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STREAMFLOW CHARAcrERISTICS

The flow characteristics of a stream are important in evaluating the
stream as a source of water for development or as fish habitat. One
means of showing the flow characteristics of a stream throughout its
range of discharge is by flow-duration curves. Flow-duration curves
are cumulative frequency curves that show the percent of time specified
discharges were equalled or exceeded during a given period without
regard to their sequence of occurrence. The shape of the curve re
flects geologic and hydrologic characteristics of the basins. In basins
where most of the streamflow is direct runoff there will be a large
variation in the discharge so the flow duration curve will be steep.
However, if a large amount of surface or underground storage stabil
izes the streamflow, then the flow-duration curve will be relatively flat.
The shape of the lower part of the curve is indicative of the perennial
storage of the basin. All these characteristics are valuable in com
paring one basin with another.

The flow-duration curves for gaging stations A and C are shown in
figure 7. These curves are based on daily discharges for the 1960-62
water years. Although 3 years is too short a sampling period for
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FIGURE 7.-Duration curves of daily llow of the Little Plover River at gaging
stations A and C for water years 1960-62.
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reliable duration curves, the 1960-62 period did approa,ch average
conditions, and the central part of these curves should not change
drastically in the future. The curves indicate that the flow of the
Little Plover River is quite stable, as would be expected from the
large ground-water contribution to flow.

To compare the runoff during the 1960-62 water years with the
long-tenn averages, the flow duration curve for gaging station A was
compared to the flow duration curve for the Waupaca River near
Waupaca gaging station in figure 8 (U.S. Dept. of Interior, 1961-62).
The Waupaca basin, which lies just east of the Little Plover River
basin, has a period of record at the gaging station extending from
1917 to 1962. The flow characteristics of the Waupaca River during
1917-62 and 1960-62 are similar. The average flow was 237 cfs (cubic
feet per second) during 1917-62 and only 219 efs during 1960-62.
The curve for stat.ion A is similar to the Waupaca curves with some
divergence at each extreme.

LOW FLOWS

There are generally two periods during the year when low flows
occur on the Little Plover River. The first period is in late sum
mer when evapotranspiration losses are high and t.here is little re
charge to the ground-water reservoir. The second period is during
the winter when most of the precipitation is stored as snow.

The minimum flow recorded at gaging station A during this study
was 4.3 cfs on August 20, 1959. The minimum daily flows for each of
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FIGURE 8.---Comparison of duration curves of daily flow for the Little Plover
River at gaging station A with that of the Waupaca River near Waupaca.
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the water years 1960-62 at this station were 5.7, 4.6, and 6.2 cfs,
respectively; and the minimum mean monthly flow was 5.6 cfs during
July 1959. At gaging station C, a minimum flow of 0.8 cfs occurred
on several days during July-September 1959. The minimum mean
montWy flow at this station was 1 cfs for July 1959.

Recurrence intervals cannot be assigned to any of these low-flow
discharges lbecause of the short period of record. There was a severe
drought in this area during 1958, and record low flows, particularly
for 30- and 60-day periods, were recorded on several streams in central
Wisconsin. From this it can be assumed that low flows on the Little
Plover River during 1958 probably were lower than any observed
during this study.

FLOODS

Flooding is seldom a problem in the Little Plover River basin be
cause of the permeable soil, the flat topography, and the large part of
the drainage basin that does not contribute tQ the surface runoff. The
maximum instantaneous flow recorded during the study was 67 efs at
gaging station A on September 13, 1962. At this time, the peak flow
at gaging station C was 66 cfs, which indicates that most of the
drainage area that contributes surface runoff lies upstream from
station C.

Peak flows of a much greater mngnitude have occurred in the Little
Plover River basin. One long-time resident of the area remembers
two unusual floods. One occurred during the spring breakup, and
the other occurred late in the summer. The year is unknown for
either of these floods. A photograph of the summer flood taken
downstream from gaging station B by the resident suggested that the
flow might be several hundred cubic feet per second.

Many of the maximum annual peaks for streams in this area occur
during the 'spring breakup which generally comes the latter part of
Mat;ch. The high infiltration capacity of the soil is reduced by deep
layers of frost at this time of the year so surface runoff is increased.

DIURNAL FLUCTUATION'S IN STREAMFLOW

The streamflow fluctuates diurnally during the growing season
because of evapotranspiration by phreatophytes growing near the
stream. The maximum stage during the day generally occurs around
10 :00 a.m. and the minimum stage at 6 :00 p.m. These fluctations
generally start in May, gradually increase to a maximum in July and
August, and then decrease until they stop in October. The fluctuation
is most conspicuous during periods when base flow conditions prevail.

At gaging station C the difference in discharge from peak to trough
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of the fluctuations ranges from 0.15 to 0.40 cfs during periods when the
daily discharges range from 1.5 to 3.5 cfs. At gaging station A, this
difference in discharge ranges from 0.2 to 0.5 ds when the daily flows
range from 6 to 11 cfs. Water-level records from well Ptr397, ap
proximately 25 feet south of the stream at gaging station C, also show
this diurnal fluctuation. The altitude of the water surface in the well
is generally 1.0-1.3 feet higher than the water surface in the stream.
This indicates that the fluctuations in the stream are the result of the
diurnal fluctuation in the water table adjacent to the stream. The
water table is near the surface in this area, and evapotranspiration
by phreatophytes is large.

STREAM TEMPERATURES

The temperature of the stream depends on the net solar radiation
to and evaporation from the open water surface, the heat added to
or lost from the stream by conduction and convection with the air,
and the temperature and rate of ground-water inflow. The net radia
tion and evaporation also depend on the area of open water and on the
type and extent of vegetation along the stream.

Stream temperatures were measured continuously at gaging sta
tions A and C. The results of these measurements and of the air
temperature measurements made at gaging station C are shown in
figure 9. Daily water-temperature variations at gaging station C
are relatively large and the mean daily temperature is relatively
high because of the large areas of open water exposed to radiation.
The mean daily stream temperature and the temperature variations
at gaging station A are considerably less than at gaging station C
because the ground-water inflow just above gaging station A is large
and because the reach between the gaging stations is relatively
sheltered.

The temperature duration, or the percent of time that the daily
mean and daily maximum temperatures exceeded a certain value, is
of particular interest to fishery biologists. The stream-temperature
duration at the two gaging stations on the Little Plover River is
shown in figure 10.

INTERRELATION OF GROUND WATER AND SURFACE WATER

Under natural conditions, the interrelation of ground water and
surface water is shown by the sustained flow of the stream in periods
between rains, by the presence of springs along the streams, and by
lhe close correlation of stream stage with water levels in nearby wells.

During this study, measurements were made to determine the pat
tern of ground-water inflow to the stream and the effects of stream
stage on ground-water levels. The contribution of ground water to
the Little Plover River also was determined. -
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HYDROLOGY OF LITTLE PLOVER RIVER BASIN

GAGING STATION C

Maximum

GAGING STATION C
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GAGING STATION A
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FIGURE 9.-Dany maximum and minimum water temperatures for the Little
Plover River at gaging stations A and C, and daily maximum and minimum
air temperatures at gaging station C.



SURFACE WATER 31

290 80 70 60 50 40 30 20 10 5

PERCENT OF TIME TEMPERATURE WAS EQUALED OR EXCEEDED

95

EXPLANATION
~

---- VMaximum Mean

./

'/
V

./ /
V .2

V /Y...._....

V -
/V

;..-<J

V v.....V .....
V ..........

V ~
~ -- I--'-

.....

~ .......1---

l....--:;: ............

~~
V.oV 1.-- .....

V- -/ _....
j,/....

V ~ I.--~

."~/
..... ... /

/
1.--'" 1/}

/
\,0/

45
98

50

75

70

l
ii:;
:r
z
~ 65
:r
~

~
l<J
a:
Cl
l<J
a
z 60

lJ
a:
:::l

~
a:
l<J
a.
::E
l<J
I- 55
a:
l<J

~

FIGURE 10.-Stream-temperature duration for the Little Plover River at gaging
stations A and C for the months May through September 1960-62.

GROUND-WATER RUNOFF TO THE STREAM

Most of the flow of the Little Plover River is derived from water
that infiltrates to the ground-water reservoir and then moves to the
stream. However, some water is derived from surface runoff and
from precipitation falling into the channel. The contribution of
ground-water runoff to the total flow of the stream was determined
by dividing the streamflow hydrograph into components of base run
off and direct runoff. Base runoff, as used in this study, includes
ground-water inflow and a small amount of flow from bank storage.
Direct runoff consists of precipitation falling into the channel, surface
runoff, and most of the flow from bank storage. The base runoff dur
ing the 3 yea.rs of record constituted 91 percent of the total runoff
at gaging station A and 82 percent of the total runoff at. gaging
station C.
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Bank storage is the water absorbed into the banks of a stream chan
nel when the stream stage is above the level of the water table and later
released as the stream stage declines. There is a large amount of bank
storage along the river because of the relatively small slope of the
water table toward the stream along much of its length; the shallow
entrenchment of the stream coupled with a flat flood plain, so that
small rises in stream stage flood a relatively large area; and the high
permeability of the deposits near the stream. Once the stream stage
begins to decline, the return flow of water from bank storage to the
stream is relatively slow because of the low permeability of the
streambed materials.

Base runoff of the stream was determined from the recession char
acteristics of the stream during the summer and winter periods.
Recession curves were developed for the two periods. It was as
sumed that as the stream was rising due to direct runoff, base runoff
continued to recede untii the stream crested. It was further assumed
that after the crest had passed, base runoff increased rapidly and that
from 2 to 4 days later all the flow would be composed of base runoff.

Considerable error may occur in separating base runoff from direct
runoff for the month following the spring breakup. During this
period, direct runoff is large and the ground-water inflow conditions
vary considerably due to the large amount of recharge to the ground
water reservoir at this time. The results of the flow separations are
listed in table 2. The higher percentage of direct runoff at gaging
station C occurred because most of the area in the basin that con
tributes surface runoff is above this station.

8BBPAGB

Two seriesof seepage measurements made between gaging stations A
and C provided information on the contribution of ground water to
the stream. The first series of measurements was made on October
5, 1961, at eight stream-measuring sites between the gaging stations,
and the second series followed about 1 year later on November 9, 1962,
at nine sites. The sites for both series were generally at or very near
the same locations. Base runoff conditions prevailed for both series;
hence all the flow in the stream was from ground water. Additional
data were available from the temporary network of sites used for the
pumping test in the fall of 1961. Data obtained November 14, 1961,
are complete for the reach downstream from site 9 (fig. 11). In
figure 11, the discharge at gaging station C has been subtracted from
each measurement to afford a better comparison between the periods.
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TABlE 2.-Monthly total rU1Wf!, direct runof!, and base ru7Wf! for the Little Plove·,.
River at gaging stations A and 0, for water years 1960~2

Gaging statton A Gaging station C

Year Month
Runol!ln acre·ft 1 Base Runol!ln acre-ft 1 Base

runol!as runol!as
percent of percent of

Total Direct Base total Total Direct Base total
runol! runol! runol! runol! runol! runol! runol! runol!

-- --
1959-- October_______ . __________ 6M 90 674 86 1~ 22 86 79November_____ . _________ 682 12 670 98 127 12 116 90December_______________ 670 111 459 81 140 46 95 68
I~L 1anuary_________________

66.~ 66 60Il 90 161 30 121 79February ________________ 411 0 411 lOll 1~ -------- 1~ 100March___________________ 462 78 384 83 1M 22 112 83
t/:riL --------- --- --- --- 729 120 609 84 202 47 1M 77ay_____________________ 1,090 322 768 70 387 lllO Zi7 611une_____________________ 632 16 617 118 199 8 191 961uly_____________________ 614 9 li06 98 173 2 171 99August. _________________ 448 23 426 95 143 6 137 96September_______________ 466 27 429 94 148 12 136 92

---- --Annual totaL _________ 7,IZi 863 6,240 88 2,020 366 1,6M 82---- --
196(L October_.• _______________ 468 11 447 98 136 9 127 93November_______________ 482 16 467 97 169 11 148 93December ____ •__________ 400 3 427 99 111 2 109 98
196L 1anuary________________ . 376 0 376 100 83 -------- 83 100February_. ______________ Ml 11 330 97 86 8 77 90March___________________ 6IlO 194 396 67 261 1M 97 38April. ___________________ 674 31 643 96 212 26 186 88May_____________________ 694 24 670 96 161 12 149 931une_____________________ 6Zi 37 486 93 147 22 126 86July ________________ . ____ 487 28 469 94 126 18 1~ 86August __________________ 430 30 400 93 126 26 100 0September_______________ 404 30 374 93 121 20 101 83---- --Annual totaL _________ 6,789 414 6,376 93 1,717 307 1,410 82---- --
196L October__________________ IlO2 41 461 92 1/11 27 124 82November_______________ 609 26 684 96 176 26 lllO 86December _______________ M6 6 MO 99 143 6 138 97
1962__ January _________________ 4Tl 0 4Tl 100 119 0 119 100February ________________ 392 9 392 100 98 0 98 100March___________________ 460 62 ~ 89 146 43 103 71April. __ •________________ 800 103 697 87 3M 116 218 66May_____________________ 791 72 719 91 2lIO 60 230 79June_____________________ 762 61 691 92 273 46 227 83July _____________________ 624 32 692 95 220 16 20i 93

August._________________ 609 29 480 94 201 19 182 90
September_______________ 726 117 ~ 84 316 77 238 76

6, 649 1
--

Annual totaL_________ 7,186 637 93 2,466 436 2,031 82

1 An acre-foot Is the quantity required to cover an acre to a depth of 1 ft and Is equivalent to 43,660 cu ft.

The seepage data show that inflow to the Little Plover River varies
considerably in different reaches of the channel. There was little or
no inflow from ground water in the 8,000-foot reach between stream
measuring sites 4: and 10, but 2.5-3.5 cfs inflow in the 1,4:00 feet of
channel between sites 3 and 4:. Changes in the inflow rate along the
stream are closely related to changes in the transmissibility of the
aquifer and to the pattern of flow within the ground-water reservoir.
The high rate of inflow between sites 3 and 4: occurs because the sand
5tone ridge in se~. 2 and 14:, T. 23 N., R. 8 E., limits the movement of
ground water to the west and forces it into the stream. Possibly the
high rate of ground-water inflow just below gaging station C is due
to an undiscovered buried sandstone ridge in that area. No apparent
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relation exists between the slope of the stream profile (fig. 11) and the
reaches of high ground-water inflow.

Seepage conditions along the stream also vary with time, and some
reaches may gain at one time and lose at another. Variations in seep
age probably are caused by variations in the accretion rate to the
ground-w,ater reservoir.

Some of the areas of ground-water inflow are evident by visual
inspection of the stream. In the reach between sites 3 and 4, many
springs issue from the banks, some from as much as 2 foot above the
water surface. During the winter, variations in ice conditions on the
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stream reflect variations in inflow. Where the ground-water inflow
to the stream is high, it freezes less readily in the winter time; hence,
examination of the stream in winter may reveal influent and effluent
reaches.

EVAPOTRANSPIRATION

Evapotranspiration is the combination of the natural processes of
evaporation and transpiration whereby water returns from the land
and the plants to the atmosphere. It is the discharge agent for all the
precipitation in the basin which does not move out of the basin by
streamflow or by underflow. Any development that increases evapo
transpiration from the basin will reduce the amount of water avail
able for runoff and eventually will reduce the flow of the stream.
Evapotranspiration losses generally increase with irrigation because
more water is made available to the plants and to the land surface.
However, the evapotranspiration rate, even from irrigated land, is
limited by the amount of energy available. The maximum evapo
t.ranspiration that could occur if there were no soil moisture deficiency
is termed potential evapotranspiration. Water applied in excess of
that needed to maintain the potential evapotranspiration would re··
charge the aquifer or run off overland. For this study, both the
potential evapotranspiration and the estimated evapotranspiration
were computed to determine the approximate irrigation water
requirements.

Potential evapotranspiration is a fWIction of vegetation and avail
able energy, as determined by the net radiation input, air temperature,
l:\.ir humidity, and other factors such as heat used by photosynthesis
and heating of the soil. Because data are not generally available on
most of these factors, empirical methods have been developed (Thorn
thwaite, 1948, p. 55-94; and Blaney and Criddle, 1950) for estimating
potential evapotranspiration from temperature data. The success of
these methods relies on the correlation between air temperature and
the energy available for evapotranspiration.

The potential evapotranspiration for the Little Plover River basin
area was computed by the Thornthwaite method (Thornthwaite, 1948)
for 3-day increments for the growing seasons for the years 1960-62.
The results of the computations indicate that the potential evapotran
spiration was about 24 inches in each of the 3 years. Variations in
estimated and potential evapotranspiration in 1960 and 1961 are shown
in figure 12.

Actual evapotranspiration is generally less than potential evapo
t.ranspiration because of unequal rainfall distribution and limited
soil moisture. The effects of soil moisture on the evapotranspiration
rate depend to some extent on the type of vegetation growing j.ll the
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