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Outline

• Introduction—Aggregate mining in the metro

• Study Area—Vermillion River watershed

• Question—will mining at UMore impact the river?

– Considerations—groundwater flow direction

• Modeling—using data from UMore

• Conclusions—general conclusions about safe distances 
from cold streams



Why Mine?

– 54 lbs/person/day 
• (4.4 million people x 9.8 tons/person/year) 

– 80% sand and gravel

– 20% crushed rock



Glacial Stream Sediment = Aggregate



Complex history of glaciation



Aggregate Quality is Variable



Size of aggregate changes with distance 
from ice front (energy of stream)





Heads of outwash = coarsest





Braided melt water stream, Canadian Rockies



Study Area—Vermillion River Watershed



MGS mapping of 
Aggregate Potential



2006



Apple Valley and Rosemount/Empire 
Township



Volumes reported for taxation



Volume projected by UMore



Glacial stream sediment=aquifers



http://sonomacountygroundwater.org/wp-content/uploads/groundwter2.jpg

Question—How will 
mining near the river 
affect groundwater flow
(especially temperature) 
to the stream?



Water Table Aquifer Flow



Surface aquifers can be linked to 
deeper bedrock aquifers





Bedrock Aquifer Flow



UMore



Test Holes



Weighted Average Gravel Percent



Bottom 
elevation of 
gravel deposit
• Ultimate 

depth of pit 
lake = 85’

http://www.umorepark.umn.edu/prod/groups/ssrd/@pub/@ssrd/@umorepark/documents/content/ssrd_content_214661.pdf*


Conceptual model of groundwater 



Groundwater Flow Map



Surface Water Impacts to Vermillion 
Minimal



Groundwater Flow Path Towards 
Mississippi



Modeling 
Thermal 

impact



Warm pit water migrates into aquifer

Water-
filled 
pit



Variables
Thermal Conductivity

Volumetric Water Content

Flow



Groundwater temperature varies with 
depth and season



Their modeling results

• Thermal plume migrated 2.8 m/day

• Less than 1/2 the groundwater velocity (sand 
and gravel retains heat and causes a lag)

• Plumes persists for 11 months

• Migrates 250 m down gradient in that time

• Cool water ecosystems within this distance 
will be impacted



Apply to Vermillion Data



Visualizing aquifers and groundwater flow



Univ. St. Thomas 
Applied Math Summer Program

• Faculty-guided research experience

– 2 math, 1 geology faculty

– 3 students

• Summary paper

• Could form the basis for a RFP for a consultant



Student approach to modeling
• 2-D, finite difference method to solve advection-

conduction equation, with boundary conditions



Temperature vs. days



Adding daily temperature variations



Temperature with distance



Similar, simpler conclusions



Lakeville/Eureka



Dakota 
Aggregates

Decade of quarterly 
temperature readings



Conclusions

• Extraction rates are steady & low volume in the S 
Dakota County townships since 1995

• Higher rates in Lakeville and Apple Valley have 
leveled off. 

• Extraction rates in Empire Township and 
Rosemount will surpass those in Apple Valley. 



Conclusions

• UMore Park has had extensive environmental 
review 

• Surface water changes will be largely confined 
to the site 

• A groundwater divide south of the property 
minimizes impact to the Vermillion watershed



Conclusions

• Studies of thermal plumes migration from 
mine-pit lakes include measurements of: 
–groundwater flow rate (advects heat); 
–thermal properties of the sand & gravel 

(dissipates heat) 
–annual temperature variations at the 

surface (background variability). 



Recommendations

• Use datasets created for UMore to model 
thermal plume migration 

• Develop an understanding of the sensitivity 
of aquifers recharging the Vermillion River 

• Adopt a standard setback based on this 
modeling



Recommendations

• Dakota Co.Townships independently regulate 
aggregate extraction and have varying levels of 
oversight

• Model mining ordinance could be created for 
adoption by the townships 

• Revise watershed standards to create monitoring 
consistency across the watershed



Recommendations-Streamline and 
improve State agency approach

• MPCA has authority over the quality of surface water discharge 
from mines but does not address quantity or where the water 
goes. 

• DNR EcoWaters issues well permits and is concerned about the 
ecological impact of groundwater withdrawal on ecosystems

• DNR Lands and Minerals maps aggregate to protect it from 
development

• Coordinate activity of MPCA, DNR EcoWaters and DNR Lands and 
Minerals


