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Figure 2.1 The Stevens Point, Whiting, and Plover study area.



2-3

"" .....

~1 :,,/,
.. ..... :

Plover 1..

.........(]),.. : .... ?J..

~
N

0

MILES·
H H H »
0 1 2

Figure 2.2 The Stevens Point, Whiting, and Plover wellfields.
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The Plover wellfield is located on the far eastern edge of the village, just north of County

Highway B. This wellfield contains two 20 inch diameter wells, constructed in 1988. Prior to this,

the Village of Plover did not have a municipal water supply system (Donohue, 1989).

Consolidated Paper Company also operates an industrial well (A, Figure 2.2) along the Plover

River at Patch Street between the Whiting and Stevens Point #5 wellfields. Current total pumpage is

approximately 3.75 cfs. At this pump rate, the Consolidated well does not affect the shape of

municipal wellfield recharge areas. Should pump rates increase significantly, the impacts of this well

would need to be reconsidered.

Aquifer Units and Characterization

The municipal wells are developed in a surficial sand and gravel aquifer of glacial origin.

Geologic cross-sections and stratigraphy in the vicinity of Stevens Point and Whiting are typical for the

recharge area (Figure 2.3). A "bowl" of unconsolidated glacial meltwater deposits forms a significant

unconfined aquifer to the east of the urban area. For the most part, these deposits overlay

Precambrian granitic bedrock and a thin layer of bedrock residuum type material (billslope deposits)

that effectively defines the lower extent of the sand and gravel aquifer. Cambrian sandstone is found

in the southern part of Portage County, but does not occur in the SWP area except for isolated mounds

in the Little Plover River area.

General groundwater flow within this aquifer (Figure 2.4) is towards the Wisconsin River and

Plover and Little Plover tributaries (Lippelt and Hennings, 1981). The eastern flow system boundary

is a topographic and groundwater high in glacial moraines, approximately 5 miles east of the SWP

area, which forms a divide between the Wisconsin River and TomorrowfWaupaca River watersheds.

A bedrock high and groundwater divide also occur in the northwest separating flow between the

Wisconsin RiverlHay Meadow Creek Tributary and the Plover River.

Holt (1965) described this area as the sand-plain province, an extensive and relatively uniform

area of well-sorted Pleistocene outwash sand and some gravel, with little silt or clay. Clayton (1986)

describes the Pleistocene material as slightly gravelly sand, gravelly sand, and sandy gravel of the

Horicon formation. The material was generally deposited by shallow, braided, melt-water streams

extending west from the western extent of the Green Bay lobe of late Wisconsin age. Because of the

depositional environment, the outwash tends to be coarser near the source (moraines) and becomes

finer moving to the west (Rothschild, 1982; Weeks and Stangland, 1971; Clayton, 1986).
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Figure 2.3 Pleistocene geology of the Stevens Point, Whiting, and Plover area (adapted from
Clayton, 1986).
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Figure 2.4 Water table elevation in feet MSL (adapted from Lippelt and Hennings, 1981).
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No extensive or contiguous silt or clay bedding is noted in the literature for the outwash in the

SWP area. The sand and gravel layering noted in well logs for Stevens Point #9, Whiting #2, and

Plover #2 is typical for the area (Figure 2.5).

.Thickness ()fthe outwasbmaterials in the SWP area averages around 100-115 feet in the

Plover wellfield~rea, and generally thins to the north (Holt, 1965; Clayton, 1986).

The moraines forming the eastern boundary of this province (Figure 2.3) are glacial till and

associated deposits, also of the Horicon formation. Typical of tills, these materials are locally variable

and contain more silt and clay than the outwash materials. The groundwater divide roughly

corresponds with the Hancock or Outer Moraine, westernmost of the moraines associated with the

Mapleview. member of the Horicon formation. Tills of this member are quite sandy, typically having

5 to 20% gravel, 80 to 90% sand, and 5 to 10% clay or silt (Clayton, 1986). The older Arnott

moraine lies just west of the Hancock moraine, and is composed of finer grained and more weathered

till of the Keene member of the Horicon formation. Particle size distribution is typically 2 to 20%

gravel, 65 to 85% sand, 5 to 25% silt, and 8 to 17% clay (Clayton, 1986). This till overlays older

outwash deposits.

Underlying the glacial till and outwash is a relatively thin layer of a more silty or clayey

material. Clayton (1986) describes this material as hillslope deposits or mass movement deposits

originally derived from locally weathered rock debris, typically 10-12 feet thick. Particle size

distribution is typically 0 to 35% gravel, 15 to 65% sand, 15 to 70% silt, and 3 to 35% clay. Because

of the finer texture, this layer has significantly lower permeability than the outwash.

The bedrock below the hillslope deposits is generally granitic in the SWP area, often noted to

have several meters of rotten or decomposed rock at the contact. While some low yield wells are

developed in weathered or fractured granite where significant unconsolidated materials are absent, the

granite bedrock is generally considered impermeable and a physical boundary for the overlaying sand

and gravel hydrostratigraphic unit (Holt, 1965).

Sandstone of the Dresbach Group of Late Cambrian age overlies the crystalline rock in the

southern portion of Portage County, but is found only as isolated mounds in the sWi> area. Holt

(1965) noted two remnant sandstone mounds just east of Whiting and Plover in sections 2 and 14

respectively of T23N R8E. The mounds generally consist of poorly cemented medium to coarse

grained sandstone capped by beds of well cemented sandstone. The mounds in the SWP area are not a

significant aquifer because of their very limited extent and the much greater water supply available

from the more permeable outwash.
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Figure 2.5 Example well logs for the Stevens Point, Whiting, and Plover municipal wellfields.
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Hydraulic Properties

The SWP sand and gravel glacial outwash aquifer has a tremendous water supply capacity,

estimated to be 500 to over 1000 gal/min (Devaul and Green, 1971).

There are several common hydraulic properties used to describe the storage and transmission

of water in an aquifer. Porosity is the ratio of the void volume to the total volume, and represents the

maximum water capacity at saturation. The average porosity, as determined by laboratory analysis,

for well Pt362 (T23N R9E S18 in the Little Plover River basin) was 0.32 (Holt, 1965). Studies in

other central Wisconsin sand plain areas found mean porosities of 0.38 (Stoertz, 1985) and 0.40 (Kraft

et al., 1995).

Specific yield is the portion of the porosity from which water drains by gravity; again

expressed as a ratio of the volume of drainable water to the total volume. The storage coefficient or

storativity is the ratio of the volume of water released or stored per unit surface area per unit change in

head. In unconfined aquifers, the storage coefficient is essentially the same as the specific yield. Holt

(1965) and Weeks and Stangland (1971) suggest an average specific yield of about 0.2 for the sand and

gravel aquifer. The average specific yield for the Stevens Point and Plover wellfields, as determined

by pump tests, is approximately 0.21 (Table 2.1). These values of porosity and specific yield are

typical for well-sorted sands and gravels and glacial outwash (Fetter, 1988).

Table 2.1. Hydraulic conductivity (K) and specific yield (SY) from pump tests for the SWP area.

Location K Thickness
Well TIR/S (xl<t ro/s) SY (m) Source
Pt279 23/9/18 8.25 0.15 24.4 Holt 1965
Pt57/1l1 24/8/34 8.02 0.20 18.0 Holt 1965
Pt544 2317/36 11.3 21.6 Weeks 1964

22/8/2 17.9 0.20 32.9 WeekS & Stangland 1971
Pt567 24/8/26 32.0 0.10 27.1 Hickok 1965
StPt#6 24/8/26 44.3 0.25 25.3 Bahr et al. 1990
Plov#1 23/8/24 8.37 0.084 31.1 Donohue 1989
StPt#lO 24/8/23 38.5 0.30 19.2 RUST 1993

The ability of the aquifer to transmit water is described by the hydraulic conductivity and

transmissivity. Hydraulic conductivity is the rate of flow through a unit area under a unit hydraulic

gradient. Hydraulic conductivity times the aquifer thickness yields the transmissivity, defined as the

flow through a unit width of the aquifer under a unit hydraulic gradient. Hydraulic conductivity can
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vary considerably over an area, both spatially and vertically relative to the mix and layering of aquifer

materials. Even the relatively homogeneous sands and gravels of the sand plain may have hydraulic

conductivities that vary by several orders of magnitude (Table 2.2).

Table 2.2. Typical ranges for hydraulic conductivity for unconsolidated materials.

Clay
Silt
Silty Sands, Fine Sands
Well-sorted Sands, glacial outwash
Well-sorted Gravel

Source: Fetter, 1988

Hydraulic Conductivity
(m/se<i)
10-11 to 10-8

10-8 to 1<r
10-7 to lO-s
lO-s to 10-3

1<r to 10.2

Hydraulic conductivity can be estimated by laboratory methods (grain size, permeameter),

field tests (slug, specific capacity, pump), or by inverse modeling. Generally, the representativeness

of the results is directly proportional to the extent of the aquifer being tested (Bradbury and Muldoon,

1990). For example, a laboratory analysis deals with a very small, disturbed sample of the aquifer

material while a pump test measures the response of a larger volume of the aquifer delineated by the

monitoring wells. Pump tests are generally considered the best method for characterizing the aquifer

permeability, although these tests can be costly and time consuming.

Specific capacity, defined as the yield of the well per unit of drawdown, is a common measure

of the productivity of a well, usually reported by the well driller on the well log. Specific capacity,

while influenced by the well efficiency, is a useful index of the aquifer storage and permeability, and

can be used to calculate an estimate of hydraulic conductivity (Rothschild, 1982; Bradbury and

Rothschild, 1985). Holt (1965) reported an average specific capacity of 60 gpm/foot of drawdown for

the sand plain province near Stevens Point. For comparison, the specific capacity of the area of mixed

sandy till and outwash to the east of the sand plain province averaged 24 gpm/ft.

Hydraulic conductivity measurements are sparse for the SWP area. Hydraulic conductivities

derived from 8 pump tests ranged from 8.02 x1<r to 44.3 xl<r m/s (Table 2.1). The higher values in

. this set appear to be related to localized areas of coarser materials deposited in a preglacial bedrock

valley (Rothschild, 1982; Brown et al., 1992). The results of 4 slug tests conducted by Brown et al.

(1992) at Stevens Point wellfield monitoring wells mirror the pump tests. Hydraulic conductivity for
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wells identified as penetrating preglacial bedrock yalley sediments ranged from 29 to 6() xlif f'!J/s,

while a nearby glacial outwash type well ranged from 7.8 to 9.2 xl0-4 m/s. Another well that

apparently was developed in the bedrock residuum type material overlyj,ng the granitic bedrock had a

conductivity ()f only 0.07 to 0.12 xlO-4 m/s. A summary of hydraulic conductivity for the Buena Vista

basin, a continua,tion of the sand plain aquifer south and southwest of the SWP area, was compiled by

Bradbury et al. (1992). They found a mean hydraulic conductivity of7.3 xlif mls from 10 pump

tests, 6.4 xlif mls from 266 specific capacity calculations, and 9.0 xlif mls from an inverse model

solution. It appears that a typical hydraulic conductivity for the outwash sandplain in the SWP area

would be around S,to 9 xlif m/s. While the areal distribution of hydraulic conductivity may not vary

greatly relative to more heterogeneous areas, spatial patterns related to such considerations as grain

size distribution and buried valleys need to be characterized for implementing a numerical model.

Little hard information is available concerning the vertical hydraulic conductivity of the

outwash materials. Based on detailed pump tests in the sand plain, Weeks (1969) determined that the

ratio of vertical to horizontal hydraulic conductivity ranges from 1:2 to 1:20. Defining the vertical

hydraulic conductivity of river and drain beds is important to the accurate representation of these

features in a numerical model. This job is especially difficult because of the variable scouring and

deposition in these environments. Osborne and Shaw (1988) estimated .the hydraulic conductivity of

the Plover River bottom sediments in the vicinity of the Stevens Point wellfield by regional watershed

analysis, discharge measurements, and seepage meters. They found values ranging from 0.3 to 2.0

xl0-4 mis, with an average of 0.85 xlif mls for the three methods.

Bedrock Surface

The bedr~ck surface is the bottom physicalbo~ of the aquifer. Because the outwash

aquifer is such a good water source, most wells are finished short of the underlying bedrock and

therefore do not provide a good delineation of the bedrock surface. Numerous studies on specific

areas of the SWP or adjacent areas suggests significant bedrock topography hidden under the flat sand

plain.

Holt (1965) presented a generalized bedrock surface map for Portage County with ~OO ft

contours. Weeks et al. (1965) described the bedrock geometry with 10 foot contours for the Little

Plover area based on project well borings. Weeks and Stangland (1971) mapped the bedrock geology

with 20 foot contours for an extensive portion of the sand plain south and west of Plover, primarily

south of the SWP area. Hickok (1981) mapped the bedrock surface in some detail in the Stevens Point


