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HYDROGEOLOGY OF THE SURFICIAL AQUIFER AND THE BURIED SAND AND GRAVEL AQUIFERS
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INTRODUCTION

This plate describes the distribution of Quaternary sand and gravel aquifers, groundwater flow, ground-
water use, and the occurrence of arsenic in groundwater in Carver County. The groundwater resources of the
county include 1 surficial sand and gravel aquifer, 6 buried sand and gravel aquifers, and 8 sedimentary
bedrock aquifers. These aquifers are mapped and characterized from approximately 3,900 wells from the
County Well Index (CWI), a database of wells in Minnesota described in Plate 1, Part A. Seventy-three
percent of these wells are constructed in Quaternary sediment, 25 percent in bedrock aquifers, and 2 percent
have no aquifer information. Approximately 78 percent of permitted water use comes from bedrock aquifers.
Arsenic in concentrations exceeding the EPA standard of 10 parts per billion was found in 26 of the 96 wells
sampled for arsenic.

WATER TABLE AND POTENTIOMETRIC SURFACES
OF MAJOR QUATERNARY SAND AND GRAVEL AQUIFERS

Surficial Sand and Surficial Till

The water table is defined as the surface below which sediment is saturated with groundwater. The water
table occurs in both aquifer and nonaquifer sediment across the entire county. Most of the county has
fine-grained sediment at the land surface. This fine-grained sediment does not readily release water to wells
for water supply and therefore is not considered an aquifer. Only 11 percent of Carver County has surficial
sand at the surface; the surficial sand is shown in stipple pattern on Figure 1 and also on Figure 4, Plate 4,
Part A. The surficial sand (water-table) aquifer is the portion of the surficial sand that is below the water table
where there is sufficient saturated thickness to install a well and economically pump groundwater. The
surficial sand is very thick, up to 260 feet, in southeastern Carver County near the broad valley now occupied
by the Minnesota River. Elsewhere in the county the surficial sand is generally less than 20 feet thick and the
water-table aquifer is very limited. Only 46 wells in Carver County are constructed in the surficial sand
aquifer, so there is little direct information on the elevation of the water-table surface.

The water table (Figure 1) generally follows the surface topography: higher in the uplands and lower in
the valleys. In general, the water table is within 10 feet of the land surface. Near the Minnesota River valley,
the water table is more than 120 feet below land surface.

The water-table elevation was estimated from several sources of data including water levels in wells
constructed in the surficial sand aquifer and the elevation of surface water bodies (rivers, perennial streams,
and lakes) from a Light Detection and Ranging (LiDAR) based digital elevation model (DEM). These data
are supplemented with polygon shapefiles of soils and associated tabular data from the Natural Resources
Conservation Service (NRCS) that estimate the depth to water table for wet soils (NRCS, 2011). A 100-meter
grid of points was established over wet soil polygons. Estimates of depth to water for each point are sampled
from each relevant soil polygon; surface elevations are determined by sampling the LiDAR data at that
location. The water-table elevation at each point was calculated by subtracting the estimated depth to water
from the surface elevation. All of the data described above were assembled and interpolated to create an
estimate of the county-wide water-table surface (Figure 1). A generalized depth-to-water-table grid is includ-
ed with the digital GIS project data, but is not shown in this report.

Quaternary Buried Sand and Gravel Aquifers

was from bedrock aquifers (Figure 8 and Table 2). Pumping from Quaternary aquifers accounted for only
17.5 percent. The Prairie du Chien and Jordan are the most-used aquifers; a total of 31.1 percent was
withdrawn from these two aquifers. The Prairie du Chien and Jordan are separate aquifers, but most of the
water is pumped from nine wells owned by the City of Chanhassen that are constructed across both aquifers.
The Upper Tunnel City and Wonewoc aquifers are the second-most used. Wells constructed across these two
adjacent aquifers account for 17.5 percent. The Mt. Simon and Fond du Lac aquifers are the third-most used,
collectively accounting for 14.1 percent. Two wells constructed over the entire Wonewoc to Mt. Simon
interval account for 9.3 percent. Bedrock aquifers are discussed in more detail on Plate 8.

ARSENIC IN GROUNDWATER IN CARVER COUNTY

Arsenic is commonly found in the Quaternary sand and gravel aquifers and in the shallow bedrock
aquifers in Carver County. Arsenic is found in many wells constructed in these aquifers. Current science
cannot predict the concentrations, therefore all wells constructed in one of the sand and gravel aquifers or in
a shallow bedrock aquifer should be tested for arsenic. The Environmental Protection Agency (EPA) requires
that community water supplies not exceed 10 parts per billion (ppb) arsenic (Environmental Protection
Agency, 2001). Figure 1 shows all water samples that had 5 ppb or more arsenic. Arsenic concentration can
vary over time; well-water samples that had 5 ppb or more arsenic should be resampled to determine if the
arsenic level of the first water sample is representative.

Arsenic in concentrations greater than or equal to 10 ppb was found in 26 of the 96 wells tested.
Twenty-three of these wells were constructed in Quaternary buried sand and gravel aquifers, two wells were
constructed in the Jordan aquifer, and one well was constructed across both the St. Lawrence confining unit
and the Upper Tunnel City aquifer. Arsenic concentrations greater than or equal to 5 ppb and less than 10 ppb
were found in 19 additional wells. Thirteen of these wells are constructed in Quaternary buried sand and
gravel aquifers, one well is constructed in the St. Lawrence confining unit, three wells are constructed in the
Upper Tunnel City aquifer, and two wells are constructed in the Wonewoc aquifer. Eight of the nine bedrock
wells with arsenic concentrations greater than or equal to 5 ppb are constructed in a unit that forms the top of
the bedrock surface and are probably recharged from Quaternary units.

The factors affecting elevated arsenic concentration in groundwater are not completely understood.
Erickson and Barnes (2005) found a strong correlation with wells constructed in aquifers associated with
northwest provenance tills. In this atlas northwest provenance tills are subdivided into the Riding Mountain
and Winnipeg provenances (Figure 1, Plate 3, Part A). Except for the rt till, all of the mapped tills in Carver
County are northwest provenance. The original arsenic reservoir is probably arsenic-bearing pyrite from
small shale particles in these tills. Some of this arsenic has been previously released and then adsorbed to
surfaces of the pyrite crystals and other small particles during earlier oxidizing conditions. This surface
adsorbed arsenic, the most chemically available form, is released under reducing conditions to groundwater
(Nicholas and others, 2011; Thomas, 2007).
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