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water greatly, but it considerably affects the drawdowns of wells that
partially penetrate the aquifer, and it may limit the rate at which
ground water would move to or from a stream.

The average specific yield of the materials composing the ground
water reservoir is about 0.20, which is somewhat greater than the value
obtained from the aquifer test (0.15, coefficient of storage). The
specific-yield value was determined for a much longer period of time
than the time of the aquifer test. Consequently, the specific-yield
value of 0.20 should be nwre useful for analyzing long-term trends in
ground-water storage. The specific yield was determined by a water
budget analysis of water-level and streamflow data, as described in the
section on changes in ground-water storage.

The ratio of ~ for the outwash deposits is between 100,000 and

180,000 sq ft per day (square feet per day), or 150,000 and 1,350,000
gpd per ft. The value was determined by analysis of water-level re
cessions observed in wells Pt-366, Pt-376, Pt-374, and Pt-361 follow
ing the spring recharge in the years 1960 and 1961. Assuming a
specific yield of 0.2, the coefficient of transmissibility becomes 20,000
36,000 sq ft per day, or 150,000-280,000 gpd per ft. Details of the
recession curve analyses are described elsewhere (Weeks, 1964a).

An attempt was made to determine the variation of transmissibility
in the outwash deposits by a numerical analysis of the water-level
altitudes in the observation-well network, as described by Stallman
(1956, p. 456). The numerical analysis did not yield reasonable re
sults, possibly because the computations were made for the differential
equation defining confined flow in a horizontal aquifer. The numeri
cal analysis might have been more successful if it had been based on
the differential equation for ground-water flow in a sloping aquifer
under water-table conditions. However, because of a lack of precise
data on the altitude of the bedrock surface in the area where the
observation-well spacing was suitable for numerical analysis, no
computations were made using this equation.

MORAINAL DEPOSITS

The morainal deposits comprise the Arnott and Outer moraines.
The Arnott moraine is composed of older deposits than the Outer
moraine, as shown by the overlapping of the northern extension of the
Arnott moraine by the Outer moraine. The nwraines are similar in
lithology, and are composed of sandy and stony unsorted till ranging
in particle size from clay to boulders, although sand-size particles
predominate (Holt, 1965) .

The hydraulic properties of the nwrainal deposits we~ not deter-
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mined. However, water levels measured near each side of the Arnott
moraine fit the regional pattern of water levels in the outwash ma
terials (pI. 4). This indicates that the moraine does not restrict the
horizontal movement of water through the outwash deposits and that
the morainal deposits must have a transmissibility of the same order of
magnitude as the outwash deposits.

The vertical permeability of the morainal deposits is lower than
that of the outwash deposits, and discontinuous perched or semi
perched ground-water bodies occur locally in the moraine areas. The
location of spring Pt-478S at a relatively high altitude and the un
usually high water level in well Pt-389 are probably caused by perched
or semiperched water in the Amott moraine.

ALLUVIUM

Recent deposits of peat, silt., and alluvium have accumulated in the
valley of the Little Plover River. These deposits are relatively per
meable and t.hus may be considered as part of the ground-water res
ervoir. The permeability of these sediments is, however, considerably
less than that of the outwash, and the main hydrologic significance of
the alluvium is that it restricts the movement of water between the
ground-water reservoir and the stream, especially when ground-water
level or stream level is sharply changed by pumping. The vertical
permeability of the alluvium underlying the stream ranged from 10
to 40 gpd per sq ft as computed from data obtained during the test on
well Pt-410. (See p. 49.)

The permeability of the streambed materials differs considerably
over relatively short distances; this difference indicates that the stream
bed materials are not homogeneous. Their permeability is relatively
low in the reach near well Pt-410. The natural movement of water
from the stream to the underground reservoir in this reach during
much of the year may carry fine-grained sediments into the streambed
materials. The permeability of the streambed materials between gag
ing stations A and B and near gaging station C may be somewhat
greater than near well Pt-410. In these reaches, movement of water is
from the ground-water reservoir to the stream during most of the year.

The vertical permeability of the streambed materials near well Pt
410 is less than the vert.ical permeability of the glacial outwash de
posits by a factor of between 5 and 20, as determined by the aquifer
test at the site of well Pt-279. In other reaches, the vertical per
meability of the streambed materials may approach, but probably
does not exceed, the vertical permeability of the glacial-outwash de
posits. Thus, the vertical permeability of the streambed materials
probably ranges from about 10 gpd per sq ft to about 200 gpd per
sqa -
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HYDROLOGY

A detailed study of the hydrology of the area, as modified. by area
factors, was made to demonstrate the interrelations among precipita
tion; ground-water recharge, storage, and discharge; st.reamflow; and
evapotranspiration. This information was needed to evaluate the ef
fects of water use on the available water supply.

GROUND WATER

OCCURRENCE

Ground water is that water which occurs in the interstices of rocks
within the zone of saturation below the water table. It is held in
temporary storage within the rocks and moves from areas of rechar~
to areas of natural discharge such as streams and springs, or artificial
discharge such as wells.

The ground-water reservoir is considered here to consist of the rocks
below the water table that are sufficiently permeable to yield water
to wells. In the Little Plover River area, the glacial-outwash deposits,
the morainal deposits, and the peat and channel deposits below the
water table compose the ground-water reservoir. Because the per
meability of the deposits is generally uniform, except for the thin
deposits of alluvium, the saturated thickness of the aquifer is the main
factor governing the availability of water to wells. The aquifer is
permeable and is generally more than 50 feet thick in the basin area.
However, in areas where the saturated part is thin, it would be dif
ficult to obtain adequate supplies of ground water for irrigation. The
thickness of the saturated part of the deposits composing the ground
water reservoir is shown on plate 3.

MOVEMENT

The direction of ground-water movement may be determined from
the slope of the water table (pl. 4). The water table was well defined
except in areas covered by the moraines; there the altitude of the water
surface was difficult to define because of the lack of wells and locally
perched or semiperched water. The contours on the water table in
the Outer moraine were obtained i'rom the generalized piezometric
map compiled by Holt (1965).

The area from which ground water moves toward the Little Plover
River above gaging station A is shown by the location of the ground
water divides (pI. 4). In aquifers of fairly uniform characteristics,
ground-water flow paths lie approximately at right angles to the con
tour of the Wll ter-table or piezometric surface. However, in areas
where the transmissibility of the aquifer varies considerably, the di-
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rootion of flow will not be at right angles to the contour of the water
table, but will move at some acute angle to the contour in the direction
of greater transmissibility. Consequently, the ground-water divide
(pl. 4) nen,r the buried sandstone ridge in sees. 2 and 14, T. 23 N., R.
8 E., was drawn somewhat arbitrarily at acute angles to the contour
of the water table in order to account for the barrier effect of the
ridge. In general, the ground-water divides upstream from the buried
sandstone ridge (pl. 1) were determined by extending the flow paths
perpendicular to the contours of the water table, although some ad
justments in the direction of the flow paths constituting the divides
were made for changes in transmissibility in the eastern part of the
area.

Within the area enclosed by the ground-water divide (pl. 4), ground
water moves continuously toward the Little Plover and" Wisconsin
Rivers. The location of the ground-water divide shifts somewhat
with regional changes in the water level. Although the ground-water
divide shifted as the water table fluctuated, the shift in the divide was
minor. The area enclosed by the shifting divide varied by less than
5 percent of the 12 square mile area, and conforms mainly to the divide
shown on plate 4. The enclosed area averages about 12 square miles.

The slope of the water table is proportional to the rate of ground
water movement and to the transmissibility of the aquifer. The slope
varies a great deal in the Little Plover River basin, and in sees. 12
and 13, T. 23 N., R. 8 E., changes from about 5 feet per mile to about 30
feet per mile in a relatively short distance. This change in slope
cannot be explained fully by known variations in the permeability or
in the saturated thickness of the aquifer materials, or by any reason
able increase in the rate of ground-water movement. Possibly an
undiscovered sandstone ridge parallel to the one in sec. 14, T. 23 N.,
R. 8 E., or less permeable morainal materials associated with the
Arnott moraine, exists in this area and acts as a barrier to ground
water movement.

The rate of movement of ground water under natural conditions
is relatively slow. In the Little Plover River basin area, the rate
ranges from about 0.2 foot a day to about 3 feet per day as computed
from an equation given by Butler (1957, p. 73). TIle rate of ground·
water movement may be much greater near a pumping well, however,
and may approach a rate of 1,000 feet per day.

WA~LEVEL FLUCTUATIONS

Water levels in the Little Plover River basin rise rapidly in the
spring because of recharge" from snowmelt and spring rains. The
water levels decline during the summer, when recharge does not occur
because most of the precipitation evaporates, replaces soil moistu,re, or
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is transpired by plants. The water table may rise somewhat during
the fall in response to recharge from rains, but the rise is generally
much less than that occurring in the spring. The water table declines
during the winter because the precipitation is stored as snow and frost
and does not reach the water table until melting occurs. However,
water levels may rise temporarily in response to recharge during some
periods of thaw in the winter.

The pattern of water-level fluctuations in individual wells in re
sponse to a particular sequence of climatic events depends on the
nature of the soil zone and underlying rock composing the unsaturated
zone at the well site, the depth to the water table, and the proximity
of the well to a point of discharge. The nature of the soil and under
lying aquifer materials in the area of glacial outwash deposits is rela
tively uniform and is not an important factor governing differences
in water-level fluctuation p·atterns. However, one observation well
(Pt-389) in the morainal deposits apparently taps a perched or semi
perched water-table zone, and water levels in this well show a different
pattern of fluctuation than those in nearqy wells.

The depth of the water table has considerable influence on the
pattern of water-level fluctuations. Where the water table lies near
the surface, such as near wells P~358 and P~379 (fig. 4), water levels
begin to rise within a short time after the spring thaw begins, or
a major rainstorm occurs, and they reach a peak within a few days.
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Where the water table lies at considerable depth, such as near well
Pt-371, water levels do not begin to rise until several days after the
spring thaw begins or a major storm occurs, and they may not reach
their peak until several weeks later.

Water levels in wells relatively near a stream, such as well P1r379,
may decline much more rapidly than in wells some distance from
the stream, such as well Pt-371, because recharge to the ground-water
reservoir in areas near the stream drains more quickly than recharge
in the areas farther away. Water levels in wells within a few hundred
feet of a stream, such as well Pt-358, may be controlled to a greater
extent by changes in stream stage than by recharge conditions. The
fluctuations in water levels in these wells generally show a direct
comparison to the stream-stage fluctuations (fig. 5). Long-term trends
in water-level fluctuations are similar to changes of cumulative depar
ture from the long-term average of the annual precipitation (fig. 3).

CHANGES IN GROUND-WATER STORAGE

The level of the water table fluctuates in response to changes in
storage within the ground-water reservoir in mu(,h the same manner
as the water level in a surface reservoir varies with storage. When
recharge exceeds discharge, ground-water storage is increased, and
water levels rise. Conversely, when discharge exceeds recharge,
ground-water storage decreases, and water levels decline. However,
the water table does not rise or decline uniformly over the area with
a change of storage, and changes in the water level of one well do
not necessarily reflect changes throughout the ground-water reservoir.
Periodic water-level measurements in a network of observation wells
are, therefore, necessary to make quantitative estimates of changes in
ground-water storage.

Storage changes were estimated by multiplying the change in the
saturated volume of aquifer materials for selected periods by the

FIGURE 5.-Hydrographs comparing flow 01 Little Plover River, at Plover, to
fluctuations 01 water level in well Ptr-23/8/15-358.



22 HYDROLOGY OF LITTLE PLOVER RIVER BASIN

specific yield of the aquifer. Changes in the saturated volume of the
aquifer during selected periods were computed by multiplying the
change in water level in each well by its area of influence.

To determine the area of influence of each well, the basin and its
surrowlding area were divided into polygons, each polygon including
an observation well. The boundaries of the polygons for wells some
distance from the stream were determined by the Theissen mean
method (Theissen, 1911, p. 1082). The areas of influence for wells
near the stream were arbitrarily assumed to lie within lines parallel
to and one-eighth of a mile on each side of the stream. The polygon
network for the observation wells is shown on plate 5.

The average specific yield of the aquifer materials in the basin is
about 20.5 percent. This value represents the areally weighted average
of the specific yield of the glacial-outwash deposits and the morainal
deposits. It was computed by dividing the changes in saturated vol
ume into the volume of stream discharge for It period during the winter
of 1960-61 when little recharge occurred, and evapotranspiration losses
from the ground-water reservoir were small.

Changes in ground-water storage above gaging station A were com
puted for selected intervals from January 1960 to February 1963,
using the specific yield value of 20.5 percent. These changes were
added algebraically to determine seasonal changes of storage (fig. 6).

The volume of sustained flow from the basin depends on the amount
of ground-water storage. However, the streamflow (fig. 6) appar
ently is related more closely to the magnitude and time of recharge
(fig. 6) than to the relative volume of ground-water storage (fig. 6).
Water recharged to the ground-water reservoir near the stream is dis
charged fairly quickly; it thus maintains streamflow at a high level
for a short time. Ground water stored at greater distances from the
stream is discharged more slowly, and at a relatively uniform rate
even when the amount of storage is relatively large.

ACCRETION

Accretion (Reed and Bedinger, 1961, p. 2424) is the water gained
or lost to the aquifer in response to external forces. Gains by the
ground-water reservoir are considered positive accretion, and losses are
considered to be negative accretion. Infiltration of precipitation, or
recharge, is the principal positive accretion to the aquifer in the Little
Plover River basin. Negative accretion includes evapotranspiration
of ground water, and the movement of water from the water table to
the capillary fringe and to the frost zone. The accretion rates com
puted for this study also include the evapotranspiration occurring from
applications of ground water for irrigation.
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FIGURE 6.-A. Discharge of the Little Plover River at gaging station A; B. cumu
lative departure of ground-water storage within the Little Plover River basin
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Most of the positive accretion is derived from snowmelt and rain
fall in the spring and from rainfall in the autumn months. The net
accretion to the ground-water reservoir was equivalent to about 9.5
inches of precipitation in 1960, 8.9 inches in 1961, and 15.2 inches in
1962. The values for the years 1960 and 1961 probably are near the
average annual recharge for the area, because the precipitation during
those years was near normal. These values also probably are repre
sentative for the entire sand-plain area, because of the similarity of
the topography and the soil in the Little Plover River basin to t.hat of
the sand-plain area.

The approximate accretion rate was determined by adding com
puted changes in storage and the total base runoff (table 2, p. 33)
for selected periods. For periods when the sum of changes in storage
and base runoff is positive, the accretion rate represents the amount of
recharge minus any losses to wells, phreatophytes, the capillary fringe,
or the unsaturated zone. For periods when accretion is negative,
losses to wells and phreatophytes and to the capillary fringe and un
saturated zone exceed recharge. Most of the recharge occurs in March,
April, May, and June (fig. 6). Mean temperatures during this peri
od range from above freezing to about 60°F and precipitation is rela
tively high (fig. 6). During these months, much of the water from
snowmelt and from spring rains infiltrates to the water table, adding
to the amount of water held in ground-water storage.

Recharge during July, August, and the early part of September
generally is much more limited, because most of the precipitation
during this period is lost to evapotranspiration before it can reach the
water table. The average precipitation (fig. 6) is relatively high
during this period, and the average temperature is at its maximum.
During these months, negative accretion occurs because of evapotrans
piration by phreatophytes and ground-water pumpage for irrigation.
These losses are responsible for the loss from storage in excess of
streamflow in July and August 1960 and in July 1961 (fig. 6). The
net accretion rate is somewhat less than the recharge rate for periods
when recharge occurs during the summer months because of the ac
cretion loss to evapotranspiration and to ground-water pumpage.

During the autumn months when evapotranspiration rates are re
duced, much of the precipitation can replace soil moisture and re
charge the aquifer. Recharge during this period generally is much
less than during the spring.

Recharge during the winter generally is limited, because much of
the precipitation is stored as snow. However, some recharge may
occur during periods of thaw.

Apparent negative accretion was comput.ed for two periods of ex
tremely cold weather (Jan. 19-Feb. 7, 1961, and Jan. 11-Feb. 2, 1963,
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fig. 6). Part of the apparent negative accretion may be accounted
for by the effects on the measured streamflow by ice accumulation in
the stream channel. The remainder of the negative accretion prob
ably was caused by an increase in storage within the capillary zone
and by the transfer of water vapor from the water table to the frost
zone. These phenomena could be caused by the large temperature
gradient between the water table and the land surface during periods
of extremely cold weather. ScImeider (1958, p. 1-15) reported ob
servations indicating similar phenomena in Minnesota. The water
removed from the ground-water reservoir by upward movement dur
ing periods of extreme cold is returned to the water table as soon as
the frost melts, and has little or no net effect on ground-water storage.

UNDERFLOW

Ground water that leaves the basin underground is called underflow.
There is little underflow from the basin of the Little Plover River
above gaging station A, because of the sandstone barrier (pI. 1). An
attempt was made to determine the amount of underflow from the basin
by analyzing the data on changes in ground-water storage. Meas
urements and computations indicate that there is little loss in ground
water storage without a gain in streamflow, and that underflow from
the basin is small.

DISCHARGE TO THE STREAM

Most of the recharge to the ground-water reservoir in the Little
Plover River basin is eventually discharged to the stream. The
amount of ground-water discharge to the stream varies from year
to year, depending on the variation in precipitation and the amount
of recharge to the aquifer, but it is much more uniform that the rate
of recharge both on a seasonal and an aImual basis. The slow re
lease of ground water from storage prevents any drastic change in
the rate of ground-water discharge to the stream. The ground-water
discharge to the Little Plover River is discussed more thoroughly in
the section on the interrelation of ground water and surface water.

SURFACE WATER

The topographic divide, which delineates the potential limit of sur
face runoff, includes an area of about 15 square miles for the part of
the Little Plover River above gaging station A. However, as most
of the streamflow is derived from ground-water runoff, rather than
surface runoff, the drainage area of the stream is limited mainly by
the ground-water divides, rather than the topographic divides. The
ground-water divide to the stream above station A (pI. 4) includes
an area of about 12 square miles, and this value was used to compute
runoff from the basin. -
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