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as the difference between the elevation of the bedrock surface and the static water level. The bedrock

surface was defined as the bedrock contact for wells where noted or assumed, or as the value

interpolated from the bedrock contouring described above. The elevation of the static water level

could generally be calculated as the difference between the elevation of the land surface, estimated

from topographic maps, and the depth to water, as reported on the construction reports. When this

information was missing, the elevation of the static waterlevel was interpolated from adjacent wells.

Hydraulic conductivity was successfully calculated from specific capacity data for 327 wells in

the database (Table 2.4). The overall mean was 5.1 x 10"' m/s. The mean for wells pumping less

than 100 gpm, between 100 and 1000 gpm, and more than 1000 gpm was 3.3, 7.1, and 9.5 x 10"' mls

respectively. These values are comparable to the range of values calculated in other areas of the sand

plain (Bradbury et a1., 1992; Rothschild, 1982; Kraft et aI., 1995). Specific capacity derived

hydraulic conductivity compares favorably to that derived from pump tests, for the limited number of

wells where both data are available (Table 2.5). The specific capacity derived hydraulic conductivity

is lower for 2 of the wells and higher for 4 wells, but matches within a factor of 2. The greatest

difference was noted for the Stevens Point #10 test well, where the pump test and specific capacity

hydraulic conductivities were 38.5 and 17.4 xlO"' mls respectively.

Table 2.4. Hydraulic conductivity (m/s) calculated from specific capacity data for the SWP area.

Well Group
AU < IOQuuu ~ 100&< l000lWID ~1000:PID

Sample Size: 327 173 70 84
Geometric Mean:

mls 0.00051 0.00033 0.00071 0.00095
log mls -3.295 -3.486 -3.149 -3.022

Standard Deviation:
log 0.419 0.416 0.302 0.290
-1 std dev 0.00019 0.00013 0.00035 0.00049
+1 stddev 0.00133 0.00085 0.00142 0.00185

Range:
minimum 0.000008 0.000008 . 0.00017 O.OOO2j
maximum 0.00927 0.00220 0.00544 0.00927
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Table 2.5. Comparison of hydraulic conductivity.determined from pump tests and specific capacity
data.

K (m/s x 1~) Specific Cap. Pump Rate Drawdown
Pump Test Calculated (~mlft) (~m) (feet)

Plover #1 8.37 5.77 40 1000 25
Pt279 8.25 8.91 52 1200 23
St.Pt #10 (test) 38.5 17.4 100 1340 13.4
Pt567 32.0 48.5 200 1600 8
St Pt #6 44.3 48.5 343 2400 7

The differences related to pump rate probably reflect several factors that are difficult to

separate. For many of the wells, the variation is related in turn to spatial differences in aquifer

material and permeability. For example, the high capacity irrigation wells tend to be clustered in the

more permeable sand and gravel outwash, while many of the smaller wells are residential wells located

in the more variable moraines. Within the < l00gpm well category, the mean hydraulic conductivity

calculated for 94 wells located in flat outwash was 4.2 xl~mis, compared to 2.5 xl~mls for 55

wells located in moraine areas.

To lessen the influence of spatial variability due to mapped lithostratigraphic units, the mean

hydraulic conductivity was also calculated for the pumpage classes for only wells located in flat

outwash ("su" unit of Clayton, 1986). While the means are closer for the three pumpage classes, the

same trend with pump rate is apparent (Table 2.6). One factor may be the effects of scale. Bradbury

and Muldoon (1990) found that the measured values of hydraulic conductivity tend to increase as the

scale of the measurement increases. A well pumping at 1250 gpm samples a larger portion of the

aquifer than a well pumping at 50 gpm. The low pumping rate wells also exhibit a higher degree of

variability, as indicated by the higher standard deviation of the mean (Table 2.6). This may represent

a greater impact of measurement and rounding errors.

A hydraulic conductivity distribution was constructed for the SWP area using the values
, ,

calculated from specific capacity data (Fi~es 2.10 A,B). .The calculated values were first filtered to

remove inconsistent and questionable wells when compared to neighboring wells, or where too few

wells were located to reliably characterize an area. Low pump rate wells and small wells « l00gpm

or < 8 inches in diameter) were also not used, except if they were the only data available for an area

and appeared reasonably consistent. To smooth the spatial data distribution for a regional perspective,

the hydraulic conductivity values were averaged by section, along with the x and y coordinates. A
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total of 215 wells were averaged to yield 68 plotting pointS. These points were gridded and contoured

using Surfer (Golden, 1990).

Table 2.6. Hydraulic conductivity (m/s) calculated from specific capacity data for wells located in flat
sand and gravel outwash in the Stevens Point, Whiting, and Plover area.

Well Group
All < JOQU'ID ~ J00&< JOO<h:Pm ~JOOOU'ID

Sample Size: 225 94 59 72
Geometric Mean:

mls 0.00061 0.00042 0.00068 0.00095
log mls -3.212 -3.382 -3.170 -3.024

Standard Deviation:
log 0.379 0.401 0.301 0.301
-1 std dev 0.00026 0.00017 0.00034 0.00047
+1 std dev 0.00147 0.00104 0.00135 0.00189

Range:
minimum 0.000019 0.000019 0.00017 0.00037
maximum 0.00927 0.00220 0.00544 0.00927

The hydraulic conductivity tends to be lower in the moraines in the eastern portion of the SWP

area and in the bedrock high area in the northwest. A significant increase in hydraulic conductivity is

apparent for the buried bedrock valley areas in the Stevens Point area. There is no apparent decrease

in hydraulic conductivity westward across the outwash away from the source ofdeposition as might be

expected, except possibly in the extreme southwest area. Possibly the bedrock valley environments

mask this trend within the limited SWP area.

Water Table MaW!iD~

A composite water table elevation map (Figure 2.11) was constructed from data in the well

information database and surface water features noted on USGS 7 1/2 minute topographic maps.

From the well information database, the elevation of the water surface was taken as the land surface

minus the depth to water. Values that appeared to be in error or were suspect, based on compansons

to neighboring wells, previous water table mapping, or known points of elevation, were not used. A

total of 330 well points appeared usable, although they represent a variable water table over many

years of record. To help smooth these points, the 330 values were averaged by section to yield 77

plotting points.



~
N

H H H

o

~
10

o

o

2-25

Figure 2. lOA Hydraulic conductivity (x 10"" m/s) calculated from specific capacity data for the
Stevens Point, Whiting, and Plover area.
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Figure 2. lOB Hydraulic conductivity (log m/s) calculated from specific capacity data for the
Stevens Point, Whiting, and Plover area.
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Lippelt & Hennings

Figure 2.11 Composite water table map for the Stevens Point, Whiting, and Plover area
(feet MSL).
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From the topographic maps, an additional 33 pointS were added, primarily elevation contoW'S

on the Wisconsin, Plover, and Little Plover Rivers, and Hay Meadow Creek, along with spot

elevations for several small ponds or lakes noted on the maps. Surface waters should be an expression

of the groundwater table intersecting the land surface for the unconfined surficial aquifer of the SWP

area.

The 110 water table points were gridded and contoured with Surfer (Golden, 1990). Finally,

the water table contours were fine tuned by directly editing the Surfer grid. This editing was based on

professional judgment of the interactions between surface topography and recharge-discharge patterns,

especially groundwater-surface water relationships not adequately defined by the limited number of

data points. This updated composite portrait of the water table is very similar to the map by Lippelt

and Hennin~ (1981).

Land Manal:ement Map,pinl:

Calculation of nitrogen loading rates for the municipal well recharge areas requires detailed

information on the crops grown, historical crop rotations, and the nitrogen fertilization rates. To

obtain the cropping information, the Portage County generalized land use mapping for the SWP area

was further analyzed using road surveys, air photo interpretation, farm management plans, and farm

records. This analysis was performed by the USDA SWP Wellhead Protection Hydrologic Unit Area

Project staff. Effort was made to identify specific crop rotations where possible for each field,

identify land use conversions such as agricultural to residential, and note changes in field boundaries

relative to cropping practices. These changes were recor~ed on a CAD version of the GIS mapping,

and then transferred back to the GIS system for land management analysis/tabulation relative to

delineated recharge areas.

In addition to the general land use categories, 15 crops with 50 rotations/management

programs were identified for the SWP area. A GIS attribute table was developed that characterized

1,894 individual polygons for land use/management. Recharge area boundaries delineated by particle

tracking (Chapter 4) were imported into the GIS and used to extract and tabulate land management for

the specific subareas. Nitrogen loading for these land uses (Chapter 5) were used to calculate

concentrations at the wellheads (Chapter 6).



CHAPTER 3

GROUNDWATER FLOW MODELING

A model is an approximation of a natural phenomenon. Mathematical models represent

phenomena with sets of equations, generally sol"ved with the help of computer codes. We developed a

flow model describing the groundwater flow system in the SWP area using standard modeling protocol

(ASTM, 1993; Anderson and Woessner,1992): establish the purpose, develop a conceptual model,

select a model code, construct the model, perform calibration and sensitivity analysis, and run

predictive simulations.

MODEL DESIGN

Pw:pose

The groundwater flow model was developed for use as a tool for local groundwater

management and wellhead protection efforts. The model can be used alone to describe groundwater

flow and to predict the effects of pumping wells on other wells and on groundwater quantity or stream

discharges. When coupled with a "particle tracking model" (Chapter 4), simulated groundwater

flowpatbs can be traced from a point back to where they originated, or forward to where they

discharge from a flow system.

The major application of models in this project is to help predict groundwater quality at the

municipal wells. Citizens and decision makers need to know how to address contaminant sources, and

what effects can be realistically anticipated from management strategies. To the present, considerable

research and effort has been applied in the SWP area, but a reliable picture of pollution causes-and

effects remains elusive. Given the continuing demands on the groundwater resource, a sophisticated

management tool is needed to provide essential information and evaluate options. The grouixiwater

flow model fills part of this need.

Conceptual Model

Our conceptual model of area hydrogeology stipulates that only flow in the glacial outwash and

moraine aquifer is significant. The aquifer is unconfined, variably thick, and its base is defined by

contact with bedrock or hillslope deposits. Vertical groundwater flow is insignificant at this scale of

analysis, and the aquifer can be adequately modeled as a vertically homogeneous hydrostratigraphic

unit. Areal heterogeneity, however, needs to be considered.
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Groundwater recharge is primarily from precipitation. Discharge is primarily to area streams

and wells. Streams may also recharge groundwater if pumping wells are located nearby. East of the

Plover and Wisconsin Rivers, groundwater flows generally southwest and west from a regional

groundwater divide located in the moraine about 5 miles east of the municipal wells. Row west of the

Plover River is generally southeasterly from the groundwater divide with Hay Meadow Creek.

Discharge to irrigation wells is treated as a reduction in net groundwater recharge in areas where

irrigation is practiced.

The model boundaries (Figure 3.1) for the flow system are defined with a combination of

physical and hydraulic boundaries. Physical boundaries are the Wisconsin River and Hay Meadow

Creek which define the western extent. These are modeled as constant head boundaries. Hydraulic

boundaries form the remaining limits of the model. The regional groundwater divide forms a no-flow

boundary on the east, and flow-line no-flow boundaries form northern and southern boundaries. All

external boundaries are located far enough from the area of interest that minor uncertainty does not

significantly impact model results.

Model Implementation

The flow model was implemented using the USGS MODFLOW code (McDonald, and

Harbaugh, 1988), a finite difference numerical model. This code has been rigorously verified and is

commonly used for hydrogeologic investigations. The model has the flexibility to handle the boundary

conditions, spatial variability, and hydraulic stresses occurring within the SWP area. Based on the site

characterization, adequate data are available for impl~mentingthe conceptual model. The model

design is shown in Figure 3.1. It is one layer, steady-state, and unconfined. ModelCAD386

(Geraghty & Miller, 1993) was used as a preprocessor for the MODFLOW model. Input data files for

the final model are reproduced in Appendix A.

Grid

The project area was discretized into a grid of 71 columns by 114 rows (Figure 3.1). For

convenience, the grid was oriented colinear with the state plane coordinate system (north/south axes).

The grid spacing is a compromise between minimizing the number of nodes relative to computational

costs, and maximizing the accuracy of the nodal representation of the water table curvature and the

variability in aquifer properties and stresses such as river, drain, and pumping nodes. An irregular

grid was therefore used so that smaller cells could be used to define the area of pumping wells and
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Figure 3.1 Design of the MODFLOW model for the Stevens Point, Whiting, and Plover study
area.


