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2. Introduction

2.1 Purpose and Scope

Identification and characterization of springs are important for effective water
management in many drainage basins. Springs may provide significant recharge to streams or
lakes, sustain protected wetland or aquatic ecosystems, or serve as sources of public water
supply. In some areas, recent population growth or economic development may pose a threat to
springs. When local demands for water increase, additional water is often provided by extracting
groundwater through high capacity wells. If a high capacity well is located within the recharge
area of a spring, the discharge rate of the spring can be significantly reduced, sometimes
resulting in surface water degradation. In recognition of this risk, the 2003 Wisconsin Act 310
(Groundwater Protection Act) directs the Wisconsin Department of Natural Resources (DNR) to
review applications for high capacity wells and to assess the environmental impacts of these
wells on springs with a discharge rate of | cubic foot per second (cfs) or more. Accurate
assessment of the environmental impact of wells on springs is currently limited by insufficient
information on the location and recharge area of many springs. The scarcity of information on
springs is especially significant in areas with rapidly growing populations, such as St. Croix
County. St. Croix County is located approximately 30 miles east of downtown Minneapolis-St.
Paul along the St. Croix River in west-central Wisconsin (Figure 1), and the population in St.
Croix County grew by 70% since 1970 and 12.7% between 2000 and 2003 (U.S. Census
Bureau). State and county officials predict an additional 55% increase in population by the year
2020 (Kostka er al., 2004). This rapid population growth has increased the demand for
groundwater extraction in the area, and current hydrogeological information is needed to protect
local groundwater resources such as springs.

Minneapolis - St. Paul' A =
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Figure 1: Location of St. Croix County, Wisconsin.






the Ancell Group, overlies the Prairie du Chien and is the uppermost bedrock unit for about 20%
of the county. The Ancell Group is primarily composed of sandstone with an overlying shale
unit. Both the Prairie du Chien and Ancell Groups dip westward and tend to thin to the northeast
(Juckem et al., 2005). Faults, mostly unmapped, are present in both the Ordovician and
Cambrian bedrock and may strongly influence groundwater flow patterns.
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Lithology
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5 5 Ancell St. Peter sandstone
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z o dolomite &
— 'g Prairie du Shakopee sandstone
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E Wonewoc sandstone
E
s shale &
8 Eau Claire sandstone
Elk Mound
Mt. Simon sandstone

Figure 2: Stratigraphic column of bedrock units in St. Croix County.
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Figure 3: Uppermost bedrock units in St. Croix County (St. Croix Land and Water Conservation
Dept., 2005).
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Figure 4: Depth to groundwater (ft) across St. Croix County (St. Croix Land and Water

Conservation Dept., 2005). The depth to groundwater is greatest in areas of thick glacial deposits

and in some areas where thinner unconsolidated deposits are underlain by the Prairie du Chien
bedrock.
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Figure 5: Elevation of the groundwater surface (ft above mean sea level) in St. Croix County (St.

Croix Land and Water Conservation Dept., 2005). Flow directions vary locally, but the regional
flow direction is to the west.












recharge area, the area covered by that soil was determined, and the WEPP model was run to
determine the average groundwater recharge rate into that soil. Then, the recharge rate was
multiplied by the area of that soil type to find total recharge into that soil. When the WEPP
model had been used to calculate total recharge for each soil type within the estimated recharge
area, the volume of recharge that infiltrated into all the soils was calculated and compared to the
spring discharge. If the estimated recharge was not within 20% of the measured discharge, the
estimated recharge area was modified to produce an area that seemed more likely provide a
recharge similar to the measured discharge. Then, the WEPP modeling process was repeated
using the soils in the revised recharge area. Thus, the delineation of recharge areas was an
iterative process based upon groundwater elevation maps and infiltration modeling. Recharge
areas were estimated for the springs with discharge greater than 1.0 cfs and for closely-spaced
groups of springs whose combined discharge was greater than 1.0 cfs. When springs were
closely spaced, the discharge was summed for all springs in a small area, and a single recharge
area was estimated based upon the sum of the discharges for these springs.

Groundwater Elevation
(Feet above MSL)

Figure 6: Estlmated rechdrge area overlam on a sculs map. The recharge for edch 5011 type within
the estimated recharge area was calculated using the WEPP model.

Groundwater residence time measurements obtained from CFC concentrations were used
to ensure that the recharge areas estimated using WEPP were sufficiently large to contain the
likely travel path of the water sampled for CFC concentrations. First, the average groundwater
velocity (v) was calculated along the central flow path of the recharge area. To estimate the
velocity, typical values for the hydraulic conductivity (K) and porosity (n) for the geologic unit
in the spring recharge area were determined (Driscoll, 1986), and the groundwater gradient
(dh/dx) was calculated from a map of the groundwater elevation. The velocity was then
calculated as:
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