential excursion is over 800 feet wide and extends a distance of more than 1,200 feet from the 
wellfield (see Figure MPG.1-17).   The reduction of production rates for this simulation has 
resulted in significant gradient away from the wellfield and significant potential for excursion.    
Based on the surface presented in Figure MPG.1-17, the potential excursion of mining fluids 
would be spread over a width that is much larger than the planned spacing for monitoring ring 
wells.  Figure MPG.1-18 presents the potentiometric surface after an additional 60 day stress 
period with increased well production rates to offset the period of excursion.  A strong gradient 
reversal has been regained and extends over 1,000 feet to the west of the wellfield.  This 
indicates that retrieval will be effective, and could occur at moderate rates under strong 
gradients. 
 
MPG.1.3.3 Discussion of Excursion Simulation 

The excursion and retrieval simulations indicate that potential excursion conditions will be 
produced under local but rather severe wellfield imbalances.   The confined aquifer conditions 
contribute to relatively rapid changes in gradients and gradient reversal with imbalance or 
overproduction.   The width of the zone over which gradient reversal is lost is also relatively 
wide at over 800 feet.  Mining fluids that are migrating away from the active wellfield will be 
spread over a width that is approaching the width of the area where gradient reversal is lost, and 
there will be additional flare as the impacted ground water moves away from the wellfield.  This 
indicates that the anticipated monitoring ring well spacing of 500 feet will be sufficient to detect 
potential excursions. 
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Figure MPG.1-1.  Nichols Project Area Modflow Model Grid 
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Figure MPG.1-2.  General Potentiometric Surface and Active Model Cells 
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Figure MPG.1-3.  Nichols Upper Ore Zone Model Configuration 
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Figure MPG.1-4. Nichols Middle Ore Zone Model Configuration 
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Figure MPG.1-5.  Nichols Lower Ore Zone Model Configuration 
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Figure MPG.1-6.  Drawdown for Middle Ore Zone of Wellfield #1 After One Year of Mining 
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Figure MPG.1-7.  Potentiometric Surface for Middle Ore Zone After One Year of Mining 
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Figure MPG.1-8.  Potentiometric Surface for Upper Ore Zone After 18 Months of Mining
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Figure MPG.1-9.  Potentiometric Surface for Lower Ore Zone After 18 Months of Mining 
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Figure MPG.1-10. Potentiometric Surface for Middle Ore Zone After Three Years of Mining 
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Figure MPG.1-11.  Potentiometric Surface for Upper Ore Zone After Three Years of Mining 
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Figure MPG.1-12.  Potentiometric Surface for Lower Ore Zone After Three Years of Mining 
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Figure MPG.1-13.  Predicted Drawdown in Middle Ore Zone After Three Years of Mining 
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Figure MPG.1-14.  Potentiometric Surface for Middle Ore Zone After 120 Days of Mining 
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Figure MPG.1-15. Predicted Solute Concentration Contours Indicating Horizontal Flare 
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Figure MPG.1-16. Predicted Potentiometric Surface After 60 Days with Normal Operation 
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Figure MPG.1-17. Predicted Potentiometric Surface After 60 Days with Local Imbalance 
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Figure MPG.1-18. Predicted Potentiometric Surface After 60 Days with Local Overproduction 
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MPH.1 HANK SITE NUMERICAL GROUND-WATER MODELING 

Several modeling techniques were employed to evaluate ground-water impacts by the proposed 
ISR mining operations.  The products of this modeling included predictions of operational 
drawdown, gradient changes, recovery, horizontal wellfield flare, and vertical flare. 
 
The primary modeling approach used a version of the MODFLOW model to evaluate ground-
water flow and drawdown resulting from the planned mining operations.  The MODFLOW 
model was developed by the USGS in 1988 and has been updated and revised several times.  
MODFLOW-2005 (Harbaugh, 2005) was used for modeling of the ground-water system at the 
Hank Project.  MODFLOW-2005 was used for the Hank Project because it has provisions for 
modeling of unsaturated zone flow (UZF) under unconfined conditions.  The names MODFLOW 
and MODFLOW-2005 are used interchangeably in the remainder of the addendum. 
 
The horizontal flare from an operating ISR wellfield was evaluated with the contaminant 
transport model MT3DMS (Zheng and Wang, 2006) which utilizes cell by cell flow terms 
produced by the MODFLOW model.  With this coupling to the MODFLOW model, MT3DMS 
and MODFLOW use a common model domain and configuration to evaluate the transport flare 
of mining solutions during conveyance between ISR injection and production wells.  The use of 
a convection dispersion equation based numerical transport model allows a fairly sophisticated 
interpretation of the expected flare that will occur with the proposed injection and collection well 
operation. 
 
The vertical flare of mining solution was evaluated by compiling multiple runs of an analytical 
radial well flow model (WTAQ (Barlow and Moench, 1999)) into a spreadsheet based matrix 
representing a paired ISR injection and extraction well.  The WTAQ model incorporates partial 
penetration of both the injection and extraction wells, allows a large degree of anisotropy in the 
ratio of vertical to horizontal hydraulic conductivity and utilizes an implementation of the 
Neuman (1972) solution for unconfined aquifers.   Predicted drawdowns from the WTAQ model 
were then compiled in a spreadsheet, and, using some additional programming to interpret the 
WTAQ model output, the results were converted to a matrix of heads and velocities for the 
aquifer interval between the paired wells.  
 
The numerical model was also used to evaluate the potential for retrieval of excursions and the 
sufficiency of the monitor well spacing.   Well stress rates for a local area were adjusted slightly 
to produce a stronger gradient reversal in simulating the proposed response to a local excursion.  
The magnitude of the gradient reversal was then compared with baseline simulations to evaluate 
the effectiveness in retrieval of an excursion. 
 
MPH.1.1 Hank Project Modeling 
MODFLOW-2005 was used to model the ground-water flow prior to, during and after operation 
of the wellfield(s).  A model grid was developed to cover the proposed mine area with a 
relatively fine grid (30 foot by 30 foot cells) and extending the modeled area with increased cell 
size to encompass approximately 283 square miles.  Injection and production wells were 
included as well stresses within the fine grid area.   MODFLOW-2005 has the capability of 
modeling partially saturated flow through an unsaturated zone flow (UZF) module, and this was 
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used for the single layer unconfined aquifer Hank model in the area around the active ISR 
mining.  This module allowed incorporation of delayed drainage from the zone above the water 
table for the aquifer under unconfined conditions. 
 
MPH.1.1.1 Model Configuration 

The single layer model utilized an unconfined aquifer type, with a series of general head 
boundaries on the perimeter of the model grid.  The initial potentiometric head in the ore sand 
was approximated as a uniform gradient across the model grid areas.  This surface was 
developed using the typical gradient of 0.005 feet/feet and the general gradient is from east to 
west.   The base of the aquifer in the immediate mine area was determined from drill hole based 
structural mapping.  Outside of the mine area, the elevation of the base of the aquifer was 
extrapolated based on typical structural dip from the available structural mapping.  The thickness 
of the aquifer was established as the typical thickness of 90 feet.    
 
On the periphery of the model grid, selected cells were designated as general head boundary cells 
to stabilize the potentiometric surface.  The head in each of the 106 designated general head 
boundary cells was set at the initial model head and the cell conductance was set at a relatively 
high level to provide a generally stable regional potentiometric surface.   
 
MPH.1.1.1.1 Model Grid 

The model grid consists of 274 rows by 98 columns and is rotated approximately 10.5 degrees 
counterclockwise from the orthogonal directions.  The smallest cell dimension is 30 feet by 30 
feet, and the largest cell dimension is 13,500 feet by 13,500 feet as shown in Figure MPH.1-1.  
 
MPH.1.1.1.2 Aquifer Properties 

The primary aquifer properties information used in the model included hydraulic conductivity 
and specific yield.  The hydraulic conductivity was set at 1.0 foot/day and an effective specific 
yield of 0.14.  The water level is near the overlying confining layer in some areas of the planned 
wellfields, and it is likely that a significant portion of the wellfield area will be under unconfined 
conditions both prior to and during mining.   This results in a condition where there is potentially 
an impact by vertical partially saturated flow from areas where the wellfield bleed causes 
significant drawdown in the aquifer.   
 
The partially saturated flow conditions require additional definition of hydraulic properties.  The 
UZF module in MODFLOW-2005 utilizes the ratio of vertical to horizontal hydraulic 
conductivity and a Brooks-Corey function to approximate the hydraulic conductivity under 
partially saturated conditions.  The ratio of vertical to horizontal hydraulic conductivity was 
estimated at 0.085.  The Brooks-Corey function uses an exponent (epsilon) to define the shape of 
the partially saturated hydraulic conductivity as a function of volumetric moisture content and 
that was set at 3.5.  The effective saturated volumetric moisture content was set at 0.30 and the 
UZF module uses the specific yield of 0.14 to approximate residual saturation.   
 
MPH.1.1.1.3 Wellfield Configuration 

The proposed mining sequence includes two distinct wellfields with an anticipated mining period 
of 1½ years for each wellfield.  Each wellfield consists of a combination of staggered production 
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and injection wells arranged generally in a line drive layout for the sinuous ore body.  The 
number of wells and well locations are preliminary and will be refined with further definition of 
the ore body.  Because the natural gradient is from east to west, the well arrangement for the 
typically narrow ore body places the injection wells on the upgradient side of the ore zone with 
the production wells on the downgradient side of the ore zone.  Several model runs were 
conducted to evaluate horizontal flare, general wellfield operation, and post mining recovery.  
The model runs and wellfield configuration for the horizontal flare evaluation are described in a 
following section. Figure MPH.1-2 presents the wellfield #1 production and injection well 
layout. Figure MPH.1-3 presents the wellfield #2 production and injection well layout.    
 
MPH.1.1.1.4 Operational Parameters 

The anticipated production rates from the wellfield #1 wells range from 12.5 to 12.7 gpm.  A 
total of 198 production wells were included in the full wellfield #1 operation.  Total production 
rate was 2,500 gpm.  Injection well operational rates ranged from 5.2 to 12.7 gpm with a total of 
271 injection wells.  Excess production or bleed rate was set at 3% of total production with a 
resulting injection rate of 2,425 gpm.   
 
The anticipated production rate from the 93 production wells in wellfield #2 is 26.9 gpm with a 
resulting total production rate of 2,500 gpm.  Injection well operational rates ranged from 15.6 to 
20 gpm with a total of 119 injection wells.  Excess production or bleed rate was set at 3% of total 
production with a resulting injection rate of 2,425 gpm. 
 
MPH.1.1.1.5 Stress Periods 

Numerous stress periods were included to allow comparison of predicted aquifer response to the 
wellfield operations at several times during the simulation period.  A transient simulation also 
requires very small computational time steps after each significant change in aquifer stresses 
including startup or shutdown of well operation.  This is necessary to prevent a failure to 
converge in the model computation.  The initial stress period and time steps were set at a very 
small value (0.0001 day with 5 time steps) to produce a model output result that essentially 
reflects initial head conditions.  The stress period lengths were then gradually increased until 
there was a significant change in model stresses, at which the sequence reverted to a short stress 
period followed by gradually increasing stress period lengths.  A total of 12 stress periods were 
used in a total simulation period of six years which included 1.5 years of operation of each 
wellfield followed by a three year period of post-mining recovery.   
 
MPH.1.1.2 Model Results 

The MODFLOW model produces output in terms of predicted drawdown or predicted head at 
selected times within the simulation.  The drawdown or water-level rise is calculated as the 
difference between head at a selected time and the initial head for the aquifer at the start of the 
simulation.  Both results are useful in the interpretation of aquifer response to the mining and are 
used to evaluate the modeling predictions.    
 
MPH.1.1.2.1 Wellfield #1 

The configuration for wellfield #1 is show in Figure MPH.1-2.  The modeled potentiometric 
surface prior to the start of mining is presented Figure MPH.1-4.  The mining operation of the 
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production and injection wells is expected to continue for 18 months, after which mining of 
wellfield #2 begins.  Figure MPH.1-5 presents the predicted drawdown contours for wellfield #1 
after one year of operation.  Figure MPH.1-6 presents the predicted water-level elevation 
contours for wellfield #1 after one year of operation.   The operation of the wellfield at a bleed 
rate of 3% of the planned 2,500 gpm production rate has resulted in development of a significant 
cone of depression around the operating wellfield.  The area of gradient reversal extends 
approximately 800 to 1,300 feet to the west of wellfield #1.   
 
MPH.1.1.2.2 Wellfield #2 

The configuration for wellfield #2 is show in Figure MPH.1-3.  The operation of wellfield #2 
will begin after mining is completed in wellfield #1.  Figure MPH.1-7 presents the predicted 
drawdown contours for the mine area after 18 months of operation of wellfield #1 and 18 months 
of operation of wellfield #2.  The drawdown calculation is based on water level change from the 
pre-mining potentiometric surface and this drawdown reflects significant residual drawdown 
from the operation of wellfield #1. The drawdown at the end of mining shown in Figure MPH.1-
7 is very similar to drawdown predictions produced by the analytical model.  This similarity 
between the numerical and analytical model results demonstrates the adequacy of analytical 
modeling with an appropriate configuration.   Figure MPH.1-8 presents the predicted water-level 
elevation contours for the mine area at the end of mining in wellfield #2.  Wellfield #2 is planned 
to be operated at a bleed rate of 3% of the planned 2,500 gpm production rate.   The area of 
gradient reversal extends approximately 1,200 to 1,600 feet to the west of wellfield #2. 
 
MPH.1.1.2.3 End of Mining 

The end of mining water level changes are reflected in Figures MPH.1-7 and MPH.1-8 as 
described in the previous section.  The planned Hank area ISR project includes two adjacent 
wellfields operated in sequence for a period of 18 months per wellfield.  Wellfield #1 
encompasses a larger area, but the effective stress rate of 75 gpm still produces a significant 
impact on the potentiometric surface.  Following cessation of mining in wellfield #1, the 
potentiometric surface exhibits some recovery in the northern portion of the mining project. 
Simultaneously, the operation of wellfield #2 causes drawdown in the southern portion of the 
project area.   
 
MPH.1.2 Horizontal Flare Evaluation 
Horizontal flare around the operating well field was evaluated by modeling transport of a generic 
solute that was introduced into the injection wells.  The MODFLOW-2005 results for a selected 
ore zone within wellfield #1 were used as a basis for simulating flare of the lixiviant in the 
operating wellfield. 
 
MPH.1.2.1 MT3DMS Modeling 

The MT3DMS model is a convection-dispersion equation (CDE) based model that utilizes 
ground-water flow output from the MODFLOW model to simulate solute transport.  This is 
accomplished using a routine in MODFLOW that produces a transfer file that includes cell by 
cell flow terms.  This transfer file is then read by MT3DMS, and the solute transport processes 
are “superimposed” on the ground-water flow.  The MT3DMS has features for solute adsorption, 
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retardation, transformation, degradation, etc., but for this application, the solute was assumed to 
be conservatively transported and these features were not used. 
 
In order to evaluate the flare, a generic solute was used with an elevated concentration of the 
lixiviant injectate.  The ratio of lixiviant concentration to background concentration was 5, and 
the background concentration was set at 1.0 for simplicity.  The lixiviant concentration was set at 
5.0, and the increase in concentration in the area surrounding injection wells was used as the 
indicator of flare.  Because the solute was generic and the magnitude of concentration changes is 
used to quantify flare, the units of concentration do not affect the evaluation.    
 
MPH.1.2.1.1 Transport Model Configuration 

The model grid, dimensions, and layout are the same as those established in the MODFLOW-
2005 modeling.   
 
MPH.1.2.1.2 Wellfield Configuration 

The wellfield utilized in the MODFLOW-2005/MT3DMS modeling  was limited to the lower 
ore zone of wellfield #1,  This subset of wellfield #1 included 88 production wells operating at a 
rate of 12.5 gpm, and 125 injection wells operating at a rate ranging from 5.2 to 12.7 gpm.  There 
was a 3% bleed in the well field operation with a resulting net extraction stress of approximately 
33 gpm.  The wells included in the horizontal flare modeling are shown along with the 
approximate boundary of the identified ore body in Figure MPH.1-9   
 
MPH.1.2.1.3 Stress Periods 

Because MT3DMS and MODFLOW-2005 are coupled through a transfer file, the stress periods 
for MT3DMS are the same as those used in MODFLOW-2005.  A modeling period of 120 days 
was used in the interpretation of horizontal flare.  This modeling period was selected as being 
sufficient to allow establishment of pseudo steady-state solution flow paths and gradients within 
the operating wellfield, while being a short enough period that the increased gradient reversal 
with longer operation will not appreciably change or reduce the flare zone.  With only a subset of 
wellfield #1 included in the stress rate, total magnitude of drawdown and corresponding gradient 
reversal to the wellfield is also conservatively small so there should also be some degree of 
conservatism in the estimation of flare. 
 
MPH.1.2.1.4 MT3DMS Inputs 

The typical aquifer thickness for the MODFLOW-2005 modeling is 90 feet, but the anticipated 
completion interval for an ore body is roughly 15 feet.  A cell thickness of 15 feet was specified 
in the MT3DMS model to represent the typical anticipated completion thickness.  The effective 
porosity of the ore zone was estimated at 30%.  The dispersivity was set at 2 feet, but it is not 
considered a critical factor because ISR mining is primarily a pseudo steady-state convection 
dominated process.   The diffusion coefficient was set at zero.  As discussed previously, the 
background generic solute concentration was set at one, with a lixiviant injectate concentration 
of five. 
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MPH.1.2.2 Model Results 

The development of the drawdown around the operating wellfield area with the 120 day 
simulation period results in gradient reversal to the wellfield.  Figure MPH.1-10 presents the 
predicted potentiometric surface for the horizontal flare wellfield operation.  On the west side of 
the wellfield, the zone of gradient reversal generally extends a few hundred feet after 120 days of 
operation.  Since the ore body is irregularly shaped and consists of two separate zones, the 
potentiometric surface is complex.   
 
The MT3DMS simulation utilized the ground-water flow predictions from MODFLOW-2005 to 
simulate the transport of the generic solute from the injection wells to the production wells.  The 
results of this simulation are presented in Figure MPH.1-11 as concentration contours centered 
around the operating injection wells.  The contour interval is 0.5 units, and the outer contour is 
1.5 times the natural background concentration of the aquifer.  This is interpreted as a 
concentration change representing the extent of the lixiviant flare.  In the model cells containing 
an active injection well, the concentration approaches the injectate concentration of five.     
 
MPH.1.2.2.1 Flare Evaluation 

As shown in Figure MPH.1-11, the combination of radial flow of the lixiviant immediately 
around the injection wells and the radial capture zone around production wells results in flow 
paths that extend throughout and slightly beyond the ore body.  This horizontal flare is quantified 
as the ratio of the area contacted by the injectate to the area of the ore body under wellfield 
pattern (see Figure MPH.1-9).  The area contacted by the injectate is represented by the contour 
line where there is a 0.5 unit concentration increase over the background concentration of 1.0.  
The ratio of the area within the 1.5 concentration contour to the area of the ore body within the 
well pattern is 1.39 and this is considered the horizontal flare factor.  This flare factor is larger 
than a more typical estimate of 1.25, and this reflects the relatively narrow linear nature of the 
ore body and wellfield.     
 
MPH.1.3 Vertical Flare Evaluation 
The vertical flare was estimated using a combination of the WTAQ program to calculate heads 
through a cross section of the aquifer and a spreadsheet for compositing the heads to evaluate the 
resulting velocity field.  The WTAQ program incorporates a two-dimensional analytic solution 
for axial-symmetric ground-water flow in both confined and unconfined aquifers.  The solution 
allows simulation of partially penetrating wells for an unconfined aquifer, which is directly 
applicable for the Hank ISR mining project.    
 
The product of the WTAQ model is prediction of observation well drawdown at specified time(s) 
after pump start and at specified distance(s) from the pumping well.  For an injection well, the 
drawdown predictions are simply inverted to represent water-level rise.  The WTAQ program 
was run multiple times and the results composited to generate a matrix of drawdown predictions 
with matrix rows representing one foot of vertical thickness and matrix columns representing 
radial distance from the well in increments of one foot.  The matrix dimensions were 90 rows (90 
feet aquifer thickness) by 68 columns (69 feet radial distance from well).  The matrix was 
basically mirrored on a vertical axis to provide a matrix for both an operating injection and 
production well.   The resulting matrices were then incorporated into the spreadsheet to represent 
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a combination of an ISR injection and production well pair at a spacing of 69 feet in a 90 feet 
thick aquifer.   
 
MPH.1.3.1 WTAQ Modeling 

Inputs to the WATQ model define the completion interval for the simulated production and 
injection wells, and the required aquifer properties for the solution.  Both the production and 
injection wells were located within a 90 foot thick water table aquifer.  Horizontal hydraulic 
conductivity was 1.0 feet per day, and the ratio of vertical to horizontal hydraulic conductivity 
was 0.085.  The aquifer storage properties included a storage coefficient of 2.1E-06 (ft/ft) and a 
specific yield of 0.14.  The wells were assumed to be completed from a depth of 76 to 85 feet 
(inclusive) below the top of the aquifer for a ten foot ore body.  This represents a likely 
configuration for a major ore body at the Hank site.   
 
The observation well which represents the general aquifer was assumed to be fully penetrating.  
Drawdown was simulated for both 10 and 30 days since the start of injection, but only the 30 day 
simulation was used in the vertical flare analysis.  This was considered sufficient time for 
development of the flow regime.  Because the paired well arrangement reduces a typical 
wellfield arrangement to a simple pair of wells rather than a production well surrounded by 
multiple injection wells, the anticipated well production rate was reduced to approximately 6.2 
gpm to represent the simplified configuration. The multiple runs of the WTAQ program were 
accomplished with an external shell program that incremented through the depth and distance 
from the well while compiling the predicted drawdown into the matrix.  The matrices were then 
incorporated into the vertical flare spreadsheet.   
 
MPH.1.3.2 Vertical Flare Spreadsheet 

With the product of the WTAQ program in a matrix of predicted drawdown at one foot intervals 
in both horizontal and vertical dimensions for the hypothetical vertical cross section, an EXCEL 
spreadsheet with additional Visual Basic programming was used to evaluate the vertical flare.  
The matrix of drawdown values was inserted into the spreadsheet to represent the propagation of 
drawdown from a production well after 30 days of operation.  A mirror image of the matrix was 
used to represent the injection well water-level rise. The summation of the drawdown due to the 
production well and water-level rise represents the head change in each cell representing a square 
foot of the aquifer between the wells. 
 
An arbitrary water-level elevation value of 90 feet was added to the water-level change in order 
to produce a “head” matrix for the cross section between the two wells.  This head matrix then 
allowed calculation of both a horizontal and vertical ground-water velocity for each cell using 
the head in surrounding cells to calculate a gradient.  When combined with the horizontal and 
vertical hydraulic conductivities of 1.0 ft/day and 0.085 ft/day, respectively, the horizontal and 
vertical Darcy velocities can be calculated.   
 
MPH.1.3.2.1 Velocity Field 

The velocity field for the simple well configuration is used to interpret vertical flare.  Because 
the differential between horizontal and vertical hydraulic conductivity is large, the vertical 
velocity is reduced very quickly with small vertical distance from the completion interval.  The 
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horizontal and vertical ground-water velocity tabulations in the two dimensional field are 
presented in Figure MPH.1-12.  The tabulations are abbreviated to show only the lower portion 
of the aquifer where there is active injection and production.  The vertical and horizontal 
velocities are presented in units of feet per day.  The well completion is shown as the larger 
diameter interval in the schematic at each end of the section.   
 
The direction of the vertical velocity is indicated by the sign with a positive value indicating 
upward flow and a negative value indicating downward flow.  In close proximity to the injection 
well, the larger head values within the completion interval produce upward and downward flare.  
With increasing distance from the injection well, there is a gradual convergence from intervals 
above and below the completion interval to the completion interval.   Near the production well, 
the vertical convergence to the completion interval becomes stronger.   
 
The horizontal ground-water movement is from the injection well to the production well.  The 
horizontal velocities are greatest near the injection and production wells because of the radial 
flow representation of the drawdown values produced by WTAQ.  The radial flow calculation 
also results in a variable area represented by each column in the matrix.  Each column can be 
viewed as one-half of a cylinder with a radius of the distance from the nearest of the two wells, 
and this makes the area proportional to the square of the radius.  Hence, the calculation of 
composite flare is weighted to the square of the radius from the wells.    
 
MPH.1.3.2.2 Flare Evaluation 

The vertical flare is calculated as a ratio of the area (or volume) of the aquifer wherein there is a 
significant vertical velocity away from the completion interval to the actual completion interval.  
This area or volume is calculated as the thickness of cells in each column where the magnitude 
of the vertical velocity is significant multiplied by the fraction of the area/volume represented by 
each column in the matrix.  Figure MPH.1-12 presents the vertical velocity matrix with a red 
boundary line indicating the 10 foot thick ore zone and cells above and below the ore zone where 
the velocity is 0.05 feet/day or greater away from the ore zone.  Horizontal velocity is typically 
an order of magnitude or more larger than the vertical velocity and the threshold velocity 
boundary shown for a velocity is 0.50 feet/day or larger.   The bounded area for horizontal 
velocity also includes the entire 10 foot thick ore zone, but does not include horizontal velocity 
greater than 0.50 feet/day where the vertical flow is convergent to the ore zone. 
 
The proportional area/volume represented by each column increases with distance from the 
injection well or production well to a maximum at the midpoint between the injection and 
production wells.  The column closest to the injection well represents only 0.043% of the 
area/volume included in the model, and each of the two columns bridging the midpoint between 
the wells represents 2.9% of the area/volume.   
 
The number of cells included in each column that were within one or both of the bounded areas 
shown on Figure MPH.1-12 were summed and then multiplied by the fraction of the area/volume 
represented by the column.  These products of cell counts and fractional area/volume where then 
summed and divided by the corresponded cell counts for the ore zone only.  This ratio represents 
the estimated vertical flare for the specified configuration, and was calculated as 1.22.  This is 
similar to the industry standard vertical flare of 1.25.   Although there are necessary 



 

Addendum H January 2010 9 

simplifications and uncertainties involved in this simulation approach, the results are reasonable 
and consistent with vertical flare estimates from existing ISR operations.    
 
MPH.1.4 Excursion Control and Retrieval 
The potential for excursion was considered in a MODFLOW-2005 modeling scenario by 
adjusting modeling parameters to produce a temporary and local imbalance in wellfield 
operation.  The imbalance involves either insufficient production rate or excess injection rate for 
a local area such that the local bleed rate is zero or actually negative representing more injection 
than production.  Limiting this condition to a local area of a few wells is considered appropriate 
because a wider scale imbalance with insufficient bleed is unlikely given continuous monitoring 
of production and injection rates.  
 
Simulation of retrieval of an excursion is essentially a reversal of the process that created the 
excursion.  Increasing the effective bleed rate for a local area will increase the local drawdown 
and cause an expansion of the area of gradient reversal.  Within this zone of gradient reversal, 
ground water will be flowing to the production wells and any ground water that has been 
impacted by mining fluids will be retrieved.      
 
MPH.1.4.1 MODFLOW Modeling Changes 

The MODFLOW-2005 modeling configuration described in Section MPH.1.2 was used for the 
simulation of excursion and retrieval.  The model included a wellfield for the lowest ore zone 
and consisted of 88 production wells operating at a rate of 12.5 gpm, and 125 injection wells 
operating at a rate ranging from 5.2 to 12.7 gpm.  There was a 3% bleed in the well field 
operation with a resulting net extraction stress of approximately 33 gpm.   
 
In order to simulate a local imbalance, the extraction rate for the four southernmost production 
wells was adjusted for two separate simulations.  The first simulation included operation of the 
wellfield in a balanced condition for 30 days, followed by 30 days of operation with reduced 
production rates for the four southernmost production wells to produce a local imbalance.  This 
was in turn followed by a 30 day period with increased production in the four designated wells to 
affect retrieval and restore gradient reversal.  The magnitude of rate changes (both decrease and 
increase) was 1.04 gpm for each of the four wells.  This is approximately an 8% change in the 
well production rate for the four wells, but only resulted in a wellfield bleed rate range of 2.6 to 
3.4% of total wellfield production.  The second simulation used the same sequence of balanced, 
decreased production, and increased production from the wellfield, but utilized a 60 day period 
for each of the phases. 
 
MPH.1.4.2 30 Day Excursion and Retrieval Simulation 

The results of a MODFLOW-2005 simulation of 30 days of normal wellfield operation are 
presented in Figure MPH.1-13.  The cone of depression around the wellfield is expanding, and 
on the west side of the southern end of the wellfield, the area of gradient reversal extends more 
than 400 feet from the wellfield.   At the end of the initial 30 day period, the production rates 
were reduced for four wells on the southern end of the wellfield.  The potentiometric surface 
after 30 days of operation with this local imbalance is presented in Figure MPH.1-14.  The 
reduction of production rates for this simulation has resulted in loss of the gradient reversal and a 
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very flat potentiometric surface west of the southern end of the wellfield.  The width of the zone 
where the gradient reversal is lost is more than 500 feet, and based on the very small ground-
water gradient in this area, an excursion is possible but movement rates would be extremely 
slow.  Based on the surface presented in Figure MPH.1-14, the potential excursion of mining 
fluids would also be spread over a width that is approaching the width of the interval where 
gradient reversal is lost.  Figure MPH.1-15 presents the potentiometric surface after an additional 
30 day stress period with increased well production rates.  The gradient reversal has been 
regained and extends approximately 400 feet to the west of the wellfield.  This indicates that 
retrieval will be effective, but the gradient reversal is still relatively mild and the rates of both 
excursion and retrieval will be slow. 
 
MPH.1.4.3 60 Day Excursion and Retrieval Simulation 

The second simulation used a period of 60 days for normal wellfield operation followed by 60 
days with a local wellfield imbalance with a subsequent 60 days of overproduction in the 
affected area.  After 60 days of balanced wellfield operation, there is distinct gradient reversal 
west of the wellfield.  After an additional 60 days with local imbalance the potentiometric 
surface shown in Figure MPH.1-16 indicates that gradient reversal has been lost and that a very 
flat potentiometric surface extends for approximately 400 feet west of the southern end of the 
wellfield.  When the production rates are increased to retrieve any mining fluid impacted ground 
water moving to the west of the wellfield, gradient reversal is regained within 60 days as shown 
in Figure MPH.1-17.  The zone of restored gradient reversal extends beyond 500 feet from the 
edge of the wellfield. 
 
MPH.1.4.4 Discussion of Excursion Model Results 

The excursion and retrieval simulations indicate that development of excursion conditions under 
moderately imbalanced wellfield conditions will be relatively slow, and that regaining gradient 
reversal will also be a slow process.   This is attributed in large part to the expected unconfined 
conditions for the Hank wellfield areas.   The large volume of ground water released or stored 
with a unit change in head greatly extends the time frame for significant gradient changes.  The 
width of the zone over which gradient reversal is lost is also relatively wide at approximately 500 
feet.  Mining fluids that are migrating away from the active wellfield will be spread over a width 
that is approaching the width of the area where gradient reversal is lost, and there will be 
additional flare as the impacted ground water moves away from the wellfield.  This indicates that 
the anticipated monitoring ring well spacing of 500 feet will be sufficient to detect potential 
excursions.   
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Figure MPH.1-1.  Hank Project Area Modflow Model Grid 
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Figure MPH.1-2.  Hank Wellfield #1 Model Configuration 
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Figure MPH.1-3.  Hank Wellfield #2 Model Configuration 
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Figure MPH.1-4.  Initial Hank Area Potentiometric Surface 
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Figure MPH.1-5.  One-Year Drawdown for Wellfield #1 
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Figure MPH.1-6.  Potentiometric Surface for Wellfield #1 After One Year of Mining 
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Figure MPH.1-7.  Drawdown at End of Wellfield #2 Operation 



 

Addendum H January 2010 19 

 
Figure MPH.1-8.  Potentiometric Surface at End of Wellfield #2 Operation 
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Figure MPH.1-9.  Horizontal Flare Wellfield and Ore Body Outline 
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Figure MPH.1-10.  Predicted Potentiometric Surface after 120 Days of Operation 
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Figure MPH.1-11.  Predicted Solute Concentration Contours Indicating Horizontal Flare 
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Figure MPH.1-12.  Predicted Vertical and Horizontal Velocity Fields For Well Pair Simulation 
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Figure MPH.1-13.  Predicted Potentiometric Surface Prior to 30 Day Local Wellfield Imbalance 
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Figure MPH.1-14.  Predicted Potentiometric Surface After 30 Day Local Wellfield Imbalance 
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Figure MPH.1-15.  Predicted Potentiometric Surface After 30 Days with Increased Production Rates 
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Figure MPH.1-16.  Predicted Potentiometric Surface After 60 Day Local Wellfield Imbalance 
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Figure MPH.1-17.  Predicted Potentiometric Surface After 60 Days with Increased Production Rates 
 




