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FIGURE 21.-Theoretical monthly streamflow depletion due to projected ground-water pumpage in the Little Plover River
basin, as computed from the assumption that the basin area could be idealized as a system of rectangular segments.
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FIGURE 22.-Theoretical monthly :rate of streamfiow depletion due to uniformly
distributed ground"'W'ater pumpage witbin the basin, expressed as a percentage
of the monthly ground-water withdrawal. (All pumpage WM assumed to have
OOCUNOO on the 15th day of the first month.)

The streamflow depletion due to any other assumed sequence of
monthly pumpage also could be computed from the values shown in
figure 22 by using ,the procedure previously described.

ON STREAM TEMPERATURES

Stream temperatures depend to a certain extent on the quantity of
ground-water inflow. Reduced ground-water inflow caused by pump
age might cause the mean summer temperature of the stream to rise
and to have a greater diurnal va-nation. Because of the interest in the
effects of ground-water inflow on stream temperatures, an attempt was
made to determine an empirical relation between air temperature,
streamflow, and strea-m temperature at gaging stations A and C. For
the analysis, the data obtained at gaging station C were analyzed by a
multiple regression technique, but no statistically relevant relation
between stream temperature and ground-water inflow was found.
Apparently data on some of the other factors governing stream tem
peratures, such as net radiation, wind speed, humidity, evaporation,
and ground-water temperatures, are needed before the effects of
ground-water inflow can be evaluated quantitively.

However, the order of magnitude of the effects of ground-water
inflow on the stream temperatures at gaging sta-tions A and C was
obtained by dividing the difference in the mean water temperature
between the two gaging stations by the gain in streamflow alo~that
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reach. These computations indicate that during the summer months
the mean temperature of the stream at gaging station A (pI. 2) is
reduced from that at gaging station C by about 1°F for each cfs of
gain in the reach. Thus, if the ground-water seepage between the
two stations were to be decreased by about 1 cfs, the mean temperature
probably would increase by about 1°F.

The diurnal variation in temperature at the downstream station also
would be increased by a decrease in pic.kup between the two stations.
At present, daily variations in stream temperature are about 10°-15°F
less and st.reamflow is about 5 cfs greater at gaging station A than at
gaging stationC. Thus, if t.here is a linear relation between the differ
ence in diurnal variation in stream temperature and the difference in
streamflow the diurnal stream-temperature variation at gaging station
A might be increased by 2°-3°F following a 1-ds reduction in ground
water inflow between gaging stations A and C. Stream temperatures
vary considerably in different reaches of the stream, depending on the
rate of ground-water inflow, the width and depth of the stream, and
the vegetation. Consequently, the relations described above would be
true only for stream temperatures at the two gaging stations, and con
siderable variation in the relation could exist between the gages.
Nonetheless, these figures indicate the probable range of increases in
stream temperatures that might result from reductions in ground
water inflow.

EFFECTS OF SURFACE-WATER WITHDRAWALS

When water is removed from a stream, the rate of flow downstream
is reduced, and the downstream stage is lowered. The lowered stream
stage, however, causes the inflow of ground water to increase, or if the
stream is losing water, the outflow to ground water will be decreased.
Consequently, the rate of flow downstream is not reduced by the same
amount as the withdrawal. Conversely, when withdrawal ceases, the
rate of flow downstream does not recover completely until the water
removed from. ground-water storage is l.eplaced. The rate at which
the additiona:l ground water moves to the stream during withdrawal is
of interest both to those who withdraw water from the stream and to
conservationists. This additional ground-water inflow will affect the
supply rate, the water temperatures, and fish-habitat conditions down
stream from the point of withdrawal.

The effects of pumpage from the stream on the downstream surface
water supply and on ground-water levels were demonstrated by a test
on the Little Plover River. During the test, water was pumped from
the stream at an average rate of 1,120 gpm for a period of 29 hours.
Pumpage from the stream originally was scheduled to last for a longer



EFFECTS OF WATER DEVELOPMENT 59

period, but it was interrupted when the stream stage rose sharply
because of precipitation in the basin. The water pumped was dis
charged 6,000 feet away from the stream into an area lying outside
the basin. Water levels were measured. in 11 observation wells near
the stream, and streamflow was recorded at 9 sites. The location of
wells and st.ream-measuring sites used during this test are shown in
figure 14.

The stage downstream from the pumping site did not respond im
mediately to pumping from the stream, nor was the downstream flow
reduced by as much as the stream was pumped (fig. 23). The hydro
graphs of the flow at each of the measuring sites show the effects both
of surface-water storage within the stream channel and ground-water
storage in the stream banks. The lag between the time pumping
started and the time stream stages were lowered downstream repre
sents the time required to reduce channel storage by an amount equal
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FIGURE 23.-Discharge hydrographs for sites 4, 6, 8, 9, and gaging stations A
and B dUring test when 2.4 ds were pumped from the Little Plover River, No
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to the stage decline times the channel area between gages. Once the
stream stage began to decline at a point downstream, it fell rapidly
for a time, but then it stabilized somewhat and declined at a slo'we1'
rate as wat.er was removed from storage within the stream banks.

The measured value for the ground-water inflow to streamflow be,
tween the pump and gaging station A after 24 hours of pumping was
compared with a value computed from an equation given by
Rorabaugh (1963, p. 433). For the computations, it was assumed that
the transmissibility of the aquifer was 200,000 gpd per ft., the coefficient
of storage was 0.2, that the ground-water divides were located 5,000
feet from and parallel to the stream, and that the stream stage had
been lowered 0.15 foot instantaneously as pumping began. The value
of 8 cu It per day per It of stream channel determined from streamflow
measurements for the 7,000-foot reach of the stream compared favor
ably with the value of 6.3 cu ft per day per ft computed by the equa
tion, and indicated that the equation should yield results of sufficient
accuracy to be useful in predicting additional ground-water inflow
induced to the stren,m after longer periods of pumpage. Consequently,
the theoretical ground-water contributions to the stream during the
first 60 days of pmnpage (fig. 24) were computed from the equation
by using the previously assumed aquifer coefficients, spacing of ground
water divides, and stream-drawdown vaJue.

POSSIBLE EFFECTS OF STREAMFLOW DEPLETION ON TROUT
HABITAT

The depletion of streamflow that results from ground-water with
drawal could be detrimental to trout in the Little Plover River. Lower
stream stages would cause a general reduction of living space, reduce
the productive stream depth and hiding places, reduce the availability
of food, and raise the summertime temperature of the stream. R. J.
White, Wisconsin Conservation Department (oral commun., 1963)
has observed that trout ill Big Roche a Cri Creek, about 30 miles south
of the project area, have a slower growth and a higher natural mor
tality during years when the stream stage is relatively low.

APPLICABILITY OF RESULTS TO OTHER PARTS OF THE
SAND-PLAIN AREA

This study of the hydrology of the Little Plover River basin area
is extremely detailed. It would not be feasible to study other basins
in the sand-plain area as thoroughly. However, the geology and hy
drology of the Little Plover River basin area are similar in many re
spects to much of the sand-plain area. Many of the values for the
various hydrologic parameters determined during this study could be
applied, with judgment, to other parts of the sand-plainarea.

....
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FIGURE 24.-Theoretical ground-water inflow to the Little Plover River induced
by pumping from the stream. (Assumptions: Aquifer is homogeneous and
isotropic, has a coefficient of transmissibility of 200,000 gpd per ft and a co
efficient of storage of 0.2. It is also assumed that the ground-water divides
lie 5,000 ft each side <Yf and parallel to the stream. Discharge is to 7,OOO-ft
reach of stream in which the stage has been instantaneously lowered 0.15 ft.)

The geology of the entire sand-plain area is relatively uniform;
most of the area is underlain by glacial-outwash deposits, ranging in
t.hickness up to 200 feet or more, which provide an aquifer of relatively
uniform characteristics. The permeability of the outwash is prob
ably fairly uniform, as indicated by its consistent lithology and by
aquifer tests performed on outwash deposits in other parts of the sand
plain area (Holt, 1965). An approximate value for the transmis
sibility of the deposits may be estimated from an average value for the
permeability of about 2,000 gpd per sq ft and the thickness of the sat
urated part of the deposits at the site being considered.

Moraine deposits similar to the Arnott moraine and Outer moraine
occur within the outwash deposits in the eastern part of the sand
plain area. They appear to he hydraulically continuous with the out
wash, and their presence probably does not greatly alter flow con
ditions within a basin.
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Sandstone ridges similar to the one cropping out in sees. 2 and 14,
T. 23 N., R. 8 E., occur locally throughout the area. These ridges
will affect the movement of ground water toward the streams, but
will not alter greatly the hydrology of the basins in which they occur.

Sandstones of Cambrian age rather than crystalline rocks of Pre
cambrian age form the floor of the ground-water reservoir in the
southern part of the area, but this does not affect materially the hy
drology of the basins.

Certain of the hydrologic characteristics of the drainage basins
within the sand-plain area show considerable variation. The density
of the surface-water drainage pattern, the area of the individual
basin, and the part of the basin covered by wetlands vary consider
nbly among the several basins. Because of the extensive artificial
drainage channels that were constructed in the Buena Vista, Fourmile,
Fourteenrnile, and Tenmile Creek basins, to the south of the Little
Plover River basin, these basins have a denser surface-water drainage
pattern than the Little Plover River.

Many hydrologic factors are nearly constant throughout the area.
The recharge rate to areas other than wetlands is nearly the same
throughout the area, because of the generally flat topography and
permeable soil. The seasonal patterns of recharge and of water-level
fluctuations are also similar throughout the area.

Potential evapotranspiration is probably about the same throughout
the sand-plain area, because the annual net radiation and the average
annual air temperature are nearly constant. Actual evapotranspira
tion also should be about constant, although it might be slightly less
in the southern part of the sand-plain area because of the lower aver
age precipitation. Actual evapotranspiration would be somewhat
higher ill basins that have extensive wetland areas and phreatophytic
vegetation.

Irrigation water requirements should be about the same throughout
the area, because most of the soil is composed of sand and has a very
low soil-moisture retention. Thus, the use of 3.5-4.5 inches for the
average consumptive irrigation-water requirement in estimat.ing
streamflow depletion probably would be justified.

The effects of pumping for irrigation on the monthly rate of stream
flow in the different basins in the sand-plain area would not be directly
comparable to the Little Plover River basin. Analysis would have to
be made of the geology and hydrology in each basin. The methods
used to determine the depletion rate in the Little Plover River basin
should be applicable to the other basins.

The effects of a pumping well that is very near a stream on the flow
of that stream could be determined by the method described on pages
69-73 of this report., if the permeabilities of the streambed materials
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were known. Possibly the use of an in-place infiltrometer, as de
scribed in the section on the effects of a single well on streamflow,
could be used to determine the permeabilities of streambeds through
out the area.

HYDROLOGIC PRINCIPLES AND WATER LAW

Wisconsin's water laws are broad and are capable of handling most
types of reasonable water use. The few exceptions have resulted in
recent reappraisals of the State's water laws (Kannenberg and others,
]955), and studies by a committee of the Legislative Council and by the
State Natural Resources Committee of State Agencies (Scott, 1960)
have been made.

Water' law is generally complex, uncertain in some respects, and
changing. The principal sources of Wisconsin's water laws are:

1". The Northwest Ordinance of 1787 (Wisconsin State Constitution,
Article IX, Section 1) declares that the navigable rivers and lakes
of Wisconsin "* * * shall be conunon highways and forever free,
as well to the inhabitants of the state as to the citizens of the
United States, ,....ithout any tax, impost or duy therefor."

2. The common-law docrines of riparian rights and ground-water use.
3. Wisconsin statutes granting powers to State agencies and munici

palities to regulate the use of water in certain specified instances.
4. The interpretations of State agencies deemed necessary to admin

ister the power delegated by the statutes.
5. Ordinance of local municipalities.
6. Federal statutes and decisions.

Contrasting doctrines of water rights are applied in Wisconsin to
surface water and ground water. In Wisconsin, the rights to water in
watercourses follow a doctrine common to Eastern States which per
mits surface water to be used by riparian owners on riparian lands so
long as the use is not unduly destructive to the rights of other riparian
owners or of the general public.

The Wisconsin statutes generally assign the regulation of use of
navigable surface waters to the Wisconsin Public Service Commission.
Any manipulations of these public waters, such as using water from
streams, building dams, straightening streams, filling in lakeshores,
or diverting water to other watersheds, are regulated through permits.

The rights to ground water follow the common-law doctrine, where
by a landowner has an exclusive right to the water from wells on his
own property. The exceptions are the public water-supply protection
rules, enforced by the Wisconsin State Board of Health, that require
authorization to construct or reconstruct a well or wells intended to
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pump more than 100,000 gpd. State authorization is not required for
lesser amounts of pumping.

In the past, many conflicts of interest in water use have resulted
from differing opinions, often not based on fundamental hydrologic
principles, as to the behavior of water. Many of these opinions are
based on the assumption that the effects of water development either
are nonexistent or are greater in magnitude and extent than is actually
true. For example, a claim by an owner of lakefront property that
declining lake levels are due to pumping wells for irrigation may be
false if facts show that the decline in lake levels was directly related
to a deficiency in precipitation and that irrigation pumpage was in a
different ground-water drainage area. Or a claim, by an owner of a
well adjacent to a stream, that withdrawal of water from that well will
not affect streamflow may be false if facts show that the aquifer sup
plying the well is hydrologically connected to the stream.

The extent of a conflict of interest involving alternate patterns or
methods of water development may depend on the total depletion of
the flow of a stream, on the maximum rate at which streamflow is
depleted, or upon a combination of these two factors. For example,
a water user depending on surface-water storage in reservoirs down
stream from the development causing the conflict would be concerned
with total annual reduction of inflow to the reservoirs by the develop
ment, but he would not be concerned that all streamflow depletion oc
curred in 1 or 2 months. Water users dependent on the downstream
flow might not, however, be concerned if a certain upstream develop
ment reduced the annual flow of the stream by perhaps 5 percent, but
they might be greatly concerned if this same development reduced the
weekly or monthly flow of the stream by 20-30 percent for 1 or 2
monthS'during the summer. Thus, in order to resolve conflicts of
interest, the true interests of the affected parties, as well as the hydro
logic factors involved, must be carefully determined.

This report has shown that the withdrawal of large quantities of
water from a well tapping sand and gravel deposits within a few hun
dred feet of a stream will noticeably reduce streamflow during even
a short period of pumping. Most of the streamflow depletion result
ing from pumping such a well would occur during and shortly after
the pumping period. A similar well half a mile or more from the
stream and pumping for a relatively short period during the year
might not produce a noticeable effect on streamflow. This is true
because depletion caused by such pumpage would be distributed fairly
uniformly throughout the year, and any changes in streamflow result
ing from such depletion would be masked by changes in streamflow
due to other factors. Despite the difference in seasonal rates of deple-
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