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June 2, 2025 

 

 

Eureka Township Planning Commission 

Attn:  Eureka Clerk (Liz Atwater) 

25043 Cedar Avenue 

Farmington, MN  55024 

 

RE: Kelly Aggregate Inc./Dakota Aggregates IUP Permit Amendment – Project Narrative 

 

Eureka Township Planning Commission, 

 

 This letter is in response to the request from WSB for a project narrative related to the IUP 

Permit Amendment.  The requested amendment to change the depth of excavation would only modify 

the depth to which the mine operator can mine too.  The existing reclamation plan which slopes 

underwater would extend to the new depth that are consistent with our approved reclamation plan 

slopes.  This increased excavation would allow the extraction of an approximate additional 1.15 million 

cubic yards of sand and gravel. 

 

No other operational changes would occur from this amendment.  This includes no changes to truck 

traffic, stockpiling of materials/products, mining techniques, etc.   

 

 

Please reach out to me with any questions.  

 

Regards, 

 

 

 

Matt Mettling 

 

cc: John Rivisto, Pat Mason, Kelly Brosseth, Nate Sparks, Hannah Rybak 
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4300 MarketPointe Drive, Suite 200, Minneapolis, MN 55435 | 952.832.2600 

March 12, 2025 

Matt Mettling 
Dakota Aggregates 
1605 160th Street 
Rosemount, Minnesota 55068 

Re: Comprehensive Groundwater Assessment of Kelly Aggregates, Inc. Brosseth Pit (Site), 
Eureka Township, MN 

Dear Mr. Mettling: 

We have been asked to address potential concerns regarding the above-referenced Site (Figure 1) 
particularly in regard to thermal effects on groundwater, potential contamination, and depth of the 
operations below the water table.  

Executive Summary 
We conclude that the Site poses a very low risk to groundwater in general, nor does the Site pose a risk 
to the Vermillion River trout fishery as has been raised as a concern in the past. On a comparative basis, 
the Site poses a smaller risk to groundwater than would likely occur as a result of agricultural land use.  

This report contains four major findings as described below: 

1. Previous studies indicate that the thermal effects of warming the mine pit lake will not reach the 
Vermillion River or its tributaries. We concur with this conclusion and found that the nearest 
discharge area to the Vermillion River along groundwater flow path is 3,800 to 4,000 feet away 
from the mine pit lake. Studies have shown that the summer pulse of warm water will dissipate in 
about 800 feet or less; winter pulses of cold water dissipate in less than 500 feet. Because the 
warm water pulse would migrate in groundwater during the winter and the cold water pulse would 
arrive downgradient in the summer, we conclude that previous concerns expressed about thermal 
effects may have overstated the potential impact on trout fisheries in the area. In addition, 
previous estimates that indicated the nearest tributary at 2,600 feet from the Site appear to be 
incorrect based groundwater flow data from the Site. We propose 4,000 feet as a more accurate 
distance to the nearest receptor which means there is an even greater protective buffer between 
the Site and the Vermillion than was previously identified. 

2. Like most sand and gravel operations, the Site does not store, manage, or dispose of significant 
quantities of hazardous materials, does not use chemicals to process the aggregate, and has 
never detected evidence of fuel or other contaminants in downgradient groundwater during the 
last 16 years of monitoring. A comprehensive literature search for examples of contamination 
from a sand and gravel operation did not reveal a single instance of contamination in Minnesota. 
Moreover, our analysis found that this sand and gravel operation is less likely to cause 
contamination than a similarly situated agricultural land use in the area due to the nature of the 
operation, secondary containment, and documentation of facility-specific spill response plan. 

3. Studies conducted for permitting and over 15 years of groundwater monitoring at a similar mining 
operation at UMore Park (located 12 miles northeast and possessing similar site 
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geology/hydrogeology) have shown that there is no logical basis for restrictions on mining 
aggregates below the water table. Although some sources claim that the saturated sand and 
gravel is somehow protective of bedrock resources, there is ample evidence to suggest that 
excavating this material and replacing it with a pit lake would provide as much, if not more, 
protection of groundwater resources than the equivalent thickness of undisturbed sand and 
gravel. 

4. There is no environmental risk related to increasing the mining depth below the water table. To 
the contrary, the deeper the pit lake, the greater the attenuation of thermal effects from warming 
or attenuation of a hypothetical contaminant release. This is because the mixing of deeper cold 
water (including seasonal turnover seen in natural lakes) provides a greater volume of deep cold 
water than shallow lakes. Likewise, if a hypothetical spill would occur into the lake, the natural 
attenuative capacity (due primarily to mixing) of the lake would be greater than that which could 
otherwise occur within a sand and gravel aquifer. Therefore, increasing the depth of the pit lake is 
not likely to have a significant effect on groundwater quality or quantity and may instead be 
protective of groundwater quality relative to a release or spill that were to occur under a different 
land use scenario. 

 

Figure 1 Site Location Map (from AET, 2024) 
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1 Purpose of Study 
The goal of this report is to assemble data to address potential concerns related to aggregate extraction 
on groundwater generally and specifically with regard to the mine pit lake at the Site.  

1.1 Scope of Work and Report Contents 
This report includes six sections that follow this introduction that are summarized below in regard to the 
Site: 

Section 2 provides background information regarding the Site setting, an evaluation of the permit record 
as well as data from recent annual reports including site-specific monitoring data. 

Section 3 provides an evaluation of potential thermal effects from the mine pit lake could influence the 
Vermillion River and includes: 

a) Site specific data including recent annual monitoring reports from the Site 

b) An updated literature review and evaluation of published information regarding thermal effects on 
trout streams from pit lakes 

Section 4 offers and analysis of the potential for the Site to cause groundwater contamination. This 
includes: 

a) A detailed literature survey of case studies reporting groundwater contamination at gravel pits in 
Minnesota 

b) In consideration of the above information, we performed an assessment to address the sources, 
pathways, and receptors that would indicate relative risk posed by a release from the Site. 

Section 5 describes findings from previous studies and comparable mine operation located at the UMore 
Park mining area located in Rosemount in order to assess whether the depth of the pit lake and 
monitoring data has resulted in impacts to groundwater. This included: 

a) Assessment of groundwater modeling studies on thermal effects  

b) Protectiveness of gravel layers above bedrock  

c) Groundwater monitoring data collected to date at the UMore Park mining area 

Section 6 provides explores differences between a shallow pit lake compared to a deeper pit lake in terms 
of ability to attenuate thermal effects as well as the effect of a hypothetical release into the pit lake 
including: 

a) Evaluate the relative attenuative capacity of a sand and gravel aquifer compared to a mine pit 
lake for a variety of land use including mining operation. 

b) Evaluate research that indicates mine pit lakes can attenuate certain contaminants.  

c) Discuss potential for the pit lake to attenuate potential thermal effects by mixing either during 
operations or seasonally. 
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Section 7 offers a summary and conclusions regarding the Site based on the information evaluated in 
previous sections. 

1.2 Qualifications 
This report was prepared by and under the direct supervision of James S. Aiken, P.G. Jim is Vice 
President and Senior Hydrogeologist at Barr Engineering Co. which was founded in 1961 as a water 
resources engineering firm and incorporated in 1966 as an employee-owned environmental and 
engineering firm. Barr’s clients include both private industry as well as local, state, and federal 
government as well as non-governmental entities. Jim is a licensed professional geologist in Minnesota 
(P.G. #30282) meaning that he has a professional responsibility to protect human health and welfare.  He 
has over 35 years of experience evaluating groundwater issues related to mining as well as investigation 
of contaminated waste sites. Jim has previously conducted detailed hydrogeologic investigations and has 
been principal-in-charge for several major groundwater projects in Dakota County including UMore Park 
which included the evaluation of thermal effects on the Vermillion River. His academic training includes a 
B.S. in geology as well as a M.S. in glacial geology and hydrogeology from the University of Wisconsin-
Madison which included field investigation and groundwater modeling of sand and gravel mining 
operations in glacial depositional environments. Jim is also a member of the Minnesota Ground Water 
Association and holds the Registered Member credential with the Society for Mining, Metallurgy and 
Exploration (SME) as a Qualified Professional for evaluation and development of aggregate mine sites.  

2 Background Information 
2.1 Mining Status and History 
The Site currently operates under a Level 3 mining permit issued by Eureka Township approved in March 
2009. A Level 3 permit allows mining of aggregates below the water table where the final end use is an 
open water lake. The most recent extraction permit envisions mining to a depth of 30’ below average 
groundwater elevation. Dakota Aggregates has indicated that the average depth of the pit lake below the 
water table is about 30 feet with both higher and lower areas present in various areas of the lake.  

2.2 Geologic and Hydrogeologic Setting 
The Site is located within a topographically high area that comprises the upper reaches of the Vermillion 
River watershed. The depth to groundwater is about 15 feet below the ground surface at the Site. This 
upper most aquifer consists of outwash derived sand and gravel. Groundwater flow direction at the Site is 
toward the northeast as shown in Figure 3 below. The regional flow directions reflect recharge in the 
upper portion of the outwash plain near Rice Lake and discharge of groundwater to the Vermillion River 
east of the Site. 

There are two tributaries to the South Branch of the Vermillion River near the Site. One is located 
approximately 1,000 feet south of the Site; this area is not a designated trout steam by the Minnesota 
Department of Natural Resources (MDNR) but becomes one further downstream. The nearest tributary 
likely to receive groundwater from the Site is located about 3,800 feet to the northeast. Both the MDNR 
map and the Vermillion River Watershed map shown in Figure 2 (Vermillion Watershed, 2025 available 
at: 
https://dakotacounty.maps.arcgis.com/apps/webappviewer/index.html?id=304d2225249d4fd3ab3f510e0ff
62a7f)  indicate that the designated trout stream portion for both the north and south tributaries starts 
generally east of Highview Avenue. 
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Ongoing groundwater monitoring has been conducted since 2009 and later by Dakota Aggregates. Our 
review of water levels in the 2021 through 2024 Annual Monitoring Reports (AET, 2022-2025) indicates 
that groundwater flow is predominantly to the northeast relative to the mine pit lake, which is away from 
the reach of the Vermillion River that is located closest to the Site. Figure 4 above is an excerpt from 
AET’s 2024 report (Figure 10b) showing groundwater flow direction is toward the northeast.  

Overall, water quality sampling results indicate that groundwater quality appears to be very good 
especially in downgradient MW-2. Two near reporting limit detections of 0.2 ug/L and 0.1 ug/L (e.g. in the 
part per billion or ppb range) readings for Diesel Range Organics (DRO) have been recorded in 
upgradient MW-1. Because this well is consistently upgradient from the Site is physically not possible for 
detections to be related to the Site. Regardless, neither detection was verified by subsequent resampling 
indicating they are potentially false positive results. In addition, DRO measurements of less than 100 ug/L 
are generally not significant from a health or regulatory standpoint. Other water quality parameters (pH, 
temperature, and specific conductance) are all typical of background conditions and are similar between 
wells except for temperature as described below. 

Temperature data from the groundwater monitoring wells indicates that upgradient MW-1 has the highest 
temperature groundwater on average and MW-3 has the lowest average temperature with MW-2 being in 
the middle of the range between the other two wells. Similar results follow for the standard deviation in 
temperature for these wells. Data from the 2024 draft report is shown below in Table 1 (Table 4a from 
AET 2025): 

Table 1 Tables from the Draft 2024 AMR including Monitoring Parameters Table 4a and 4b (AET, 2025) 

 

Sampling data under the current monitoring plan appears to be collected quarterly. However, given the 
consistency in the data year to year, the primary changes in water level and temperature appear to reach 
their minimums and maximums, respectively, in the spring and fall.  
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2.5 Mine Pit Lake Conceptual Model   
In order to better understand the information provided in this section and as well as the various analyses 
provided in the remainder of this report, it is helpful to have a visualization of key elements regarding the 
mine pit lake. Figure 5 shows a conceptual model for the pit lake that illustrates important features relative 
to the discussion in this section. This figure shows a vertical slice or profile into the ground along a line 
extending northeast and southwest though the Site. This 2-D representation of the Site illustrates the 
movement of groundwater into the pit lake from the southwest and out of the pit lake toward the 
northwest. Groundwater flow is anticipated to be primarily horizontal roughly parallel to the ground 
surface. Recharge is to the southwest near Rice Lake and the discharge of groundwater is at or beyond 
the tributary shown to the northeast of the Site. This is the nearest tributary with a trout designation and is 
located about 4,000 feet downgradient.  

 
Figure 5 Conceptual Model of Pit Lake and Groundwater Flow 

A thermal plume or a hypothetical release into the pit lake would result in mixing within the lake. Deeper 
lakes tend to stratify into three primary layers shown on the figure as the epilimnion, the metalimnion, and 
the hypolimnion. Most warming from sunlight occurs in the surficial part of the lake known as the 
epilimnion. The boundary between the epilimnion and the metalimnion is known as the thermocline. This 
is the boundary between the warm and cold layers in the lake. The hypolimnion is the deepest part of the 
lake which is cold throughout the year due to the influx of relatively cold groundwater. As seen from the 
figure, the deeper the lake the larger the proportion of seasonally cold water that is present. 

The depth to bedrock is from a nearby well log and shows that depth to the Prairie du Chein bedrock is 
about 100 feet below the ground surface near the Site. Because the bedrock is hard and cemented, 
mining it with dragline methods is not feasible. This means that the deepest limit of mining operations at 
the Site is about 100 feet. The thickness of the Prairie du Chien above the Jordan Formation is likely 
about 150 feet. 
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3 Thermal Effects on Vermillion River 
This section provides updated assessment of previous documentation and new analyses to assess 
whether thermal effects from the Site are likely to affect the Vermillion River. 

3.1 Updated Literature Review on Thermal Effects of Mine Pit Lakes 
This section describes several research articles and findings regarding thermal effects from mine pit 
lakes. 

3.1.1 Watershed Study – Tricks Creek, Ontario, Canada 

The original permit record included reference to a study by Markel and Schincariol (2007). This work was 
included with and combined with additional work by Markel (2011) that augmented the 2007 work with 
additional supporting information and groundwater modeling results. This body of work represents one of 
the most detailed studies of a thermal effects on groundwater related to dredge extraction of aggregates 
from a mine pit lake. This research is directly applicable to the Site because the mine operation, 
hydrologic and geological setting are very similar. Important findings from the research include the 
following information that has not previously been included in the permit record are summarized below: 

The site in question is located near Toronto, Canada at about the same latitude as the Site. In general, 
recharge to groundwater in these areas is stated by author as providing cooling of recharge so that when 
forested area is cleared for mining (or any development activity), the general affect is to raise 
groundwater temperatures. By contrast, most areas of Dakota County are not forested but rather are 
more typically grassland areas, wetlands, or farmland which tends to lead to warmer temperatures of 
infiltrated water. This means that the warming effects of solar insolation documented in the Tricks Creek 
watershed are likely more pronounced than expected at the Site. 

The pit lake studied was only about 18 feet deep compared to an average depth of 30 feet at the Site. 
Although the mine pit lake in the study was observed stratify beginning in May, the temperature at the 
bottom of the lake was reportedly at or near temperature of ambient groundwater or about 4 to 8 degrees 
Celsius (38 to 46 Fahrenheit).  

Markel (2011) reports that plume attenuation occurs no more than about 250 meters or about 820 feet 
downgradient of the pit lake. However, the author notes that the warming of mine pit lakes is not a 
continuous source of warm water to the aquifer, but rather a series of seasonal pulses of alternating warm 
and cold water. That is, the lake warms through the summer reaching a peak in late August and early 
September. Just as this warm water plume begins moving out into the aquifer, the lake begins to cool into 
the fall and winter, eventually “turning over” as the cold water in contact with the winter air sinks to the 
bottom of the lake. As the warm pulse from summer migrates through groundwater during the winter 
months, it is followed by a cold pulse from the lake that migrates behind the warm pulse arriving at nearby 
streams in the summer months. This lag effect means that the warmest water is traveling in the aquifer at 
time when it can do the least harm to the fishery. Conversely the cold winter water from the lake follows 
the warm pulse but arrives during early to mid-summer just as warm surface water is causing stream 
temperatures to rise. As dispersion and mixing occur along the groundwater flow path, the blending of the 
warm and cold plumes would tend to average the thermal effect. Potentially the arrival of the cold water at 
a stream during the summer months may have a beneficial effect that has not been previously described 
in the permit record. 
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3.1.1.1 Estimates of Downgradient Attenuation Distance Applied to the Site  

The study showed that the cold-water plume attenuates after about 175 to 200 meters or about several 
hundred feet shorter than is attributed to the warm water plume. This suggests a portion of the warming 
attributed to the pit lake may in fact be conflated with the warming coming from other surface sources 
such as exposed soil or wetlands. According to the author: 

“…identifying the pond signal within the observed temperature signal in the aquifer becomes 
increasingly difficult as the distance down gradient from the pond increases. As well, any convective 
heat flow vertically into the aquifer will tend to enhance the plume attenuation.”   

In summary, the estimate of a maximum distance of 800 feet of downgradient from the pit lake appears to 
be a conservative estimate given the data presented. The final portion of the research paper is related to 
groundwater modeling using the field study as the calibration data set. The modeling included sensitivity 
testing to see if changes in hydraulic conductivity (permeability) values changed the attenuation distance. 
When hydraulic conductivity was changed by +/- 50%, the author found that the attenuation distance 
varied from less than 150 meters (492 ft) and over 250 meters (820 feet). Refinement of the estimated 
distance indicates that attenuation distance may be as low as 330 feet from the mine pit lake but 
attenuation estimates from the model suggest that attenuation would be achieved between 492 ft and 
820 ft. The shorter distance would likely be related to greater mixing and thermal attenuation related to 
site specific factors such as interaction with lower permeability materials and/or lower average 
temperature in the mine pit lake. For the purposes of this report we have selected 800 feet as a 
conservative estimate of the distance required for thermal attenuation from the Site based on the Markel 
study. 

3.2 Analysis of Distance to Nearest Tributary or Receptor 
As described in Section 2, groundwater flow at the Site is toward the northeast and away from the nearest 
reach of the Vermillion River located due south of the Site.  

 
Figure 6  Projected Flow Lines to Downgradient Tributaries of the Vermillion River (from Google Earth, 2025) 
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Although previous studies have indicated that the distance from the Site to the Vermillion River along the 
groundwater flow path is 2,600 feet, measurement from the edge of the mine pit lake toward the northeast 
terminate in farm fields at 2,600 feet well short of the nearest tributary. The 2,600 foot distance is shown 
on Figure 6 by the short red lines. Therefore, the previous estimate of 2,600 feet appears to be incorrect.  

In order to correct the record, we evaluated the distance to the closest Vermillion River tributary based on 
the distances measured as shown on Figure 6 above. The intermediate length lines on Figure 6 represent 
3,800 to 5,000 foot distances to the nearest trout designated tributary. The longest lines present the path 
based on the groundwater atlas (after Dakota County, 1990) to a trout designated reach about 15,000 
feet northeast of the Site assuming continued. 

Figure 7 Vermillion River tributary located 3,800 feet 
northeast of the Site viewed during winter. Note that the 
creek is frozen with no running water. This suggests that 
the this tributary is not receiving groundwater from the 
underlying aquifer during the winter months. 

The nearest tributary to the Vermillion River 
located about 3,800 feet to the northeast of the 
Site represents the most likely potential 
discharge area for water leaving the site during 
the summer months. However as shown in 
Figure 7, this stream freezes during the winter 
months, suggesting that it is not a discharge 
area for groundwater during the winter months. 
This is because groundwater is generally about 
48 degrees Fahrenheit year-round and 

therefore would keep the stream flowing in winter. Frozen streams also do not support trout or their food 
sources such as insect larvae that live in the substrate materials of the stream and are sensitive to 
freezing conditions.  

This tributary may be a discharge area for groundwater when the water table is higher in the spring 
months, but based on the lack of clear connection to groundwater, it appears that the 3,800 foot distance 
estimate to the nearest trout stream reach is conservative. For this reason, we assume that the distance 
from the Site to the nearest receptor is likely closer to 4,000 feet.  

3.3 Revised Assessment of Potential Impact of Thermal Plume from the Site 
The Markel study showed from both field monitoring and groundwater modeling that thermal attenuation 
of warmed mine pit lake water is achieved within about 800 feet or less from the lake’s downgradient 
edge. Our updated analysis of the distance to the nearest trout designated tributary is approximately 
4,000 feet. This distance is five times the distance to the nearest tributary and is more than adequate to 
attenuate warming effects from the mine pit lake at the Site. Therefore, the Site operation is not likely to 
have any significant effect on the trout fishery. There is some potential for a beneficial effect if the mine pit 
lake generates cold water in the wintertime that might serve to lower temperatures reaching the tributary 
in late spring or early summer.  

4 Generalized Potential for Contamination at Sand and Gravel Operations 
A commonly stated concern regarding aggregate mining is the potential for groundwater contamination. 
However, this statement is often puzzling to mining operators and those familiar with the aggregate 
industry because typical operations do not involve obvious sources of contamination. To test the 
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hypothesis that sand and gravel operations are a potential source of contamination, we conducted a 
comprehensive literature search to find examples of groundwater contamination resulting from the 
operation of an aggregate or sand and gravel mine in Minnesota. The search utilized a manual internet as 
well as an artificial intelligence (AI) tool to search for published papers, news articles, or other documents 
that fit one or more of 36 separate query combinations of including the following key words: “Minnesota,” 
“sand and gravel”, “aggregates,” “non-metallic mining,”  linked with one or more of the following 
“contamination”, “groundwater contamination,” “vulnerability” “pit lakes,” “pollution,” “protection of 
aquifers,” “diesel fuel,” “nitrates”, and “pesticides.”  

4.1 Results of Literature Search for Examples of Contamination 
The results of the search and AI queries did not return any research, articles, or studies that cited a single 
example of groundwater contamination in Minnesota related to sand and gravel operations. To the 
contrary, the only example of such a contamination problem was from the United States and involved a 
Superfund site that was used in the 1970s as an illegal disposal facility. Such activities are not directly 
related to sand and gravel operations and have been illegal in Minnesota for over 60 years. The most 
commonly returned finding to the query search was regarding the “vulnerability” of sand and gravel sites 
to contamination or pollution rather than actual examples of contamination.  

The observation that sand and gravel sites are vulnerable to contamination is based on the concept that 
these deposits (and the soils formed over them) have high permeability. Because surface soils are 
removed prior to mining, the issue is that a release of contamination can rapidly infiltrate to groundwater. 
The primary example of this position is the MDH (2009) guidance for well head protection areas. Again, 
for clarity, the guidance document provided no examples of contamination and did not suggest that there 
is any actual evidence that sand and gravel operations result in more vulnerability to contamination than 
other, similarly located operations. Numerous searches returned concerns related to the key words rather 
than actual instances of contamination. The specific concern is that if a release were postulated to occur, 
it might be expected to move rapidly to a receptor. If the release occurs in a well head protection zone, 
the water supply could be threatened. The guidance does state that fuel and chemical storage or use be 
managed consistent with best practices and as required by law.  

A possible problem with this guidance document and similar documents, especially in terms of public 
perception, is that it conflates vulnerability of an aquifer to contamination with actual risk of contamination.  
Without a source of contamination, a means for that release to get into the aquifer, and an affected 
receptor, there is no risk. Although mining is often conducted in close proximity to the water table, there is 
nothing inherently related to contamination included in these operations.  For context, the same 
vulnerability would exist at any home with a septic tank, warehouse storage of chemicals, an office 
building with cleaners or solvents, a gas station, a feedlot, or an agricultural farm field that is located on 
sandy soils. Sandy soils develop in areas with glacial outwash deposits and tend to have low organic 
matter content that does not significantly attenuate fuel and related types of contamination. Also, many 
types of contaminants associated with the land uses above do not degrade in soil. An important factor in 
assessing these land uses is that the greater the volume or concentration of contaminants stored, 
managed, or released, the greater the risk to potential receptors. In summary, the literature search 
indicates no evidence that sand and gravel operations actually have resulted in contamination.  

However, we did find numerous references to agricultural contamination from fertilizers and pesticides 
especially in Dakota County (e.g. see ACRE, 2022 at 
https://www.co.dakota.mn.us/Environment/WaterResources/Agriculture/Documents/ACREPlan.pdf) even 
though this contamination occurs in areas of the county that are not considered as vulnerable to 
contamination as sand and gravel mines. The key finding from the literature search is not whether there is 
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vulnerability but rather whether there is an actual risk and specifically in consideration of the risk from the 
Site, whether and how substances stored and managed at sand and gravel sites. 

4.2 Evaluation of Risk Related to Sand and Gravel Operations  
Standard risk assessment methodology (EPA 2025; https://www.epa.gov/risk/conducting-human-health-
risk-assessment) requires that three elements must exist in order for there to be a completed risk 
exposure pathway to the environment and/or human health. The three elements are: 

1. A source of contamination that can be released to the environment 
2. A migration pathway or means to convey that release to a receptor 
3. The actual presence of a receptor that would be affected by the release 

If any of the three elements is missing, there pathway in incomplete and no risk is present. Also, any 
controls that would prevent a release would serve to interrupt the pathway and reduce or eliminate risk of 
exposure.  

4.2.1 Exposure Risk Pathway Evaluation 

Each of the three element of the exposure pathway assessment is considered below in regard to the Site 
on both and absolute and comparative basis. The absolute basis is related to whether or not there is a 
source, pathway, or receptor present. The comparative basis allows for interpretation of whether the risk 
is significant relative to the land use that would otherwise be present if the mining operation did not exist. 
For this comparison, we also evaluated each element used a baseline alternative relative to land use to 
determine whether the risk from sand and gravel is greater or lesser than the equivalent land use that 
might otherwise be present at the Site if it were not mined. The baseline land use for each element of the 
evaluation is a cropped farm field used for agricultural production that would have otherwise existed at the 
Site if were not used for sand and gravel mining. 

4.2.1.1 Contaminant Sources at Site 

The first element of exposure risk requires that a source of contamination be present. Several potential 
sources of contamination are associated with active sand and gravel operations as identified in the MDH 
(2009) guidance. These include: 

• Diesel or fuel storage 
• Oils, lubricants 
• Recycled bituminous materials 
• Septic systems 
• Waste material storage or disposal 
• Explosives or mine processing chemicals 

The guidance also mentions landfills, manure spreading, and illegal disposal but these activities are not 
relevant to the Site and are generally not applicable to active sand and gravel mine operations. 

The Site operation includes mining and washing of sand and gravel to create aggregates of various size 
classifications. This process does not use or require added chemicals and the site does not have a septic 
systems. Fueling and lubrication is conducted with mobile maintenance vehicles. There is no on-site 
repair facility and no chemicals or fuel are stored outdoors at the Site. The dragline operation is fueled 
with diesel by a fuel truck and the operations area is not located near the mine pit lake. A berm separates 
the mine from the dragline and the pit lake.  No recycled bituminous material is stockpiled at the Site. In 
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general, the main source of potential contaminants is fuel and lubricants contained within vehicles and 
other mobile equipment. There are berms around the perimeter of the property and the mine pit lake that 
minimize the potential for run off during rain events and to prevent migration of contamination on to the 
Site property. The source assessment therefore indicates that these potential contaminants either do not 
exist at the Site or in the case of fuel, are fully contained within secondary containment and in accordance 
with state and federal laws. The Site has a formal written Spill Prevention, Control and Countermeasures 
(SPCC) plan as well as training for staff on how to report and clean up a release in the unlikely event that 
one occurs.  All of these factors minimize risk and provide additional layers of protection to mitigate the 
potential effects of a hypothetical release. 

As discussed in Section 3, mine pit lakes are subject to both seasonal warming and cooling of 
groundwater. Where these effects are not offset by mixing in the lake or in the aquifer with cold water at 
the site, they can be a source of thermal effects on groundwater. This is a different type of effect on the 
environment but due to the distance from the nearest tributary thermal effects are not significant risk from 
operations at the Site. 

4.2.1.2 Comparative Source Assessment 

In contrast to the sand and gravel operation the Site, agricultural land use would likely be otherwise 
subject to fertilizer and pesticide application as well as operation of diesel or gasoline fueled equipment. 
No fertilizers or pesticides are used or needed at a sand and gravel operation. Assuming application of 
these chemicals at typical agronomic rates, the combination of plant uptake and soil attenuation 
processes can prevent most of these contaminants from reaching the water table and migrating with 
groundwater. However, the sandy soils present at the Site before mining would have limited attenuation in 
the surface and potentially allowed for bypass of the soil to groundwater. Agricultural contamination is 
well documented in Dakota County and poses a significant threat to groundwater, surface water and 
human health. Although the sources related to fueled equipment are likely similar to the sand and gravel 
operation, the risks related to pesticide and fertilizer use are far greater than a sand and gravel operation.  

Although small amounts of fuel are present at a sand and gravel mine, the risk of contamination from the 
sand and gravel operation is relatively low. Therefore, we conclude that sand and gravel operations do 
not pose a significant source of contamination on either an absolute basis as well as being relatively less 
of a risk to groundwater than comparable agricultural land use.  

Thermal pollution is potentially possible from agricultural operations particularly where the sun warms 
dark soil. Rainfall on this warmed soil migrates to groundwater and causes thermal impacts to the surface 
water and the trout fishery if the fields are near the Vermillion River. Therefore, on a comparative basis, 
there is similar likelihood that either land use could be a source of thermal impacts to a nearby trout 
fishery depending on the distance of migration.  

4.2.2 Migration Pathway Assessment 

Two primary migration pathways exist at a sand and gravel mine. These are infiltration of a spill into the 
ground to groundwater or flow into the mine pit lake and then to groundwater. If a contaminant such as 
diesel fuel were stored within on a concrete or even a soil berm, in a building, in concrete bunker, or in a 
double walled tank, there would be no migration pathway. If a fuel spill were the released on to bare 
ground, the release would soak into the ground and reach the water table to migrate with groundwater. If 
the release were to run overland into the mine pit lake the fuel would be noticeable on the mine pit lake. 
Unlike a release to soil, a release to surface water would be more likely to be cleaned up quickly due to 
the obvious sheen that would be visible on the water surface. This means that from a migration 
standpoint, a mine pit lake water operation is preferable to an operation that leaves soil above the water 
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table. Based on the forgoing, we conclude that there is a migration pathway possible at the Site if a 
release were to occur. However, because the Site has a groundwater monitoring network and there are 
operators present on site to monitor the surface of the lake, it is unlikely that a release would go 
undiscovered long enough to migrate off of the Site. 

Migration of thermal effects are possible from a shallow mine pit lake but as discussed in Section 3, this 
effect is very limited to the area near the pit lake due to cooling of ambient groundwater and the relatively 
cold aquifer materials. Furthermore, the warming effects can be offset by seasonal cycles which mean 
that the warmest water would migrate to a nearby surface water during the winter months when the trout 
fishery would be least sensitive to the effect. Conversely, the coldest water from the mine pit lake would 
arrive during the warmer months, which could offer a benefit by offsetting warming from other sources 
during the summer months. For the Site, the point is moot because thermal effects would be attenuated 
within 800 feet, leaving a minimum of another 3,000 feet of migration distance as an additional buffer to 
the trout fishery.  

4.2.2.1 Comparative Migration Pathway Assessment 

For an agricultural land use, a spill or even typical application of fertilizer or pesticides has the potential to 
migrate through the soil and travel with groundwater. Unlike sand and gravel mine sites, contaminant 
migration has and is occurring as a result of agricultural activity in Dakota County.  

Thermal effects from agricultural land use would also be attenuated along the pathway as long as the 
field were greater than 800 feet from the Vermillion River. Unfortunately, there are numerous reaches of 
the Vermillion River immediately adjacent to the fishery that result in both warm water runoff as well as 
warmed groundwater directly migrating to the Vermillion River and its tributaries. Therefore, on a 
comparative basis, agricultural land use would create a greater risk to groundwater than the current Site 
land use.  

4.2.3 Receptor Assessment 

Receptor assessment is inherently a site-specific evaluation because it depends on the proximity of that 
receptor to a site where there is a source and pathway that allows that receptor to be exposed to 
contamination. For the Site, there is no known potential drinking water receptor within a mile in the 
downgradient flow direction. While the Vermillion River could be considered a downgradient ecological 
receptor, the contaminant would need to travel nearly three quarters of a mile downgradient before 
reaching the river. As described in Section 3 for thermal attenuation, a contaminant released from the Site 
would likely be dispersed or degraded to the point where it would not be detectable at this distance unless 
the concentrations were very high. As described above, the operation at the Site does not have 
concentrated sources or large volumes of contamination that could travel long distances to a potential 
receptor. If there were a public or private water supply well, this pathway assessment would require 
additional scrutiny if the mine were located in a wellhead protection area. The nearest wellhead protection 
area is located 2.7 miles north of the Site near the City of Lakeville (Barr Engineering, 2024). Based on 
the above information, there is no likely source, a pathway is present but is monitored, and there is no 
receptor. We conclude that most sand and gravel operations including the Site do not have a completed 
exposure pathway and there is very little risk of impact to groundwater from the Site. 

4.2.3.1 Comparative Receptor Assessment 

Similar to the sand and gravel operation it does not appear that there is an obvious receptor from 
agricultural pollution occurring at or near the Site. However, if future groundwater users were to pound or 
drill a sand point well, they could be exposed to agricultural chemicals in groundwater from surrounding 
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agricultural operations. Therefore, there is a greater risk to future human receptors than would be posed 
by sand and gravel operations.  

4.3 Risk Evaluation Summary 
Based on exposure pathway risk evaluation there is no completed risk pathway for the Site mainly due to 
a lack of sources of contamination or receptors in the vicinity. This means that this type of operation is 
well suited for the area and poses minimal risk to the environment. By comparison, an equivalent site 
operated as an agricultural field would pose greater risks but would similarly not result in a completed 
exposure pathway due primarily to a lack of a nearby receptor that would be exposed to contamination.  

5 UMore Park Studies Regarding Groundwater Contamination 
A close analog to the Site based on geology, water table conditions, and proximity to the Vermillion River 
is the UMore Mining area, located within UMore Park about 12 miles northeast of the Site (Figure 8). 
UMore Park is a 5,000-acre agricultural research facility that is transitioning to a mixed residential and 
commercial development. The UMore Mining area is bounded to the north by residential development 
and has maintained a good relationship with adjacent property owners. The northwestern one-third of the 
property has been operated as a sand and gravel mine since 2010. Within the gravel mining area, an 
approximately 40-acre open water mine pit has been developed since 2019 using dredge methods to 
excavate sand and gravel from up to 90 feet below the water table. Upon completion, the mine pit lake is 
planned to encompass approximately 400 acres.  

Figure 8 UMore Mining Area located north of the Vermillion River near Rosemount 
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5.1 Issues from UMore that are Relevant to the Site 
Jennings (2018) provides a thorough description of the geology and hydrogeology of the Vermillion River 
watershed and the UMore Park operation. The author describes a series of detailed studies of UMore 
Park by Barr Engineering (2009) that indicated that a large-scale gravel mining operation was not likely to 
affect the Vermillion River. The UMore site is regulated under the City of Rosemount’s Large-Scale 
Mineral Extraction Permit. During the permitting process, three issues relevant to the Site were addressed 
by Barr and Dakota Aggregates. Each is described below along with how they were evaluated in the 
Environmental Impact Statement (EIS) or the permit: 

1. Temperature effects on the trout fishery in the Vermillion River. Like the Site, the 
groundwater flow directions at the UMore operation are not toward the designated trout stream 
and therefore, the mining operation does not affect or interact with the Vermillion River and there 
are no potential effects on the trout fishery. 
  

2. Contaminant spills or releases at the site or into the pit lake. Dakota Aggregates operates 
mobile fuel trucks that are equipped with spill controls. There is no fuel stored or used on the 
floating dredge. All fuel and lubricants are stored indoors or within containment that prevents 
spillage and releases. Barr conducted an analysis and detailed modeling that showed that if an 
off-site (e.g. from a tanker truck on County Road 42) fuel spill occurred that ran into the pit lake, 
the concentrations would be easily visible on the lake surface and allow for rapid collection. The 
portion of the spill dissolved in groundwater would degrade before it was able to migrate off site 
or to hypothetical future water supply well. 
 

3. Protective Layer Buffer Concept. The issue of the saturated sand and gravel providing a 
protective layer to underlying bedrock units, mainly the Jordan Sandstone, was raised as a 
concern during permitting the site. The Jordan is the bedrock unit below the Prairie du Chien 
dolomite that serves as the primary source aquifer for private and public supply wells in the area. 
Barr’s analysis showed that the mining is not capable of disturbing bedrock layers. However, a 
general belief was expressed during permitting that the that sand and gravel aquifer materials 
somehow provide protection from contamination to underlying bedrock units. Barr described how 
a contaminant plume would migrate within sand and gravel and compared it to how a plume 
would move from the mine pit lake to the sand and gravel. As described above, the sand and 
gravel itself provide some attenuative capacity largely through a mixing and dilution process 
known as dispersion. However, in a sand and gravel aquifer this mixing is confined to a relatively 
thin portion of the sand and gravel located at or near the water table which allows the effects to 
migrate laterally. In comparison, a contaminant plume mixing within a mine-pit lake due to wave 
and/or dredge action results in much greater ability to reduce concentrations without leaving the 
mine pit lake. The mine pit lake also is exposed to sunlight and more oxygen which allows greater 
degree of natural degradation of certain contaminants (e.g. fuel) than is possible in a sand and 
gravel aquifer. Over time, the accumulation of organic carbon from phytoplankton in the mine pit 
lake also provides additional attenuation (Weilhartner, Andreas, et al. 2012). 
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5.2 UMore Monitoring Data 
Annual reports from the mine site are available from the City of Rosemount and indicate that no spills or 
contamination have resulted from the site operations. The monitoring network (Figure 9) has detected 
very low concentrations of TPH and volatile organic compounds that appear to be coming from an 
industrial area upgradient of the property that are not related to the sand and gravel operation. These 
contaminants are observed in lower concentrations or not detected in the downgradient wells, indicating 
hat the mine pit lake may be having a beneficial effect in attenuating this contamination.  

Figure 9 Groundwater Monitoring Network at UMore Mining area. 
Mine pit lake is in lower left and measures about 1,500 by 1,200 
feet or about 40 acres. Groundwater flow is toward the northeast. 

Nitrates and total coliform bacteria are present in all wells 
and appear to be related to agricultural activities. A 
review of temperature data since 2023 indicates that 
temperatures in groundwater at a monitoring well 
approximately 2,000 feet downgradient of the mine pit 
lake are consistent with background groundwater 
temperatures throughout the year. 

The groundwater monitoring results from UMore gravel 
mining operation indicate that sand and gravel mining 
activities are not impacting groundwater quality nor is 
there evidence of thermal effects downgradient of the 
operations area. Because of the nearly identical 
operational and geologic conditions between the two 
operations, it appears that the Site is unlikely to result in 

impacts to groundwater. In addition, because the mine pit lake extends to 90 feet below the water table, it 
is also reasonable to conclude that similar depths can be safely achieved at the Site with risk of impacts 
to groundwater.  

6 Pit Lake Depth  
This section is intended to evaluate the potential effects of excavating gravel deeper below the water 
table than has previously been performed at the Site. One potential issue that may be raised is whether 
increasing the depth of the pit lake at the Site is likely to cause a potential effect on either groundwater or 
surface water.  

6.1 Effects of Mining Depth in Regard to Groundwater  
The pit lake can be viewed conceptually as an aquifer except that the porous sand and gravel aquifer 
material is removed. Comparing this model with an otherwise unmined saturated aquifer is illustrative 
because it highlights the actual differences between an underwater aggregate mine operation and other 
land uses.  

6.1.1 Misperception Regarding the Protective Benefits of a Sand and Gravel Aquifer 

The protective buffer concept is a commonly expressed belief by the public and others as described in the 
previous section in regard to UMore Mining area. The idea is derived from the premise that a thick layer of 
sand and gravel will somehow protect underlying geologic units from contamination. The concern 
expressed for mining is that removing this layer due to mining will result in greater potential for 
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contamination of the underlying bedrock used for drinking water supply. While this may sound 
reasonable, it is not supported by hydrogeologic evidence as described below: 

1. The sand and gravel aquifer media has very little ability to neutralize or limit migration of 
contamination in groundwater. The primary means of attenuation is by mixing due to dispersion 
which reduces concentrations by dilution. 
 

2. Groundwater flow is primarily horizontal in this geologic setting and vertical mixing is limited. This 
means that there isn’t a downward gradient that would mix a contaminant vertically into the 
aquifer matrix to reduce concentrations. Most mixing would be limited and occur near the water 
table within a sand and gravel aquifer. 
 

3. The uppermost bedrock is the Prairie du Chien Group dolostone which is generally not used for 
water supply in Dakota County due to agricultural contamination. While the Prairie du Chien rock 
is permeable, modeling studies (Tipping, Runkel et al, 2006) have shown that it is layered and 
provides a limited barrier to downward vertical migration particularly in the lower portion of the 
rock known as the Oneota Formation. This means that the bedrock does provide a buffer ability 
that protects underlying Jodan Sandstone aquifer that the overlying sand and gravel does not. 

The main difference between a pit lake compared to a sand and gravel aquifer is the ability of the mine pit 
lake to mitigate both thermal effects and potential impacts from contamination more effectively than the 
equivalent thickness of aquifer. 

6.2 Potential Beneficial Effects of Mine Pit Lakes 
The following section describes the potential of a mine pit lake to mitigate effects of contamination or 
thermal effects on groundwater. For context, the discussion compares the mixing within the lake to the 
effects that might be observed if the land use were agricultural without mining. 

6.2.1 Mine Pit Lakes and Thermal Mixing with Deeper Water    

Deeper mine lakes have a greater proportion of cold water and thoroughly mix annually. This tends to 
reduce concentrations of contaminants in the lake and also cools the lake so that less warm water is 
passed through to the aquifer. This hypothesis is supported by research that shows that the layers stratify 
and mix during the year as described below.  

In Minnesota, many deeper mining pit lakes have been developed as a trout fishery supporting 
populations of rainbow, brook, and lake trout that generally prefer colder temperatures than the brown 
trout, which is commonly found in the Vermillion River. Tomcko and Pierce (1992) describe a study of 13 
mine pit lakes in northern Minnesota and their thermal structure. The uppermost layer is called the 
epilimnion (see Figure 5 for lake layer descriptions) which includes the water warmed by summer 
insolation. This layer grades vertically downward into the metalimnion layer marked by the thermocline, a 
depth where there is a significant transition between the warmer water above and the much colder water 
in the hypolimnion below. The hypolimnion generally does not warm through the year but may become 
colder when the lake “turns over” in late fall as air temperatures cool the surface water causing it to 
become denser and sink into the lake. In general, the thermocline is found between 3 and 7 m (9.8 to 23 
ft) below the lake surface in these pit lakes. The location and depth of the thermocline often vary by 
location on a typical lake and can be influenced by a variety of factors.  

Leung (2003) conducted studies on temperature gradients and the uppermost epilimnion layer (see 
Figure 5 for lake layers) in pit lakes to evaluate their potential as heat sinks for geothermal (renewable) 
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energy application. The study showed how air temperature and sunlight affect pit lake temperatures. The 
research describes two pit lakes and found that the top 3 meters (9.8 feet) of water are the most 
vulnerable to temperature changes. Over a 20-day period in July, air temperatures rose by 15°C, leading 
to an 8°C increase in the top 3 meters of water. In contrast, water in the metalimnion layer at 6 meters 
(19.7 feet) showed minimal temperature fluctuations, and water below 10 meters (32.8 feet) in the 
hypolimnion layer changed by less than 1°C during the 100-day study.  

Seasonal turnover or lake mixing occurs as colder air temperatures, evaporation, and heat conduction 
cool the surface water, increasing its density. This denser water sinks, mixing with deeper layers and 
equalizing temperatures during late winter. Exposure to below freezing air temps in the winter and ice 
melts in the spring can drop water temperatures below ambient groundwater temperatures resulting in 
cold water flux to groundwater. In the early summer as sunlight intensifies, the upper 3 to 15 meters (9.8 
– 49 ft) gradually warm, with temperatures peaking in July and September until turnover occurs and the 
process repeats. This results in alternating seasonal pulses of water that both relatively warmer and 
colder than ambient groundwater. 

These seasonal changes reflect important characteristics of deeper mine pit lakes and suggest that 
mixing of warmer and cooler waters within the lake can significantly reduce the anticipated thermal effects 
related to groundwater transport to downgradient streams. The deeper the lake, the greater that 
proportion of cold water that can dilute thermal effects. In addition, this mixing means that contaminant 
concentrations from a hypothetical release would also be mitigated before reaching groundwater.  

6.2.2 Mixing Related to Dredge Equipment 

The dredge equipment used at the Site is a dragline configuration that utilizes overhead cables that are 
stretched across the lake. The cabling system allows two dragline machines to operate in the pit by 
ferrying a 6 or 10 cubic yard bucket over the pit lake and releasing it to sink to the bottom of the lake. The 
bucket is then retracted back to the shoreline where the aggregate is deposited and allowed to drain 
before being transported to the wash plant for processing. Each dragline cycle takes about 2 minutes for 
a total of up to 30 passes per hour or about 210 passes per day (not including maintenance or downtime). 
For a 90-day operating season, this adds up to approximately 19,000 bucket loads. Assuming each 
bucket is approximate 1600 gallons and is composed of half aggregate and half water, this means that a 
net amount of 800 gallons per bucket or about 15,000,000 gallons of water is mixed from the bottom to 
the top of the water column each operating season. Based on the March 2024 aerial photo on Google 
Earth the pit lake was approximately 1,600,000 sf and on average about 30 feet deep (some areas 
appear to be significantly deeper and some much shallower) for at total volume of 6.4 million gallons. 
Based on these measurements, the equivalent of at least two total pit volumes is mixed from the base of 
the pit lake to the top every operating season. Although most of the mixing would occur as the dredge 
bucket is extracted, additional mixing can be inferred from the initial placement of the dredge bucket 
during the dredge pass cycle. Therefore, it appears likely the mixing within the lake by dredge action 
would minimize potential for potential thermal effects during operations.  

6.2.3 Land Use Comparison of Mitigative Effects of Pit Lake 

Comparative analysis of different land uses offers insight into the potential beneficial effects of mining 
compared to other land use such as agriculture. The primary obvious difference between a mine pit lake 
compared to its use as farmland is that there are no agricultural chemicals needed for a mine operation. 
The presence of the mine removes contaminants that would otherwise be applied land surface resulting 
in a lower potential for nitrates or pesticide contamination from mine site compared to agricultural use.  
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In addition the site is constructed with perimeter berms that prevent agricultural runoff from adjacent 
areas from flowing onto the property and into the mine pit lake. As discussed in Section 3, fertilizers and 
nitrate-contaminated runoff from farmland often migrate directly through soil to groundwater and 
contaminate aquifers and  streams in Dakota County (ACRE, 2022).  

Finally, the farmland exposed to release would only see attenuation by mixing occurring near the water 
table within a relatively thin layer of the aquifer. This would spread contamination further from the source 
of a release than would occur within a mine pit lake. In contrast the mine pit lake would be mixed by 
wave, dredge, or seasonal turnover and would result in more reduction in concentrations (via dilution) that 
is not possible in a horizontally stratified aquifer which generally has much more limited ability for mixing 
and dilution.  

7 Summary 
Based on the information presented above we find that: 

Specifically in regard to thermal effects: Solar insolation from mine pit lakes has been documented at 
similar sites due to seasonal warming from sunlight known as solar insolation. These effects are 
presumed to occur at the Site to some degree, but the effects are highly seasonal and are not likely to 
affect trout streams unless they are very close to the mine site. The effects of solar insolation do not 
cause a steady source of temperature increase in groundwater temperature. Rather, they occur as a 
series of alternating seasonal pulses. Research shows these effects are mitigated by winter conditions 
and mixing in the aquifer. Field studies and groundwater modeling have shown that these thermal effects 
naturally attenuate within 150 to 250 m (490 to 820 feet) downgradient of the mine pit lake. The closest 
trout stream tributary that could receive groundwater from the Site is 4,000 feet downgradient. 

There are unfortunate misconceptions about sand and gravel mining. However, the operations of a sand 
and gravel mine like the Site is unlikely to result in environmental contamination because it does not use, 
store, or dispose of chemicals at the Site. The primary risk is a relatively small amount of fuel used in 
equipment. A risk evaluation was conducted as part of this report and concludes that the Site poses 
minimal risk to the environment and on a comparative basis, poses less risk to the environment than if it 
were an agricultural operation. Groundwater monitoring at the Site does not indicate that there is 
evidence of contamination to groundwater.  

The Site is similar in many respects to the UMore Park mining area which is also a sand and gravel site 
near the Vermillion River. Numerous investigations and routine monitoring have demonstrated operations 
at that site are not having a negative affect on groundwater. 

Depth of the mine pit lake is not a significant environmental concern. Deeper pit lakes have 
proportionately less warming potential because the effects of insolation only affect the top 10 to 15 feet of 
the water column. Mixing of the surface layer with the colder deep water in the mine pit lake is significant 
during operations and helps minimize potential thermal effects in the pit lake itself before reaching 
groundwater. Mixing also occurs during the winter months when the surface water cools and sinks into 
the colder underlying water removing the thermal effects until the following summer. These mixing effects 
decrease the amount of groundwater that could be affected by the Site. 

This latter factor is a critical element in analyzing the interaction of mine pit lakes with respect to thermal 
effects on groundwater and downgradient streams that receive groundwater because mixing of warm 
water with deeper cooler water has the potential to mitigate thermal effects before the water ever reaches 
the aquifer downgradient of the pit lake. For both natural and man-made (e.g. mining) shallow pit lakes, a 
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greater proportion of the lake volume is exposed to warming from sunlight. Similarly, the mixing is a factor 
that would serve to attenuate contamination if a hypothetical spill were to be released into the mine pit 
lake. 

7.1 Conclusions 
This analysis confirms the conclusions from earlier studies that the Site is not likely to affect the Vermillion 
River because the groundwater flow path to the Vermillion River is much greater than the 490 to 820 feet 
or so needed to attenuate warming from the mine pit lake at the Site. Detailed studies and modeling of 
thermal effects from mine pit lakes indicate that the timing of the groundwater plume migration suggests 
that thermal effects on trout streams may be overstated. This is because research shows that even for 
mine pit lakes in glacial outwash settings located within 820 feet of a trout stream, the warmest 
groundwater would likely arrive during the winter and early spring months when the ecosystem would be 
least sensitive to relatively warmer groundwater. Research also shows that thermal effects should 
dissipate over a shorter distance (e.g. less than 800 feet) for sites with lower hydraulic conductivity and 
more heterogeneous geology due to greater mixing and contact time with the cooler aquifer matrix.  

The depth of the pit lake is not a concern because in general, mixing of warmer surface water with deeper 
cold water in the lake has a beneficial effect on minimizing thermal effects. Depth of mining below the 
water table does not increase the potential for groundwater contamination from the Site primarily because 
there are no significant sources of contamination. However, the deeper the lake the greater the potential 
for dilution of contaminants that would otherwise not be possible under other land uses that have been 
shown to cause groundwater contamination in the area (e.g. agriculture).  

Please contact me at 952-832-2740 or jaiken@barr.com if you have any questions. 

Sincerely,  
 
 
James S. Aiken 
Vice President 
P.G. #30282 
 
I certify that this document was prepared by me and/or under my direct supervision and that I am a 
licensed Professional Geologist in the State of Minnesota. 
 
 
cc: Pat Ames, Dakota Aggregates 
References 
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