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INTRODUCTION

Prevention of ground-water pollution is important to wise management of ground-water resources. One approach
to protect ground-water resources is to identify areas sensitive to pollution. The Minnesota Department of Natural
Resources (DNR) defines a sensitive area as a geographic area characterized by natural features where there is
significant risk of ground-water degradation from activities conducted at or near the land surface (MS § 103H.101). The
DNR has developed criteria and guidelines to assess sensitive areas (Geologic Sensitivity Workgroup, 1991). This
assessment for Stearns County is based on estimating the ability of geologic materials to restrict the downward
migration of contaminants to the ground water. This plate shows the ground-water pollution sensitivity at the depth of
50 feet below the land surface.

GROUND-WATER RESIDENCE TIME AND SENSITIVITY RATING

Sensitivity to pollution is best understood in relation to residence time, which is the approximate time that elapses
from when a drop of water infiltrates the land surface until it is discharged or pumped from an aquifer. Radiometric
dating using isotopes of carbon (carbon-14) and hydrogen (tritium) can determine the residence time of ground water
in an aquifer (Alexander and Alexander, 1989). Shorter residence times may indicate recent recharge and higher
sensitivity. Longer residence times may represent a greater travel time and increased geologic protection. The geologic
sensitivity and travel-time relationship is shown in Figure 1. 

There are four pollution sensitivity categories on this plate: Very High, High, Moderate, and Low. The corresponding
ranges of ground-water travel time are shown in Figure 1. The pollution sensitivity of an aquifer is assumed to be
inversely proportional to the time of travel. In addition, contaminants are assumed to travel at the same rate as water.
Very High sensitivity indicates that water moving downward from the surface may reach the ground-water system
within hours to months. In these areas, there is little time to respond to and prevent aquifer contamination. Conversely,
Low sensitivity indicates there is time for a surface contamination source to be investigated, and possibly corrected,
before serious ground-water pollution develops. However, relatively high sensitivity does not mean that water quality
has been or will be degraded. For example, if there are no contaminant sources, pollution will not occur. Also, relatively
low sensitivity does not guarantee that ground water is or will remain uncontaminated. For example, leakage from an
abandoned well may bypass the natural protection of geologic materials, allowing contaminated water from one aquifer
to directly enter another aquifer.

PREPARATION OF THE SENSITIVITY MAP

The pollution sensitivity assessment on this map was based on an empirical, qualitative approach. Three geologic
and hydrogeologic factors were considered in the sensitivity model: depth to water table, surficial geology, and
subsurface permeability to a depth of 50 feet below the land surface. 

Depth to water table. Generally, the closer the water table is to the land surface, the quicker a contaminant can reach
the water-table system. For this sensitivity factor, a map was developed showing where the water table was 20 feet or
less below the land surface, which is the typical range of water-table depths in Stearns County as presented on Plate 8.
Sources of digital information used to develop this map included the Digital Elevation Model (DEM; 1:100,000 scale),
the National Wetland Inventory (NWI; 1:24,000 scale), and the Stearns County Soil Survey (1:24,000 scale). 

The water-table elevation (Plate 8) was subtracted from the land-surface elevation derived from the DEM, and areas
with depth to the water table of 20 feet or less were delineated. The remaining portion of the map was assumed to have
a depth to water greater than 20 feet but was further refined in the following two steps. First, any wetland areas that
were identified by the NWI larger than 4.94 acres and that occurred in the map area having a depth to water greater than
20 feet were reassigned a depth to water value of 20 feet or less. Second, any soil map areas with depth to water of less
than 6 feet (seasonal high water table) as defined by the Stearns County Soil Survey and that occurred in the map area
with a water-table depth of greater than 20 feet were reassigned a depth to water value of 20 feet or less. 

Surficial geology.The surficial geology map (Plate 3 in Part A) was used to prepare a map showing areas with similar
estimated vertical permeability. For this factor, four groups of surficial deposits were identified based on their estimated
vertical permeability. For example, alluvium, eolian sand, outwash, terrace deposits, and ice contact deposits were
grouped together as high-permeability materials because of their coarse texture and placed in Permeability Group 1. In
contrast, till deposits from the Des Moines lobe were estimated lowest in permeability and included in Permeability
Group 4. Superior lobe till was estimated to have permeability greater than Des Moines lobe till because its texture is
generally coarser and was included in Permeability Group 3. Peat deposits shown on Plate 3 were evaluated separately,
depending on the underlying sediment because they are thin and occur at the land surface. Areas with peat over till were
considered to have the permeability of the underlying till in the sensitivity assessment because of the effectiveness of
low-permeability till in retarding the rate of travel. Areas with peat over outwash, on the other hand, decrease the
sensitivity rating from Very High to High because of lower estimated permeability of the peat even though it is thin.

Subsurface permeability.Sediment and rock found at depth may be different from that observed at the surface
(Plate 3 in Part A). This difference can affect estimates of travel time and sensitivity. This factor evaluates the
permeability of the subsurface sediment and rock by calculating subsurface permeability scores using a weighting
method. Permeability scores were based on data from about 4100 well logs in the County Well Index (CWI) database
for Stearns County. The lithologies recorded for these wells were examined to a depth of 50 feet below the land surface.
The CWI database for Stearns County identified 28 lithologic units within the 50-foot zone. Each of the 28 lithologic
units was assigned a weight from 0 to 1 based on its estimated permeability. Coarse-textured deposits such as sands and
gravels have the highest permeability potential and were given a lithologic unit weight of 0. Fine-textured deposits such
as shale or clay have the lowest permeability potential and were assigned a lithologic unit weight of 1. The lithologic
unit weights were assigned as follows: 0: boulder, cobble, gravel, pebbles, sand, silt, soil; 0.2: hardpan, loam, marl,
sandstone, saprolite, wood; 0.3: mud, organic deposit, peat, regolith, siltstone; 0.5: coal, drift, fill, granite, quartzite; 0.8:
schist, slate, till; 1.0: clay, shale. These lithologic unit weights are more qualitative than quantitative and were based on
empirical knowledge, literature searches, and sensitivity-model tests. 

Multiplying the thickness of a lithologic unit, as recorded in CWI, by the corresponding lithologic unit weight results
in a weighted unit score for that single layer. A subsurface permeability score for each well log was calculated by
summing all the weighted unit scores for lithologic units to a depth of 50 feet below the land surface. The resulting
subsurface permeability scores range from 0 to 50. A well log with clay material recorded for the entire upper 50 feet,
for example, has a subsurface permeability score of 50, while a well log with sand and gravel recorded for the entire
50-foot thickness has a score of zero. 

The subsurface permeability scores of all wells were plotted on a map of Stearns County. Three categories of
estimated subsurface permeability were defined and then delineated on the map on the basis of scores.

The first score category of less than 20 occurred in 36.4 percent of the county where geologic materials are the most
permeable within the 50-foot zone. This category implies the least amount of protection of the three categories against
infiltrating contaminants.

The second score category of 20 to 40 occurred in 39.5 percent of the county and indicates significant amounts of
low-permeability geologic materials within the 50-foot zone. A typical example of the subsurface geology in this score
category includes outwash overlying a single layer of till or multiple layers of till interlayered with high-permeability
sediments. 

The third score category occurred in 24.1 percent of the county that had subsurface permeability scores greater than
40 to 50. Those areas are typically underlain by nearly homogeneous, low-permeability till and lack buried sand and
gravel lenses within the 50-foot zone. These low-permeability areas would be expected to have the greatest natural
protection against infiltrating contaminants of the three score categories. 

Geographic information system processes and the rating matrix.Maps of the factors described above were
digitally combined into a composite map using geographic information system (GIS) technology (Figure 2). The
composite map consists of many small areas, each with its own combination of the three geologic and hydrogeologic
factors. 

The rating matrix (Figure 3) shows how each of the three factors was considered in assigning sensitivity ratings.
Sensitivity ratings were assigned according to relative vertical permeability. For example, Very High sensitivity was
assigned to areas that were estimated to have the greatest permeability, and Low sensitivity was given for those areas
with the lowest permeability. High and Moderate sensitivity ratings were assigned to those areas with intermediate
estimated permeability.

Certain combinations of permeability groups and subsurface permeability scores were defined in the model to be
exclusive. There can be no areas with surficial geology in Permeability Groups 1 and 2 and subsurface permeability
scores of greater than 40 to 50. Similarly, no areas can exist with surficial geology in Permeability Groups 3 and 4 and
subsurface permeability scores of less than 20. 

A GIS program assigned sensitivity ratings as defined by Figure 3 to each of the areas on the composite map and
produced the sensitivity map.

MODEL LIMITATIONS

The limitations inherent in the model for assessing sensitivity should be noted. This map gives a countywide
perspective of pollution sensitivity; more detailed geologic and hydrogeologic information must be evaluated for a site-
specific investigation. The assessment does not consider any specific contaminant. The sensitivity evaluation is based
on the assumption that contaminants travel at the same rate as infiltrating water. Contaminants were assumed to
originate at or near the land surface and move downward; lateral movement was ignored. As noted in the Introduction,
this map shows an interpretation of pollution sensitivity to a maximum depth of 50 feet below the land surface. Shorter
travel time and thus higher sensitivity should be expected for ground water less than 50 feet deep, and longer travel time
and lower sensitivity should be expected for ground water deeper than 50 feet. The evaluation does not consider the
effects of human actions or specific land use practices. This map does not show where ground water is or will be
contaminated. Within these limitations, the map can serve as a screening tool to estimate the potential impact of certain
activities and land uses on the ground-water quality at a countywide scale.

DISCUSSION OF SENSITIVITY MAP

This plate shows the ground-water pollution sensitivity at the depth of 50 feet below the land surface. This depth is
in the pumping range of shallow domestic and irrigation wells. The upper 50-foot zone in Stearns County includes

ground water in the Quaternary water-table aquifer, Quaternary confined aquifers, Cretaceous aquifer, and Precambrian
bedrock. The locations of Cretaceous and Precambrian bedrock within 50 feet of the land surface are shown by patterns
on the plate. 

The Very High sensitivity areas occur only where the water-table aquifer is present. These areas cover 18 percent of
the rated area of the county (lakes are excluded) and occur either along the Mississippi River, Sauk River, and North
Fork Crow River valleys or in the broader outwash plains in the eastern and southwestern parts of the county. The High
sensitivity areas (22 percent) also occur only where the water-table aquifer is present, but these sensitivity areas have
several distinct hydrogeologic conditions that result in decreased sensitivity compared to Very High sensitivity areas.
These High sensitivity areas are characterized by buried low-permeability materials in outwash (e.g., part of the
Brooten-Belgrade region), peat deposits over outwash, and depth to water greater than 20 feet. 

The Moderate sensitivity areas are extensive (35 percent of the rated area of the county), mostly in the northeastern
half of Stearns County. These areas are associated with loamy Des Moines lobe till in the northwestern portion of the
county and sandy Superior lobe till in the eastern part of the county. The loamy Des Moines lobe till is rated Moderate,
instead of Low, where buried sand and gravel layers are within the 50-foot zone, such as in the northwestern corner of
the county. Low sensitivity areas cover about 25 percent of the county, chiefly southwest of the Sauk River valley and
northeast of the Brooten-Belgrade region. These areas are characterized by thick, loamy Des Moines lobe till with few
or no buried sand and gravel bodies within the 50-foot zone. 

The pollution sensitivity interpretation and associated travel times were compared to residence times derived from
tritium analyses of water samples from selected wells. The tritium data included samples from 11 wells screened to a
depth of 50 feet or less below the land surface; six well samples were from the Quaternary water-table aquifer and five
were from the Quaternary confined aquifers. The map also shows tritium results from five lakes, which provided
information about current tritium levels in precipitation. The tritium data from the 11 wells were not distributed evenly
throughout the county; few wells screened within the 50-foot zone were found in till areas.

The tritium data shown on the map are in general agreement with the pollution sensitivity ratings. Most tritium data
from well samples (seven samples) had recent residence times (tritium amounts greater than 10 tritium units [TU]) and
occurred in the Very High, High, or Moderate sensitivity areas. Three water samples with mixed residence time (0.8-10
TU) were found in Very High and Moderate sensitivity areas, indicating a potential for vertical or lateral mixing of older
and younger waters. One well sample having vintage water (less than 0.8 TU) was in the Moderate sensitivity area. A
schematic diagram displaying residence time with depth along geologic cross section B-B’ is shown in Figure 4. The
ground-water chemistry insert includes additional discussion of tritium occurrence in Stearns County.
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MAP EXPLANATION

FIGURE 4. Residence time interpretation of cross section B-B’. The color overlay shows the distribution of
recent, mixed, and vintage waters. Recent waters have entered the subsurface since about 1953. Mixed waters
are probably a mixture of recent and vintage waters. Vintage water entered the ground prior to 1953, but can
be much older. Corresponding geological and hydrogeological cross sections are shown in Figure 2 on Plate
4 and Figure 3 on Plate 8, respectively. Well locations and depths of wells for which tritium values from this
study were available are indicated by vertical lines. Tritium concentration is in tritium units (TU). 

Digital base composite of modified 1990 Census TIGER/Line files of the U.S.
Bureau of the Census (source scale 1:100,000), U.S. Geological Survey Digital
Line Graphs (source scale 1:100,000), and Public Land Survey data (source scale
1:24,000) developed by the Minnesota Department of Natural Resources (DNR).
Digital base annotation by the Minnesota Geological Survey. Project data compiled
from 1997 to 1998 at the scale of 1:100,000.

Public Land Survey township boundaries shown; governmental township bound-
aries may be different.

Universal Transverse Mercator projection, grid zone 15, 1983 North American
Datum. Vertical datum is mean sea level.

GIS and cartography by Michael Scharber and Randy McGregor, DNR, and
Norman Anderson, Land Management Information Center, Minnesota Planning
Office. Desktop publishing layout by Kim Anderson, Communications.Media
Division, Minnesota Department of Administration. Digital assembly by Nordic
Press.

FIGURE 1. Geologic  sensitivity rating as defined by ground-water travel time.
Ratings are based on the time required for water at or near the surface to travel
vertically to the water table or other ground water of interest. Longer travel
times imply a lower sensitivity to pollution. Dye trace, tritium, and carbon-14
studies can indicate the relative ages of ground water.

FIGURE 3. Matrix for rating pollution sensitivity at a depth of 50 feet below the land surface. Percent shown in cell indicates the total
rated area of county for that condition. An inverted triangle means the total rated area of the county with that condition is less than 
0.5 percent but greater than zero. Cells with no percent or triangle indicate conditions that are possible but were not found.  

FIGURE 2. Schematic of process for preparing the pollution sensitivity
map. Geologic and hydrogeologic layers are combined using  geographic
information systems (GIS) techniques. The criteria shown in the rating
matrix are applied to produce the pollution sensitivity map.

WARNING: This map provides an overview of ground-water contamination
potential as interpreted from 1:100,000-scale geologic map information.
THIS MAP SHOULD NOT BE THE BASIS FOR EVALUATION OF
SPECIFIC SITES.
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This information is available in an alternative format upon request.

This map was compiled and generated using geographic information system
technology. Digital data products are available from the Land Management
Information Center, Minnesota Planning Office, St. Paul.

This map was prepared from publicly available information only. Every
reasonable effort has been made to ensure the accuracy of the factual data
on which this map interpretation is based. However, the Department of
Natural Resources does not warrant the accuracy, completeness, or any
implied uses of these data. Users may wish to verify critical information;
sources include both the references here and information on file in the
offices of the Minnesota Geological Survey and the Minnesota Department
of Natural Resources. Every effort has been made to ensure the
interpretation shown conforms to sound geologic and cartographic
principles. This map should not be used to establish legal title, boundaries,
or locations of improvements.
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