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Much of the technological innovation of ISL mining comes from localized acquired 
knowledge. The optimal dissolving agent used to maximize production depends on the 
geochemistry of reservoir. For example, carbonate is basic reducing the eff ectiveness of 
acids. Restoration costs are aff ected by characteristics such as surrounding aquifer PH, the 
sandstone composition, and even the mixture of microorganisms (Borch et al., 2012; Hu et 
al., 2011; Yang et al., 2023; Zammit et al., 2014). Early ISL operations in Wyoming suff ered 
from a lack of information about these characteristics resulting in additional operating 
costs and reduced output. However, with increasing data and geologic understanding, the 
range of technologies available to mitigate issues developed, improving productivity and 
resulted in cost reductions. (McDowell et al., 2017)

Total reserves of uranium are estimated by calculating the reasonably expected volume 
of uranium that can be recovered economically at a target price, meaning that price 
and technology play a key role. Figure 16 provides estimates of uranium reserves from 
traditional operations at diff erent prices across time and Figure 17 provides the same 
information for in situ mining. 

54 Data for fi gures iteratively collected from The Nuclear Energy Agency uranium Redbook reports (NEA, 
2003, 2005, 2007, 2009, 2011, 2011, 2014, 2016, 2018, 2018, 2020)
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Over time, the dynamic of uranium mining has evolved. At the $130 per kilogram price 
threshold, in situ mining represented 25% of estimated reserves in 2003, with a slight 
uptick to 32% in 2021. However, at the lower price thresholds, in situ mining has become 
increasingly relevant. In 2003, at the $80 price, in situ made up 32% of uranium reserves, 
but by 2021 this climbed to 57%. At the $40 per kilogram threshold, in situ mining makes 
up nearly all known extractable resources.

To mitigate remediation costs, Wyoming has innovated alkaline ISL methods, which 
dissociate fewer particulates into the groundwater. This method only recovers between 
60-70% of uranium ore compared to an 80-90% recovery rate when using acid (McDowell 
et al., 2017). For Wyoming operations with high initial water quality and carbonate levels 
above 2%, this methodology reduces restoration cost improving operation profi tability. 
Other technological developments have the potential to further reduce restoration costs 
by targeting uranium more directly with the leachant in conjunction with new well spacing 
confi gurations (Krumhansl et al., 2009)

These continued innovations in ISL mining provide an advantage for uranium operations 
in the State by increasing access to Wyoming deposits. However, this innovation has been 
adopted globally, and is, therefore, not unique to the State. The current state of uranium 
recovery technologies places the technological score as minor advantage. 

Over time, the dynamic of uranium mining has evolved. At the $130 per kilogram price 
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LOCATION

Location: Scoring Criteria

Location is the most foundational 
factor of the uranium mining industry. 
Without uranium ore deposits, the 
industry cannot be developed no 
matter how favorable the other 
economic conditions are. Wyoming 
has a major advantage in location 
due to the accessibility of uranium 
ore in the State. However, some 
location factors interact with legal 
requirements, reducing the advantage 
of operations in Wyoming.

Location: Analysis

Three location factors were identifi ed 
as aff ecting uranium mining 
production: 1) Ore characteristics; 2) 
Geochemistry; 3) Water quality. Of 
these factors, ore characteristics and 
geochemistry directly aff ect operating 
effi  ciency. Water quality, population, 
and geochemistry aff ect profi tability 
indirectly through policy interactions. 
Notably, geochemistry falls into 
both categories of costs, aff ecting 
regulatory compliance costs, as well 
as direct operation expenditures. 
Infrastructure and electricity grid 
limitations were not found to limit 
uranium extraction in the State. 

The starting point for the location 
analysis is the geologic distribution of 
uranium. The identifi ed global uranium 
reserves are shown in Figure 18. 

LOCATION

Location: Scoring Criteria
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As discussed in Section 3.4, reserves are driven by total exploration and cost estimates, 
making them an imperfect measure of geologic availability. Nevertheless, Figure 18 
provides important context for global resource availability. The U.S. has the 14th most 
uranium resources55 but due to the heterogeneous distribution of uranium, this accounts 
for only 1% of all world reserves. 

55 At $130 per kilogram of uranium
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However, U.S. uranium reserves 
are themselves unevenly 
distributed. The most recent 
estimates of U.S. uranium 
reserves at $100 per pound 
places Wyoming at 36.35% of all 
U.S. reserves (Energy Information 
Administration, 2010a). Since 
Wyoming ore has a lower-than-
average uranium grade, the 
percentage of total reserves is 
higher than this at 52.7% of all 
technically recoverable uranium 
in the U.S. (Energy Information 
Administration, 2010a). The 
development of in situ recovery 
technology has improved the 
economic viability of lower grade 
ore present in Wyoming, leading 
to a trend of increasing reserves 
in the State. Taken together, 
Wyoming is estimated to 
contain 0.36% of global uranium 
reserves, which is signifi cant for 
such a small region. Wyoming 
has 7.3 times more uranium 
reserves than an average area of 
the same land mass56. 

56 7.31=0.36% • (197•10^6 sq miles of land on earth)/(97•10^3 sq miles in Wyoming)
57 Data sources for the map provided as shape fi les by the EIA (EIA, 2020c) .
58 Texas and Virgina reserves excluded for clarity. The Coles Hill Deposit is not extractable due to a uranium 

mining moratorium in the Virgina. Texas has developed uranium resources.
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Legal obligations of uranium recovery operations, discussed in Section 3.9, include 
restoring the groundwater to a pre-mining state, meaning that higher initial groundwater 
quality increases production costs. Wyoming has high average water quality and all 
uranium operations in the State were drilled in areas with potable water or water usable 
for agriculture. Other nations with uranium operations, such as Australia and Canada, 
have uranium sources located in aquifers with high total dissolved solid (TDS) levels 
(Commonwealth of Australia & Lambert, 2010; Fyodorov, n.d.). This creates a disadvantage 
to Wyoming operators that must expend more resources restoring groundwater after 
production ends than their competitors in Australia and Canada. Interestingly, if Wyoming 
was located over lower quality groundwater, this would provide a location-based 
advantage for the State.

To see how water quality levels can aff ect uranium production in Wyoming, a heat 
map of dissolved solids in groundwater is overlayed with uranium reserves in Figure 
20. Groundwater samples from wells less than 2000 feet deep are used to predict the 
average TDS solid in between wells (Wyoming State Geological Survey, 2020). Areas in 
red have aquifers with elevated TDS levels. Uranium reserves that overlay a red region, can 
be produced at a lower cost, because less restoration is necessary to reach pre-mining 
dissolved solid levels.

Most uranium bearing aquifers in the State are in a low TDS area as estimated in Figure 20. 
This reduced the location advantage of the uranium resource. 

To determine if Wyoming infrastructure places a limit on uranium production, managers 
of in situ projects in Wyoming were contacted. Neither access to electricity nor access 
to reliable roads were reported as creating operation constraints for Wyoming uranium 
recovery. 
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59 Data sources used to create Figure 17 come from (EIA, 2020c; Wyoming State Geological Survey, 2020)

These location factors provide a major advantage for the uranium mining industry in 
Wyoming. Most importantly, the State possesses the natural resources necessary to 
establish industry. Further, most of these resources can be extracted due to the low 
population density of the State. Counteracting these benefi ts are the additional operation 
cost for operations because of the States high water quality levels. Despite the high-water 
quality in the State, Wyoming remains one of the few States with the resources necessary 
to maintain a uranium mining sector placing the score in the major advantage category.
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LEGAL

Legal: Scoring Criteria

Federal regulations are scored as a moderate obstacle for uranium operations in Wyoming. 
This contrasts with State rules which provide a moderate advantage for Wyoming 
uranium operations. A signifi cant challenge to the uranium extraction industry is the legal 
standards of aquifer remediation. At low uranium prices such rules are a severe obstacle, 
placing operating costs above potential mining revenue leading to operation shut ins. At 
higher uranium market prices such as are present in 2024, this obstacle is reduced to a 
moderate obstacle. Assuming prices of $90 per pound, the average eff ect of federal rules 
is a reduction in uranium mining output of 3%. 

The State of Wyoming acquired regulatory authority over uranium operation management 
beginning in 2016. Based on operation cost data, this resulted in lower licensing costs for 
Wyoming projects. Compared to a baseline uranium operation in another state Wyoming 
operations have $2 million lower costs. This Wyoming specifi c cost advantage places the 
State legal score as a moderate advantage.

Legal: Analysis

Legal barriers are identifi ed as the most signifi cant obstacle to developing uranium 
operations in Wyoming. The legal costs are primarily driven by the application of the Safe 
Drinking Water Act (SDWA), which adds signifi cant restoration costs to uranium mining 
projects in Wyoming. Legal costs can also be impacted by 40 CFR Part 61 Subpart W 
which regulates both tailings and fl uid retention impoundments.

The regulation restricts the use of injection wells, such as those used for in situ mining, 
from operating without enrollment into an underground injection program.

“Any underground injection, except into a well authorized by rule 
or except as authorized by permit issued under the UIC program, 

is prohibited.” 40 CFR § 144.11 

Further the regulation states that

“No owner or (well) operator shall construct, operate, maintain, 
convert, plug, abandon, or conduct any other injection activity 
in a manner that allows the movement of fl uid containing any 

contaminant into underground sources of drinking water.”

LEGAL

Legal: Scoring Criteria
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Based on these restrictions, uranium mining companies in Wyoming must establish 
Class III injection wells for solution mining pursuant to the appropriate UIC program 
(US EPA, 2015a). In order to develop a Class III well, operations must receive an aquifer 
exemption (US EPA, 2015b). An aquifer exemption identifies the proposed aquifer for in 
situ mining as not a potential drinking water source. This requirement can be met by either 
demonstrating the aquifer is not a safe drinking source due to natural occurring minerals 
or that it is unlikely to become a drinking source for economic reasons.

Wyoming has been granted primacy by the EPA over the aquifer exemption process. The 
relevant definition:

1. An aquifer which contains fresh and potable water may be exempt from 
the definition in Chapter 1, Section 2(a), if the Commission by order, 
after due and legal notice and public hearing, determines any of the 
following criteria exists:

A.	 It is mineral, hydrocarbon, or geothermal energy producing;
B.	 It is situated at a depth or location which makes recovery of fresh 

and potable water economically or technologically impractical;
C.	 It is so contaminated that it would be economically or 

technologically impractical to render the water fit for use as fresh 
and potable water;

D.	 It is located over a mining area subject to subsidence or 
catastrophic collapse; or,

E.	 It has a total dissolved solids (TDS) of more than five thousand 
(5,000) and less than ten thousand milligrams per liter (10,000 
mg/l) and is not reasonably expected to be used as fresh or 
potable water.” 055-4 Wyo. Code R. § 4-12

After meeting these guidelines, uranium operations must install monitoring wells around 
the produced aquifer’s perimeter. These monitoring wells are used to sample water around 
the mine, ensuring that no movement of contaminates into non-exempt aquifers takes 
place as required by SDWA (International Atomic Energy Agency, 2016; US EPA, 2015a).

The law also requires that groundwater restoration take place after the retirement of a 
well. The mining cycle begins by drilling wells in high yield regions and moving down 
the roll front over time. This means the retirement costs are not limited to the final site 
closure but are a rolling cost over the project. As part of this process, a bond or collateral 
is required to ensure that the groundwater restoration will take place (Kuhn, 2006). 
This is frequently done through a bond agency, which issues a surety bond covering the 
total estimated cost of restoration in cases of default. The mining company must put up 
collateral which is returned after restoration is completed and pays a market rate for the 
value of the bond.
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Restoration requirements mandate that the water quality of the produced aquifer be 
restored to pre-mining pollution levels. This is accomplished by either showing all 20 
constituents are at or below initial tested levels, or that the category of aquifer is the 
same60. Wyoming oversees these restoration requirements as an agreement state. The 
Department of Environmental Quality allows an aquifer to be restored to levels based on 
the water use classification (Wyoming Department of Environmental Quality, 2018). For 
example, water with an initial quality only suitable for industrial use needs to be restored 
to the maximum constituent levels of industrial use. However, a clean aquifer suitable 
as a source of drinking water must be restored to the standards set for drinking water. 
Where the Wyoming water quality standards are different from federal rules, the strictest 
standard is applied. As an example, if Wyoming includes radon as constituent in the water 
classification standard a uranium bearing aquifer may be labeled as an industrial use water 
source. Since radon is generated from uranium many uranium producing aquifers will have 
naturally elevated levels of radon. However, if federal guidelines do not include radon in 
water classification standards, the same aquifer will be classified as a suitable drinking 
water source. In that instance drinking water restoration standards will be applied. 

In a typical restoration, multiple steps are taken to reduce post-mining increases in aquifer 
chemical constituents. The first stage of aquifer restoration is typically what is termed 
groundwater sweep. In a sweep the entire pore volume of groundwater within a wellfield 
area is brought to the surface and disposed of, either through disposal well injection 
or other techniques. The groundwater sweep process draws in native groundwater 
from outside the mining zone with lower dissolved solids which refills this pore space 
(Saunders et al., 2016; Yang et al., 2023). Other projects manage the produced water 
using evaporation ponds, or water treatment followed by surface discharge (Wyoming 
Department of Environmental Quality, 2018). If surface discharge is applied, the 
constituent concentration of the water must be tested before being applied to the ground 
(Wyoming Department of Environmental Quality, 2018).

Next, the water is run through reverse osmosis filtration and water treatment processes to 
reduce pollutants to allowable levels. Once these thresholds are reached, the monitoring 
wells are used to track mineral content and PH. If the decline rate of these factors is shown 
to be stable, the restoration is complete, bond collateral is returned, and the operation can 
be plugged and abandoned. (International Atomic Energy Agency, 2016; Saunders et al., 
2016)

When evaluating the importance of these costs, it is useful to compare regulations across 
the globe. The top four uranium producing countries are Kazakhstan, Namibia, Canada, 
and Australia (International Atomic Energy Agency, 2023). 

60 See 40 CFR 192 (Environmental Protection Agency, 1983)
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Kazakhstan does not require any groundwater cleanup after a mining site is approved, 
contributing to significantly lower operating costs for Kazakhstan operations (Clark et 
al., 2018; Fyodorov, n.d.). The evaluated Wyoming in situ operations had an average total 
cost of $46 per pound61 of uranium produced compared to the Inkai Kazakhstan operation 
which has total costs of $23.43 per pound (Clark et al., 2018). These costs differences are 
not entirely caused by the elimination of groundwater restoration. Another contributing 
factor is the use of acid based lixiviant. 

Most Wyoming operations use an alkaline lixiviant, such as baking soda to dissociate 
uranium (Gregory & Drean, 2015; Kehoe, 2023). Acid has been found to be a more cost-
effective means of extracting uranium, including in Wyoming, and total uranium recovery 
increase from about 80% to 90% (McDowell et al., 2017; World Nuclear Association, 2020; 
Yang et al., 2023). In 2019, the Ross Project became the only licensed uranium operation 
in Wyoming using acidic leaching, partly due to the lower carbonate content of the 
produced deposit (World Nuclear News, 2019). Acid lixiviants dissolve carbonate rock, 
which releases additional dissolved solids into the aquifer (Mudd, 2001; World Nuclear 
Association, 2020). 

Unlike Kazakhstan, Canada and Australia have comparable water restoration requirements 
as the SDWA. However, the circumstances of the mining in these locations make such 
requirements inapplicable. The operation with the highest production in Canada also 
has the highest ore grade in the world (Bishop et al., 2015). This makes traditional mine 
and mill techniques more cost effective than in situ mining and in turn mitigates the 
groundwater restoration costs. In Australia, the in situ produced uranium deposits have 
very high dissolved solid levels, making the aquifers unsuitable for either drinking water 
or industrial uses (Commonwealth of Australia & Lambert, 2010). Due to these geologic 
characteristics, Australian operations are not required to perform the same filtration 
cleaning as completed by Wyoming operations. Since the standards require that the water 
quality be returned to the pre mining use, no level of pollution in the Australian operations 
effects the final possible water uses. 

61 The technical reports for uranium mines in Wyoming include (Malensek et al., 2022; Moores & Western 
Water Consultants, Inc, 2021b; Schiffer & Moores, 2023, 2023; Western Water Consultants, Inc, 2024a)
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The in situ best practice guide for Australia states:

“The best documented ISR mines have been in the US, mainly in Wyoming, 
Nebraska and south Texas….In the US, operators are required to remediate 
affected groundwater within the mine site to the pre-mining average 
constituent concentrations (restoration standard) or drinking water maximum 
contaminant levels (whichever is higher), regardless of sequential land uses…. 
In contrast, the uranium at Beverley (South Australia), occurs in isolated 
sand lenses that are surrounded by impermeable clay-rich strata and contain 
naturally poor-quality saline, radioactive and stagnant groundwater. As the 
Beverley aquifer had no use before and has no foreseeable use after recovery 
of uranium, natural attenuation was considered appropriate rehabilitation 
for the situation at Beverley; there is an extensive monitoring program to 
measure the progress of natural attention.” (Commonwealth of Australia & 
Lambert, 2010)

Wyoming, on the other hand, has high starting quality of water. The reviewed 
environmental reports placed the starting groundwater quality as either usable for 
domestic or livestock. This means an identical mining operation in Wyoming, producing 
the same amount of dissolved solids in an aquifer, will require more restoration costs than 
one operating in Australia.

To identify the range of costs added to producers by these regulations, five technical 
reports for Wyoming were evaluated. These include the Gas Hills Uranium Project, the 
Nichols Ranch Project, the Lost Creek Uranium Project, the Ross Project, and the Shirley 
Basin Project (Malensek et al., 2022; Moores & Western Water Consultants, Inc, 2021b; 
Schiffer & Moores, 2023; Strata Energy Inc., 2010a, 2010b; Western Water Consultants, 
Inc, 2024a). The project plans were used to identify the change in net present value of the 
projects due to restoration costs. Estimated costs include restoration bonds, groundwater 
restoration, and deep disposal. Costs are calculated in terms of dollars per pound of 
uranium produced to approximate the effective change to the uranium supply function. 
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Cost and revenues were discounted at 10%, to calculate the net present value of the 
operations. When groundwater restoration costs are not explicitly separated from overall 
restoration costs and 66% of the total is assumed to be attributable to aquifer remediation 
based on surety bond data (Uranerz Energy Corporation, 2010). The average cost estimate 
was $4.30 per pound, with a low of $1.67 per pound in the Lost Creek Project, and a high 
of $10.84 per pound for the Shirley Basin Project This has the same production outcome 
as Wyoming operators receiving $4.30 less per pound of uranium on the market. The 
resulting effect of this cost increase is dependent on the market price. For example, 
the average operating cost of these recovery facilities were estimated to be $18.40 per 
pound of uranium, but with an average total cost of $47.29 per pound. At a price of $50 
per pound, this restoration cost precludes the operations from being developed with 
any profit. However, at a price of $100 per pound, the restoration costs can be overcome 
and each of these operations would develop. The added cost also cuts into profits and, 
consequently, Wyoming tax revenue. The State can expect to receive 8 cents less in tax 
revenue per pound of uranium, or $2.3 million over each of the four operations, due to 
these added restoration costs.

The total effect of this regulation on production can be estimated with the results from 
Table 3. If prices are above $42 per pound but below $47 per pound the regulation is a 
sever obstacle completely halting all uranium production in Wyoming62. At higher prices, 
the result is a reduction in output proportional to the ratio of the production cost to the 
price of uranium. For example, at $50 per pound of uranium the restoration requirements 
reduce production by 5.6% and at $100 per pound production is reduced by 2.3%. This 
makes the regulatory obstacle score dependent on the market conditions presented in 
Section 3.4. Below $50 per pound the score is a sever obstacle, at prices above $60 per 
pound the score is moderate obstacle.

The outcomes from the SDWA can be considered under an economic lens. Economic 
policy analysis considers the costs and benefits of rules with the goal of finding the 
best societal outcomes. In the case at hand, the restoration costs of aquifers need to 
be weighed against the value of cleaner groundwater to judge how much restoration is 
optimal.

The usability of aquifers for drinking, ranching, and recreation are all relevant policy 
considerations for Wyoming. At the same time, the income from the uranium recovery, 
tax revenue, and economic development provides benefits to the State. The economically 
efficient policy provides enough groundwater restoration that the marginal benefit of 
cleaner water equals the marginal cost of restoration. This balance does not exist under 
the current regulatory structure.

62 This range is based on the average startup cost of mines reviewed but is not an exact estimate. Rounding 
the results may represent the actual decisions of miners more accurately. So, in the range of $40-$50 
these rules halt all production in Wyoming. 
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Providing a detailed estimate of the optimal restoration thresholds is beyond this report’s 
scope. However, there is evidence that the current policy is too restrictive, and operations 
are required to spend more on restoration than is socially optimal for Wyoming. 

Economic factors are evaluated to determine if the current restoration requirements are 
efficient. Six points were identified to support the conclusion. Each of these facts speak 
to the relative value of aquifer restoration, the social costs of lowering restoration from 
current requirements, or present alternatives to restoration that provide similar benefits 
but at lower cost. These include:

1.	 Exempt aquifers cannot be used for public drinking water.
2	 Under current restoration requirements water quality must be restored 

to original levels63

3.	 Aquifer contaminates are naturally contained to a limited area around 
the operation.

4.	 Alternative sources of groundwater are available.
5.	 Alternative methods of groundwater restoration are available.
6.	 Economic studies of groundwater value indicate restoration costs 

exceed social benefits. 

Points 1-3 speak to economic inefficiencies in the current regulatory structure. These 
indicate that the added value from restoration is limited, but restoration costs are elevated 
by current standards. 

Points 3-6, provide a framework for a hypothetical economically efficient restoration 
policy. Alternative methods of achieving the same social benefits as aquifer restoration are 
available. Further, relaxing post operation constituent limits will increase total economic 
welfare. 

An obvious economic inefficiency of the SDWA application is that aquifers must be 
exempted as drinking water sources before uranium can be extracted from the aquifer. 
At the same time, the operators must restore the aquifer to the starting water quality 
standard. If an aquifer has already been exempted, the restoration costs are unnecessary 
from an economic welfare perspective. A clean reservoir that is never used for any other 
purpose than uranium extraction provides the same economic benefit as a dirty reservoir. 
In both cases, the opportunity cost of alternative uses is nearly zero and the value of low-
cost mining outweighs the benefits of restoring the aquifer. 

63 The law requires that the aquifer is restored to a pre operating state, but alternative standards are allowed 
when complete balance is impossible. Alternative standards typically require any increased particulate 
pose no additional health risk compared to background levels. 
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Another economic issue for consideration is the elimination of certain aquifers as a 
uranium source. An aquifer that cannot receive an exemption may still provide economic 
net benefits if in situ projects are allowed to operate. Consider a possible in situ operation 
that is near a city limit and meets the standards of potable water. This aquifer could not 
receive an exemption because the water may reasonably be used as a public water source. 
However, when the operation is completed, under federal requirements, the groundwater 
quality will be restored to original levels. Since the groundwater is the same quality as 
the water that existed before the uranium recovery, the projects created no cost to future 
water users. Even though there are no social costs to the extraction such a facility cannot 
operate under current rules. This limits uranium production which would generate private 
income, jobs and State tax revenue.

A typical uranium recovery facility does not affect the water quality of adjacent properties. 
Without spillover costs to neighbors, market prices lead to efficient economic outcomes 
(Chavas, 2022). If uranium extraction did create costs to neighbors, then some restoration 
requirements that lower operation profit would create net benefits, otherwise such 
requirements reduce total economic gains. 

Some facts make spillover costs to neighbors from uranium extraction plausible. Exempt 
aquifers cannot be used for public water sources, but they can be used for private 
groundwater wells. In fact, some Wyoming residential wells are within two miles of active 
in situ operations, creating a potential risk of contamination in adjacent aquifers (The 
Natural Resources Defense Council, 2016).

In practice, Wyoming in situ projects are well contained by geologic barriers. Over time, 
the dissociated minerals from mining equalize with the surrounding water and become 
immobile in a process called attenuation (Borch et al., 2012; Hu et al., 2011; World Nuclear 
Association, 2020). The properties of the aquifer and mineral content also affect this risk 
of contaminating nearby aquifers. Most of the dissolved solids created from the uranium 
extraction process are large and relatively immobile. Permeability64 and groundwater flow 
rates determine the rate of drift of these elements. A case study of these two factors is 
provided in Figure 21, showing how total dissolved solids from a mining operation without 
remediation are forecast to migrate over a hundred years. 

64 A measure of the size of the sandstone grains. Larger grains reduce fluid flow friction (McCain William D Jr, 
2017).
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The forecast predicts that the primary pollutants from the Wyoming Irigarray operation 
would have some natural attenuation over 100 years, dropping from a peak of over 650 
mg/l to 400 mg/L. This is a lower attenuation rate than in regions such as Kazakhstan 
which can see full equalization over this time frame (Yazikov et al., 1985). However, the 
drift of the dissolved solids is very slow, with the total movement only traveling about 500 
feet in any one direction. This is comparable to other simulated in situ operations, which 
found the maximum movement of lixiviants over four hundred years to be half a mile 
(Roshal & Kuznetsov, 2006). 

While the drift of a plume must be evaluated on a case-by-case basis, Wyoming 
operations with similarly slow drift pose little risk of contaminating nearby aquifers. A 
groundwater well drilled only 1000 feet away would not have an increase in constituent 
levels caused by an unremediated in situ operation.
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There are examples where increased constituent levels were measured outside of the 
in situ recovery area, but no cases were identifi ed where this aff ected neighboring 
properties. A pertinent instance of this occurred in 2011, at the Wyoming based Highland 
Uranium Project65. This constituent increase occurred due to a well casing failure 
during operation (Leftwich, 2011). Future casing failures were remedied by adjusting 
the drilling and completion process (Wright, 2013). However, an NRC review of water 
samples at multiple U.S. in situ projects found no cases of elevated constituents beyond 
the monitoring boundary, which is typically one quarter of a mile (Nuclear Regulatory 
Commission, 2014). This limits the economic cost analysis to the direct mining expanses 
and suggests that current restoration requirements add to project costs, without providing 
the potential benefi t of improving the water quality to nearby residents.

One method to identify polices that will maximize the economic benefi ts of uranium 
extraction in Wyoming is a cost benefi t analysis of in situ projects. However, there is not 
enough data to complete this analysis for Wyoming in situ sites. Instead, a literature review 
is performed which identifi es the value of increased groundwater quality, which is then 
compared to the cost of restoring a in situ site. 

The market price of land refl ects an array of attributes associated with the property 
including groundwater water quality (Rosen, 1974). The land price of uranium producing 
areas is compared to the cost of aquifer restoration which provides evidence that current 
restoration requirements are more stringent than is economically effi  cient. If a in situ 
operation results in higher groundwater constituents, this in turn decreases the selling 
price of that land by some fraction of the original price. The diff erence between the selling 
price of the land at the initial aquifer constituent levels, and the price after the constituents 
are increased is the social value of restoring the aquifer back to original levels. If this 
diff erence is small than the restoration provides only moderate value to Wyoming citizens, 
if this diff erence is large there is justifi cation to invest resources in restoration. 

The social value of a restoration varies, depending on the starting price of land, the 
alternative sources of water, and the current use of the aquifer. However, the current 
aquifer restoration requirements make it impossible to measure the diff erence in land 
value directly. In all cases of uranium extraction, the aquifer is returned to a near pre 
uranium extraction constituent levels, so no data points exist to compare the value of land 
after the constituent levels are increased. Nevertheless, this information can be used to 
ascertain if the current regulations are economically effi  cient, and to provide a range of 
possible effi  cient policies. 

65 Now the Smith Ranch-Highland project
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First the cost of aquifer restoration of Wyoming in situ operations is estimated from the 
available technical reports and found to average $15 million dollars66,67. This is compared 
to the value of land of Wyoming properties, that overlay uranium bearing resources as 
reported by various Wyoming county assessors. The average market price of the land in 
the lease area of an in situ operation is estimated to be 3.2 million dollars68 (EIA, 2020c; 
Wyoming Department of Revenue, 2024)69. Meaning that the average restoration cost is 
4.7 times larger than the average total value of the land. This makes it implausible that 
current restoration requirements maximize welfare to Wyoming. 

Only a fraction of the market price of the land is attributable to the aquifer, yet the costs 
applied to restoring the aquifer are multiple times larger than the entire land value. Despite 
the lack of detailed land sale price data, it can be concluded that economic welfare in 
Wyoming will increase if constituent remediation rules are relaxed, or even removed. 
The cost to restore the aquifer to initial consistent concentrations exceed the benefits to 
landowners from a restored aquifer. 

To provide insight into a potentially efficient aquifer remediation policy a literature 
review is performed. Two relevant papers were identified that provide the estimated cost 
of increasing constituents in groundwater. The details of these studies are provided in 
Appendix (A). The predicted outcomes depend on the starting quality of groundwater, 
the use of the water, and the level of contamination. These models identify the total cost 
in terms of a ratio of the starting land value. The total cost of increasing dissolved solids 
in the ground water ranged from 0.3% to 15% of land values. These values are used to 
estimate a range of final restoration cost under an ideal policy. The maximum aquifer 
restoration efforts under a hypothetically efficient policy will cost between $9,600 and 
$480,000 dollars, for an average Wyoming in situ operation. When balancing these 
benefits of restoration with the total cost of restoration, economic welfare has been 
reduced by between $15 million and $14.5 million per in situ operation because of the 
aquifer remediation rules. This prediction is based on an average uranium recovery project, 
and individual project estimates depend on the actual conditions at the facility, and 
surrounding area. 

66 The acreage weighted average land value of properties overlying uranium reservoirs in the State was 
identified to be $232 per acre. Of the projects reviewed the average total area was 13,686 acres.

67 Discounted at 10% per year.
68 The total lease area overstates the potential benefits of restoration since the area of land underneath a in 

situ operation is less than the size of the lease. The lease area includes land used for exploration, future 
production, and other buildings. For example, the Shirley Basin project has an area under pattern of 283 
acres, but a lease area of 3,536; only 8% of the lease area is under pattern (Western Water Consultants, 
Inc, 2024c). Using the total area of the lease in the land value calculation biases the estimate of restoration 
value upward, giving the best possible chance for the policies to be identified as economic efficient. This 
gives credence the conclusion that restoration policy is too stringent, since this outcome won’t change by 
modifying the area estimate. 

69 Wyoming legal parcels from assessor’s offices were overlayed with a map of uranium resources using the 
software QGIS. Then the assed actual value of land was divided by the acreage. 
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Some factors suggest that the optimal aquifer restoration cost is closer to the lower 
bound estimate, than the upper bound. The value of water is set by quality and a 
groundwater users access to alternative sources. There are likely to be alternative sources 
of groundwater adjacent to the uranium recovery facility. Studies evaluating the health 
consequences of mining are confined to this immediate area, assuming a drinking water 
well will be drilled overtop of the historic operation (Ruedig & Johnson, 2015). However, 
an alternative source of groundwater is a well drilled at a location that will not have a 
future increase in constituents. In many cases, a well drilled only 1000 feet away from the 
operation will provide water that has no noticeable effect from the uranium processing. 
The underground water flow’s direction is well established by the operation’s technical 
evaluations. This allows alternative groundwater wells to be drilled upstream from 
constituent drift. On properties with readily available groundwater, the costs created by 
elevated constituents from mining are minimized. The maximum possible social cost of the 
uranium extraction is bounded by the value of the next best aquifer quality. 

Another alternative to restoring the aquifer is to filter the water before it is used. 
The optimal pollution management policy extends the right to either pollute or stop 
pollution to the group with the lowest cost of reducing pollution costs (Coase, 1960). If 
the operation is required to clean the water, a large upfront cleaning cost must be paid 
immediately. It is not certain that the aquifer will eventually be used for private use. If the 
water is not used, then natural attenuation will restore the aquifer without any financial 
cost. However, assuming a future landowner does drill a water well over the uranium 
recovery area, home water treatment systems can be used to reduce TDS. This restores 
the groundwater only in the quantities consumed, and only at the time of use, lowering 
total restoration costs. This can lead to intermediate solutions not allowed under current 
SDWA rules, such as the operation performing a single groundwater sweep, and future 
landowners installing filtration systems to remove the remaining TDS. In some instances, 
this will restore the ground water to the same quality as the current standards require, but 
at a much lower cost.

Based on this evidence, the current SDWA structure is a moderate obstacle for Wyoming 
operations. The cost of restoring aquifers after uranium extraction ends exceeds 
the benefits of the restoration. This added cost uniquely restricts Wyoming uranium 
production because other countries producing uranium have higher starting groundwater 
TDS. The costs of the required restoration are substantial, averaging $15 million, or $4.3 
per pound of uranium produced. Yet, this barrier is dependent on the price of uranium. 
When uranium prices are low, the federal legal structure is either a major obstacle or a 
severe obstacle. At current high prices, many Wyoming operations are profitable with or 
without this cost. Even at the high market prices of uranium that exist at the time of this 
report, the federal legal obligations create a cost disadvantage to Wyoming production 
compared to other regions. These considerations place the score as a moderate obstacle.
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State Legal

The state legal structure is found to be a moderate advantage to establishing uranium 
recovery operations in Wyoming. Wyoming has a well-established mining sector, 
providing experience in creating regulations tailored to the unique challenges of uranium 
recovery. Wyoming became an agreement state in 2018, assuming some of the regulatory 
responsibility from the NRC (Nuclear Regulatory Commission, 2018). This has reduced the 
cost of opening a facility and improved economic outcomes for operations in the State. 

Economic evaluation of uranium extraction company stock prices in Australia have 
found signifi cant eff ects of political expectations and stability. Company stock returns 
increase when polling numbers predict policy outcomes that will allow continued uranium 
development. Companies with high exposure to the uranium market are the most aff ected 
by political uncertainty. (Ferguson & Lam, 2016).

The long-established mining sector in Wyoming promotes a stable mining regulatory 
structure. Wyoming receives the third highest percentage of tax revenue from mineral 
extraction compared to all other States (Nülle & McManmon, 2015). The importance of 
the sector to State outcomes encourages regulators to carefully consider the impacts of 
policy on the industry. This reduces policy uncertainty for uranium recovery companies, 
providing an economic benefi t to those locating in Wyoming, as compared to less energy 
intense economies.

One policy change the State has undertaken is becoming an agreement State with the 
NRC, to provide regulatory oversight of uranium mining (Nuclear Regulatory Commission, 
2018). Prior to this, the regulatory fl ow for uranium operations followed the diagram in 
Figure 22.
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While Wyoming has acquired some of the regulatory authority of uranium extraction 
operations the federal government maintains some purview. The Environmental Protection 
Agency (EPA) has maintained authority to regulate uranium mill tailings impoundments, 
heap leach piles and fl uid retention impoundments (lined ponds) at both in-situ recovery 
and conventional sites70. Also, if the operation is on Federal land either the U.S. Forest 
Service or Bureau of Land Management may require an Environmental Impact Statement 
(EIS) and subsequent Record of Decision (ROD).

70 40 CFR Part 61 Subpart W 

While Wyoming has acquired some of the regulatory authority of uranium extraction 
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By becoming an agreement state, Wyoming takes responsibility for approving the 
environmental impact statement and safety evaluation report in addition to the injection 
mine and air quality permits which were already completed by the Wyoming Department 
of Environmental Quality (WDEQ). The local knowledge of State officials has contributed 
to significant cost reductions in providing these reports. The NRC charges $300 per hour 
for work on these reports (Castellon, 2023; Nuclear Regulatory Commission, 2023b). Using 
this as the hourly rate of NRC staff, the average initial permitting costs for a new uranium 
operation is $3.2 million, with a ten-year renewal costing $2 million (Nuclear Regulatory 
Commission, 2023a). 

Comparatively, WDEQ can produce the required reports for a lower average cost than 
the NRC. A technical report from the Shirley Basin project estimates that the fees paid for 
supporting WDEQ applications average $120,000 per year (Western Water Consultants, 
Inc, 2024c). Over a ten-year operation, the WDEQ saves the uranium recovery company 
$2 million in the cost of preparing environmental and technical reports. 

The regulatory stability provided by Wyoming instructions, combined with the direct cost 
savings place the State legal score in the moderate advantage range. These advantages 
are specific to the State and promote development.

BENEFITS AND COSTS

General Benefits

There are non-monetary benefits of uranium recovery in Wyoming worth considering in 
policy analysis. Uranium projects gather information about uranium bearing ores which 
provides valuable information to Wyoming residents. For example, geologists evaluating 
uranium availability also locate radon rich aquifers. Radon exposure increases the risk of 
lung cancer, and leukemia as well as being linked to emotional dysfunction in children 
(Al-Zoughool & Krewski, 2009; Gray et al., 2009). Randon is a gaseous decay product of 
uranium which can accumulate in home basements creating exposure levels comparable to 
uranium mines (Chen, 2017). By identifying the location of uranium rich aquifers uranium 
development helps Wyoming residents mitigate radon exposure risk. This applies to other 
aquifer constituents which are identified in the extraction process. By understanding the 
water content and geology of a region, ranchers and homeowners can avoid drilling wells 
in areas with elevated contaminants. 
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Current restoration standards come with economic costs (see Section 3.9) but create 
secondary benefits for aquifer quality. Aquifer restoration can reduce some constituents to 
below initial levels increasing groundwater quality. Each individual constituent is targeted 
to be restored to original levels. Added effort is made to remove constituents that remain 
above the highest allowable threshold after pore sweeps, which results in continued 
reductions of other solids. A study of the Smith Ranch-Highland project in Converse 
Wyoming, found that radium levels at the in situ site were lower than baseline, even 
though uranium levels were increased. On net this reduced the health risks associated with 
drinking the affected water. (Ruedig & Johnson, 2015)

 Uranium exploration also promotes future economic development in Wyoming. The 
geologic knowledge generated by uranium exploration decreases the future price of 
uranium by identifying uranium resources. Exploration lowers the cost of future uranium 
operations which are benefited by acquiring a richer understanding of the regional 
geology. Based off these benefits, economic estimates indicate that active support of 
uranium exploration will increase economic welfare (Mason, 1985, 2014).

General Costs

Three non-monetary costs to uranium recovery were identified. Each of these costs can be 
avoided but have the potential to affect Wyoming residents. 

First, split land and mineral rights have led to conflicts between uranium operations 
and homeowners. One instance of this occurred in Colorado, where Global Uranium 
and Enrichment exercised rights to conduct exploratory drilling in a residential area 
(Schmelzer, 2024; The Denver Post Editorial Board, 2024). In other States split ownership 
of surface and mineral rights increased dissatisfaction of landowners from the mineral 
recovery process71 (Collins & Nkansah, 2015). While private contracting between surface 
and mineral rights holders can be challenging, coming to agreements during exploration 
limits transaction costs and equity concerns (Libecap & Wiggins, 1985). This type of 
arrangement occurs in the Wyoming extractive industry, as an example Wyoming oil 
drilling projects rarely resort to posting surface restoration bonds and instead come to 
terms with surface rights holders prior to drilling (Fitzgerald, 2012). This is attributed to 
the long-term benefits of amenable relationships with surface rights holders for acquiring 
future land (Fitzgerald, 2012). 

71 This survey found that the strongest predictor of satisfaction was a property owner reporting that they 
were informed well in advanced and treated with respect. However, this occurred more frequently for 
owners of both surface and mineral rights which is attributed to a more even footing between the two 
parties. 
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The second social cost consideration of uranium extraction is potential environmental and 
human health outcomes. Only one instance of environmental impacts from a Wyoming 
uranium recovery operation was identified. The Highland Uranium Project, near Douglas 
Wyoming completed aquifer restoration through a licensed application of treated water 
on to the adjacent land. The aquifer water was treated, placed in holding ponds and finally 
used for irrigation with a center pivot. The elevated levels of selenium in this water were 
mobilized up the food chain. Selenium levels in soils, grasses, grasshoppers and birds were 
increased compared to adjacent properties. Consequently, red wind black birds near the 
operation had toxic levels of selenium in both livers and eggs. (Ramirez & Rogers, 2002).

This environmental outcome from irrigating with reservoir water will be different at each 
uranium operation. Different types of vegetation bio accumulate constituents at variable 
rates (Bergmann et al., 2006). In fact, water near the Highland Uranium Project was 
found to have lower levels of selenium than comparable ponds, which is attributed to the 
presence of cattails that filter selenium from the water (Ramirez & Rogers, 2002). 

There are also cases of negative health outcomes from uranium recovery operations in 
humans. Exposure to radon by underground mine workers has been associated with 
higher lung cancer rates, this cancer risk is exasperated when combined with tobacco use 
(National Academy of Sciences, 1999). However, evaluation of cancer rates in counties 
with uranium tailings found that the uranium recovery operation did not change the risk 
of cancer of residents (Boice, Cohen, et al., 2007; Boice et al., 2003, 2010; Boice, Mumma, 
et al., 2007; Canadian Nuclear Safety Commission, 2009). All Wyoming uranium recovery 
operations are in situ, which does not put employees in contact with underground radon 
and does not produce the same form of tailings as traditional methods. 

The third non-monetary cost of uranium recovery is a lowered water table in the 
surrounding aquifer. This occurs when water is removed from the produced zone with 
disposal wells. During ground sweeps, the water from the pore volume is brought to the 
surface and can then be injected into lower aquifers. This draws in native groundwater 
with lower dissolved solid levels. The benefit of this process is a reduction in total 
dissolved solids in the produced aquifer. On the other hand, this can lower the surrounding 
water table which in turn increases the cost of pumping from private wells. No studies 
of this groundwater table reduction were identified, but John Christensen a Wyoming 
rancher who owns surface rights over the Christensen Ranch Project reported that water 
levels near uranium recovery operations were reduced by 100 ft (Lustgarten, 2012). 



73WYOMING’S �NUCLEAR SUPPLY CHAIN

Economic Impacts

Outcomes in employment and tax revenue from the uranium mining sector in Wyoming 
are estimated. The results conclude that there will be up to 17,700 person-years72 of 
employment, with $902 million in State and local tax revenue from this development. 
The benefits and costs of the uranium recovery sector in Wyoming are evaluated using an 
input-output model (Leontief, 1986). In these models, the inputs of one sector are treated 
as the output of another industry, and the system of equations is balanced with available 
data. The model applied comes from IMPLAN which includes sector level data unique 
to Wyoming, allowing for the economic impacts to be tailored to the unique economic 
linkages in the State. 

The outcomes of the input-output model are generated under three cases of sustained 
long run uranium prices in the U.S. Since the output of the uranium recovery sector is 
directly tied to the price of uranium, these prices are paired with historic production 
numbers to establish possible output scenarios. The low outcome uses current production 
numbers as inputs. U.S. uranium production was 146 thousand pounds in 2022, with a 
total full-time employment of 196 people (Energy Information Administration, 2023b). 
This production came from four operating U.S. uranium facilities, three of which are 
in Wyoming. Data is withheld about the total production from each state since the 
individual operation data could be reverse engineered with this information. A simplifying 
assumption that each operating mine has an equal amount of employment is applied. This 
means 75% of all U.S. production and employment is attributed to Wyoming. 

The middle and high production estimates are based on historic Wyoming mining output. 
Total Wyoming uranium output peaked at 12 million pounds per year in 1981. Wyoming 
output is assumed to reach these levels at the $146 per pound reserve cutoffs used by 
the Energy Information Administration73 (Energy Information Administration, 2010b; 
United States Bureau of Labor Statistics, 2023). The middle case scenario assumes at a 
market price of $90 per pound 4,800 pounds of uranium will be produced per year. This 
production estimate is based on the uranium supply model in Table 374,75. 

72 A person-year is a unit of employment. Two half time workers, or a single full-time worker both add up to 
one person year. This metric is used to compare short term and long-term projects.

73 $100 per pound was inflation adjusted from 2008 values to 2024 dollars. 
74 Based on 2014 Wyoming production numbers. This local maximum is selected to provide more accurate 

estimates. Since the equation estimates growth as percentage increase of production, low production 
years create a biased estimate. A doubling of a zero is still zero. Production was high enough in 2014 that 
the relative increase in production based on price, is plausible. 

75 The price of uranium in 2014 was $44.24 (in 2024 terms). A price of $90 per pound is a 103% increase. 
Wyoming uranium production in 2014 was 3.6 million pounds. Therefore, total production at $90 per 
pound is predicted to be 0.66*2.03*3,600=4,834 Thousand pounds of uranium
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Each of these scenarios is used to estimate the total annual industry output of the uranium 
sector. This is used as an input in IMPLAN to calibrate employment and tax income 
information. These results are provided in Table 5

Wyoming uranium recovery can become a major contributor to State tax revenue, with 
moderate changes in State employment. Both the employment and tax income results 
include the direct changes in the uranium extraction industry as well as induced growth 
in other sectors such as hospitality and construction. Tax revenue values are the sum of 
State and county incomes. The estimates assume that all future Wyoming operations 
will remain in situ. The innovation of in situ recovery has substantially reduced the labor 
intensity required to extract uranium. This has the advantage of minimizing the barriers 
to industry development of establishing a large workforce in rural parts of the State. On 
the other hand, even a large increase in the output of uranium recovery will only induce 
between 4,600 and 17,700 yearly employment. This assumption may underestimate total 
employment under high uranium price scenarios where traditional uranium extraction 
facilities can operate profi tably.

Total State and county tax revenues induced by industry growth are substantial. In 2022, 
the total State tax revenue was $3.45 billion (Wyoming Department of Revenue, 2023). 
Under the middle and high growth scenarios, direct and induced tax revenue from uranium 
recovery would account for between 6.8% and 26% of this total revenue respectively.
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CONCLUSION

The study evaluated the opportunities and barriers for growing the uranium recovery 
industry in Wyoming. Under the status quo, uranium operations are expected to increase 
output. Six of the factors evaluated were found to promote uranium recovery in Wyoming, 
with only one identifi ed obstacle.

Factors Supporting Development

1. Wyoming has the most uranium reserves of any State. 
2. Uranium prices are high enough for Wyoming operations to remain profi table. 
3. Graduated severance taxes prevent operations from shutting down if uranium prices 

are low.
4. Existing operations on standby can be reopened. 
5. In situ operations have allowed new resources to be extracted in the State.
6. Wyoming’s management of operation regulatory compliance has reduced the cost of 

opening a facility.

Barriers to Development

1. SDWA requirements place limits on which uranium reserves can be used for in situ 
operations and add to aquifer restoration costs.

The State is well positioned to expand uranium production, but the net benefi ts are 
dependent on output levels. The total benefi ts to the State include:
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Benefits of Wyoming Uranium 
Recovery

1. 147-17,700 person-years of 
employment.

2. $0.4-$903 million of tax revenue 
per year.

3.  Reduced environmental impact 
when compared to historic 
operations.

Based on this analysis, the Wyoming 
uranium recovery industry is situated 
to expand in the coming years. No 
legal or fi nancial support from the 
State is required to maintain this 
growth. However, long run uranium 
prices are uncertain, and growth 
could stagnate if demand for uranium 
decreases. There are potential social 
costs to this development including 
concerns of aquifer contamination, 
and confl icts over property rights. 
Both concerns can be mitigated 
through industry standards or 
Wyoming policy. 

Proceeding papers will evaluate other 
stages in the nuclear supply chain 
which are fed by uranium operations. 
These include nuclear produced 
electricity, direct heat uses of nuclear 
power plants, and spent fuel storage. 
This will provide a standard to 
compare the advantages, challenges, 
and the economic impacts across the 
entire nuclear sector. 
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APPENDIXES

APPENDIX (A) CASE STUDIES OF WATER QUALITY VALUE
Land prices refl ect the consequences of pollution, one aspect of the value of the property 
is the long term expected use of the groundwater (Rosen, 1974). If the groundwater on 
the property becomes too polluted to drink, future land buyers will be unwilling to pay as 
high a price for the land. The diff erence in the sale price before the operation is developed 
and after the operation closes is the economic cost of the pollution. If the mining company 
owns the land, then they account for the pollution costs as part of their operating plan. 
Since the land can be sold for more when the aquifer is remediated, there is a profi t 
motive to keep the reservoir clean. This allows economists to estimate the value of 
groundwater quality even though there is not a market price for this product. The price of 
land captures the value of groundwater, as well as a set of other attributes. Once the other 
factors are controlled, an estimate of the additional value from groundwater can be made. 
This is referred to as a hedonic model.

The cost of increasing pollutants in groundwater has been identifi ed in other settings. 
Groundwater salinity has been found to reduce the sale price of farms, but the size of 
the reduction depends on well depth and starting salinity levels (Mukherjee & Schwabe, 
2014). In this study of California’s Central Valley, a 30% increase in salinity was found to 
reduce property values by up to 12%. However non-linear relationships between sale prices 
and the interaction of well depth with salinity was found, leading to estimates that a 30% 
salinity increase may only decrease land value by 0.6% to 3% (Mukherjee & Schwabe, 
2014). An evaluation of home values using groundwater in Florida, fi nds raising nitrate 
levels to twice the EPA drinking water standard reduces home values by 15% (Guignet et 
al., 2015).
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A related evaluation of farms reliant on 
groundwater found that State curtailment 
risk temporarily reduced the value of 
farmland by as much as 55% (Gebben & 
Smith, 2024). This does not directly estimate 
groundwater quality value but does provide 
an upper bound value of groundwater used 
in agriculture. 

The Wyoming setting diff ers from each 
study’s particulars, but there are important 
overlaps. In the Florida setting, the 
homeowners were rural, dependent on 
groundwater, and were not protected under 
SDWA standards. However, Wyoming is arid 
and land is often used in agriculture, such 
as the Central Valley setting. Groundwater 
wells in Wyoming are more likely to serve 
ranches than farmland, but health eff ects in 
animals, such as cattle have been identifi ed 
after consuming high levels of uranium 
and selenium from groundwater exposure 
(Ramirez & Rogers, 2002; Ruedig & Johnson, 
2015). 

However, it is worth noting that this is 
a upper bound estimate, as applied to 
demonstrating that current standards are 
unlikely to be effi  cient even under this worst 
case scenario. In actuality, uranium extraction 
operations may have a negligible eff ect on 
land values. This is particularly true when the 
land is vacant. Each of these studies applies 
to land that is currently using groundwater 
for agriculture or personal use. Where 
uranium extraction occurs in areas where the 
water is not actively being used.
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APPENDIX (B) LAND VALUE HISTOGRAM

A histogram of the land prices used to estimate the average sale price of land at a in 
situ operation is provided in Figure 23. To create this data set all Wyoming parcels were 
overlaid with a map of uranium reserves of the State. All parcels that are not overtop of 
a uranium resources area were dropped from the data set. Then each parcel was divided 
into one-acre plots. So, a 100-acre plot contributes 100 data points. The reported “market 
price” estimate was used rather than the assessed price since the assessed price is for 
tax purposes. This value may be biased by the assessor process, and true sales records 
are preferred. However, this value is suffi  cient for the present analysis which fi nds a large 
disparity in land values and restoration costs on a per acre basis.  

This is used to create the fi nal histogram. It should be noted that the average outcomes 
may diff er from a specifi c project.  If a uranium recovery facility is located on a plot at the 
right tail of this distribution the aquifer remediation may be worth more to the landowner. 

76 Data sources (Gregory & Drean, 2015; Wyoming Department of Revenue, 2024)
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