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HYDROLOGY OF THE LITTLE PLOVER RIVER BASIN
PORTAGE COUNTY, WISCONSIN, AND THE EFFECTS
OF WATER-RESOURCE DEVELOPMENT

By E. P. WEEKS, D. W. ERICSON, and C. L. R. HOLT, JR.

ABSTRACT

The Little Plover River basin is in the sand-plain area of central Wisconsin.
The basin and the surrounding sand-plain area provide a good fish and wildlife
habitat and is a popular locale for sport tlshing. Good yields may be obtained
in the area from irrigated crops, and the irrigated acreage has been increasing
rapidly in rece-nt years. Sportsmen and conservationists are concerned about
the e1rects of increased development of the wate-r ,resources on the streams as
trout habitat. In the past, many political and legal contllcts among water users
have arisen from erroneous opinions as to the behavior of water. Many of these
contlicts would be diminished or eliminated if the participants were cognizant
of fundamental hydrologic principles.

This study was made to demonst.rate the extent and nature of the interrelation
of ground water and surface water and the fundamental hydrologic principles
governing water movement. The study was also made to determine the hydro
logic changes that might occur following development, to provide information
that might be used as a basis for planning water development, and for d.rafting
legislation that recognizes the relation between ground water and surface water.

Water has been developed in the Little Plover River basin for industry, for
domestic and stock supplies, and for i,rrigation. Irrigated acreage is increasing
in the area, and the use of water for irrigation may alter the hydrology of the
basin somewhat. About 4,()()()...4,500 acres of land within the basin, or~
percent of the basin area, is suitable for irrigated farming, but probably no
more than 2,500 acres will be under irrigation in anyone year, unless present
crop-rotation practices are changed.

Most of the Little Plover River basin is underlain by from 40 to 100 feet of
glacial outwash consisting of highly permeable sand and gravel. The glacIal
outwash is the main aquifer in the area and is capable of yielding large quantities
of water to wells. An aquifer test in the area indIcated that the coefficient of
transmIssIbility of the glacial outwash is about 140,000 gallons per day per foot.
The specific yield of the outwash is about 20 percent, as determined from water
level and streamtlow data. Morainal deposits occur locally with the glacial
outwash. These deposits transmit water readily and do not form barriers to
ground wate,r in the outwash. Relatively impermeable crystalline rocks underlie
the glacIal deposits. and a sandstone ridge of low permeability impedes the
movement of ground water from the basin by undertiow.

The glacial outwash and morainal deposits are recharged by intlltration of
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2 HYDROLOGY OF LITTLE PLOVER RIVER BASIN

~10 inches of the 31 inches of precipitation that falls on the arl'a in an average
year. If it is not withdrawn by wl'lls for cOlllsumptivl' uSt.> or by phreatophytes,
water that infiltratl's the sand and grave) discharges latl'r into the Little Plover
River. This ground-water discharge constitutes 90-95 pe'rcent of the total flow
of the Little Plover River.

Annual evapotranspiration varies considerably, but gl'nerally ranges froUl 2
to 8 inches less than the potential evapotranspiration of 24 inches. Consumptive
use of irrigation watl'r averages about 4 inches per year. Most of the water
pumpro from wells otherwise would be discharged to the stream, and consump
tive use of irrigation water will deplete streamflow by the amount of evapo
transpiration.

Pumping wells have little effect on the water level in the highly permeable
sand and gravel. Significant Interference between wells would occur only if
large capacity wells were within a few tens of feet of each other.

Ground water and surface water are closely interrelated in the sand-plain
area and ground-water withdrawals near the Little Plover River may cause a
measurable streamflow depletion. In a tl'st, a well that was pumping about
1,120 gpm (gallons per minute) and that was 300 feet frOID the stream derived
about 30 percent of its flow from the stream after 3 days of pumping.

For this study, the effects of increased ground-water development were eval
uated from a hypothetical development schedUle, for which it was assumed that
500 acres were irrigated the first yl'ar and that an additional 50 acres Wl're
irrigated In each succeeding year for 10 years. It also was assumed that the
average annual consumptive-use requirement for irrigation water would be one
third of an acre-foot per acre. Calculations Indicate that the maximum monthly
.rate of depletion due to the consumptive use of 4 inches of ground water per year
on 500 acres would be about 0.4 cfs (cubic feet per second) the first year and
0.5 cfs after 10 years of pumping. Other computations indicate that the maxi
mum monthly rate of depletion due to irrigating 500 acres the flrst year and
50 additional acres each year for 10 years would be about 0.8 cfs. Maximum
depletion would occur during the summer months, concurrent with the irrigation
withdrawals.

Because of the cloSt.> intl'rrelation between ground and surface water, surface
water withdrawals will cause an increased inflow of ground water to the stream
and a decline in ground-water levels near the stream. These effects were demon
strated by pumping from the stream. After 29 hours of pumping, a depletion of
1,120 gpm at a site 7,000 feet downstream was about 200 gpm less than the
diversion at the pump. Most of the 200 gpm was supplied from the stream
banks, aJAd ground-water levels near the stream declined as much as 0.3 foot.
Computations indicated that ground-water inflow, following a streamflow diver
sion that lowered the stage 0.15 foot, would be 0.14 CfR after 5 days and 0.06 cfs
after 30 days.

The demonstration of the quantitative .relation between ground water and
surface water, as given by this study, should provide a sound basis for planning
water development to minimize confiicts of interest. The demonstrations also
should provide a basis for drafting legislation that rl'COgnizes the interrelation
of ground water and surface water.

Because the geology and the hydrology are relatively uniform throughout the
sand plains, many of the methods and hydrologic values dl'termined for this
detailed study of the Little Plover River basin may be applied to other basins
in the sand-plain area.
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INTRODUCTION

3

"rater use in many areas of Wisconsin has been inereasing rapidly
in the last. few years, and diverse interests have developed among
numerous water users. One important area where diverse interests
occur is the sand plains of central Wisconsin. In this area, the
development of ground water for irrigation has been increasing, and a
conflict of interest has arisen between the irrigators and the sportsmen
who are interested in maintaining the streams as trout habitat. Much
of this conflict is due to misunderst.andings by both groups as to t.he
interrelation of ground water and surface water and as to the magni
tude of the effects of ground-water withdrawals on streamflow. Be
cause of conflicts of this type, the laws governing the development of
water resources in Wisconsin are being examined with t.he view toward
their possible revision. At present, the Stat.e water laws do not reflect
the interrelations of surface water and ground waters.

PURPOSE AND SCOPE

The purposes of this study of the Little Plover River basin area are
to demonstrate the natural relations betwe.en ground water and surface
water within the sand-plain area; to determine the hydrologic changes
that may occur as a result of man's development of the water re
sources; to obtain infonnation that might be used by farmers, sports
men, conservationists, industries, and others as a basis for planning
the development of water resources of the sand plains; and to give
information that will assist legislators in the drafting of laws that will
recognize the relat.ion between ground water and surfaee water.

Because of the detailed information required, only a relatively small
area including the Little Plover River basin and the adjacent lands
was studied during this investigation. However, geologic and hydro
logic conditions within the Little Plover River basin are similar to
those in other parts of the sand-plain area. Criteria used for evaluat
ing the effects of water development in the basin during this investi
gation should be useful in evaluating changes in the hydrologic

; regimen brought about by development of water resources t.hroughout
the sand-plain area.

A large amount of data on geology, precipitation, streamflow, and
ground-water levels in the area was obtained to meet the objectives of
this study. The field studies began in July 1959, and field data ob
tained for the period October 1959 to February 1963 were analyzed
for this report. It is planned to continue collection of hydrologic
data until 1968 to provide information on long-term hydrologic trends
in the basin. The study will be brought up to date at that time by
another report,. '
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A 16-mm color movie titled "The Little Plover Project, A Study in
Sand Plains Hydrology," was produced as a byproduct of this study.
The movie shows various field procedures used in the study and
graphically illustrates some of the test techniques and results. Run
ning time of the movie is about 33 minutes. Copies of the film may be
purchased or borrowed from the University of Wisconsin, Bureau of
Audio-Visual Instruction, Madison, Wis. Additional copies are on
file at the U.S. Geological Survey, Washington, D.C.

LOCATION OF AREA.

The Little Plover River basin includes an area of about 18 square
miles in Portage County (fig. 1). The area of this report includes the
entire Little Plover River basin and the adjacent area in Tps. 23 and
24 N" Rs, 8 and 9 E., and covers about 40 square miles.
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Most of the Little Plover River basin lies in the sand plains of
central Wisconsin. The location of the Sand Plain, an area of about
2,500 square miles, is also shown in figure 1.

A report on the geology and water resources of Portage County wa,s
made by Holt (1965). His report contained a general discussion of
the hydrology and the surface and subsurfa,ce geology. That infor
mation served a,s a foundation for the Little Plover River basin study.

lllETHODS OF STUDY

Data on climate, hydrology, and geology (pI. 1) were collected at a
large number of sites. Eight rain gages were installed to obtain data
on total rainfall and rainfall distribution. About 40 holes, of which
14 reached basement, were drilled with a power auger to obtain sub
surface geologic information. The' auger holes were made into ob
servation wells by installing well screens and pipes. Water-level
altitudes and fluctuations were obtained from these wells and from
about 20 privately owned wells. Four additional wells were drilled
with hand augers and equipped with recording gages to obtain con
tinuous records 'of water-level fluctuations. Three stream-gaging sta
tions were established on the Little Plover River at 1-mile intervals.
Each of these stations was equipped with a continuous recorder and
a Parshall flume. The locations of precipitation gages, wells, and
stream-gaging stations are shown on plate 2. Water-t.emperature
goa-ges were installed in the stream at gaging stations A and C, and an
air-temperature gage was installed at gaging station C.

Additional equipment was installed for the aquifer tests and the
stream-pumping t~t. The test instrumentation is discussed in the
sections dealing with the individual tests.

WELL-NUMBERING SYSTEM

A three-segment system of letters and numbers is used to designate
the location of wells, springs, and lakes (fig. 2). The first segment
is the county designation derived from the county name (for example,
Pt, Portage County). The second segment consists of the township,
range, and section number based on the Federal system of land sub
division. In Portage County, all townships and ranges are north and
east of the principal meridian. The letter E or W preceding a section
number is used in oversized sections and indicates the ea,st or west
half of the section. The third segment is a serial number assigned in
the order that the well was inventoried in the county. Serial num
bers of springs are followed by the letter S. Only the serial number
is shown on illustrations.
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