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FIGURE 12.-Potential daily evapotranspiration as computed by the Thornthwaite
method, and estimated daily evapotranspiration and soil-moisture ~eflciency,

as computed by the method developed by Thornthwaite and Mather (1955), for
the Little Plover River basin in the summers of 1960 and 1961.
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area. Deep-rooted plants depend less on frequent rainfall because
they draw on a greater volume of soil-moisture storage. Phreato
phytes are not affected greatly by soil-moisture conditions, and actual
evapotranspiration from areas covered by phreatophytes may nearly
equal the potential evapotranspiration.

A method for computing the estimated evapotranspiration rate
from temperature, precipitation, and soil-moisture capacity data has
been developed by Thonlthwaite and Mather (1955). Their method
assumes that the estimated evapotranspiration rate is equal to the
potential rate, computed by the Thornthwaite (1948) method, times
the ratio of actual soil-moisture storage within the root zone to the
soil-moisture content at field capacity.

Estimated evapotranspiration was computed by this method. For
the computations, it was assumed that the soil in the area had a field
moisture capacity of 0.8 inch, which is the same as that determined for
soil of a similar nature at the University of Wisconsin Experimental
Farm near Hancock, Wis., about 20 miles south of the area of this
report (C. B. Tanner, oral commun., 1963). It also was assumed that
the root zone deepened at the rate of 0.5 foot per month during the
growing season, and deepened from 2 feet in April and May to 4 feet
in September and October; these assumptions account for the small
depth of influence of the sprouting crops on the evapotranspiration
of soil moisture during the spring and early summer. The estimated
evapotranspiration and the soil-moisture deficiencies computed by this
method are shown in figure 12.

The estimated evapotranspiration computed by the method of
Thornthwaite and Mather (1955) does not apply to irrigated areas
or to areas covered by phreatophytes. The estimated evapotranspira
tion from irrigated areas was calculated by using an arbitrary value
for the evapotranspiration rate of 22 inches a year, which is within
the range of water-use requirements for crops (table 3). The amount
of evapotranspiration from an area covered by phreatophytes was
computed by multiplying the acreage covered by the phreatophytes

TABLE 3.-Annual water requirements for land and certain crops in Wisconsin

[From C. B. Tanner, written commun., 1967)

Crop

AliaUa-brorne _
Coro _
Graio _
Forest _

Annual water
requirement for
land and crops

(inches)

22-26
18-22
18-22
27-28

Water requirement
for crops during
growing season

(incbes)

19-23
11-15
9-13



38 HYDROLOGY OF LITI'LE PLOVER RIVER BASIN

by a value of 28 inches per year, which is the approximate potential
evapotranspiration from forested land in Wisconsin (C. B. Tanner,
written commun., 1957). The total annual evapotranspiration from
the basin area for the years 1960-62 was then computed by adding
values for the area covered by phreatophytes, the irrigated area, and
the nonirrigated area (table 4).

TABLE 4.-Evapotranspiration rates during the growing season in the Little Plover
River basin, 196~6e

Year
Evapotranspiration Evapotranspiration

computed by as detennined from
Thornthw81te- water budget
Mather method

1960 _
1961 _
1962 _

15.9
18.7
20. 1

16.0
18.0
18.8

The annual evapotranspiration also was computed from the water
budget for the basin by subtracting annual runoff and changes in
ground-water storage from the annual precipitation. The figures
check closely with those derived from the computations made by using
the method of Thornthwaite and Mather (1955), as 8hown in table 4.
The close correlation between the evapotranspiration values occurred
despite the fact that the Thornthwaite method is empirical and does
not truly evaluate the energy flux availa.ble for evapotranspiration,
which is given by the approximate heat-budget equation (Pelton,
King, and Tanner, 1960, p. 387) :

ET=Rn-S-A

where ET= Evapotranspiration or latent heat flux density,
Rn = Net radiation flux density,
S=Storage heat flux density,
A = Sensible heat flux density (to air).

The Thornthwaite (1948) method relies on the mutual correlation
between Rn and A and between Rn and ET.

Pelton, King, and Tanner (1960, p. 387-390) found that the
Thornthwaite (1948) method would give values that would be in error
during the spring, when the soil is being heated, and during the au
tumn, when the soil is cooling, because of the effects of the storage
heat flux term (8) on air temperatures during these periods. The
error due to ignoring the heat-storage term probably was reduced in
this study by the assumption of the steadily deepening root zone,
which provides a correction factor somewhat similar to that used by
Pierce (1958, p. 75).
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Pelton, King, and Tanner (1960, p. 393) also found that 3- and 6
day values showed little correlation to measured values, although the
Thomthwaite (1948) method gave fairly good monthly and seasonal
values for potential evapotranspiration. From these results, it may
be assumed that individual values of potential evapotranspiration
determined for the Little Plover River basin are considerbly in error,
although the average values probably are nearly correct.

The evapotranspiration rates computed by the method of Thom
thwaite and Mather (1955) may be too high because it was assumed
for the computations that no recharge or direct runoff occurred when
soil moisture was deficient. This assumption is not met fully in na
ture because direct runoff occurs from the wetlands and the area near
the channel even when soil moisture is deficient in most of the area.
A small amount of recharge may occur even when soil moisture is
deficient, but the error in the computed evapotranspiration due to
this factor probably is quite small.

The evaporation of water from the snow, which generally covers
the area 3-4 months during the winter, was not considered in the
foregoing analyses. The evaporation from snow for the period from
mid-November to mid-March in central Wisconsin was computed
from net-radiation and energy-budget values to be equivalent to about
2 inches of water (C. B. Tanner, written commun., 1957). This
amount of water loss exceeds that indicated by the water budget for
the winter mont.hs for the Little Plover River basin, and is probably
compensated for by frost accumulations on the snow and by the con
densation of moisture from the air into the snow during humid periods
when the air temperature is somewhat above freezing (Light, 1941).
These figures indicate that additional research on the water budget
during the winter is needed.

THE HYDROLOGIC BUDGET

The hydrologic budget for the Little Plover River basin, as based
on long-term averages, indicates that about 31-32 inches of precipita
tion is contributed to the area annually, that about 20-22 inches is lost
by evapotranspiration, and about 10-11 inches leaves the basin as
runoff. Of the 10-11 inches of runoff, about 9-10 inches represents
groundwater runoff.

The hydrologic budget for a given year may deviate considerably
from the long-term average even during years of nearly average pre
cipitation. The hydrologic budgets for the years 1960-62 are shown
in table 5. No provision was made in the budgets for changes in stor
age within the unsaturated zone, which may be large, as indicated by
the lag between the time heavy rain or snowmelt occurs and the time
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recharge ceases. Much of the indicated difference in evapotranspira
tion between the years 1961 and 1962 probably is caused by ignoring
the changes in storage within the unsaturtaed zone.

More detailed data on changes in ground-water storage, runoff, and
precipitation are shown in figure 6.

TABLE 5.-The hydrologic budgets for the Little Plover River basin for the years
198Q-6S

Items of hydrologic budget 1 1960 1961 11162

Precipitation 2 _________________________________ 26.7 33.4 31. 4
Runoff at gaging station A_________-_____________ 10.4 9.4 12.0
Change in ground-water storage__________________ .3 1.4 2.3
Change in storage of water as snow_______________ -------- 1.0 -1.0
Evapotranspiration_______________ :. _____________ 16.0 21. 6 18. 1

I Expressed in inches of water over tbe basin area.
I Precipitation data for the winter months, November-March, are for Stevens Point; precipitation data

for April-October are tram precipitation gages Installed for this project.

EFFECTS OF WATER DEVELOPMENT

The hydrology of the area and consequently the amount and dis
tribution of water available for development are altered by water use.
The effects of water development on the hydrologic budget, water
levels, and streamflow were evaluated to provide information for
planning water development and to present information that will be
useful in drafting laws that recognize the relation between ground
water and surface water.

EFFECTS OF GROUND-WATER DEVELOPMENT

ON THE HYDROLOGIC BUDGET OF THE BASIN

The ground water developed by pumping may be derived from
one or more of four sources: water that leaves the basin as underflow,
grOlmd water that otherwise would be lost to eYapotranspiration,
storage within the ground-wnter reservoir, or wnter that otherwise
would be dischnrged by streams. Underflow from the Little Plover
River basin is limited by the sandstone barrier (pI. 3), and little or
no discharge could be salvaged from this source. The discharge of
ground water by evapotranspiration is generally limited to the area
near the stream, where the water table lies near the surface. Even
under relatively concentrated ground-water development, water levels
would not be drawn below the root zone of plants in the area near
the stream, and little ground water would be salvaged from evapo
transpiration. Therefore, most of the water pumped would be de
rived from storage and from water that otherwise would be discharged
as st.reamflow; the purnpage of water from storage would cnuse a
decline in water levels in t.he area. Removal of water from storage
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within the ground-water reservoir would be temporlLry. Pumpage for
irrigation is seasonal and recharge during the spring and flLll generally
will replace much of the ground water removed from storage. Most
of the rechlLrge intercepted by the wells otherwise would be discharged
to the stream, and, after severlLl years, ground-water pumpage for irri
gation would therefore reduce the total volume of streamflow by about
the amount that evapotranspiration is increased by irrigation.

An estimated lLdditionaI3.5-4.5 inches of water is lost to evapotran
spiration annually from the irrigated fields. Consequently, the
average annual runoff in the- Little Plover River basin eventually
will be diminished by about b.3-D.4 acre-foot per year, or 0.0004-0.0005
cfs per acre of land irrigated within the basin. Thus, the irrigation
of 500 acres of land within the basin would reduce the annual runoff
at gaging station A by about 2.5 percent, although the seasonal stream
flow depletion would be greatest near the end of the irrigation season
and least just before irrigation begins.

ON BASIN BOUNDARIES

The area of ground-water runoff toward a stream may be changed
by ground-water development within or adjacent to the area. When
a well or well field is pumped, water levels are drawn down, ground
water flow paths are diverted toward the well, and the ground-water
divides are shifted away from the well. Thus, a pumping well at a
distance from a ground-water divide between streams would cause
the divide to shift away from the well until recharge intercepted by
the well balanced the well discharge.

Because of the possible shifts in the locations of ground-water
divides, the concept of a basin limited by topographi~ and ground
water divides is inadequate when considering localized water develop
ment. A definition better suited to concepts of water development
may be that the hydrologic basin is the area from which water mlLY be
derived by development at areas of concentrated withdrawal. Under
this definition, the size of the basin and the nature of its 'boundaries
depend on the type and degree of development within the basin.
For surface-water development, the basin generally will be limited
by the topographic and existing ground-water divides, because the
ground-water divides generally are not affected by surface-water
withdrawals. A basin in which ground water has been moderately
developed will be limited by streams and by impermeable rocks bound
ing the aquifer. Under very heavy development, the water table
declines below the stream and the effects of pumpage will reDtch beyond
the strealIlB. .

If the development of ground water were concentrated within the
Little Plover River basin, the cone of depression would expand north-
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ward and westward toward the Plover and Wisconsin Rivers, south
ward toward the drains tributary to Buena Vista Creek, and eastward
toward the Wa.upaca River. The discharge of each of these streams,
therefore, would be reduced, and water would be diverted from areas
that had been drained by the other streams before the development
along the Little Plover River basin began. Conversely, if the areas
of one of the basins contiguous to the Little Plover River basin were
to be heavily developed, the ground-warer divide would be shifted
toward the Little Plover River, and its flow would be reduced. How
ever, development. of ground water for irrigation appears to be fairly
evenly distributed over the area, and the effects of development in the
Little Plover River basin on the runoff from adjacent basins probably
will equal the effects of development. in the adjacent basins on the flow
of the Little Plover River.

ON GROUND-WATER LEVELS

Water levels are lowered by ground-water pumpage, and in some
areas the lower water levels may reduce the yield of wells. In the
sand-plain area, however, regional water levels are not affected greatly
by present pumpage from wells because of the relatively high trans
missibility of the aquifer materials and the large volumes of recharge
that occur every spring.

The effects of ground-water pumpage on water levels in an aquifer
having properties similar to t.he glacial outwash materials in the area
of this report were computed from an equation derived by Theis
(1935, p. 541). The equation assumes that the aquifer is homogene
ous, isotropic, and infinite in extent and that all the water pumped is
removed from storage. From the computations, curves were derived
showing drawdowns near wells being pumped at constant rates of 500
and 1,000 gpm and near a well being pumped int.ermittently at 1,000
gpm, 12 hours a day (fig. 13). These curves represent the drawdowns
due only to pumping. Under actual conditions, the water levels may
decline more or less than is shown by the graphs depending on natural
fluctuations of the water table. As shown by the curves, no excessive
interference between wells should be expected unless they are placed
very close to each other.

The curves showing the drawdowns near a well being pumped cycli
cally were computed by a method similar to that used by Theis (1963,
p. 319-323). The results show that at distances of 1,000 feet or
greater, the drawdown due to a well that is pumped 12 hours a day
will be approximately equal to that of a well pumped continuously at
half the rate of the well pumped cyclically. The curves indicate that
computations of well interference and streamflow depletion by cycli
cally pumped wells tapping the outwash deposits could l{e made by
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assuming that the wells are pumped continuously at an average rate,
except for very closely spaced wells or wells very near the stream.

The computed curves represent drawdowns near wells in extensive
aquifers and do not take into account the effects of less permeable rocks
near the well, nor the effects of a stream flowing near the well. Rocks
of low permeability impede ground-water flow and cause the actual
drawdowns near the well to be somewhat greater than shown by the
curves, because water would be removed from storage over a more
limited area than is postulated by the equation. Drawdowns in wells
near a stream would be less than those indicated by the curves, because
some of the water would he derived from streamflow rather than from
ground-water storage.

The effects of return flow from excess irrigation water also were
ignored in computing the drawdowns. This return flow would cause
the actual drawdowns to be less than indicated by the curves.

ON STREAMFLOW

Streamflow may be reduced by ground-water pumpage from the
area. adjacent to the stream. In areas where most of the ground-water
pumpage occurs on a seasonal basis, as in the Little Plover River basin,
haseflow of the stream also shows a seasonal variation, minimum base
flow being near the end of the peak withdrawal period for ground
water.

The effects of an individual well on the streamflow were determined
during a special test, estimates of the effects of pumpage from wells
in existence in the basin in 1962 were made, and the magnitude of the
effects of increased ground-water development for irrigation were
computed from hypothetical ground-water development.

EFFECTS OF PUMPING AN INDIVIDUAL WELL

The effects of ground-water pumpage on streamflow are difficult to
demonstrate under natural conditions because of the large number of
variables affecting streamflow and because of the relatively large
distances between the irrigation wells and the stream. Therefore, the
effects of pumping a well near a stream were demonstrated by a special
test. The test was performed by pumping well Pt-410, located about
300 feet from the Little Plover River, by measuring streamflow at
five sites in the adjacent reach of stream, and by observing water levels
in 28 nearby observation wells (fig. 14). The well was pumped at a
rate of 1,120 gpm for 74 hours, and water-level and streamflow meas
urements were made continuously during this period and for 74 hours
after the pumping cease~.
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