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riverlgroundwater interactions. The smallest cell dimension is 100 meters (328 ft). The cell size

expands incrementally by a factor of approximately 1.25 to a maximum of 400 meters (1312 ft).

BowuJaries

Model boundaries are no-flow on the north, east, and south. Boundaries were picked to

represent the curve of the flowlines and groundwater divide as closely as discretization allowed.

Values for constant head nodes along Hay Meadow Creek and the Wisconsin River were interpolated

from surface water elevations and topographic contours noted on USGS 7 lh minute topographic maps.

Bedrock elevation, though not an explicit model boundary, is an important hydrologic boundary and is

important in calculating aquifer thickness in the model. The bedrock elevation datum was based on the

bedrock contour map (Figure 2.9) developed from 256 plotting points as noted in Chapter 2. Bedrock

elevations were interpolated for each cell using the Surfer grid file for the contour map. Because of

variability in the bedrock surface across a cell and the uncertainties of the data, the model cell values

were rounded to the nearest 5 foot interval.

Hydraulic Conductivity

Because the aquifer is unconfined, hydraulic conductivity is input for each active cell in the

model. As with the bedrock surface, hydraulic conductivity was interpolated for each cell for the

initial iteration of the model from the Surfer grid file developed for the area-wide hydraulic

conductivity contouring described in Chapter 2 (Figure 2.10). As previously noted, the average

hydraulic conductivity for the SWP area is in the 7 to 9 xl~ mls range. To best represent this in the

model, individual cell values were interpolated to the nearest 1.5 xl~ mls (0.0005 ftls) interval within

the range 1.5 to 15 xl~ m/s. The significantly higher values above this range associated with buried

valleys were interpolated to the nearest 3.0 xl~ mls (0.0010 ftls) interval.

Sources/Sinks

Model sources and sinks simulate water that recharges or discharges within model boundaries.

Some examples include recharge from rainfall and discharges to streams, drainages, and wells.

Average net recharge varies across the model domain, and is dependent on geology and land use. A

noted in chapter 2, the average recharge rate on nonirrigated outwash areas is about 10 inches per

year, and so we initially assigned this value to nonirrigated parts of the project area. Net recharge on

irrigated fields is about 6 incheslyear, due to higher evapotranspiration. At the scale of the project,

few model cells contain all irrigated fields, rather, cells in irrigated areas usually contain a mix of both

irrigated and nonirrigated land uses. To reflect this mix, we assigned a recharge rate of 8 inches per

year for model cells in irrigated areas.
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River fluxes for the Plover River, Little Plover River,. and a small portion of Lost Creek were

modeled as variable sourceslsinks using the MODFLOW river package. This package allows the river

cell or node to be a sink if flow is toward the river (gai$g stream) or a source if flow is out of the

river (losing stream). River fluxes are calcula~by the model using a riverbed conductance term and

the driving difference in head between the river stage and the calculated groundwater elevation in the

cell. However, if the groundwater elevation drops sufficiently below the riverbed, the condllc~ce

term becomes limiting and further drops in the ca!culated groundwater.elevation do notinfluence the

flux. This riverbed bottom elevation was taken as one foot below the actual riverbed elevation as

interpolated from USGS 7 lh minute topo maps. The Plover River stage was defined as the reservoir

stage or assumed 'as two feet.~bove the interpolated riverbed. The Little Plover and Lost Creek stage

was defined as one foot above the interpolated riverbed elevation. The riverbed conductance term is a

function of the riverbed vertical hydraulic conductivity and the riverbed geometry within the cell. A

value of 0.42xlo-' mls was considered a reasonable estimate of the riverbed hydraulic conductivity

based on the horizontal hydraulic conductivity and the limited data available on vertical conductivity as

noted in Chapter 2. A rough estimate of riverbed geometry was made for each cell based on the

length of river within the cell.

Additional sinks ,that need to be considered are the numerous drainage ditches and intermittent

streams in the active portion of the model area. These drainages are conduits that can receive

significant amounts of groundwater if the water table rises above the drain elevation. These drains are

different from river nodes in that they are considered dry and do not contribute or lose water to

recharge groundwater when the water table is below the drain elevation. Input for the MODFLOW

drain package was determined similar to the river package. Drain elevation was defined as the

elevation interpolated from topo maps, and drainbed conductance was defined as for rivers. River and

drain, cells are indicated on Figure 3.1.

Our calibration excluded large scale municipal and industrial wellfield pumpage. Wellfield

pumpage was not high or consistent through much of the 1945 to 1990 time period represented by the

composite water table data. A post-modeling analysis indicated such pumpage would have little ~ffect

on heads near target data points.

Solver Package

Several solution packages are available in the MODFLOW code. These solvers use iterative

techniques which make successive approximations of the head distribution as the solution converges on
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an error criterion. lbat is, model convergence is defined as when the specified error criterion is

greater than the largest change in calculated head at each active node between successive iterations.

We used the solver Preconditioned Conjugate-Gradient 2 (pCG2; Hill, 1990) with an error

criterion of 0.001 ft for maximum change in hydraulic head and 0.001 ff for maximum residual for

the iteration. This allows a reasonable interpretation of the calculated heads to the 0.1 ft level. The

Strongly Implicit Procedure and Slice-Successive Overrelaxation solver packages by McDonald and

Harbaugh (1988) would not converge at an acceptable error criterion.

MODEL CALWRATION

Calibration is the process of refining the model representation of the hydrogeologic

framework, hydraulic properties, and boundary conditions to achieve a desired match between model

outputs and field observations (ASTM, 1993). Model calibrations usually attempt to match modeled

and field-measured hydraulic heads and stream flows. Model inputs and stresses are then adjusted

until the model reproduces the field observations with acceptable error.

Calibration Tar~ts

Ideally, the calibration values for a steady state model would consist of specific points or

periods of time in which the system is at equilibrium. Such a data set is almost never available for

modeling purposes, and this is true for the SWP area. As noted in Chapter 2, considerable. real world

transient data is available from well logs and well and streamflow monitoring, but these data represent

the dynamic response of the flow system to continually changing stresses.

The composite water table contour map described in Chapter 2 (Figure 2.11) Was used as a

qualitative calibration target, matching contoured model head values by eye. Two sets of quantitative

head targets were also used. The well log database and topographic maps provided 347 usable points

of "observed" water table information for active cells. Forty-nine cells had two points that were

averaged, yielding 298 cell values (Figure 3.2). A second set was developed by interpolating the

Surfer grid file for the water table mapping to each of 6795 active cells. Potential errors in the

calibration targets include the effects of measurement/reporting methods, transient effects (climatic,

well pumpage, etc) from a long time span of measurements, interpolation errors, nonuniform

distribution or representation, target locations not at node, and rounding/smoothing effects.

In addition to hydraulic heads, calibration to streamflow fluxes was also considered. The net

loss or gain in streamflow predicted by the model can be compared to measured changes in surface



H H H

3-7

~o

-f97

2

MILES

~100 Well Point 
Target Water
Elevation

~
N

o

Figure 3.2 Point calibration targets for the Stevens Point, Whiting, and Plover MODFLOW
model.



3-8

water flow. Approximately 33% of the Plover River watershed and all of the Little Plover River

watershed is within the modeled SWP area.

The average flow for the Little Plover River at the USGS gaging station at Hoover Road (1.2

miles upstream from mouth) is 9.6 cfs (Devaul and Green, 1971). Approximately 90% of the flow, or

8.6 cfs, is attributable to groundwater baseflow (Holt, 1965).

Plover River fluxes can be less directly analyzed because a majority of the watershed is

outside of the SWP area, and streamflow measurements are not available to describe just the SWP

area. Devaul and Green (1971) noted an average flow of 143 cfs for the 136 square mile watershed,

or approximately 1.05 cfs/sq mile. Holt (1965) noted that approximately 75% of streamflow is from

groundwater, or 0.79 cfs/sq mile. Using this figure, the 44 square miles of watershed above McDill

Pond and within the modeled SWP area would contribute 34.8 cfs.

Calibration Process and Results

Calibration strategy

Our calibration strategy was to first adjust model inputs in which we had the least confidence;

when these adjustments had to be unrealistic in order to achieve a successful match, we then adjusted

the next input in which we had the least confidence. We sought to avoid making adjustments in a

patchwork fashion when a larger scale change could be performed. We did not consider modifying

boundary conditions as part of the calibration process, since the boundaries are relatively reliable and

are located remote from the principal areas of interest. We also considered river and drain node

elevations to be reliable and did not modify them in calibration. River and drain conductances were

not modified during the calibration because the model is insensitive to these parameters (as discussed

in the following section on sensitivity analysis).

Parameters adjusted to achieve calibration were hydraulic conductivity, recharge, and bedrock

elevation. Hydraulic conductivity has the highest degree of uncertainty since it was estimated from

sparse pump test data and unverified specific capacity data. The data suggest hydraulic conductivity

spans a range of up to two orders of magnitude across the SWP area. Where hydraulic conductivity

adjustments were insufficient or unwarranted, reasonable adjustments in recharge were made. While

inverse modeling studies (WGNHS, 1986; Bradbury et al., 1992) have suggested considerable local

variability in recharge is possible, there is little support for drastic changes in the assumed recharge

rates within the SWP area for calibration purposes.
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Bedrock elevations were judged to be generally more relia;blethan recharge and hydraulic

conductivity, and were therefore adjusted only to correct for interpolation inac::curacies, or to addre~

conditions in the northwest where groundwater flow Iruly occur through bedrock residuum.

Interpolation inaccuracies in the original model input occurred in some cells in the Plover River and

Hay Meadow Creek. Some cells in these areas initially had bedrock elevations slightly higher than

river stage or constant head values. In this instance, bedrock elevations for affected cells were

adjusted downward by 5 to 10 feet to eliminate theprob~em.

(:alibration process

When the model was initially run, the overall match with the calibration targets was fair.

Problems were encountered in the northwest where cells went dry; in the extreme northeast where

output heads were too low; south of the Little Plover River and along the eastern groundwater divide

where output heads were too high; and in the Little Plover River, where baseflow was low.

Numerous trial and error qlodel runs were made to calibrate the model. To lower output

heads in the east and south, the hydraulic conductivity was increased by 0.001 to 0.002 ftls, possibly

reflecting an initial underestimation of hydraulic conductivity in these permeable outwash areas. To

raise output heads in the extreme northeast, an area of complex surficial geology and scattered organic

deposits (Figure 2.3), hydraulic conductivity was decreased.

The cell de-watering in the northwest appeared to be related to several causes. The northwest

is different than most of the SWP area. Sand and gravel materials are thin and may have low

permeability, groundwater flow through the bedrock residuum may be relatively important, and

significant surface runoff may occur at the expense of groundwater recharge. In the initial run, the

input aquifer base as interpreted from the bottom of the sand and gravel aquifer resulted in numerous

cells with a target water elevation below the bottom of the aquifer by up to 21 feet, a situation which is

physically impossible. To address these issues, the bedrock in the northwest was uniformly lowered

with smooth transitions. This resulted in bedrock elevations being adjusted by an average of -19 feet,

with some as much as -40 feet. At the same time, hydraulic conductivity was changed by -0.001 to

-0.005 ftls to reflect less permeable sand and grav~l as well as potential flow through residuum. (As

noted in Chapter 2, Qydraqlic conductivity determined by slug tests for this type of material was nearly

2 orders of magnitude less than the average hydraulic conductivity for sand and gravel outwash.) In

addition, we changed recharge rates by -2 to -4 inches to reflect the tighter soils and higher surface

runoff. We cannot say for certain how well this representation in the northwest reflects reality because
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of an absence of field data, however, sensitivity analyses indicate effects on zone-of-contribution

delineations would be minimal.

In the immediate area of the Little Plover River, we increased recharge rates to bring up the

discharge rate. This had a negligible effect on hydraulic heads.

Calibrated model

The final calibrated hydraulic conductivity distribution is given in Figure 3.3. Changes from

the initial distribution based on hydraulic conductivity mapping from specific capacity data are shown

in Figures 3.4 A,B. These changes were well within the expected range across the SWP area, with

the largest reductions apparently related to non-outwash materials. The changes represent a -97.5 % to

+ 167% range, with an average change of -4%. For cells adjusted downward, the average change was

-44%. For cells adjusted upward, the average change was +43%. The final distribution minimum is

lxl~ ftls and maximum is 1.4x10-2
, or approximately 2 orders of magnitude. A good match with

head targets was achieved with these adjustments, except for the northwest area where high bedrock

cells continued to go dry during the simulation without bedrock adjustments.

The final recharge distribution for the model is given in Figure 3.5. As previously noted, the

average recharge rate for the area is 10 inches/year. Deviations from 10 inches that were

incorporated into the model are shown in Figures 3.6 A,B. The initial conditions included a reduction

to 8 inches/year for areas dominated by irrigated agriculture. The recharge deviations from 10

inches/year represent a range of -80% to + 20% change, with an average change of -30% or -3

inches.

The bedrock adjustments that were incorporated into the model are shown in Figure 3.7.

Adjustments were limited to the high bedrock area in the northwest.

Modeled heads compare favorably with the target contour map (Figure 3.8). Residuals (the

difference between known heads and the model simulated heads) for the two target groups are given in

Table 3.1. The mean residual is very low for both sets, although large negative and positive residuals

might be hidden in this statistic. The mean absolute value of the residuals is higher, but small relative

to the overall change in heads across the active nodes. The root mean square (RMS) of the residuals is

defined as the square root of the average of the squared residuals, and is generally considered the

preferred measure of the model fit to calibration data. The RMS for the two calibration target sets is

considered adequately small, especially relative to the overall change in heads.
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Figure 3.3 Hydraulic conductivity zones for the calibrated Stevens Point, Whiting, and Plover
model.
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Figure 3.4A Changes in hydraulic conductivity (ftls) for calibration of the Stevens Point,
Whiting, and Plover model.
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Figure 3.4B Changes in hydraulic conductivity (percent) for calibration of the Stevens Point,
Whiting, and Plover model.


