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INTRODUCTION

This plate describes the factors influencing the sensitivity to pollution of the
major bedrock aquifers in Rice County (see the plate supplement for sensitivity to
pollution of near-surface ground-water systems). The sensitivity to pollution map
describes the sensitivity of the bedrock aquifer using a model based on vertical
ground-water flow behavior. The recharge conditions map shows how water may
travel from the surface to the aquifer through both verticul and horizontal flow
puths. The sensitivity of an aquifer to pollution 1s the relative ability of overlying
geologic materials to restrict the downward migration of water and contaminants
to an aquifer of interest. There are many ways to evaluate sensitivity to pollution
(Geologic Sensitivity Workgroup, 1991). The Minnesota Groundwater Protection
Act of 1989 states that a sensitive area is “a geographic area defined by natural
features where there is a significant risk of groundwater degradation from activities
conducted at or near the land surface.” The “natural features™ stated in the Act are
the geologic conditions in an area, such as type of bedrock or surficial materials.
This approach is called intrinsic or geologic sensitivity.

GROUND-WATER RESIDENCE TIME

AND SENSITIVITY RATING
EXPLANATION

Sensitivity to pollution can be evaluated by relating it to the estimated age of
the ground water. The age of the water, also called residence time, is the
approximate time that elapses from the time a drop of water infiltrates the land
surface to the time it is discharged or pumped from an aquiter. Radiometric dating
using isotopes of carbon (*C), hydrogen (*H), and oxygen (O} cun determine the
residence time of ground water in an aquifer {Alexander and Alexander, [989).
Shorter residence times indicate recent recharge and higher sensitivity to pollution.
Longer residence times may represent a greater travel time and an increased level
of geologic protection to the aquifer. These sensitivity and travel-time relationships
are shown in Figure 1.

Sensitivity Ratings

Estimated vertical travel time for water-borne
surface contaminants to reach the aquifer

Very High—Hours to months

H High—Weeks to years The pollution sensitivity rating is classified into five categories in this report:
Very High, High, Moderate, Low and Very Low. Very High sensitivity indicates
M Moderate—Years to decades that water moving vertically downward from the surface may reach the aquifer

within hours to months. In these areas there is little time to respond to pollution
incidents and prevent aquifer contamination. Conversely, a Low sensitivity rating
indicates that a surface contamination source can likely be investigated, and
possibly corrected, before serious ground-water pollution develops. However,
High sensitivity does not mean that water quality has or will be degraded; nor does
Low sensitivity guarantee that ground water is or will always remain
uncontaminated.

-

Low—Decades to a century

Very Low—More than a century

RECHARGE CONDITIONS

O Lake—Unrated, selected lakeshores rated Very High

The recharge conditions map displays areas with different recharge
characteristics for the St. Peter-Prairie du Chien-Jordan and the St. Lawrence-
Franconia aquifers. This map shows eight distinctive hydrogeological conditions
that influence recharge to these aquifers. These conditions account for both vertical
and horizontal ground-water flow behavior and are directly related to the
geological deposits which overlie the aquifers. The recharge conditions map was
developed from the geologic maps on Plates 2, 3, and 5 of Part A, as well as
hydrogeological information collected during this study. Although horizontal flow
of ground water is not a factor in the Department of Natural Resources model of
pollution sensitivity, horizontal flow has a significant role in understanding the
entire ground-water system in Rice County.

The area with the most direct recharge to the aquifer is in northeastern Rice
County where the St. Peter Sandstone or the Prairie du Chien Group is at or near
land surface. In this area (map unit aqs), water enters the aquifer readily from the
land surface through the unsaturated zone, moving through pore spaces and
fractures in the rock.

Three map units show areas that are characterized by strong horizontal flow: the
exposed and buried subcrop edge of the Decorah-Platteville-Glenwood confining
unit (maps units ecu and beu, respectively} and alluvium and outwash deposits
(alo), particularly where they occur over less permeable sediments. The ground
water in these deposits does not recharge the underlying aquifer in a direct vertical
manner over a large area. Instead, horizontal flow through these units can deliver
large volumes of ground water to limited areas in the underlying bedrock aquifer.

The edge of the Decorah-Platteville-Glenwood confining unit near Rochester
has been identified by Delin (1991) and Delin and Almendinger (1991) as an area
of high recharge into the underlying St. Peter-Prairie duo Chien-Jordan aquifer.
However, the bedrock units above the St. Peter Sandstone (the Cummingsville
Formation. Decorah Shale, Platteville Formation, and Glenwood Formation),
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which all consist of limestone or delostone interlayered with shale, are
hvdrogeologically more complex than depicted in the tocused recharge model of
Delin (1991).

Where the shales are unweathered and unfractured, away from the subcrop
edge, ground water moves ¢asily through the fractures in the carbonate layers but
is impeded from downward migration by the shaly layers. However, in other places
away from the subcrop edge these shales are fractured. It is therefore possible that
the focused recharge (o the St. Peter Sandstone occurs through concentrated areas
of fractures that may be located miles behind the subcrop edge of the Glenwood-
St. Peter contact (Runkel, A.C., 1997, personal communication). Although
identifying the specific location of this focused recharge boundary is prohibitive in
an area this large and geologically complex, it is clear that the eroded edge of this
confining unit is an important hydrologic feature in Rice County (see cross section
E-E’, Plate 8). The significance of this feature is most evident where it is at or near
the surface and creates a perched aquifer system (see Plate 7). Where the edge of
the confining unit is buried by more than 100 feet of saturated tll, its hydrologic
influence is less clear. On this map this edge is shown by the smoothed subcrop
boundary of the Glenwood Shale from Plate 2, with a buffer strip of approximately
one-third mile inward from that edge. This buffer strip was then divided into two
map units. Map unit ecu indicates the portion of this area with depth to bedrock of
less than 50 feet. Map unit hen shows the portion of this unit with a depth to
bedrock greater than 50 feet. The short arrows shown in these two map units
mdicate the general direction of horizontal ground-water flow from the Decorah-
Platteville-Glenwood confining unit and overlying sediments into the St. Peter-
Prairie du Chien-JTordan aquifer.

The third area with strong horizontal flow behavior includes the alluvial and
outwash deposits described on the Surficial Geology map on Plate 3. These sand
and gravel deposits (map unit alo) have high porosity and permeability. Long
arrows indicate the general horizontal direction that ground water is likely to move
within these units until more direct access 1o the bedrock aquifer is encountered.
Throughout the county, where streams and the associated sediments are in close
contact with the bedrock aquiter, the bedrock aquifer is generally discharging into
the stream. However, this relationship could be reversed under drier climatic
conditions.

The tills in Rice County have been divided into three recharge map units. Areas
of pre-Wisconsinan till are shown as map unit tpw. The areas with late
Wisconsinan till at or near the surface have been divided into two recharge map
umits. Map unit twl indicates areas in central Rice County that have thinner till and
many large lakes. Map unit tfl shows areas in northwestern Rice County that have
thicker till and very few lakes.

Depth to bedrock in till-covered areas is often the only factor used when
interpreting how well till will protect an aquifer, This approach assumes that all
material between the surface and bedrock is till and that all tills are equivalent, In
Rice County, as in most places, both of these assumptions are false. Although
recharge map unit twl can include areas with depths to bedrock of more than 300
feet, well logs show that much of the subsurface sediment in these deep areas
include buried sand and gravel deposits. These deposits offer no protection and
provide potential pathways to the underlying bedrock aquifer. Conversely, in the
area indicated by map unit tfl the subgurface sediment contains fewer sand bodies
and would be expected to offer more protection.

In southeastern Rice County, the continuous subcrop of the Decorah-Platteville-
Glenwood confining unit (map unit cen) inhibirs recharge to the underlying St.
Peter-Prairie du Chien-Jordan aquifer more effectively than any other geologic unit
in the county. This unit is less than 100 feet thick, whereas till is western Rice
County often exceeds 300 feet thick. Delin (1991) estimated that the recharge rate
through this unit is approximately 0.5 inch per year.

SENSITIVITY INTERPRETATION

The sensitivity to pollution of the St. Peter-Prairie du Chien-Jordan and the St.
Lawrence-Franconia aquifers map was developed based on information from
Plates 2, 3, and 5 of Part A and the maps and cross sections from Plates 6 and 7.
The recharge conditions map was also used to construct this map. The factors
considered are illustrated in the sensitivity rating matrix. This map shows the
estimated travel time of water from the land surface vertically downward to the
bedrock aquifers, with no consideration ot horizontal flow. The thickness and
hydrogeologic character of tills and the uneroded Decorah-Platteville-Glenwood
confining unit are the most significant factors for interpreting sensitivity to
pollution in Rice County. This interpretation simplifies the hydrogeological
conditions that atfect these aquifers and should be applied in conjunction with the
recharge conditions map.
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The county can be broadly divided into four sensitivity regions: High and Very
High where the aquifer or the edge Decorah-Platteville-Glenwood confining unit
has less than 50 feet of sedimentary cover or is covered by alluvium or outwash;
Moderate where the aquifer or the edge of Decorah-Platteville-Glenwood
confining unit has greater than 50 feet of sedimentary cover; Low where the
aquifer is under thick Des Moines lobe till without many lakes; and Very Low
where the aquifer is beneath the continuwous Decorah-Platteville-Glenwood
confining wnit. Lakeshore for larger lakes has been rated Very High. As discussed
on Plate 7, lakeshore is considered a likely area of recharge to the underlying
aquifer.

ISOTOPIC AGE-DATING RESULTS

The results of tritium analyses may be used to evaluate the sensitivity map as a
predictor of the ground-water time of travel from the surface to the sampled well,
The tritium data are generally consistent with the location of the four broad
sensitivity regions mentioned above.

Figure 2 shows the distribution of ritium ages of 81 samples collected during
this study, and summarizes the tritium results of the analyses listed in Table 1, Plate
7. Sixty-five percent of the samples had no detectable tritium (vintage water) and
thus infiltrated the Tand surface before 1953, More than ten tritium units (TU) were
detected in 14 percent of the sammples and these are considered recent waters.
Twenty-one percent of the samples had ftritium concentrations between the
detection limit (0.8 TU) and ten TU and are referred to as mixed. These tritium
results were compared to the average concentration of nitrate {expressed as
nitrogen} and chloride in the samples. Elevated amounts of nitrate or chloride in
well samples are considered an indication of human activity. Recent waters have
the highest concentration of nitrate and chloride, and the vintage waters have the
lowest.

The symbols show the location of the 77 ground-water samples taken from
wells greater than 100 feet deep that were analyzed for general chemistry and
isotopes. Seven samples have tritium concentrations greater than ten TU. Five of
these samples are located in areas with High or Very High sensitivity. The other
two recent samples are from areas with a Moderate rating. Sixteen samples had
tritium concentrations less than ten TU but greater than the detection limit. Nine of
these mixed-age samples are located in or near areas rated High or Very High and
seven are from arcas rated Moderate, Fifty-four of the samples have no detectable
tritium. Thirty of these are from areas with ratings of Low or Very Low. Seven
vintage samples are from areas with a Moderate sensitivity rating. Seventeen
vintage samples were collected in areas rated High or Very High (including near
lakes in western Rice County). Figure 2 illustrates that tritium may be detected in
wells whose sensitivity ratings could range from Very High to Low.

Only one sample with detectable tritium was collected in the Low sensitivity
area despite the wide range of depths sampled. This sample was taken from a
Quaternary well, located near a lake. Tritium results indicate the alluvial and
outwash deposits identified on the recharge conditions map have no direct
influence on the deeper ground water in this area.

In the Moderate sensitivity area, tritiumn results vary. In eastern Rice County,
several sumples with mixed or recent waters were collected along the edge of the
Decorah-Platteville-Glenwood  confining unit, close to High and Very High
sensitivity areas. Vintage samples in this area are generally from wells that are
deeper or further from the edge of the Decorah-Platteville-Glenwood confining
unit. In the lakes region of western Rice County, the tritium results also vary. Only
two samples have recent water, one is on a lake, and both are from bedrock wells.
Six samples from the lakes region have mixed water, and are widely distributed
both spatially and with depth. Most of the samples in this area have vintage water,
and were taken from a variety of depths. The wide distribution of tritium ages at
various depths in the area covered by the thin, supraglacial deposits of the Des
Moines lobe attests to the complexity of ground-water flow in this arca, as
discussed in Plate 6. All but one of the “C samples from this area were too young
for the range of “C dating, which indicates that water is getting from the surface to
even the deepest wells within a few centuries.

Most areas rated as High or Very High sensitivity are in northeastern Rice
County, and through the Cannon and Straight River valleys, similar to the
sensitivity of the near-surface ground-water system map on the plate supplement.
Most of the samples with detectable tritium came from wells located in the
northeastern part of the county, However, there are also several deeper wells in this
area with vintage water. The boundary between recent and vintage waters in
northeastern Rice County can be seen on cross section E-E” on Plate 8.
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offices of the Minnescta Geological Survey and the Minnescta Department
of Natural Resources. Every effort has been made to ensure the
interpretation shown conforms to scund geclogic and cartographic
principles. This map should not be used to establish legal title, boundaries,
or locations of improvements.

tqual opportunily to participate in and benefit from programs of the Minnesola
Depariment of Natural Resources is available to afl individuals regardiess of race,
color, national origin, sex, sexual orientation, marital status, status with regard to public
assistance, age or disability. Discriminafion inquiries should be sent fo: MN/DNR, 500
Lafayette Road, St Paul, MN 55155-4031; or the Equal Opporiunily Office,

Depariment cf the Interior, Washingfon, D.C. 20240.
" ’(‘ . {PRINTED WITH
'..‘ @ SOY INK|

©1997 State of Minnescia,
Department of Natural Resources




