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Federal system of land subdivision in Wisconsin
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USE OF WATER

Water in the Little Plover Ri vel' basin is used for a variety of pur
poses. These different uses affect the hydrology of the area and the
available water supply in different ways. Consequently, it is neces
sary to have a knowledge of present water use in the area and a con
cept of likely patterns of future development before the effects of de
velopment may be evaluated.

PRESENT DEVELOPMENT AND USE

Water in the vicinity of the Little Plover River basin has been de
veloped for domestic, municipal, industrial, and agricultural use.
Most of the water is from wells, although some of the industrial users
have installed lateral collection galleries along the Plover River, which
lies just north of the Little Plover River basin. Also, pits have been
dug in areas where the water table is relatively shallow to provide
water for irrigation.

DOMESTIC USE

Ground water has been developed for domestic use in rural areas.
An inventory of domestic wells was not made, but there are pr?bably
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between 200 and 300 wells in the area of this report. Assuming that
the per capita consumption of water is about 100 gpd (gallons per
day) and that each well serves four people, the total amount of water
pumped for this purpose annually would be about 75-100 acre-feet,
or less than 0.05 inch per year over the basin. Studies in other areas
indicate that only about 10 percent of water used for domestic pur
poses is consumed; the remainder returns to the water table.

MUNICIPAL AND INDU8TRIA.L USE

Considerable quantities of water are pumped by the city of Stevens
Point from wells near the Plover River. Much of the water pumped
from these wells is derived from induced infiltration from the stream.
About 2,000 acre-feet of water is pumped annually from. these wells,
approximately 90 percent of which is returned downstream to the
Wisconsin River. Because the Plover River lies between these wells
and the Little Plover River basin, pumping the wells will not shift
the ground-water divide between the Plover and Little Plover River
basins. Consequently, the wells have no effect on the hydrology of the
the Little Plover River basin.

Paper mills in Stevens Point and Whiting pump relatively large
quantities of water from wells and lateral collection galleries near
the Plover and Wisconsin Rivers. Most of the water pumped by
the paper companies is derived from induced infiltration from these
streams. Consequently, pumpage from the wells and collection galler
ies will change the location of the ground-water divide between the
Little Plover River and the Wisconsin River only slightly, and the
pumpage has little or no effect on the hydrology of the Little Plover
River basin. Some ground water within the Little Plover River basin
is pumped for washing gravel and potatoes. Little of the pumped
water evaporates, and most of it returns to the ground-water reservoir
relatively unimpaired in quality. A creamery at Arnott also pumps
some water, but most of this water is returned to the water table.

IRRIGATION USE AND WATER REQUIREMllINTS

Irrigated acreage in the Little Plover River basin has increased
from 220 acres in 1953 to 300 acres in 1960 and to 510 acres in 1962.
The amount of water used for irrigation within the limits of the basin
has continuously increased, as more land was irrigated each year.
The amount pumped has increased from 100 acre-feet from four wells
and pits in 1953 to about 350 acre-feet from nine wells and pits in 1962.
However, the amount of water applied per acre of irrigated land has
changed from year to year depending on the distribution and amount
of rainfall during the growing season.

The yields of many crops are increased 'by maintaining oe.timum
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soil-moisture conditions with irrigation water. The amount of irriga
tion water required may be determined from values for potential and
estimated evapotranspiration (fig. 12). The potential evapotranspi
ration from different crops varies, depending on the length of their
growing season, how much and how long plants shade the ground,
plant height, and other factors. Tanner and Pelton (1960, p. 3391
3412) have given a more complete discussion of the factors governing
potential evapotranspiration.

Tanner (written commun., 1957) has determined some approximate
water requirements for certain crops by using heat budget and soil
moisture measurement techniques. These values are given in table 3.
Potatoes, the main irrigated crop in the area, probably have a water
requirement of about 16-20 inches for the growing season, and the
land together with the crop has a water requirement of 20-24 inches
annually. For this report, a value of 22 inches was used in computing
annual evapotranspiration from irrigated land.

The supplemental water requirement for crops grown in the sand
plain area was computed from these values and the values for the
computed evapotranspiration rates for the years 1960-62. These com
putations indicated that potatoes would have required about 6 inches
of supplemental water in 1960 and about 2-3 inches of supplemental
water in 1961 and 1962. The average requirement, as computed from
long-term averages of precipitation and temperature, probably would
be about 3.5-4.5 inches of supplemental water annually.

Potato plants have root systems that extract water from a relatively
small soil volume. Because the plants can draw on only a small volume
of soil-moisture storage, it usually is desirable to irrigate frequently
and in excess of the water-use requirements of the crop. Consequently,
many of the potato growers make from 3 to 6 applications of about
1.5-2 inches of water during the season. Excess water returns to the
water table.

FI'SH AND WILDLIFE

The Little Plover River basin provides wildlife and fish habitat.
The stream provides habitat for trout, and game animals are found
in the vegetation growing near the stream.

Data on wildlife population are not available, but a trout-population
inventory was made by the Wisconsin Conservation Department in
October 1959 (R. J. White, 1960, written commun.). The inventory
indicated there were more than 10,000 wild brook trout (Salvelinus
fontinalis) in the stream at that time, about 10 percent of which were
longer than 6 inches. The largest populations of trout were found
where ground-water inflow was large (approximately between stream
measuring sites 1 and 4 and between sites 9 and 11, fig. 11). An inven-
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tory of trout nests throughout the stream revealed that brook trout
selected these areas for spawning most frequently.

The Little Plover River is used to a moderate extent for sport fishing.
but quantitative data on the number of fishermen using the stream,
and the number of days they fish it, are not available. The economic
value of sport fishing to the nearby towns is not easily determined,
but it is a factor to be considered in evaluating the use of a stream.
Esthetic value is another factor to be considered. The enjoyment of
fishing cannot be evaluated in economic terms, and it is not possible
to compare the value of water for recreation and the value of water
for other uses.

FUTURE DEVELOPMENT AND USE

Most of the future development and use of water resoures in the
Little Plover River basin probably will be for irrigation and recrea
tion. Future municipal and industrial use probably will be concen
trated along the Wisconsin imd Plover Rivers, and will not have a
significant effect on the hydrology of the Little Plover River basin.

The development of water for irrigation in the sand-plain area has
been increasing rapidly, and this trend probably will continue in the
future. Although irrigated acreage in the Little Plover River basin
has increased continuously since about 1950, the rate of increase has
varied because the area is so small that the additional irrigation of
one or two fields considerably altered the total irrigated acreage.
Based on a comparison with trends in Portage County, the irrigated
acreage in the Little Plover River basin may increase by an average
of 30-50 acres per year.

The recent construction of potato-processing plants and increased
storage facilities will aid in the expansion of the local potato industry.

The amount of land available for irrigation in the Little Plover
River basin is less than the total basin area because some of the land
is too stony or too irregular to irrigate. An estimate of suitable irri
gation land, as determined by criteria of land slope and drainage,
was made from field inspection and examination of aerial photographs.
These estimates indicated that 4,000-4,500 acres of land within the
basin are suitable for irrigation. The total land irrigated probably
will be V3-1j2 of this figure if the practice of irrigating a field only once
in 2 or 3 years is followed. As land becomes more valuable, the area
of land under annual irrigation within the basin may increase, but
probably will not exceed 4,000 acres.

FUTURE RECREATION NEEDS

Recreational use of water has increased rapidly since the end of
World War II and is expected to increase in the years ahead. The
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increase in the number of fishermen has caused a more than propor
tionate increase in fishing pressure because the number of streams and
lakes capable of supporting game fish does not increase and may
decrease. This is especially true of waters containing trout. Streams
in the sand-plain area are suitable habitat for trout because of the
relatively large amount of ground-water inflow at a relatively constant
temperature. This inflow may be reduced by ground-water pumpage
for irrigation, which causes stream stages to decline and stream tem
peratures to rise j this decreases the suitably of some of the smaller
streams in the area for trout (see p. 60 for details). Consequently,
the conflict of interest between irrigators and groups interested in
recreational activities could become more intense.

AREAL FACTORS CONTROLLING HYDROLOGY

The available water supply for various uses is dependent on the
areal factors of climate, vegetation, topography, and geology, which
control the movement of water through a cycle of precipitation, runoff,
evaportranspiration, and precipitation. Climatic changes cause vari
ations in the hydrologic cycle. Vegetation modifies the effects of
climate on the hydrologic cycle, especially through evapotranspiration.
The vegetation and drainage may be modified considerably by man.
Topography and geology govern the storage of both ground water
and surface water and govern their runoff relations.

CLIJllATE

Although most climatic factors affect the hydrologic cycle to some
degree, temperature and precipitation are the most important. Rec
ords of the daily high and low temperatures and the daily precipita
tion at Stevens Point since 1897 have been obtained. The importance
of precipitation and temperature on the hydrology of the area was
observed during the period of study (1960-62) and is discussed under
the section on hydrology.

Climatic conditions show considerable long-term variation. Hydro
logic factors were measured in the Little Plover River basin area for a
relatively short time. A comparison of precipitation for 1960-62 to
the long-term precipitation trends is useful in evaluating the signifi
cance of the hydrologic records. Figure 3 shows the annual precipi
tation at Stevens Point from 1893 to 1962 and the cumulative departure
from the 1893-1949 average. The annual precipitation was 5.02 inches
below normal in 1960, 2.58 inches above normal in 1961, and 3.06 inches
below normal in 1962. Streamflow and ground-water storage will be
greater in the wetter years and less in drier years than that occurring
during this investigation.

77s-ssa 0 - 85 - 3
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FIGURE 3.-Annual precipitation at Stevens Point, Wis., for the period 1893
1962, and cumulative departure from the 1893-1949 average. (From records
of U.S. Weather Bur.)

Approximately 60 percent of the precipitation occurs during the
growing season (May-September). The mean monthly precipita
tion is greatest during the months of April-September and least
during the months of December, January, and February. The average
monthly temperature and precipitation at Stevens Point is given in
table 1.

TABLE I.-Average monthly temperature and precipitation at Stevens Point, Wis.,
1893-196$

[From records of U.S. Weather Bur.]

Month
AverBtl:e

temperature
(0 F\

Average
precipitation

(inches)

January _
February _
~arch _

~a~~=============================================June _
July _
August _
September _
October _
~ovember _
December " _

16.4
18. 1
28.7
44.8
57.4
67.3
71. 8
70.2
61. 3
49.6
33.4
20.9

1. 39
1. 25
1. 68
2.75
3.89
4.57
3.07
3.70
3.60
2.25
2. 17
1. 28
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Temperatures in the area are warm in the summer and cold in the
winter. The long-term average monthly temPerature varies from
16.4°F in January to 71.8°F in July. Because of the cold tempera
tures during the winter, snow generally accumulates on the ground
from December to March. Total snowfall during the winter months
averages about 48 inches a year.

VEGETATION

The vegetation pattern reflects geologic and hydrologic conditions.
In general, the low flat areas are covered by cultivated crops, by
grasses, and by some stands of Norway pine and jack pine. The areas
along the streambank are lined by phreatophytic plants tapping
ground water. The areas of rolling hills aTe generally covered by
deciduous forest.

Grasses and most crops are relatively shallow rooted. Conse
quently, transpiration from these plants, except where they are irri
gated, is generally limited by available soil moisture during parts of
the summer. Pines and deciduous trees have somewhat deeper root
systems than grasses and draw moisture from a larger volume of soil.
Nonetheless, transpiration by these plants is also curtailed somewhat
by soil-moisture deficiencies. The phreatophytes and marsh grasses
growing near the stream do not depend on soil moisture and maintain
relatively high transpiration rates throughout the summer.

TOPOGRAPHY AND DRAINAGE

Topography controls the direction and, to a degree, the amount of
surface runoff and influences the direction of ground-water movement.
The topographic divides limit overland runoff toward the stream,
and the slope of the land surface controls, to some extent, the part of
the precipitation that infiltrates the soil. The number of tributaries
in a surface-water drainage pattern has some influence on the amount
of water that becomes direct runoff.

Most of the Little Plover River basin is relatively flat and has land
surface sloPes of 10 feet per mile or less, but prominent hills occur in
the eastern part of the area. Because of the low land-surface slope,
the poorly developed surface-water drainage pattern, and the highly
permeable soil, most of the precipitation infiltrates into the ground.
Consequently, most of the surface runoff originates from a relatively
small part of the basin. The general area is characterized by numer
ous topographically closed subbasins in which water gathers and in
filtrates into the ground. Although the surface drainage pattern is
poorly develOPed, most soil tyPeS are well drained.

Surface runoff occurs principally in sec. 18 T. 23 N., R. 8 E~ Be-
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cause the water table lies near the land surface in this area, little of
the precipitation can infiltrate into the soil. Drainage ditches have
been constructed in part of this area to drain the land for agricultural
use.

GEOLOGY

The geology of the Little Plover River basin provides the main
control on the movement of ground water and also influences consid
erably the movement of surface water. Therefore, it was necessary to
determine the type, distribution, structure, and water-bearing charac
teristics of the rocks before the hydrology could be determined
quantitatively.

The glacial-outwash deposits, the morainal deposits, and the peat
and channel deposits compose the ground-water reservoir. The bed
rock, consisting of crystalline rock of Precambrian age and sandstone
of Cambrian age, is much less permeable than the glacial deposits and
forms the base of the ground-water reservoir. Peat deposits and
channel deposits occur along the stream channel and in the streambed.
The distribution of these rock units at the land surface and the con
figuration of the bedrock surface are shown in the geologic map (pI.
1) . The lithology and water-bearing properties of the rock units are
discussed below. The crystalline rock and sandstone are briefly dis
cussed, and the hydrologically more important unconsolidated de
posits are treat~d in greater detail. A more complete discussion of
the geology is given by Holt (1965).

CRYSTA.LL1NE ROCKS OF PRECA.MBRIAN AGE

Crystalline rocks of Precambriall age underlie the outwash, morainal
deposits, and sandstone in the area of study, and they crop out west
of the Wisconsin River near Whiting (pI. 1). These rocks consist of
gneiss, schist, and coarse-grained granite (Holt, 1965.) The crystal
line rocks are virtually impermeable and restrict the downward move
ment of water.

SANDSTONES OF CAMBRIAN AGE

Outcrops of fine-grained sandstone occur in sees. 2 and 14, T. 23 N.,
R. 8 E. These outcrops are the surface exposures of a buried ridge
left as an erosional remnant of the sandstone of Cambrian age which
once covered the area. The sandstone consists mainly of medium to
coarse grains of quartz partly cemented by silica and iron oxide. The
sandstone strata are much less permeable than the outwash materials,
and the buried ridge forces much of the ground water to the surface
and into the Little Plover River. Large springs and the large inflow of
ground water to the stream in the W1h of sec. 14, T. 23 N., R. 8 E. are
caused by the barrier action of the sandstone ridge.
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The altitude of the bedrock surface that is composed of rocks of
Precambrian and Cambrian age, as determined from wells and auger
holes, is shown on plate 1.

GLACIAL O~ASH DEPOSITS

LITHOLOGY

The glacial-outwash deposits of Quaternary age form the main
aquifer in the Little Plover River basin. These deposits are relatively
uniform in lithology, both laterally and vertically, and are composed of
sand and gravel. The mean grain size and the grain-size distribution
of the glacial outwash materials were determined by mechanical analy
sis of 91 samples from various depths in 10 test holes. The median
grain size of most of the materials sampled is medium to very coarse
sand. Medium sands are mostly better sorted than coarser material.
Deposits of gravel occur near the moraines; some of the gravel has been
exploited commercially.

Clay, which was probably formed by weathering of the underlying
Precambrian crystalline rocks, occurs betwoon the outwash deposits
and the crystalline rocks.

HYDRAULIC PROPERTIES

The outwash deposits are the most important aquifer in the area and
their hydraulic properties had to be determined before the availability
of water and the effects of water development could be analyzed.
These properties were determined from an aquifer test and by analyz
ing the recession of water levels in four observation wells following
spring recharge.

An aquifer test at well Pt-279 indicated that locally the coefficient
of transmissibility 1 is about 140,000 gpd per ft (gallons per day per
foot) and that the coefficient of storage is about 0.15. For the test,
well Pt-279 was pumped at an average rate of 1,060 gpm (gallons per
minute) for 3 days, and water levels were observed in the pumped well
and in 21 observation wells. The data were analyzed by using an
equation derived by Hantush (1961a, p. 83-98, and 1961b, p. 171-195).
Details of the test analysis are described elsewhere (Weeks, 1964b).

Because the thickness of the aquifer in the test area is about 80 foot,
the coefficient of horizontal permeability is about 1,750 gpd. The
vertical permeability of the outwash materials is less than the hori
zontal permeability owing to the bedded nature of the materials.
The ratio of horizontal to vertical permeability is 15-20 to 1 (Weeks,
1964b), which is not unduly large for stream-deposited material.
This nonuniformity does not .affect the natural movement of ground

1 See definitions of terms for hydraul1c properties of aquifers on page 68.
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