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Risk of Surface Water and 
Groundwater Contamination from 

Mineral Exploration: 
Relevance to Proposed Uranium 

Exploration by CNEC

Twin waterfalls (“Las Gemelas”): 
The waterfall on the right (but not 
the left) drains a watershed 
impacted by mineral exploration and 
exhibits acid mine drainage and 
elevated levels of arsenic, cadmium, 
copper, iron, manganese, and zinc.
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Prof. Steven H. Emerman
• M.A., Geophysics, Princeton University
• Ph.D., Geophysics, Cornell University
• Professor of Geology for 31 years
• Over 70 peer-reviewed publications in mining, 

hydrology and geophysics
• Co-Author of Safety First: Guidelines for 

Responsible Mine Tailings Management
• Owner of Malach Consulting, specializing in 

environmental impacts of mining

Expert Qualifications

Prof. Emerman’s 60th birthday party at 
Standing Rock Indian Reservation



Prof. Emerman has evaluated proposed and existing mining projects in 
North America, South America, Europe, Africa, Asia, and Oceania. He has 
testified on issues of mining and water before the US House 
Subcommittee on Indigenous Peoples of the United States, the European 
Parliament, the United Nations Permanent Forum on Indigenous Issues, 
and the United Nations Environment Assembly.

Prof. Emerman is the former 
Chair of the Body of 
Knowledge Subcommittee of 
the U.S. Society on Dams. 

Prof. Emerman testifying before the U.S. 
Congress on March 12, 2020. 



Sources of Surface Water and Groundwater 
Contamination from Mineral Exploration

• Improper plugging of wells in areas with artesian water can allow 
groundwater with elevated levels of toxins to flow into surface water

• Improper well plugging can create pathways for flow of drilling fluids, fuels, 
or other contaminants into groundwater

• Drill cores or cuttings left on the surface can result in acid mine drainage or 
leaching of metals or radionuclides

• Loss of circulation during drilling can introduce drilling fluid and drill 
cuttings into aquifers

• Drilling through impermeable layers can allow mixing of water between 
aquifers



• Persistence and incomplete biodegradation
• Formation of degradation byproducts
• Release of toxic monomers from polyacrylamide-

based additives
• PFAS (Per- and polyfluoroalkyl substances) and other 

fluorinated additives
• Aquatic toxicity
• Microplastic-like behavior
• Effects on soil structure and permeability
• Mobilization or binding of contaminants
• Salinity and additive interactions
• Waste disposal problems

Problems with polymer-based and synthetic 
additives in drilling fluids



Results of Mineral Exploration for Llurimagua Project, Ecuador
Left: Artesian water from exploration well introduces acid mine drainage into surface runoff
Right: Only 5 meters upstream of the well, no acid mine drainage is present 



Results of Mineral Exploration for Llurimagua Project, Ecuador
Artesian flow from exploration well results in acid mine drainage and elevated 
levels of arsenic, cadmium, copper, iron, manganese, and zinc in downstream 
waterways



Results of Mineral Exploration for Pebble Project, Alaska
Artesian flow into wetlands from broken drill stems on 

exploration wells



Results of Mineral Exploration for Pebble Project, Alaska
Leakage from drill waste sumps into wetlands resulting in elevated 

Al, Mn, Fe, Cu, Zn, and Mo in nearby spring



Results of Mineral Exploration for Pebble Project, Alaska
Oxidized drill cuttings with elevated copper and molybdenum: 

Potential for acid mine drainage and metal leaching



Target Stratigraphic Unit = Cretaceous Inyan Kara Group

1. Fall River Formation = most 
productive aquifer in western 
Fall River County

2. Fuson Member of Lakota 
Formation = confining layer 
between Fall River and 
Lakota aquifers

3. Lakota Formation = second 
most productive aquifer in 
western Fall River County

Inyan Kara Group is a 
major regional aquifer



Risk Factors related to Uranium Exploration by CNEC

Risk is the product of the consequences of failure and the 
probability of failure 

U.S. Geological Survey:
 “The major aquifers in the Black Hills area 
are the Deadwood, Madison, Minnelusa, 
Minnekahta, and Inyan Kara aquifers.”

1.Aquifer contamination could result in the loss 
of valuable sources of drinking water for 
people and livestock. 



2.The underlying Minnelusa Formation is a potential source of 
artesian water that could ascend to the surface through improperly 
plugged wells.

U.S. Geological Survey:
• The Minnelusa Formation is 

Pennsylvanian to early Permian in 
age and underlies the Inyan Kara 
Group.

• The Minnelusa Formation is the 
dominant source of recharge to the 
aquifers of the Inyan Kara Group.

• Breccia pipes (vertical chimneys of 
broken rock) extend upward from 
the Minnelusa Formation into the 
Inyan Kara Group and to the 
surface.



3.The drill cuttings left on the surface will be potential sources of 
contamination.
• Uranium concentrations of drill cuttings are anticipated to be in the range of 

1000 ppm (compare with EPA Residential Soil Level of 16 ppm).
• Drill cuttings are also likely to contain selenium, vanadium, and molybdenum 

(elements that follow similar chemical pathways as uranium).
• Drill cuttings from the Fall River Formation will include pyrite, which could be 

a source of acid mine drainage.

U.S. Geological Survey:
“The lower unit of the Fall River Formation is present throughout the 
southern Black Hills … The unweathered rock contains pyrite nodules a 
few inches in longest dimension … Fluvial unit 5 sandstone cuts through 
the highly carbonaceous and pyritiferous basal Fall River siltstone and 
sandstone …”



4. Drilling through highly fractured rocks increase the likelihood of 
the loss of circulation and introduction of drilling fluids and drill 
cuttings into aquifers.

Wicks et al.:
“The Fall River Formation around the 
Black Hills uplift is pervasively 
fractured by layer-perpendicular joints.  
Systematic joints in the formation 
maintain consistent orientations over 
large areas …”
U.S. Geological Survey:
“Breccia pipes are likely to develop at 
the intersection of fractures, 
particularly in zones of intense 
fracturing and (or) faulting, such as the 
Dewey and Long Mountain structural 
zones.”



5. Drilling through the Fuson Member (confining layer) could cause 
mixing of water between the Fall River and Lakota aquifers.

Materials that could pass between Fall River and Lakota aquifers:
• Groundwater
• Drilling fluids
• Drill cuttings
• Uranium
• Selenium
• Vanadium
• Molybdenum

Mixing of waters from different aquifers  can result un 
unanticipated chemical reactions. 



Summary of Risk Factors related to Uranium 
Exploration by CNEC

1. Aquifer contamination could result in the loss of valuable sources of 
drinking water for people and livestock. 

2. The underlying Minnelusa Formation is a potential source of artesian water 
that could ascend to the surface through improperly plugged wells.

3. The drill cuttings left on the surface will be potential sources of 
contamination.

4. Drilling through highly fractured rocks increases the likelihood of the loss of 
circulation and introduction of drilling fluids and drill cuttings into aquifers.

5. Drilling through the Fuson Member (confining layer) could cause mixing of 
water between the Fall River and Lakota aquifers.



Conclusion

The risks of surface water and groundwater 
contamination resulting from uranium 
exploration by CNEC outweigh the benefits. 


