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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

Multiply By To Obtain
Length
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square foot (ft%) 0.09290 square meter
square mile (miz) 2.590 square kilometer
Volume
cubic foot (ft) 2831 liter
gallon (gal) 3.79 liter
Hydraulic Conductivity*
Foot per day (ft/d) 0.3048 meter per day

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.

*Hydraulic conductivity: The standard unit for hydraulic conductivity is cubic foot per day per square foot of aquifer cross-sectional area
(ft’/d)/ f>. In this report, the mathematically reduced form, feet per day (f/d), is used for convenience.

Other abbreviations:
f/d cubic feet per second

gpm gallons per minute
in/yr inch per year

The stratigraphic nomenclature used in this report is that of the Wisconsin Geological and Natural History Survey and does
not necessarily follow usage of the U. S. Geological Survey.
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Figure 3. Measured (1966-2000) and simulated Fish Lake stage (1996-98), Dane County, Wisconsin.

tions such as Baraboo, Arlington and Madison that are
located within 15 mi of the lakes (fig. 4). Depth to the
water-table measured from land surface at Well IW-110
near Arena (fig. 1), which is approximately 17 mi south-
west of Fish Lake, decreased about 5 to 6 ft over the
same period of time that Fish Lake stage increased
almost 9 ft (fig. 5). Significant increases in baseflow of
various nearby streams have been documented (Gebert
and Krug, 1996) during this period.

One of the closest stream-gaging stations to Fish
Lake with an adequate period of record to estimate
baseflow is Black Earth Creek at Black Earth (fig. 1),
which is located approximately 11 miles southwest of
Fish Lake. Baseflow at this station has increased about
30 percent since 1966 as shown by the regression line in
figure 6. In the shallow unconfined ground-water-flow
system there often is an excellent hydraulic connection
between streams and ground water. The increase in
Black Earth Creek baseflow has been attributed to
increased ground-water seepage (Field and Graczyk,
1990). In order to increase ground-water seepage to a
stream, ground-water recharge to the aquifer providing
baseflow to the stream also must increase.

Recharge rates could increase by increasing the
rate of infiltration or the amount of time infiltration
takes place. Most recharge to the ground-water system
takes place in the spring after frost leaves the ground but
before evapotranspiration depletes soil moisture (Steuer
and Hunt, 2001). A good correlation (R? = 0.71) results
between the 5-year moving averages of baseflow at

Black Earth Creek and snowfall at Madison (fig. 7), the
closest weather station with available snowfall record.
R2, coefficient of determination, is an indicator that
ranges from O to 1 and reveals how closely the estimated
values for the trendline correspond to the actual data. A
trendline is most reliable when its R? is at or near 1.

Generally, snowfall provides a source of recharge
water and acts as an insulator against frost. It is postu-
lated that during years with relatively more snowfall,
more water is available for recharge over a longer
period of time and the smaller amount of frost in the
ground is expected to redistribute the snow water by
reducing overland flow and increasing recharge to the
ground-water system.

Model Assumptions and Development

A telescopic-mesh refinement of the Dane County
ground-water-flow model (Krohelski and others, 2000),
was used as a framework for the ground-water-flow
model used to simulate the stage of Fish, Mud and Crys-
tal Lakes (figs. 8A and B). As previously described, the
sand and gravel and the upper bedrock aquifers, as
defined in the Dane County ground-water-flow model,
were grouped into a shallow aquifer and assumed to
have similar hydraulic properties. For model simula-
tions this shallow aquifer then was divided into two lay-
ers of equal thickness except under Fish, Mud and
Crystal Lakes (fig. 8C). This division ensured that the

SIMULATION OF LAKE/GROUND-WATER SYSTEM 7
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Figure 4. Average annual precipitation at Prairie du Sac and Baraboo—Sauk County, Madison—Dane County, and Arlington—
Columbia County; Wisconsin, 1967-99. (Data are from Midwestern Climate Center, hitp://mcc.sws.uiuc.edu). [Rz, coefficient of
determination, is an indicator that ranges from 0 to 1 and reveals how closely the estimated values for the trendline correspond
to the actual data. A trendline is most reliable when its R? is at or near 1].
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Figure 5. Depth to water table from land surface in well IW-110, 1966-99, lowa County, Wisconsin.
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Figure 6. Black Earth Creek at Black Earth annual baseflow, 1966-98, Dane County Wisconsin.
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In 2001, the U.S. Geological Survey, in cooperation
with the Dane County Lakes and Watershed Commis-
sion and the Wisconsin Department of Natural
Resources, completed a 2-year study that described the
hydrology of Fish, Mud and nearby Crystal Lakes, their
watersheds, and their relation to the shallow ground-
water system. As part of the study, a model was devel-
oped to simulate the effect of pumping water from Fish
Lake on future lake stages.

MODFLOW and the new LAK3 package were
used to develop steady-state and transient ground-water
flow models to simulate the interaction of Fish, Mud,
and Crystal Lakes with the shallow ground-water flow
system. The steady-state model was based on the previ-
ously developed Dane County regional model, although
simplifying assumptions were made to stabilize the
model solution and allow underflow beneath the lakes.
Optimal parameters of recharge and hydraulic conduc-
tivity were estimated using the steady-state model and a
parameter-estimation model (UCODE). Calibration tar-
gets for the steady-state model consisted of ground-
water levels, streamflow and lake stages at these lakes.
The steady-state model was calibrated satisfactorily
using average climate conditions for the period
1966-98. The transient model was calibrated satisfacto-
rily using an annual recharge rate equal to 80 percent of
baseflow of Black Earth Creek, measured runoft coeffi-
cients and climate data (precipitation and evaporation)
from nearby weather stations. The transient model was
calibrated to Fish Lake stage for the period 1966-98.

After the models were calibrated, the transient
model was used to simulate the hydrologic effects of
withdrawing Fish Lake water over time. Simulation
results indicate that withdrawing Fish Lake water would
lower the stage of the lakes; however, without near-con-
tinuous withdrawal the lake stages should recover in a
few years.
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