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Source: Pelizza, Mark S., and Craig S. Bartels. "Introduction to uranium in situ recovery technology." Uranium for Nuclear Power. 
Woodhead Publishing, 2016. 157-213. 

Conceptual block diagram of the ISR technique

• ISR utilizes wells to inject amended groundwater into the ore zone. This 
groundwater solution is commonly referred to as lixiviant. 

• The lixiviant dissolves uranium as it is drawn through the uranium-bearing host 
rock by a pump on a nearby production well, which then sends the uranium-rich 
water to the processing plant where the uranium is recovered. 

Uranium in situ recovery technology

ISR well field, Australia



Agreement states regulate ISR 
operations in Texas, Colorado, 
Wyoming, and Utah
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Overview – United States ISR Operation

The U.S. Nuclear Regulatory 
Commission (NRC) currently 
regulates operating ISR facilities 
in New Mexico and Nebraska.

Source: United States Nuclear Regulatory Commission https://www.nrc.gov/info-finder/materials/uranium/

https://www.nrc.gov/info-finder/materials/uranium/


• In acid ISR the primary source of potential 
contamination is the acidic leaching solution.

• The low pH of the fluid results in the dissolution of 
various metals contained within the host rock. 

• The combination of low pH and elevated concentrations 
of metals as well as radionuclides creates a risk to 
surface waters and soils (from spills) and a risk to 
adjacent groundwaters. 

• The solutions bring to the surface sulfuric acid and its 
salts, nitrates and radionuclides (uranium, thorium, 
radium, polonium, etc.)
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Environmental Challenges of acid ISR



• Several ISR operators conducted pilot tests using acid leach systems but 
there have been no commercial ISR operation in the United States using 
an acid leach system.

• Results from the pilot tests showed severe groundwater contamination.

• Acid ISR uranium mining is currently being considered in the state of 
Wyoming. 

• Understanding the groundwater contamination problem with 
international acid ISR sites, while the environmental impacts are still 
restricted by limited data, provides a better guide for what large-scale 
commercial groundwater impacts may incur if acid injection ISR uranium 
mining is permitted in the United States. 
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Operating Practice Examples



• Acid ISL uranium mining occurred at Straz pod Ralskem, Czech Republic, 
starting in the late 1960s and lasted roughly 30 years.

• Roughly 30,000 tons of uranium concentrate was produced, 4 million 
tons of sulfuric acid was injected, impacting approximately 338 million 
cubic meters of groundwater (89.3 billion gallons), and covering an area 

of 26 km2(10 sq. miles).
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Straz pod Ralskem. Czech Republic

• As of 2013, one estimate put the 
total cost of remediation at 2 billion 
euros (~ USD 2.45 billion, in 2018 
dollars), and stated that the 
operator conducting the cleanup 
expected to remove approximately 
80,000 – 120,000 tons of 
contaminants per year, and lasts 
until 2037.



• Historical ISL activities occurred at the Königstein mine in Germany 
between1984-1990.

• During ISL operations, a total of 100,000 tons of sulfuric acid were 
injected which has contaminated an estimated 1.8 billion liters (475 
million gallons) of groundwater water with at least 30 mg/L of Uranium 
(~1,000x MCL).

• despite years of restoration, German drinking water standards at the 
contaminated site have been exceeded for Arsenic, Cadmium, Nickel, and 
Uranium (280x, 400x, 130x, and 83x, respectively).

Source: 
- Vokál, Vojtěch, Jiří Mužák, and Vladimír Ekert. "Remediation of Uranium In-Situ Leaching Area at Stráž pod Ralskem, Czech 
Republic." ASME 2013 15th International Conference on Environmental Remediation and Radioactive Waste Management. 
American Society of Mechanical Engineers, 2013.
-Mudd, Gavin M. "Critical review of acid in situ leach uranium mining: 2. Soviet Block and Asia." Environmental Geology 41.3-4 
(2001): 404-416.

8

Königstein Mine, Germany



• Acid injection tests were performed for 2.5 years, subsequently followed 
by commercial mining from 1985 – 1997 removing approximately 65 tons 
of uranium.

• The groundwater impacts due to the acid leaching severely degraded 
water quality: uranium concentrations were reported as 57 mg/L (1,900x 
SDWA MCL), pH was 2.5, sulfate was 6,900 mg/L, and nitrates were 360 
mg/L (36x MCL).

• At the end of 12 years of ostensible restoration, water quality 
concentrations remained elevated far above United States MCLs. Final 
concentrations of uranium ranged between 2-10 mg/L within the injection 
zone (66x-333x US MCL), and uranium concentrations above 1 mg/L 
existed throughout the vicinity of the surrounding monitoring wells.

Source: Staub, W. P., et al. Analysis of excursions at selected in situ uranium mines in Wyoming and Texas. No. NUREG/CR--3967. 
Oak Ridge National Lab., 1986.
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Irkol Deposit, Kazakhstan



• Located approximately 70 miles northeast of Casper, Wyoming

• Rocky Mountain Energy Company conducted ISL mining experiments in 
two patterns.

• Sulfuric acid lixiviant was utilized in pattern 1. Leaching occurred for 
approximately ten months in 1979 before the operator ceased injection. 

• Restoration commenced soon thereafter and continued until March 1981. 

• Groundwater restoration efforts were largely unsuccessful.

• Uranium concentrations remained 1.1 mg/L (36.7x MCL) above the pre-
injection concentration <0.1 mg/L at the end of active restoration.

Source: Staub, W. P., et al. Analysis of excursions at selected in situ uranium mines in Wyoming and Texas. No. NUREG/CR--3967. 
Oak Ridge National Lab., 1986.
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Reno Creek, Wyoming



• The NRC’s and NRC Agreement States’ reliance on the requirements of 
the underground injection control program, authorized under separate 
legal authority at EPA, fail to conduct adequate groundwater protection at 
ISR facilities.

• At ISR sites currently undergoing active restoration, there is an ongoing 
failure of a detailed analysis of the environmental impacts of such 
significant quantities of scarce western groundwater.

• The EPA must finalize updated environmental protection standards for ISR
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Current ISR Operations in the United States are  
Not Properly Regulated



• The destructive characteristics of acid lixiviants on the host aquifer 
present significant concerns and call for a thorough assessment of the 
environmental and public impacts before any such changes to allow for 
such mining can move forward.

• Complete analysis of environmental impact assessment should include:

• Examination of the local environment around a proposed project

• Prediction of the potential impacts of the project on the physical, 
biological and socio-economic environment

• Pre-mining baseline water quality and potential water use
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