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CONVERSION TABLE

For the convenience of readers who prefer metric (SI) units, the data
may be converted by using the following factors:

Multiply By To obtain
mile (mi) 1.609 kilometer (km)
foot (ft) 0.3048 meter (m)
square mile (mi2) 2.59 square kilometer (km?2)
cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)
inch (in.) 2.54 centimeter (cm)
cubic foot per second per 0.01094 cubic meter per second per
square mile [(£ft3/s)/m] square kilometer
[ (m3/s) /km?]
gallon per day (gal/d) 0.003786 cubic meter per day (m3/d)
gallon per day per square 3.517X10™% cubic meter per day per
foot [(gal/d)/ft?] square meter [(cm3/d)/m?]



Low-Flow Characteristics of Streams in the
Central Wisconsin River Basin, Wisconsin

W.A. GEBERT

+ABSTRACT

This report describes low-flow characteristics of streams in the central
Wisconsin River basin where streamflow data have been collected and presents
equations for estimating low-flow characteristics at ungaged sites. Included
are estimates of low-flow frequency at 34 gaging stations, flow duration at
24 gaging stations, and low-flow frequency characteristics at 18 low-flow
partial-record stations and 131 miscellaneous sites.

Due to the large variability in low—flow characteristics, the central
Wisconsin River basin was divided into four areas of similar geologic and
topographic conditions.

Separate equations are provided for each area to estimate low-flow charac-
teristics at ungaged sites and at sites where one base-flow discharge measure-
ment is available. The equations were determined from multiple-regression
analyses that related the low-flow characteristics at gaging stations and at
low-flow partial-record stations to basin characteristics. Drainage area (A),
hydraulic conductivity (K), soil-infiltration capacity (I), forest cover (F),
base-flow index (Bf), and drift thickness (H) were the most significant charac-
teristics in explaining the variations in low flow at ungaged sites.

The standard error of estimate (SE), provided for each equation, ranged from
10 to 140 percent. Equations with the lowest SE's were for the central sand
plain area that contains relatively thick sand aquifers. The highest SE's were
associated with equations for the area west of the Wisconsin River where thin
glacial drift with fairly low permeability overlies crystalline rock.

The low-flow characteristics determined for all types of sites in the
central sand plain area have the lowest SE's compared to other basins in the
State. This is due to the sand deposits which yield a high and uniform base
flow.



EXPLANATION OF TERMS

Base flow--That part of the streamflow derived from ground water,
Low flow--The minimum stream discharge that occurs within a given time period.

Continuous-record gaging station-—-A station where continuous streamflow data are
collected.

Low-flow partial-record station--A station where eight or more base-flow
discharge measurements are made in at least a 2-year period to determine
low-flow characteristics.

Miscellaneous site-—A site where less than eight base-flow discharge measure-
ments have been made as part of other water-resources investigations or to
determine the stream's base-~flow characteristic for this report.

Q7,2--The annual minimum 7-day mean flow below which the flow will fall on the
average of once in 2 years,

Q7,10~~The annual minimum 7-day mean flow below which the flow will fall on the
average of once in 10 years.

Q90--The discharge at the 90 percent flow-duration point which is defined as the
discharge that is exceeded 90 percent of the time,

Standard error of estimate (SE)--SE is a measure of accuracy. One SE above and
below an estimate defines a range which should include the true value
67 percent of the time or at 67 percent of the sites.

SE7,2--The standard error of estimate for the Q7,2 discharge.

SE7,10~~The standard error of estimate for the Q7 10 discharge.

INTRODUCTION

The purpose of this report is to describe low-flow characteristics of
streams in the central Wisconsin River basin where streamflow data have been
collected and to present equations for estimating low-flow characteristics at
ungaged sites.

This study was done in cooperation with the Wisconsin Department of Natural
Resources. This report is part of a series of 12 planned reports to describe
low-flow characteristics of the major basins in Wisconsin (fig. 1).

The report includes: estimates of the magnitude and frequency of recurrence
of low flows for various sites where systematic streamflow information has been
collected, low-flow discharge measurements that have been obtained at numerous
sites throughout the basin, and a method to estimate low-flow characteristics at
ungaged sites and at sites with minimum streamflow data.





















Analytical techniques

Low-flow characteristics in table 1 were determined by three methods of
analysis. These methods depended on the three basic types of data available:
(1) continuous record of daily streamflows (continuous-record gaging stations);
(2) 8 to 20 base-flow discharge measurements (low-flow partial-record stations);
(3) 1 to 7 base-flow discharge measurements (miscellaneous sites).
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Figure 4. Low-flow frequency curves of the annual lowest mean discharge for the indicated
number of consecutive days, at Eau Claire River at Kelly during the period 1914-26, 1939-79.



DISCHARGE OF EAU CLAIRE RIVER AT KELLY (05397500),
IN CUBIC FEET PER SECOND

Gaging station

Low~flow characteristics of a stream where continuous streamflow records
have been collected can be determined by flow-duration analysis or frequency
analysis, The two analyses serve different purposes. The flow-duration curve
indicates the percentage of time that a daily mean flow exceeds a given
discharge, and the low-flow frequency curve indicates the probability that an
annual minimum 7-day, l4-day, 30-day, 60-day, and 90-day consecutive mean flow
will be less than an indicated discharge in any given year. The more generally

10,000 S n RS ERisa Sna gy = FEp

1000 =

100 b=

0.01 05 Tl T s
PERCENTAGE OF TIME

Figure 5. Flow-duration curve showing the percentage of time a given
discharge was exceeded for the Eau Claire River at Kelly.
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used analysis for most low-flow applications is the low-flow frequency analysis.
For unregulated streams in the central Wisconsin River basin, the annual minimum
7-day mean flow below which the flow will fall on the average of once in 2 years
(Q7,2) is approximately equal to the 91 percent discharge on the flow-duration
curve. The annual minimum 7-day mean flow below which the flow will fall on the
average of once in 10 years (Q7,10) is about equal to the discharge at 99 per-
cent on the flow-duration curve.

Low-flow frequency and flow-duration analyses were completed for all
continuous-record gaging stations that have at least 10 years of record. Low—
flow frequency values are listed in table 1 showing the magnitude and frequency
of annual low flows for 3, 7, 14, 30, 60, and 90 consecutive days. Table 1 also
lists flow-duration values showing the percentage of time that specified
discharges were exceeded.

The low-flow frequency characteristics were determined from the daily
discharge records using a log-Pearson Type III probability distribution or a
plotting position analysis (Riggs, 1972). If the results of the two analyses
were substantially different, the plotting position analysis was generally used
to determine the various low-flow characteristics, Figure 4 is an example of a
low-flow frequency curve for the Eau Claire River near Kelly gaging station, and
figure 5 i3 a flow—duration curve for the same site.

For gaging stations that have insufficient data for low-flow frequeancy anal-
ysis or flow duration, the low-flow characteristics were determined by a proce-
dure similar to that outlined in the following section for low-flow partial-
record stations.

Low-flow partial record stations

Low-flow characteristics determined for low-flow partial-record stations are
Q7,2 and Q7,10. Estimates of Q7,7 and Q7 10 are presented in table 1 for
20 low-flow partial-record stations. Characteristics were determined from a
relation line established by a graphical regression using 8 to 20 base-flow
discharge measurements at low-flow partial-record stations with concurrent
discharges at continuous-record gaging stations in the area (Gebert, 1971). The
Q7,2 and Q7,10 at the continuous-record gaging station then were transferred
through the relation line to estimate Q7 2 and Q7 10 for the partial-record
station., Figure 6 is an example of this type of analysis for Buena Vista Creek
near Kellner.

Miscellaneous sites

Base—-flow measurements have been obtained at 148 miscellaneous sites in the
central Wisconsin River basin as part of other water-resources investigations.
Low—-flow characteristics were estimated for most of these sites (table 1) by one
of two methods.,

Estimates of Q7 2 and Q7 10 were made at 45 sites by the same type of analy-
sis that was used for partiai-record stations (Gebert and Holmstrom, 1974) for
the following conditions: if at least three base-flow discharge measurements
were available and a well-defined relationship was indicated between the

11
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Figure 6. Method of estimating Q7,2 and Q7,10 at low-flow partial-record stations.

measured discharge and the concurrent daily mean discharge at a nearby gaging

station. Figure 7 illustrates this type of analysis for Plainville Creek near
Wisconsin Dells,

The slope of the relation line for miscellaneous sites was compared to
establigshed relation lines of nearby low-flow partial-record stations and other
miscellaneous sites for uniformity. Generally the relation line should have
approximately the same slope if the factors that influence low flow are uniform
for the area. If the relation line at the site being studied was defined by
three discharge measurements that had significant scatter, the line slope was
adjusted to agree more closely with the better established relation line at a
low-flow partial-record station.

A second method was used for 86 miscellaneous sites that have less than 3
discharge measurements. At these sites the low-flow characteristics were esti-
mated by regression equations. The regression equations used and discussion of
their development are presented later in the report (p. 15-30).

"



MEASURED DISCHARGE OF PLAINVILLE CREEK NEAR WISCONSIN DELLS
(05403586), IN CUBIC FEET PER SECOND
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Figure 7. Method of estimating Q7 2 and Q7 10 at miscellaneous sites.

Low-flow characteristics were not estimated at 17 miscellaneous sites for
one or more of the following reasons: discharge measurements were affected by
upstream regulation or contained substantial effluent from industrial or sewage-
treatment-plant discharge, less than 3 discharge measurements were available but
the site had a drainage area greater than 150 mi2, or regression equatiomns could
not be used because the measurements were made during a base-flow condition that
had too high a discharge.
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Accuracy

The low-flow characteristics in table 1 are estimates of flow expected in
the future. Low-flow characteristics, like other streamflow characteristics,
are only estimates, with their true value being difficult or impossible to
determine. The estimates are based on data collected at each site and analyzed
by several methods. FEach estimate has an error associated with it, dependent on
the amount and kind of data and the analytical method. Two major sources of
error are the time-sampling error in streamflow records and the error in the
analytical method.

The expected degree of accuracy for the Q7,2 and Q7,10 estimates are pre-
sented in table 1 for each site. The accuracy is presented as the standard
error of estimate for the 7-day, 2-year low flow (SE7 2) and for the 7-day,
10-year low flow (SE7 1p). The standard error of estimate defines a range which
should include the true values 67 percent of the time or at 67 percent of the
sites.

The methods used to obtain the standard errors are not precise, and the
standard errors presented in the table should be used as a relative guide to
indicate a general level of confidence. 1In addition, there may be greater error
associated with accuracy estimates for low-flow estimates that approach 0 ft3/s.

Gaging stations

Accuracy of low-flow characteristics at gaging stations was determined by a
method described by Hardison and Moss (1969). An average SE7 3 of 8 percent and
SE7,10 of 12 percent was determined for the 14 gaging stations on unregulated
streams in the central Wisconsin River basin that had greater than 10 years of
unregulated-streamflow record.

A common length of record (10 years) was used to compare the accuracy of
low-flow characteristics determined from recorded discharge at gaging stations
in the central Wisconsin River basin with that of gaging stations throughout the
State. This analysis assumed that 10 years of record was available at each
gaging station to determine the Q7 10 discharge. An SE7 10 of 17 percent was
determined for the central Wiscomsin River basin as compared with an SE7 19 of
16 percent for gaging stations throughout the State. A more detailed listing of
the SE7 10 for each of the four areas is presented in tables 3-6.

Low-flow partial-record stations

The accuracy of low-flow characteristics at low-flow partial-record stations
was determined by a method developed by Hardison and Moss (1972). Using this
method, an average SEy 10 of 22 percent was found for 18 low-flow partial-record
stations in the central Wisconsin River basin. This compares to an average
SE7,10 of 29 percent for 265 low-flow partial-record stations throughout the
State. The average SE7 10 for low-flow partial-record stations in each area is
listed in table 3.

14



Miscellaneous sites

The accuracy of low-flow characteristics that were determined by graphical
regression using discharge measurements at the 45 miscellaneous sites is amn
average value for the entire basin., It was determined by analyzing data
collected at low-flow partial-record stations., Three random base-flow measure-
ments were selected from the 8 to 20 measurements available at 20 low-flow
partial-record stations. Low-flow characteristics were determined from these
three measurements using the same procedure used for miscellaneous sites. Then
low-flow characteristics determined by this method were plotted against the low-
flow characteristics based on 8 to 20 measurements and the SE determined. The
overall SE includes the SE determined by the plotted relationship and the SE
associated with the low-flow estimates based on 8 to 20 measurements. Assuming
the two errors are independent, the overall SE can be approximated by taking the
square root of the sum of the squares of the two different SE's. For the
central Wisconsin River basin, this resulted in an average SE7,10 of 32 percent
for the miscellaneous sites. An average SE7 19 for each of the areas is pre-
sented in tables 3-6 and is listed for the miscellaneous sites in table 1 as the
average area accuracy.

The average SE7 19 value should be used cautiously for any particular site
since the actual value for a subbasin could be significantly different from the
mean for the basin. If the low—-flow characteristics are based on more than
three discharge measurements, the accuracy will probably be improved and should
approach the accuracy at low-flow partial-record stations as additional measure-
ments are obtained.

The accuracy of the low—flow characteristics that were determined by
regression equations at the other 86 miscellaneous sites is also an average
value for each of the 4 areas in the basin. It was determined as part of the
regression analysis and is discussed later in the report (p. 15-30).

ESTIMATING LOW-FLOW CHARACTERISTICS
AT UNGAGED SITES

A method is required to transfer low-flow characteristics from gaged sites
to ungaged sites because it is impossible to obtain actual streamflow data for
all sites where the information is needed. The most practical transfer method
relates low—flow characteristics to climatic, topographic, and aquifer charac-
teristics of the drainage basin by multiple-regression analysis. Characteristics
used in the multiple-regression analysis and the equations determined are
discussed in the following paragraphs. The method is outlined in detail by
Thomas and Benson (1970).

Streamflow characteristics

Streamflow characteristics that were studied are the Q7’2 and Q7 10, which
are widely used to describe low flow. The multiple-regression analysis included
these characteristics for 41 sites in the central Wisconsin River basin. The
streamflow characteristics are the dependent variables in the multiple-
regression analyses.

15



Basin characteristics

Differences in streamflow for various locations and times are caused by the
differences in precipitation patterns and the differeuces in runoff charac-
teristics., Climatic, topographic, and aquifer characteristics are quantified to
explain the variation in low flow. These indices are the independent variables
in the multiple-regression analysis.

Basin characteristics were selected for the analyses because of their known
influence on the rainfall-runoff process. The following list of the drainage-
basin characteristics contains a brief discussion of their effect on low flow
and how the indices were determined.

Drainage area (A).~-Size of the drainage area is the most significant
characteristic in explaining differing streamflow between sites. Because low
flow is ground-water runoff, the contributing area is defined by the ground-
water divide of a basin, which can be determined from potentiometric maps.
Because detailed potentiometric maps are not available for most areas in the
central Wisconsin River basin, the surface~water divide was used to define the
contributing surface drainage area. An exception was the central sand plain
area, Detailed potentiometric maps from Holt (1965) and Weeks and Stangland
(1971) showed a major difference in the surface and ground-water divides in that
area, Therefore, the potentiometric maps from these reports were used to deter-—
mine drainage areas for sites in the central sand plain.

Drainage areas, in square miles, based on surface-water divides were com-—
puted from U.S. Geological Survey topographic maps. Most of this drainage-area
data were obtained from Holmstrom (1972).

Main-channel slope (S).--Main-channel slope (Benson, 1962 and 1964) is a
characteristic that relates to the change in streamflow for different basins.
The index of slope used in this analysis is the average slope in feet per mile,
between points 10 percent and 85 percent of the distance upstream from the gaged
site to the drainage-basin divide.

Main-channel length (L).--Main-channel length is another landform charac-
teristic that indicates basin shape in conjunction with drainage area of the
basin. 1In estimating ground-water runoff to the stream, L can be viewed as
describing the length of the vertical cross—sectional area of the porous aquifer
material through which the flow occurs. Channel length was obtained from the
U.S. Geological Survey topographic maps by measuring the total indicated blue-
line length by a digitizer, divider, or other means.

Basin storage (Bs).~-Basin storage is that part of total drainage area
occupied by lakes and marshes. Variations in streamflow can be caused by reten-
tion and release of water from basin storage. For some streams, runoff is
delayed by storage, but total runoff may not be reduced; whereas, on other
streams, prolonged retention allows increased evapotranspiration that results in
decreased runoff. Essentially, the basin storage index is used in the analysis
to reflect the effect of evapotranspiration on low flow.
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this study, sites were selected that had discharge measurements previously
obtained for other low-flow investigations.

The base-flow index values were determined by the equation:

_ % Q9o

Bf = ——
A Qr

where: Bf = base-flow index for low-flow partial-record station or
miscellaneous site, in cubic feet per second per square mile;

Qp = measured discharge at low-flow partial-record station or
miscellaneous site, in cubic feet per second;

>
[}

drainage area at low-flow partial-record station or miscellaneous
site, in square miles;

Q9p = 90 percent flow-~duration discharge at the correlating
continuous-record station, in cubic feet per second; and

Qp = discharge recorded at the continuous-record station the day that
Qn was made at the partial-record station or miscellaneous site,
in cubic feet per second.

In effect, the measured discharge (Qy) is converted to a unit discharge by
dividing the value by the drainage area (A). This value is then adjusted to the
90 percent flow duration by multiplying it by the ratio of that day's Q9p/Q, at
the continuous recording station.

Plate 2 shows the locations of 117 sites with base-flow index values, their
respective drainage—area outlines, and their computed base-flow index values.
This plate can be used to estimate base-flow index values for sites where low-
flow estimates are required and streamflow data are not available.

Hydraulic conductivity (K).--Hydraulic conductivity of an aquifer is the
volume of water at the existing kinematic viscosity that will move in unit time
under a unit hydraulic gradient through a unit area measured at right angles to
the direction of flow. Average values of hydraulic conductivity were given to
drift deposits in the central Wisconsin River basin and are:

Hydraulic
conductivity
[(gal/d)/£t2]
Ground moraine (till; consists of clay, silt,
sand, gravel, and boulders) 10
End moraine (sandy to clayey till) 100
Pitted outwash (well-sorted sand and gravel to
unsorted stratified sandy till) 250
Outwash (sand and gravel) 2,500
Glacial~lake deposits (mainly fine to coarse sand) 2,500
No glacial deposits (mainly silt) 100

19



Average values of hydraulic conductivity were obtained for each of the subbasins
by the following procedures: (1) outline subbasin divide on glacial geology map
(Devaul and Green, 1971, sheet 1) (fig. 9), (2) determine the subbasin for each
of the drift types, (3) multiply these subareas by the hydraulic conductivity
values assigned to the drift, and (4) divide the sum of these products by the
sum of the subareas.

Drift thickness (H).--Drift is an aquifer that stores water for release to
streams in the basin. The thickness of drift ranges from zero in various parts
of the basin to 400 ft in other parts. An average drift thickness for each sub-
basin was determined from the glacial geology and drift thickness map by Devaul
and Green (1971, sheet 1) (fig. 9).

Transmissivity (T).--The water—transmitting capability of an aquifer is
expressed in terms of transmissivity, Values of transmissivity were obtained by
the product of hydraulic conductivity and drift thickness.

Values for these basin characteristics for low-flow partial-record stations
and selected gaging stations (drainage areas less than 150 mi2) in the central
Wisconsin River basin are listed in table 2.

Regression analysis

Multiple-regression analysis was used to determine the relationship between
the low-flow characteristics (dependent variables) and the basin characteristics
(independent variables). The analysis provides an equation, or series of
equations, relating the dependent to the independent variables. This analysis
defined mathematical equations of the form:

b3 b

....Qo.clo.l.l....N n,

Qp = a AP18%2¢

where: Qr is a 7-day low-flow characteristic having a T-year
recurrence interval, in cubic feet per second;

a is a regression constant defined by the regression
analysis;

ABC.....N are drainage-basin characteristics; and

bybgb3eeeesby are regression coefficients defined by regression
analysis.

The analysis also defined the standard error of estimate (SE) of the analytical
method and the statistical significance of each variable in the equation.

The standard error of estimate is a measure of the accuracy of the
regression relationships. Discharges estimated by the regression equations
should be within one standard error of estimate of the true discharge 67 percent
of the time and within twice this range for 95 percent of the time.
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Equation Standard error

Northeast area

Q7,2 = 1.82x10~340.782y0.804¢0.254 SE7,2 = 81 percent ()
Q7,10 = 4.94x1074a0.81750.909¢0.295 SE7,10 = 110 percent (2)
Westside area
Q7,2 = 3.33x10340.68650.671 SE7,2 = 140 percent (3)
Q7,10 = 1.48x107340.6260.717 SE7,10 = 150 percent %)
Central sand plain area
Q7,2 = 0.83040.832 SE7,2 = 26 percent (5
Q7,10 = 0.543A0.863 SE7,10 = 40 percent (6)
Southwest area
Q7,2 = 0.21841.05 SE7,2 = 44 percent (7)
Q7,10 = 0.16541.04 SE7,10 = 52 percent (8)

Q7,2 is the 7-day, 2-year low flow, in cubic feet per second;

Q7,10 is the 7-day, 10-year low flow, in cubic feet per second;
A is drainage area, in square miles;
H is the average thickness of glacial drift-within a basin, in feet;
K 1is the hydraulic conductivity, in gallons per day per square foot;
S is main channel slope, in feet per mile, and
F is percentage of drainage area covered by forests plus 1.00,.

Equations 1 to 8 are proposed for use at sites draining less than 150 mi2
where base~flow data are not available.

Sites with some base-flow data

The following equations were selected from the analyses for sites where some
base~flow data (one or two streamflow measurements) were available.

23



Equation Standard error

Northeast area

Q7,2 = 0.242A0.971g0,1405£0.711 SE7,2 = 36 percent (9
Q7,2 = 0.80840.917£0.827 SE7,7 = 46 percent (10)
Q7,10 = 0,156A1 :04g0.1445¢0.881 SE7’10 = 48 percent (11)
Q7,10 = 0.54140.986p£1.00 SE7,10 = 56 percent (12)

Westside area

Q7,2 = 2.1840.893p¢1.24 SE7 2 = 40 percent (13)
Q7,10 = 1.1240.8158£1.23 SE7,10 = 61 percent (14)

Central sand plain area

Q7,2 = 1.0140.9223£0.662 SE7,2 = 10 percent (15)
Q7,10 = 0.700A0.9855£0.900 SE7,10 = 24 percent (16)

Southwest area

Q7.9 = 0.26241.0070.33870.1235¢0.911 SE7,2 = 23 percent (17)
’

Q7,2 = 0.571A1.07g£0.870 SE7,2 = 28 percent (18)

Q7,10 = 0.463A1.07£0.948 SE7,10 = 38 percent (20)

Q7,25 Q7,105 A, and F are as defined for equations 1 through 8,
I is soil-infiltration rate, in inches per hour, and

Bf is the base-~flow index, in cubic feet per second per square mile; methods
of defining these are given in the section on "Basin Characteristics".

For the northeast area and the southwest area, two sets of equations were
provided for each low-flow characteristic. While equations 9, 11, 17, and 19
" have lower standard errors than 10, 12, 18, and 20, respectively, the latter
equations are easier to apply and may be adequate for most purposes.

Equations 9 through 20 should provide estimates of Q7 2 and Q7 19 at
approximately the SE indicated for sites where base-flow discharge measurements
have been made during low or medium base-flow conditions. See next section for
details describing the required low or medium base-flow conditions for each
area. In addition, for sites where base-flow data were not available,
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equations 9 through 20 should provide more reliable estimates than equations 1
through 8 for the following conditions:

1. For ungaged sites in an area where the degree of uniformity among Bf
values is high (within +0.15), as shown on plate 2.

2., For ungaged sites within the indicated subbasins on plate 2.

If these conditions exist, equations 9-20 should be used and values of Bf
estimated from plate 2.

Equations 9 fhrough 20 are applicable for use at sites having drainage areas
of less than 150 miZ,

Verification of regression equations
that use base-flow index

The effect of variability of computed Bf on the reliability of equations 9,
12, 13, 14, 15, 16, 17, and 19 was tested using base-flow measurements at low-
flow partial-record stations. Periods selected for analyses were: a low base-
flow period (flow durations greater than 80 percent); a medium one (between 60
and 80 percent); and a high one (between 40 and 60 percent). Values of Bf were
computed as outlined previously. Substituting these new values of Bf into the
equations listed above, estimates of Q7 2 and Q7,10 were determined for low-flow
partial~record stations. When compared to the Q7 2 and Q7 10 values listed in
table 1, the following SE's were determined for the estimated low-flow charac-
teristics for each area.

SE using various flow conditions

Regression SE from to determine Bf
analysis regression
equations analysis Low Medium High
base flow base flow base flow

Northeast area

Equation 9 36 percent 35 percent 42 percent 60 percent
Equation 11 48 percent 46 percent 47 percent 66 percent

Westside area

Equation 13 40 percent 40 percent 66 percent 57 percent
Equation 14 61 percent 58 percent 42 percent 120 percent

Central sand plain area

Equation 15 10 percent 11 percent 29 percent 18 percent
Equation 16 24 percent 13 percent 29 percent 31 percent

Southwest area

Equation 17 23 percent 7 percent 12 percent 12 percent
Equation 19 32 percent 21 percent 11 percent 21 percent
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As illustrated, the regression equations provide satisfactory results for:
all equations at low base—flow conditions, most equations at medium base-flow
conditions, and only equations 17 and 19 at high base-flow conditions. For high
base-flow conditions the SE for equations 15 and 16 is greater than the indi-~
cated values but they are still recommended for use since they have a very low
SE.

Application of estimating procedures
Sites without base-flow data
Low-flow characteristics at an ungaged site may be computed as follows:

1. If the conditions listed on pages 24 and 25 are met, use equations
9 through 20 (page 24).

2. Compute drainage area as indicated on page 16.

3. As required for the selected equation, compute hydraulic conductivity
as indicated on pages 19 and 20, forest cover as indicated on page 17,
and soil-infiltration rate as indicated on page 17.

4, Determine base-flow index from plate 2.

5. Substitute these values into the selected equations and solve for the
low-flow characteristics.

6. If the conditions outlined on pages 24 and 25 cannot be met, use
equations 1 through 8 (page 23).

7. Compute the drailnage area as indicated on page 16.
8. Determine hydraulic conductivity, as indicated on pages 19 and 20; drift
thickness, as indicated on page 20; forest cover, as indicated on page
17; and slope, as indicated on page 16.
9. Substitute drainage area, hydraulic conductivity, drift thickness,
and forest cover values as needed into the selected equations and
solve for the low~flow characteristics.
For ungaged sites in areas where the degree of uniformity of base-flow index
values is high, Bf can be estimated from plate 2, and equations 9 through 20 can
be used to determine the low-flow characteristics. For example, to determine

the low-flow characteristics for Black Creek at the confluence with the Big Rib
River (in the westside area), the applicable equations are:

Q7,2 = 2.18A0.893p¢1.24 (13)

Q7,10 = 1.1240.815p¢1.23 (14)

Drainage area was determined as outlined on page 16 and is 82.5 miZ.
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The base-flow index is determined from plate 2 and is a weighted average
based on drainage area:

where: Aj

Bfy

Bfy

A3

then:

Alel + A23f2 + A33f3

A+ Ay * A,

drainage area at statiom 05395850 = 25,4 mi2,

Bf =

base~flow index at station 05395850 = 0.020,

intervening drainage area between station 05395850 and
station 05395870 = 14.5 mi2,

base-flow index for intervening area between station 05395850
and statiom 05395870 = 0.05,

intervening drainage area between station 05395870 and point of
interest at mouth of Black Creek = 42.6, and

base-flow index for intervening area between station 05395900
and point of interest at mouth = 0.07,.

25.4(0.020) + 14.5(0.05) + 42.6(0.07)
£ = 25.4 + 14.5 + 42.6

Bf

Bf = 0,051 at mouth of Black Creek

Substituting these values into their respective equatioms:

Q7,2 = 2,1840.893pf1.24
= 2,18(82,5)0.893(0,051)1.24
= 2,18(51,5)(0,025)

= 2.8 ft3/s

= 1,12(82.5)0.815(0,051)1.23
= 1,12(36.5)(0.026)

= 1,05 ft3/s

Low-flow characteristics for ungaged sites in which conditions on pages 24
and 25 are not met can be determined by regression equations 1 through 8. The
low—-flow characteristics of Big Sandy Creek at the confluence with the Eau
Claire River are determined to illustrate the procedure.
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The applicable equations for an ungaged area in the northeast area are:

Q7,2

"

Q7,10

The drainage area is 73.5 mi2

1.82%10~340.78240.8040.254

4,94%X10~4A0.81740.909¢0.295

(1)
(2)

. The average drift thickness for the Big

Sandy Creek drainage area from figure 9 is about 50 ft.
Big Sandy Creek was determined from figure 9 to be outwash and ground moraine.
The following calculations were made to determine values of hydraulic conduc-

tivity from figure 9.

The drainage area of

(1) (2) (3)
Glacial Hydraulic Surface area of Columns
deposits conductivity glacial deposit (2)X(3)
[(gal/d)/£t?] (mi?)
Ground moraine 10 68.1 681
Outwash 2,500 5.4 13,500
73.5 14,181
' o 14,200
Hydraulic conductivity (K) = 73.5 = 193 (gal/d)/ft2

Subsgtituting these values into the respective equation:

Q7,2

]

Q7,10 =

it

]

4.6 ft3/s

2.7 ft3/s

1.82%10-340.782130.804¢0.254

(1.82X1073)(28.8)(23.2)(3.81)

4.94%10-440.81750.90950.295

(4.94X10"4)(33.5)(35.0)(4.72)
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Sites with some base-flow data

The following is an example of how to determine low-flow characteristics at
sites where some base-flow measurements are available or can be made before com-
putation of characteristics.

1. Select from equations 9 through 20 listed on page 24 the ones for the
appropriate area,

2, 1If not available, obtain a base-flow measurement at the required site.
Check base~flow conditions to make sure measurement will be or was made
during required base-flow conditions for each area, as indicated on
page 25.

3. 1If the streamflow measurements have been made during proper base-flow
conditions, the Bf should be determined as outlined on pages 17 and 19.
If not, use equations 1 through 8.

4, Compute the other basin characteristics, drainage area, hydraulic con-
ductivity, forest cover, and soil-infiltration rate as required in the
equations as outlined on pages 16-20.

5. Substitute values determined in steps 3 and 4 into the appropriate
equations.

Low-flow characteristics are presented for sites in table 1 that are com-
puted from base-flow measurements which meet criteria outlined in 2 above. As
an example of how to determine low-flow characteristics at sites where base-flow
data will be obtained by some other source than this report, Dead Horse Creek
near Arkdale (05401550) is used to illustrate the procedure.

The applicable equations for the central sand plain are:

Q7,2 = 1.0140.9225£0.662 (15)

Q7,10 = 0.700A0.985p5£0.900 (16)

Drainage area (A) obtained from table 1, page 80, is 30.7 mi2,

Following the same general procedure as outlined on pages 17 and 19, a Bf
value was determined by the equation:

~Qy Q
BE = 3o

where: Qp is the measured discharge, 2.00 ft3/s, of Dead Horse Creek near
Arkdale on October 11, 1966;

A = 30,7 mi2,
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Q,; is the recorded daily mean discharge at a nearby continuous-record
gaging station. Referring to plate 1, station 05401535, Big Roche a
Cri Creek near Adams is the closest unregulated gaging station.

From U.S. Geological Survey (1968) the average daily discharge for
October 11, 1966, was 38 ft3/s; which is at the 88 percent flow-
duration point (duration value determined from table 1, p. 79); and
the

Qgp for Big Roche a Cri Creek near Adams is 37 ft3/s, obtained from
table 1, p. 79.

Substituting these values in the equation:

_ %0

Bf = e
A Qr

_ (2.00)(37)
(30.7) (38)

0.063

]

The low-flow characteristics then can be determined by substituting these
values in their respective equations:

= (1.01)(30.7)0.922(0,063)0.662
= (1.01)(23.5)(0.160)
= 3.8 ft3/s

Q7’10 = 0.700A0.9858£0.900

(0.700)(30.7)0.985(0.063)0.900

(0.70)(29.2)(0.083)
1.7 ft3/s

COMPARISON OF METHODS

Tables 3 through 6 compare the methods available from this report in terms
of: type of data required, number of sites where required data are available,
time required to collect data, analytical method used to determine the low-flow
characteristics, and standard error of estimate associated with the method. As
illustrated in the tables, if a high degree of reliability is required and suf-
ficient time is available for data collection, a gaging station or low-flow
partial-record station should be operated. If a lesser degree of reliability is
acceptable at a site or time and money are limited, three base-flow discharge
measurements can be obtained. For the minimum effort, and reliability, use
equations 1-8.
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SUMMARY

Low-flow characteristics were determined for 34 gaging statiomns, 18 low-flow
partial-record stations, and 148 miscellaneous sites in the central Wiscomsin
River basin.

Because of the large variability in low-flow characteristics, the basin was
divided into four areas for some analyses., The division was based on areas
having similar geologic conditions,

The method used in estimating the low-flow characteristics was dependent on
the amount of discharge data available at the site. The low~flow charac-
teristics at a gaging station with 10 or more years of record was determined by
a log-Pearson Type II1 frequency analysis or plotting-position analysis. At a
low-flow partial-record station (eight or more discharge measurements) or
miscellaneous site (three or more discharge measurements) a graphical rela-
tionship was used to determine the Q7 ,2 and Q7 ,10- At miscellaneous sites (ome
or two discharge measurements) and ungaged sites (no discharge measurements),
multiple-regression equations were developed to determine the low-flow charac-
teristics. The standard error of estimate of the 7-day, 10-year low flow
(SEy 10) ranged from 8 percent for gaging stations in the southwest area to
61 percent for the multiple-regression equation in the westside area. The
methods used to determine the standard errors are not precise and should be used
as a relative guide to indicate a general level of confidence.

The multiple-regression equations developed made it possible to determine
the low-flow characteristics at ungaged sites with an acceptable degree of
accuracy for some purposes. Two sets of equations were determined, one for use
at sites without any base-flow data and the other for sites with base-flow
measurements. The latter equations had an SE7,10 that ranged from 24 to
61 percent, depending upon the area, compared with a range of 40 to 142 percent
for the former. The most significant characteristics in explaining the
variation in low flow were size of drainage area, hydraulic conductivity, drift
thickness, slope, forest cover, soil-infiltration rate, and base-flow index.

Generally, the standard error of estimate of the 7-day, 10-year low flow
(SF7 10) was low for most methods of analysis in the basin when compared to
other basins in the State. The SE7,10 of 24 percent for the multiple-regression
equation in the central sand plain area is the lowest value determined for any
of the 10 basins that have been completed. The low SE7 1o reflects the ability
of the equation to define the basin characteristics that affect low flow. In
this area, the low flows are fairly high and uniform because of the conmsistency
of the thick sand—and-gravel aquifers.

An exception to the low SEj o was apparent in the results for the westside
area. For this area, the SE7 10 values for all methods was moderately high.
The Q7,10 discharge is very low for many streams in this area due to the thin-
ness or absence of glacial aquifers and the presence of crystalline rock
underlying the drift or at the surface for much of this area.
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