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CONVERSION FACTORS AND ABBREVIATIONS

For use of readers who prefer to use metric (International System) units, rather than
the inch-pound terms in this report, the following conversion factors are provided:

Multiply inch-pound unit By To obtain metric unit
cubic foot per second (ft/s) 0.02832 cubic meter per second
cubic foot per second per square 0.01093 cubic meter per second per square
mile [(ft3/s)/mi?] kilometer
cubic foot per second per year 0.02832 cubic meter per second per year
[(f3/s)/yr]
foot per mile (ft/mi) 0.1894 meter per kilometer
inch (in.) 254 millimeter
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer
square ton per day squared (ton%d?) 0.8230 square megagram per day squared (Mg%d?)
ton, short (ton) 0.9072 megagram
ton per acre per year [(ton/acre)/yr] 2.242 megagram per hectare per annum
ton per day (ton/d) 0.9072 megagram per day
ton per day per year (ton/d/yr) 0.9072 megagram per day per annum
ton per square mile per year 0.3503 megagram per square kilometer per annum
[(ton/mi2)/yr]
ton per year (ton/yr) 0.9072 megagram per annum

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) as follows:

°C = 5/9(°F-32)

The following term and abbreviation are also used in this report:

milligram per liter (mg/L)
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Suspended-Sediment Characteristics of

Indiana Streams, 1952—-84

By Charles G. Crawford and Lawrence J. Mansue

Abstract

Suspended-sediment concentration and dis-
charge data were collected at 7 daily record sta-
tions and 70 partial-record stations during 1952—
84. Median suspended-sediment concentrations
ranged from 24 to 61 milligrams per liter at daily
record stations; concentrations ranged from 6 to
539 milligrams per liter at partial-record stations.
Most suspended sediment transported in Indiana
streams is silt and clay size (particles between
0.062 and 0.004 millimeter in diameter and parti-
cles less than 0.004 millimeter in diameter).

Large suspended-sediment concentrations
were associated with storm runoff but not always
with peak streamflow. Some peak concentrations
of suspended sediment preceded peak streamflow
by as much as 18 to 30 hours during storms. Sus-
pended-sediment concentrations frequently were
largest during a storm that occurred after a period
of low streamflow, when large amounts of sedi-
ment were eroded and transported into the stream
and little base flow was available for dilution. For
most of the streams studied, reliable predictive
equations could not be developed to quantify the
relation between suspended-sediment concentra-
tion and streamflow because of the extreme vari-
ability in the data.

Annual suspended-sediment yields at four
daily record stations ranged from 186 to 1,914
tons per square mile. Annual suspended-sediment
yields for 70 partial-record stations, estimated by
use of the suspended-sediment transport, flow-
duratiqn-curve method, ranged from 11 to 2,310
tons per square mile. However, because of the
poor correlation between suspended-sediment

discharge and streamflow, these estimates are
imprecise.

Periods of record at 4 daily record and 32
partial-record stations were sufficient to test for
trends. The trend in suspended-sediment concen-
tration, adjusted for streamflow, was significant
for only 9 of the 36 stations. At six of the nine
stations, flow-adjusted suspended-sediment con-
centrations decreased with time.

INTRODUCTION

Sediment is inorganic and organic material that
is transported by, suspended in, or deposited by
streams. The quantity of sediment transported by a
stream is designated the sediment load. The sediment
load can be divided into two components on the basis
of the mode of transportation (Colby, 1963, p. A12).
Suspended sediment is material held in suspension by
turbulent currents or by colloidal suspension. Bedload
is material that remains very close to the streambed
and is transported by sliding, skipping, or rolling along
the bed. The rate of movement of sediment past a
point in a stream is designated the sediment discharge.

Suspended sediment is generally considered to
be the most significant nonpoint contaminant, by vol-
ume, for surface waters (McElroy and others, 1976,
p. 29). Silt- and clay-sized particles can remain sus-
pended for long periods and can cause medium to
large levels of turbidity in the receiving streams. Large
sediment discharges in streams can result in the
destruction of aquatic habitat and a decrease in aquatic
populations (Cordane and Kelly, 1961; Gammon,
1970). Some metal ions, pesticides, and nutrients may
be sorbed on sediment particles and transported with
the sediment.

Introduction 1



Knowledge of the quantity and characteristics of
suspended sediment is useful for managing the State’s
water resources. For example, information on long-
term sediment discharge, concentrations, and particle-
size composition of the sediment is important in the
design of reservoirs. Information about sediment dis-
charges and concentrations is essential for evaluating
water-quality issues and for designing water-treatment
plants. The evaluation of conservation and land-use
practices is commonly based on sediment data. Exam-
ples of such studies are Mansue and Anderson (1974)
and Reed (1978).

The U.S. Geological Survey has been collecting
suspended-sediment data in Indiana since 1952. The
objectives of the data-collection program are to deter-
mine (1) suspended-sediment yields for streams
throughout the State, (2) particle-size distribution of
suspended sediment, and (3) trends in suspended-
sediment concentration and discharge.

Johnson (1971) described the suspended-
sediment data-collection program and presented mean
annual suspended-sediment yields for stations in Indi-
ana sampled through 1969. The suspended-sediment
program in Indiana has expanded since 1969, and con-
siderably more data have been collected.

The purpose of this report is to describe the
results of a study summarizing suspended-sediment
data collected in Indiana. Included in the report are
summaries of (1) suspended-sediment concentration
and discharge, (2) particle-size distribution of sus-
pended sediment, (3) suspended-sediment yields, and
(4) trends in suspended-sediment concentration and
discharge. The report also describes in detail the
methodology used to estimate suspended-sediment
yields and the variance of the estimated yields. The
information contained in this report is based on
suspended-sediment data collected by the U.S. Geo-
logical Survey in Indiana, in cooperation with the Indi-
ana Department of Natural Resources, from 1952 to
1984, and consists of 23,153 estimates of daily mean
suspended-sediment concentration and 21,766 esti-
mates of daily mean suspended-sediment discharge
collected at seven stream stations. The number of esti-
mates of daily mean suspended-sediment concentra-
tion ranges from 784 to 6,050 at the seven stream
stations. The number of estimates of daily mean
suspended-sediment discharge ranges from 784 to
5,889 at the seven stream stations. There are also
3,946 instantaneous observations of streamflow,
suspended-sediment concentration and discharge

collected at 70 stream stations, the number of which
range from 9 to 154 per station. The sampling stations
have drainage basins ranging in size from 6.8 to
29,234 square miles (mi?).

The basic data used for this study are not pre-
sented in this report. The data have been published in
the U.S. Geological Survey Water-Supply Paper
series, “Quality of Surface Waters of the United States,
Parts 3, 4, and 5: Ohio River Basin, St. Lawrence
River Basin, and Upper Mississippi River Basin,” for
data collected prior to October 1964, and in the U.S.
Geological Survey Water-Data Report series, “Water
Resources Data for Indiana,” for data since October
1964.

PHYSICAL SETTING OF THE STUDY
AREA

Drainage Basins

Eighty percent of Indiana is drained by streams
that discharge into the Ohio River. The largest river in
Indiana, the Wabash, drains 32,910 mi2. Of this total
area, 8,700 mi2 are in Illinois and 285 mi? are in Ohio.
The White River, a tributary to the Wabash, has two
subbasins of nearly equal size, the main stem and the
East Fork, with a total drainage area of 11,349 miZ.
The Whitewater River, which drains 1,369 mi?, dis-
charges into the Great Miami River in southern Ohio.
The Kankakee and Iroquois Rivers are part of the Illi-
nois River drainage; they drain about 17 percent of
Indiana (2,581 mi?) and flow westward into Illinois.
The Illinois River is part of the upper Mississippi
River drainage. Approximately 10 percent of Indiana
is drained by three rivers that are part of the Great
Lakes basin. The Calumet and St. Joseph Rivers drain
into Lake Michigan, and the Maumee River drains into
Lake Erie. Both Lake Michigan and Lake Erie are part
of the Saint Lawrence River drainage. Major drainage
basins in Indiana are shown in figure 1, and minor
drainage basins are shown in figure 2.

Glacial Geology and Geomorphology

During the Pleistocene Epoch, glacial ice
extended into Indiana several times. As a result, Indi-
ana can be divided into three general geomorphic
zones: (1) the northern moraine and lake region, (2)
the Tipton till plain, and (3) the unglaciated bedrock
geomorphic units of southern Indiana (fig. 3).

2 Suspended-Sediment Characteristics of Indiana Streams, 1952-84
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EXPLANATION

— ¢ ¢ — Boundary of drainage basin' ..

—_—— Boundary of drainage sub—
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Figure 2. Minor drainage basins.
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Figure 3. Glacial boundaries and physiographic units. From Schneider (1966).
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The ice extended farther south in the Wabash
and Ohio River drainage basins than in any other
region of the Northern Hemisphere during this time. In
the area north of the Wisconsin glacial boundary (the
most recent glaciation), nearly all the landscape is of
glacial origin. Between the southern boundary of the
Wisconsin glaciation and the extent of maximum gla-
ciation (the southern boundary of the Illinoian glacia-
tion) are bedrock features and features formed by
glacial deposition. In the unglaciated part of the State,
landforms have been affected by glacial-outwash sand
and gravel and by silt and clay deposits in lakes
formed by glacial meltwater (Wayne. 1966. p. 21). A
more detailed description of these landforms can be
found in Schneider (1966) and Malott (1922).

Figure 4.

Soils

Indiana soils are derived from glacial drift and
the local bedrock (Clark, 1980, p. 16). The composi-
tion of glacial deposits varies, as demonstrated by the
wide variety of textures and types of soils throughout
the State.

Many areas throughout Indiana have potential
for severe soil erosion. The State Soil and Water Con-
servation Committee and the Indiana Department of
Natural Resources estimated the amount of erosion for
1978-79 land-use conditions. These estimates consid-
ered vegetative cover, land management, and erosion-
control practices on the land. Average annual soil loss
(gross erosion), estimated by the universal soil loss
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poorly drained, and on nearly level and depressionable

land; those having medium annual soil loss of 5 to 9.9
(tons/acre)/yr are deep, somewhat poorly drained, and

on nearly level to slightly sloping land; those having
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large annual soil loss of 10 to 14.9 (tons/acre)/yr are
deep, well-drained, and on moderately to steeply
sloped land; most of those having annual soil loss of
15 (tons/acre)/yr or larger are deep, well-drained, and
on steeply sloped land.

Climate and Precipitation

Average maximum daily temperature in Indiana
ranges from 34 to 46 degrees Fahrenheit (°F) in Janu-
ary and 84 to 90 °F in July. Average minimum daily
temperatures range from 18 to 28 °F in January and 62
to 68 °F in July (Schaal, 1966, p. 162). Average grow-
ing season (about 170 days) ranges from 150 days in
northeastern Indiana to more than 200 days in south-
western Indiana.

Average annual precipitation is 38 inches (in.)
and ranges from 36 in. in northern Indiana to 44 in. in
southern Indiana (Schaal, 1966, p. 157). The distribu-
tion of precipitation is fairly even throughout the year.
Average monthly precipitation is largest in April, May,
June, and July (about 4 in.) and smallest in February
and October (2-2.5 in.). Average annual snowfall
ranges from 10 in. in southern Indiana to 60 in. in
northern Indiana (Schaal, 1966, p. 157).

Runoff

Average annual surface runoff in Indiana (the
depth to which the State would be covered if all runoff
for an average year were distributed uniformly over
the State) ranges from about 10 in. in the northeast to
about 18 in. in the south-central part of the State (fig.
5). Runoff is usually largest from January through
June and smallest from August through October.

SUSPENDED-SEDIMENT SAMPLING
METHODS

Samples were collected at seven stream stations
once daily during normal flows and several times daily
during storm runoff. Usually, a sample was collected
from one vertical in the stream cross section; detailed
cross-sectional samples also were collected periodi-
cally. The data were used to provide information
about (1) magnitude, frequency, and duration of
suspended-sediment concentration and discharge and
(2) long-term yields and trends. '

Data were collected periodically every 1 to 4
months and occasionally more often during storms at
70 stream stations. These partial records were used to
provide information about regional suspended-
sediment characteristics. Partial records provide less
information than daily records for a given station;
however, the substantiaily lower cost of partial records
allows more stations to be sampled. Partial records
also can be used to estimate suspended-sediment yield.
The locations of the daily record and partial-record
stations are shown in figure 6.

Suspended-sediment stations were chosen from
existing U.S. Geological Survey streamflow-gaging
stations in Indiana. A description of the streamflow-
gaging network in Indiana may be found in Marie and
Swisshelm (1970) or Stewart and others (1986). Each
streamflow-gaging station has an assigned eight-digit
number for identification. The first two digits of this
number refer to the primary basin in which the station
is located. Stations whose number begins “03” are in
the Ohio River basin, “04” are in the Saint Lawrence
River basin, and “05” are in the upper Mississippi
River basin. The remaining six digits are assigned in a
downstream order. For reference purposes, these
downstream-order station numbers are given in the
tables, as well as the numbers showing station loca-
tions given in figure 6.

Data collected daily at a station are used to esti-
mate a record of daily mean suspended-sediment con-
centration for that station. Data collected at a station
on a periodic basis are instantaneous suspended-
sediment concentrations. To compare the two data-
collection methods, daily and partial records were
compiled independently for three stations: Eel River
near Logansport, Big Raccoon Creek near Fincastle,
and East Fork White River at Seymour. Although both
types of records are for the same station, they are dis-
cussed separately under the appropriate sections per-
taining to daily record and partial-record stations.
Daily record and partial-record stations were selected
to provide representation of the major drainages and
physiographic provinces of Indiana.

Suspended-sediment samples were collected
in depth-integrating samplers, using procedures
described by Guy and Norman (1970). Suspended-
sediment concentration and particle size were

Figure 5. Average annual runoff, 1951-80. -
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determined using laboratory procedures described by
Guy (1969).

Suspended-sediment discharge is calculated by
the following equation:

Q,=kQ.C,, (D

where

O, 1is the suspended-sediment discharge, in tons

per day;
k is a units conversion factor (k = 0.0027 when

Q,, is in cubic feet per second, C is in milli-
grams per liter, and Q; is in tons per day);

Q.. isthe water discharge, in cubic feet per second;
and

C, is the suspended-sediment concentration, in
milligrams per liter.

SUSPENDED-SEDIMENT CONCENTRATION
AND DISCHARGE

Daily Record Stations

Summaries of daily mean suspended-sediment
data collected at stations through September 1981 (the
end of the 1981 water year and the last year of data
collection) are presented in table 1 (concentration) and
table 2 (discharge). (Tables begin on p. 35.) The water
year used for this study is the 12-month period begin-
ning October 1 and ending September 30.

Daily station data indicate that 64 to 97 percent
of the suspended-sediment load occurred in only 10
percent of the time (table 3). A similar analysis shows
~ that 18 to 69 percent of the suspended-sediment load
occurred during only 1 percent of the time. These per-
centages mean that suspended sediment in Indiana is
transported in a relatively short period of time (a few
days each year). Very large flows (water discharges
that are equaled or exceeded only 1 percent of the
time) transported from 9 to 61 percent of the sus-
pended-sediment load. Flows equaled or exceeded
more than 10 percent of the time, but less than 1 per-
cent of the time, transported from 33 to 59 percent of
the suspended-sediment load. Flows equaled or
exceeded more than 25 percent of the time, but less
than 10 percent of the time, transported from 5 to 33
percent of the suspended-sediment load. Flows
equaled or exceeded more than 50 percent of the time
(less than the median flow) transported only 1 to 7 per-
cent of the suspended-sediment discharge. The per-
centage of suspended-sediment load contributed for

days when the suspended-sediment discharge was
equaled or exceeded by 1 and 10 percent of the time
exceeds the percentage of suspended sediment trans-
ported for days where the water discharge was equaled
or exceeded only 1 and 10 percent of the time. This
percentage indicates that a large portion of suspended
sediment is transported by large water discharges, but
that the largest suspended-sediment discharges are not
associated always with the largest water discharge.
Daily duration of streamflow, suspended-sediment
concentration, and suspended-sediment discharge are
given in table 4. Because the data for the different sta-
tions were not necessarily collected over the same
period of time, comparisons between stations are
inappropriate.

Seasonal variations of mean monthly stream-
flow, suspended-sediment concentration, and sus-
pended-sediment discharge for four daily record
suspended-sediment stations are shown in figure 7.
Data for other daily record stations are not shown
because of the short period of record. Suspended-
sediment concentrations generally were largest during
spring and summer and smallest during autumn. Sus-
pended-sediment discharge does not always follow
this same trend. From two-thirds to three-fourths of
the annual suspended-sediment discharge occurs from
December through April. Mean monthly suspended-
sediment discharge was typically largest in March,
near the time that mean monthly streamflow was
largest.

The relation between suspended-sediment con-
centration and streamflow for two Indiana streams
during selected periods of runoff is shown in figures 8
and 9. Peak suspended-sediment concentration pre-
ceded peak streamflow by approximately 30 hours for
the station at Eel River near Logansport. Peak sus-
pended-sediment concentration preceded peak stream- -
flow by 18 to 24 hours for the station at East Fork
White River at Seymour. The effect of antecedent
condition on sediment loading during a storm can be
seen in figure 9. Sediment concentrations are much
larger before the first streamflow peak than before the
second, even though the size of the second streamflow
peak is larger.

Partial-Record Stations

A summary of suspended-sediment data col-
lected at partial-record stations for which instanta-
neous streamflow was also measured is presented in
table 5. Shown in the table are the number of observa-

Suspended-Sediment Concentration and Discharge 11
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Figure 7. Relation of mean monthly streamflow, suspended-sediment concentration,
and suspended-sediment discharge for selected streams.

tions made at each station and the median, minimum,
maximum, and interquartile range (the range between
the lower and upper quartiles) of the suspended-
sediment concentrations and discharges measured.

The data observed at these stations are a func-
tion of when they were collected as much as they are
of the stream from which they were collected; there-
fore, station-to-station comparisons based on these
values are not valid. However, the data are an indica-
tion of the range of values to be found in a given
stream. The larger the number of observations, the
more likely these data reflect the true range of values
to be expected in a given stream.

Estimates of the flow-weighted, mean sus-
pended-sediment concentrations and discharges also
are given in table 5. These estimates are computed
from a method that uses the relation between sus-
pended sediment and streamflow and a mean daily
flow-duration curve. The method is similar to that
proposed by Miller (1951) for suspended-sediment
yields and is described in the section “Suspended-
Sediment Yield.” Estimates of the discharge-weighted
mean values presented in table 5 are subject to consid-
erable error, but they are more accurate than estimates
obtained by a simple mathematical average of the
observed data. (A more detailed discussion of the

12 Suspended-Sediment Characteristics of Indiana Streams, 1952-84
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error inherent in this method is presented in the section
“Suspended-Sediment Yield.”)

Linear regression was used to evaluate the rela-
tion between suspended-sediment concentration and
streamflow for the 70 partial-record stations. This rela-
tion is typically referred to as a sediment rating curve
and is established by regressing sediment concentra-
tion (or discharge) against streamflow using linear or
nonlinear functions on the log transformed variables
(Grenney and Heyse, 1985). Four such functions were
evaluated in this study:

First-order polynomial:

In C, = b0+b1(In O, )+, (2)

Second-order polynomial:

In C, = b0+b1(In Q,,)+b2(In Q,.)*+e, 3)
Third-order polynomial:

In C, = bO+b1(In Q,)+b2(In Q,.)*+b3(In Q,.)3+e, (4)

A function described by Hoerl (1954),

In C,= b0+b1(In Q,)+b2Q,, +e, &)
where
In C; is the natural logarithm of the suspended-

sediment concentration;

Suspended-Sediment Concentration and Discharge 13
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Figure 8. Relation of streamflow and suspended-sediment concentration during a selected period of runoff, Eel
River near Logansport.

In Q,, is the natural logarithm of the 1. R-square: a statistic that measures the proportion of

water discharge; the total variation of the dependent variable
Q,, is the water discharge; explained by the regression.
b0, b1, b2, and b3 are regression coefficients; 2. Residuals analysis: the residuals were evaluated to
and determine if the assumptions of linear regression
e is the residual error (the (that the residuals are independent, have constant
amount that any value of In variance, and are normally distributed) were
C, differs from the regression violated.
line).

For a more detailed discussion of these criteria,
The following criteria applied to the logarithmic ~ see Chatterjee and Price (1977, p. 9-10, 55-56),
equations were used to select the best fitting regres- Daniel and Wood (1980, p. 17, 27-43), or Draper and
sion equation: Smith (1981, p. 19, 141-182).
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East Fork White River at Seymour.

A statistically significant (at the 90-percent con-
fidence level) regression relation between suspended-
sediment concentration and streamflow was deter-
mined for 66 of the 70 partial-record stations. How-
ever, this relation typically only accounted for a small
part of the variation in the data. The R-square of the
best model for each station ranged from 0.00 to 0.70.
Streamflow accounted for less than 50 percent of the
variation in the suspended-sediment concentration at
47 of the 70 stations. The standard error of the regres-
sion equations ranged from 47 to 550 percent. Sepa-
rate regression equations developed for individual

seasons and months (where possible) did not improve
the relations substantially.

The poor correlation between suspended-
sediment concentration and streamflow can be attrib-
uted to the fine-grained particles that constitute the
major portion of suspended sediment in Indiana
streams. Silt- and clay-sized particles, specifically,
particles between 0.062 and 0.004 and less than 0.004
millimeter (mm) in diameter, suspended in streams,
typically originate from the erosion of landforms and
are transported to the stream by surface runoff (Colby,
1963, p. A22). Rhoton and others (1979) found that

Suspended-Sediment Concentration and Discharge 15



fine clays were eroded preferentially over larger parti-
cles from the soil horizons in five small drainage
basins in Ohio. The concentration of these materials in
streams is more dependent on available source mate-
rial than on stream hydraulics (Vanoni, 1975, p. 472).

Large suspended-sediment concentrations are
common during storms that follow a period of low
flow. Two examples of this type of storm that corre-
spond to the two largest suspended-sediment concen-
trations measured at the partial-record stations are
presented in table 6. Both concentrations were
observed at Big Raccoon Creek near Fincastle during
short-duration, intense storms in the summer of 1971.
Silt- and clay-sized particles accounted for 97 percent
or more of both samples, indicating that the material
was washed into the stream by overland runoff. These
extremely large concentrations may be attributable to
the small amount of dilution afforded by the low base
flow, and the availability of source material resulting
from early summer agricultural activity in the basin.

Silt- and clay-sized materials constituted an
average 90 percent of the suspended sediment for sta-
tions sampled, and ranged from 75 percent at the Ver-
non Fork Muscatatuck River at Vernon to 99 percent at
the Salamonie River near Warren. Clay-sized material
is the single most dominant fraction at most stations.
A summary of particle-size analysis of suspended sed-
iment is presented in table 7. The summary given in
table 7 includes some observations not summarized
in table 5 because instantaneous streamflow was not
measured.

SUSPENDED-SEDIMENT YIELD

Sediment yield is the total quantity of sediment
transported from a drainage basin at a given location
in a specified period of time. It is typically expressed
as an annual average in tons per square mile per year.
The sediment yield is not equivalent to the denudation
or erosion rate of the drainage basin, primarily because
of storage and changes in storage within the basin.
The total sediment discharge consists of suspended-
sediment discharge and bedload discharge. Studies by
Jordan (1965, p. 86) and Anttila and Tobin (1978,

p. 46-49) on streams similar to streams in Indiana
indicate that bedload discharge generally does not con-
sist of more than 10 percent of the total sediment dis-
charge and is negligible at some locations. For this

report, the contribution of bedload discharge was
assumed to be insignificant; therefore, only
suspended-sediment yield is reported and discussed.

Daily Record Stations

Suspended-sediment yields for four of the seven
long-term, daily record stations were computed by
averaging the annual suspended-sediment discharge
for the period of record at a station, divided by its
drainage area. Periods of record for the remaining
three stations were insufficient to calculate sediment
yields. Years with periods of missing record were not
included in the average. Suspended-sediment yields
computed from daily record data are presented in table
8. Confidence limits were calculated by the following
equation (Walpole and Myers, 1978, p. 199):

ta/zs

N (6)

CL =YY%

where
CL is the upper or lower confidence limit, in tons
per square mile per year;

Y is the estimated mean annual
suspended-sediment yield, in tons per square
mile per year;

to2 is the value of the ¢ distribution with n—1
degrees of freedom and 100(1-ot) probability;

s 1is the standard deviation of the annual
suspended-sediment yield; and

n is the number of years of record.

Partial-Record Stations

Suspended-sediment yields for partial-record
stations were estimated by the method described by
Miller (1951) using the data summarized in table 5.
An instantaneous sediment-transport curve and a
flow-duration curve are used in this method. An
instantaneous sediment-transport curve is prepared by
plotting instantaneous sediment discharge and stream-
flow on logarithmic coordinates. This method
assumes that the measured instantaneous values repre-
sent the average for the entire 24-hour period. Colby
(1956, p. 10-25) discusses the use of sediment-trans-
port curves. As with suspended-sediment concentra-
tion, linear regression was used to quantify the relation
between suspended-sediment discharge and stream-
flow.
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Four functions were evaluated:

First-order polynomiai:

In Q;=b0+b1(In Q,)+e, @)

Second-order polynomial:

In Q; = bO+b1(In Q,,)+b2(In Q,,)*+e, (8)

Third-order polynomial:

b0+ b1(In Q,) + b2(In 0,2 +
b3(in Q) +e, ®

In Q;=

A function described by Hoerl (1954),

In Q;= b0 + b1(In Q,,) + b2(Q,)+e, (10)
where
In Q, is the natural logarithm of the
suspended-sediment discharge;
In Q,, is the natural logarithm of water
discharge;
0, is the water discharge;
b0, b1, b2, and b3 are regression coefficients; and
e is the error (the amount that any
value of In Q, differs from the
regression line).

Model selection was based on R-square and
residuals analysis, as discussed in the section
“Suspended-Sediment Concentration and Discharge.”

Functions of the form shown in equations 7
through 10 must be transformed from logarithmic to
arithmetic scale before they can be used to obtain esti-
mates of suspended-sediment discharge. A simple
inverse transformation of the logarithmic form of the
model will result in biased estimates of suspended-
sediment discharge. The reader is referred to Miller
(1984) for a discussion of transformation bias in curve
fitting. A nonparametric retransformation correction,
the smearing estimate (Duan, 1983), was used to cor-
rect for transformation bias in equations presented in
this report. By use of the smearing estimate, an unbi-
ased estimate of the mean suspended-sediment dis-
charge for a given water discharge was obtained from
the following equation:

0, = explftin 0,, 01 ZERE gy

where

O, is an estimate of the mean suspended-
sediment discharge, in tons per day;

exp indicates that the base of the natural
logarithm, approximately 2.718, is
raised to the power expressed by the
quantity inside the brackets;

f (In Q,,, 9, is one of the functions describing In Q;,
in terms of In Q,, and Q,,, given by
equations 7 through 10 with estimated
regression coefficients (except for the
residual error);

is the estimate of the error (from equa-
tions 7-10); and
n is the number of observations used
with linear-regression analysis to
obtain the coefficients of the equation.

A discussion of transformation methods as
related to sediment transport may be found in Farr and
Clarke (1984), Ferguson (1986a, 1986b), and Koch
and Smillie (1986).

Equation 11 gives an estimate of the expected
suspended-sediment discharge for any given water dis-
charge. In the sediment-transport, flow-duration-
curve method, weighted estimates for representative
flows are summed to obtain an estimate of the mean
daily suspended-sediment discharge:

(19

D = 2 FiQsi,
i=1
1
=Y Fexp fn 0, 0,122 (1)
i=1
where

QOsp is the estimate of the mean daily
suspended-sediment discharge;
I is the total number of water discharges
in the flow duration;
i is a subscript denoting the ith water
discharge;
F; is the frequency with which a given
water discharge occurs;
Qsi is the estimate of the mean suspended-
sediment discharge for the ith water
discharge;
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exp indicates that the base of the natural
logarithm, approximately 2.718, is
raised to the power expressed by the
i quantity inside the brackets;
f(n Q,;, Q) is one of the functions describing In
Q;, in terms of In Q,, and Q,,, given by
equations 7 through 10 with estimated
regression coefficients (except for the
residual error);
is the estimate of the error (from equa-
tions 7-10); and
n is the number of observations used
with linear-regression analysis to
obtain the coefficients of the equation.

An estimate of the mean annual sediment
yield, Y, is obtained by multiplying the estimated
mean daily suspended-sediment discharge, Qsp, by
365 and dividing by the drainage area.

The standard deviation of the suspended-
sediment yield was calculated by a method proposed
by Duan and others (1982, p. 92-94), who showed that
the variance of an average value predicted for a group
of individual observations with explanatory variables
E is, for large n, approximately:

N>

J 2
Oar[ésp] = [{5 2 exp[EI.B]J (exp[MSE] -1 -MSE)exp[MSE]
j=1

J 4
-1

J
+ ;Z exp[E].B]Ej & ;Z exp[EjB] E; MSE exp[MSE] /n,
j=1 j=1
where (13)
Var [Qsp] is an estimate of the variance of the esti-
mated mean daily suspended-sediment
discharge;
J is the number of individual observations
used to obtain the group average;
j 1s a subscript denoting the jth individual
observation;
exp indicates that the base of the natural log-
arithm, approximately 2.718, is raised to
the power expressed by the quantity
inside the brackets;
is a vector containing the explanatory
variables for the jth individual observa-
tion (the vector has n elements, one for
each of the n explanatory variables);
B is a vector containing the regression
coefficients;

MSE is the mean square error of the regression;

§_l is the limit of the [X’X]~! matrix from the
regression divided by n, the number of
observations, as n approaches infinity (X is
a matrix containing the E; vectors for all j);
is a symbol denoting the transpose of the
matrix represented by the terms inside the
parentheses; and
n is the number of observations used in the

regression to obtain the coefficients of the

equation.

The method assumes that X"X/n is a positive def-
inite matrix as n approaches infinity, that the model
contains an intercept, and that the error about the
regression line is normally distributed with a mean
zero and variance MSE.

For the sediment-transport, flow-duration-curve
method of estimating sediment yields, each mean
water discharge for a percentage interval is an individ-
ual observation, in the context of Duan’s equation
(Duan and others, 1982, p. 92-94). The method devel-
oped by Duan applies to the case where all individual
observations have equal weights. Since the individual
observations in the sediment-transport, flow-duration-
curve methods are weighted by the percentage of time
that the observation occurs, a modification to the Duan
method was necessary. For this application, the factor
1/J was replaced by F, where F is the frequency with
which an individual observation occurred.

The estimated standard deviation of the esti-
mated mean daily suspended-sediment discharge is the
square root of the variance

Std [05p) = Var [Dgpls (14)

where Std [Q;,] is the estimated standard deviation of
the estimated mean daily suspended-sediment dis-
charge.

An estimate of the standard deviation of the
mean annual suspended-sediment yield, Std [Y], can
be obtained by multiplying Std [Q,,] by 365 and
dividing by the drainage area. Approximate
95-percent confidence limits can be obtained by

CL= Y+2 §td [V], (15)

where CL is the upper or lower confidence limit, in
tons per square mile per year.
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Flow durations used to estimate sediment yields
were computed from the base period 1951-80 (water
years), except for stations having fewer than 30 years
of record during the period for which all available data
within the 1951-80 period were used.

The sediment-transport, flow-duration-curve
method used to estimate sediment yields is illustrated
in table 9 by the computation for the Whitewater River
near Hagerstown and the following discussion. For
this station, equation 7 was used to estimate Q. The
following steps were used for the estimation method in
table 9:

Step 1. Mean water discharges for a given percent-
age of time were taken from the flow-
duration curve computed for the base period
(columns 1-3 of table 9). More intervals
were selected at extreme-flow durations
(lower percentages) because of the large dif-
ferences in streamflow at the upper extreme.
The mean water discharge for a percentage
interval was calculated as the mean of the
water discharges equaled or exceeded at the
percent-flow duration points at both ends of
the percentage interval. The peak water dis-
charge of record was used for the 0.0-per-
cent-flow duration.

Step 2. The mean suspended-sediment discharge
for an interval (column 4) was calculated by
equation 11.

Step 3. The mean water discharge for each percent-
age interval was multiplied by the percent-
age of time in that interval (column 5).

Step4. The mean suspended-sediment discharge
for an interval was multiplied by the percent-
age of time in that interval (column 6).

Step 5. The quantity F exp [E;B] was calculated
(column 7). The frequency F is equal to col-
umn 2 divided by 100. The quantity [E;B] is
equal to the logarithm of the predicted mean
suspended-sediment discharge obtained
from the regression equation.

Step 6.  The quantity F exp [E;B] (column 7) was
multiplied by the first explanatory variable
to obtain column 8. The first explanatory
variable is the intercept; thus, F1 ~L
(Because of this, column 8 is equal to the
value in column 7, obtained in step 5.)

Step 7. The quantity F exp [E;B] (column 7) was
multiplied by the value of the second
explanatory variable to obtain column 9.

Step 8.

Step 9.

Step 10.

The second explanatory variable, E2;, is the
logarithm of the mean water discharge for
the interval (given in column 3).

The mean annual water discharge was com-
puted as the sum of the products in column 5
divided by 100. This computed mean was
compared to the true mean annual water dis-
charge (the sum of the annual means
divided by the number of years of record). If
the difference between the true and com-
puted means was larger than 3 percent, the
percentage intervals in column 1 were
adjusted by adding additional intervals and
decreasing the size of the intervals until the
difference was less than 3 percent.

Mean annual water discharge computed
from flow-duration curve = 7,330/100=73.3
cubic feet per second (ft3/s).

Mean annual water discharge = 72.7 ft3/s.
Percentage error in computed mean annual
water discharge = 0.9 percent.

The mean daily suspended-sediment dis-
charge was computed by summing the prod-
ucts in column 6 and dividing by 100.

Estimated mean daily suspended-sediment
discharge = (2,920/100) = 29.2 tons per day
(tons/d).

The estimated standard deviation of the esti-
mated mean daily suspended-sediment dis-
charge was calculated by equations 13 and
14.

Number of observations used to calculate
regression coefficients =73.

Mean square error of regression equation
=0.576462.

&' matrix from regression =
|:l 2.246854 —2.698895:'
-2.697795 0.647123

Estimated variance of estimated mean daily
suspended-sediment discharge =

[(22.946273)%(exp [0.576462]-1-

Suspended-Sediment Yield 19



0.576462) exp [0.576462]+
[22.946272x134.862225]

l: 12.246854 -2.697795 ] [ 22.946272]
—2.697795 0.647123 ]1134.862225

(0.576462) exp [0.576462] ]
/73=24.0 (tons/d)2.

Estimated standard deviation of estimated
mean daily suspended-sediment discharge
= J24.0 = 4.9 tons/d.

Step 11. The estimated mean annual suspended-sedi-
ment discharge was computed by multiply-
ing the respective estimated mean daily
suspended-sediment discharge by 365 days.
The estimated standard deviation of the esti-
mated mean annual suspended-sediment dis-
charge was computed by multiplying the
estimated standard deviation of the respec-
tive estimated mean daily suspended-
sediment discharge by 365 days.

Estimated mean annual suspended-sediment
discharge =29.2x365=10,658 tons per year
(tons/yr).

Estimated standard deviation of estimated
mean annual suspended-sediment discharge
=4.9%365=1,789 tons/yr.

Step 12. The estimated mean annual suspended-
sediment yield and its estimated standard
deviation were computed by dividing the
respective estimated mean annual
suspended-sediment discharge and its esti-
mated standard deviation by the drainage
area of the station.

Drainage area=58.7 miZ.

Estimated mean annual suspended-sediment
yield=10,658/58.7=182 tons per square
mile per year [(tons/mi2)/yr].

Estimated standard deviation of estimated

mean annual suspended-sediment

yield=1,789/58.7=30 (tons/mi?)/yr.
Statistics pertaining to computation of the estimated
mean suspended-sediment yields for the partial-record
stations are presented in table 10.

Limitations of Yields Estimated for
Partial-Record Stations

Yields presented for partial-record stations
should be used with caution. There is extensive varia-
tion in the data used to obtain the sediment-transport
curves on which these yields are based. For example,
suspended-sediiment discharges differed by one to two
orders of magnitude for the same water discharges at
some stations. Standard errors for the regression equa-
tions ranged from 49 to 540 percent; the standard error
of the regression equation exceeded 100 percent for 25
of the 70 stations for which yields were calculated.

The second- and third-order polynomial func-
tions used in this study (eqs. 8 and 9) can result in sed-
iment-transport curves that have upward curvature at
high streamflows. Typically, however, a sediment-
transport curve is either a straight line (on a log-log
scale) or a line with downward curvature at high
streamflows. The degree of curvature at high stream-
flows in sediment-transport curves developed in this
study is influenced by the relative lack of measure-
ments at high streamflows, the large degree of scatter
typical of suspended-sediment data, and the equal
emphasis of all data in the regression (real curvature in
the regression line at low and medium streamflows
can influence curvature in the regression line at high
streamflows that may or may not be reasonable for
high streamflows).

Examples of typical sediment-transport curves
used to estimate suspended-sediment yields from par-
tial-record stations are presented in figures 10 to 15.
The three general forms of the transport curve used in
this study are shown: linear (figs. 11 and 14), down-
ward curvature at high streamflows (figs. 12, 13, and
15), and upward curvature at high streamflows (fig.
10). Representatives of the best curves are shown in
figures 10 to 12; these curves are well defined over the
entire range of their use and have relatively little scat-
ter about the regression line. Representatives of the
worst curves are shown in figures 13 to 15; few data
were available for defining these curves, and it was
necessary to extrapolate the curves to discharges not
represented in the measured data.

Eleven of the 70 suspended-sediment-transport
curves listed in table 10 turn upward at high stream-
flows. Suspended-sediment yields calculated from
transport curves that turn upward at high streamflows
are more suspect than those that are not, especially
where substantial extrapolation is involved in the cal-

_culations. This uncertainty generally is reflected in the
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large standard error for these yields. For example, the
standard errors of the yields calculated from the three
well-defined transport curves shown in figures 10 to
12 are 16.2, 10.2, and 11.9 percent. In contrast, the
standard errors of the yields calculated from the three
poorly defined sediment-transport curves shown in
figures 13 to 15 are considerably larger—106, 54, and
81 percent.

Walling (1977) evaluated the sediment-
transport, flow-duration-curve method of estimating
sediment yields. He also reported considerable scatter
in sediment-transport curves and attributed it to three
major groups of causal factors: field- and laboratory-
measurement error, factors related to the dynamics of
erosion and sediment-transport processes, and nonsta-
tionarity of drainage basin response. The most signifi-
cant of these causes are those related to the dynamics
of erosion and sediment-transport processes. Factors
in this group are: (1) hysteretic effects, where
suspended-sediment concentrations are larger in the
rising stage of a hydrograph than in the falling stage,
as documented by Guy (1964, p. E12-E13); (2) peak
suspended-sediment concentrations rarely coinciding
with peak streamflow; (3) seasonal differences in land
cover and types of storms (frontal-type storms con-
trasted with convective-type storms); (4) suspended-
sediment concentration decreasing for successive
storms because of depletion of readily erodible mate-
rial; and (5) distribution and movement of rainfall over
the drainage basin.

Another potential problem exists for yields cal-
culated from partial-record data. Sediment-transport
curves developed from partial-record data are based on
the relation between instantaneous suspended-
sediment transport and instantaneous streamflow.
This relation is used to estimate mean daily
suspended-sediment transport from mean daily
streamflow. Colby (1956, p. 14-15) and Walling
(1977) have reported that the use of instantaneous data
with the sediment-transport, flow-duration-curve
method may give erroneous results. Values are pre-
sented in table 11 for suspended-sediment yields esti-
mated by (1) the daily record method and (2) the
sediment-transport, flow-duration-curve method for
the three stations where both partial and daily records
were maintained. The flow duration used with method
2 corresponds to the period of suspended-sediment
record of the daily stations and not the base period
used in table 10.

The difference between estimates of yield calcu-
lated by the two methods ranged from -5 to 151 per-
cent (for the sediment-transport, flow-duration-curve
method based on partial-record data) and from -23 to
37 percent (for the sediment-transport, flow-duration-
curve method based on daily record data). Based on
the results of this analysis, yields estimated from par-
tial-record data seem to be only slightly less accurate
than those estimated from the daily record data. Com-
parisons of the suspended-sediment transport curves
developed from the daily record and partial-record
data for the Eel River near Logansport, Big Raccoon
Creek near Fincastle, and the East Fork White River at
Seymour are shown in figures 16 to 18.

Yield in Big Raccoon Creek

The suspended-sediment yield estimated for Big
Raccoon Creek near Fincastle is much larger than that
estimated for any other drainage basin in the data-col-
lection network for sediment in Indiana. This yield
also is much larger than yields for 51 drainage basins
in Ohio, where yields ranged from 56 to 627 (tons/
mi2)/yr (Anttila and Tobin, 1978, p. 47). Gottschalk
(1964, p. 17-28), however, reported sedimentation
rates of two reservoirs in Illinois that are of the same
magnitude [1,020 and 1,976 (tons/mi2)/yr] as the
suspended-sediment yield of Big Raccoon Creek near
Fincastle.

Annual suspended-sediment yield at Big Rac-
coon Creek near Fincastle ranged from 170 to 6,220
(tons/mi2)/yr. Mean daily suspended-sediment dis-
charge, mean daily streamflow, and maximum daily
streamflows are presented in figure 19. High values of
mean daily suspended-sediment discharges are associ-
ated with high peak and average water discharges.
However, the variability in Big Raccoon Creek is
much larger than in any other of the daily record sta-
tions. Large amounts of suspended sediment are trans-
ported by single storms. For example, the mean daily
suspended-sediment discharge in 1968 (2,370 tons/d)
is the largest on record. One-third of the total sus-
pended-sediment discharge in 1968 was transported in
just 1 day. This information, and the very high per-
centage of silt- and clay-sized particles in samples col-
lected from Big Raccoon Creek, are an indication that
the drainage basin contains a highly erodible source
area. However, soil-erosion factors for soils in the
drainage basin near the sampling station (Robards,
1981, p. 133-135) are not unusually high for soils in
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Figure 16. Suspended-sediment transport curves developed from daily record and partial-record data, Eel River

near Logansport.

central Indiana. Local land-use practices could be
affecting either the rate of soil erosion or the propor-
tion of eroded soil reaching the stream.

Prediction of Suspended-Sediment Yield
From Drainage-Basin Characteristics

Stepwise regression was used to determine the
relation between suspended-sediment yield and the
following drainage-basin characteristics:

1. The amount of forested land in the drainage basin,
expressed as a percentage of total area;

2. The amount of open water in the drainage basin,
expressed as a percentage of total area;

3. The channel slope, expressed as the difference in
elevation of points 10 percent and 85 percent of
the distance from the station to the drainage-
basin boundary, divided by the distance between
the two points;

4. The average annual excess of precipitation for the
drainage basin;

5. A soil-runoff coefficient that relates storm runoff to
soil permeability by major hydrologic soil
groups;

6. The peak unit discharge with a recurrence interval
of 2 years;

7. The peak unit discharge with a recurrence interval
of 10 years; and

8. The peak unit discharge with a recurrence interval
of 25 years.

Davis (1974, p. 6-7) discusses the average
annual excess of precipitation and the soil-runoff coef-
ficient. Because the estimated yield for Big Raccoon
Creek near Fincastle was anomalously high, it was not
included in the regression calculations.

The equation that best fit the data had the form

In Y = b0+b1(S)+b2(In CDA)+b3(In FL)+
b4(in UP10)+e, (16)
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where
In Y is the natural logarithm of the
suspended-sediment yield, in
tons per square mile per year;
S is the channel slope, in feet per
mile;

In CDA is the natural logarithm of the
contributing drainage area, in
square miles;

In FL is the natural logarithm of the
amount of forested land in the
drainage basin, in percent;

In UPI0 is the natural logarithm of the
peak unit discharge with a
recurrence interval of 10 years,
in cubic feet per second per
square mile;
b0, b1, b2, b3, and b4 are regression coefficients; and
e is the error (the amount that any
value of In Y differs from the
regression line).
The estimates of the regression coefficients are
b0=1.615, b1=-0.062, b2=0.186, b3=-0.161,

and b4 =0.951. As before, the smearing-estimate
correction for transformation bias was used to obtain
an unbiased estimate of the yield, ¥, the expected or
mean suspended-sediment yield for given values of
the predictor variables. The transformed equation is

¥=1.096 exp [1.615] exp [-0.062S]CDAV-186 FI-0.161
UP10095!, (a7

where
exp indicates that the base of the natural logarithm,
approximately 2.718, is raised to the power
expressed by the quantity inside the brackets;
and
S, CDA, FL, and UP]0 are as previously defined.
The value 1.096 is the smearing estimate of the
bias-correction factor.

This equation explained about 64 percent of the
variation in the logarithm of the yields estimated for
the partial-record stations and had a standard error of
49 percent. With respect to the transformed data, this
standard error means that about two-thirds of the
actual or true yields will fall within +59 percent and
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Figure 18. Suspended-sediment transport curves developed from daily record and partial-record data, East Fork

White River at Seymour.

—37 percent of the yield predicted from this equation.
Ninety-five percent of the actual or true yields will fall
within +153 percent and —60 percent of the yield pre-
dicted by this equation. The equation should not be
used for stations having drainage areas less than 10
mi2 or more than 2,500 mi?.

Equation 17 was used to estimate suspended-
sediment yields for 102 stations in the U.S. Geological
Survey stream-gaging network in Indiana, for which
the necessary drainage-basin characteristics were
available (table 12). The estimated yields presented in
table 12 are subject to considerable errors and should
be used with caution. However, they are believed to
be a better estimate than could be obtained by other
methods, such as extrapolating data from nearby
stations.

REGIONAL PATTERNS OF SUSPENDED
SEDIMENT

Suspended-sediment yields calculated from the
daily records ranged from 186 (tons/mi2)/yr at East

Fork White River at Seymour to 1,914 (tons/mi?)/yr at
Big Raccoon Creek near Fincastle. Suspended-
sediment yields computed for partial-record stations
ranged from 11 (tons/mi?)/yr at Little Calumet River
near McCool to 2,310 (tons/mi?)/yr at Big Raccoon
Creek near Fincastle. The median yield for the partial-
record stations was 160 (tons/mi?)/yr. All but 7 of the
70 yields calculated were less than 400 (tons/mi?)/yr.
Only the yield estimated from partial records for Big
Raccoon Creek near Fincastle exceeded 1,000 (tons/
mi?)/yr. A summary of the frequency distribution of
the estimated yields is given in table 13.
Suspended-sediment yields for stations in Indi-
ana are shown in figure 20. Suspended-sediment
yields in the northern moraine and lake region were
much less than those in other parts of the State. The
median yield in this region was 68 (tons/mi?)/yr and
ranged from 11 to 202 (tons/mi2)/yr, whereas the
median yield in the rest of the State was 195 (tons/
mi2)/yr and ranged from 50 to 2,310 (tons/mi%)/yr. No
other regional trend is apparent in suspended-sediment
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yield in Indiana. The estimated yields for regions of
the State other than the northern moraine and lake
region vary greatly. Efforts to explain the variability in
the estimated suspended-sediment yield by glacial
province, drainage basin, or physiographic unit were
unsuccessful.

Mean suspended-sediment concentrations for
partial-record stations in Indiana are shown in figure
21. Suspended-sediment concentrations were also
smaller in the northern moraine and lake region of the
State than in other areas. As with suspended-sediment
yield, no other regional trend in suspended-sediment
concentration is apparent.

Suspended-sediment yields and suspended-sedi-
ment concentrations that are smaller in the northern
moraine and lake region than elsewhere in the State
can be attributed to the low gross soil erosion for the
region (fig. 4). The large yield for Big Creek near
Wadesville [685 (tons/mi2)/yr] can be attributed to an
area of very high gross soil erosion in the southern part
of the State. Little other correlation seems to occur
between gross soil erosion and suspended-sediment
characteristics of Indiana streams. For example, the
Patoka River near Princeton drains an area of medium
to very high gross soil erosion, yet its suspended-sedi-
ment yield [118 (tons/mi2)/yr] is one of the lowest in
the southern part of the State. Big Raccoon Creek near
Fincastle, on the other hand, drains an area with
medium gross soil erosion but has the largest esti-
mated suspended-sediment yield for any stream in the
State.

TRENDS IN SUSPENDED-SEDIMENT
CONCENTRATION AND DISCHARGE

Trend Analysis Methods

The procedure used to test for trends in time in
suspended sediment is a modified form of Kendall's
tau (Kendall, 1975, p. 3-8), derived by Hirsch and oth-
ers (1982). In Kendall’s tau test, all possible pairs of
successive suspended-sediment data values are com-
pared. If a subsequent value (in time) is larger, a plus
is recorded. If a subsequent value is smaller, a minus
is recorded. If there is no trend in the data, the proba-
bility of a subsequent value being larger or smaller
than any previous value is 0.50, and the number of
pluses and minuses should be approximately equal. If
the number of pluses greatly exceeds the number of
minuses, the subsequent values in the series are more

often larger than those earlier in the series, and an
uptrend is indicated. If the number of minuses greatly
exceeds the number of pluses, a downtrend is indi-
cated. In this modified Kendall’s tau, the problem of
seasonality is considered by comparing only observa-
tions from the same season or time of year. The data
were assumed to exhibit monthly seasonality; thus
January data were compared only with other January
data, and so on.

The seasonal Kendall slope estimator was used
to determine trend magnitude (Hirsch and others,
1982). The slope estimate is the median of the slopes
of the ordered pairs of data compared in the seasonal
Kendall test. Median monthly values for the daily
record stations were used in the seasonal Kendall test
to minimize the problem of serial correlation in the
data. A discussion of the seasonal Kendall test and
seasonal Kendall slope estimator and its use is given in
Smith and others (1982, p. 5-6).

Because suspended sediment and streamflow
are related, apparent trends in suspended sediment
may be due only to fluctuations in streamflow rather
than to changes in the processes that affect the intro-
duction and fate of suspended sediment in streams.
Even though suspended-sediment concentration and
streamflow were not related enough to develop a reli-
able predictive equation, the relation still was statisti-
cally significant in most streams.

The effects of streamflow must be eliminated to
test for trends in the processes that affect suspended
sediment. Smith and others (1982, p. 6-8) described a
flow-adjustment procedure suitable for this purpose.
Their procedure consists of developing a time series of
flow-adjusted concentrations (FAC'’s) and of testing
that series for trend. FAC is defined as the actual con-
centration minus the expected concentration predicted
from the relation of suspended-sediment concentration
and streamflow. The FAC should be randomly distrib-
uted about zero during the period if the processes that
affect suspended sediment have not changed.

The procedures used to quantify the relation
between suspended-sediment concentration and
streamflow and between suspended-sediment dis-
charge and streamflow for the partial-record stations
previously discussed also were used to quantify these
relations for the daily record stations.

Figure 21. Flow-weighted mean suspended-sediment
concentrations. -
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The models used in the flow-adjustment proce-
dure were logarithmic. Consequently, the residuals or
FAC used in the seasonal Kendall procedure are
dimensionless. The median slope of these residuals
was converted to trend in percent per year by the fol-
lowing equation:

Trend =100 [exp [S]-1], (18)

where
exp indicates that the base of the natural logarithm,
approximately 2.718, is raised to the power
expressed by the quantity inside the brackets;
and
S is the median slope of the residuals.

Results of Trend Analysis

Periods of record were sufficient at 4 daily
record stations and 32 partial-record stations to test for
trends in suspended sediment. Results of the seasonal
Kendall trend test for the individual stations are pre-
sented in table 14. The probability levels given in
table 14 are a measure of the statistical significance of
the trend, that is, the probability that the observed
trend was due entirely to chance. For example, if a
station has a trend with a probability level of 0.50,
there is a 50-percent chance that the trend is due
entirely to random variability. A probability level of
0.05 indicates that only a 5-percent chance exists that
the trend is due entirely to random variability.” A sum-
mary of the results for all stations is given in table 15.

At most stations there was no significant trend
in suspended sediment. A significant trend in sus-
pended-sediment concentration was found at only 14
of the 36 stations. A significant trend in the FAC was
found at nine stations. A significant trend in
suspended-sediment discharge was found at 14 of the
stations. '

SUMMARY AND CONCLUSIONS

Suspended-sediment data have been collected
by the U.S. Geological Survey in Indiana since 1952.
Daily suspended-sediment data were compiled for
seven stream stations. Data were collected periodi-
cally at 70 stream stations.

Median daily suspended-sediment concentration
measured at the seven daily record stations ranged

from 24 to 61 milligrams per liter (mg/L). Maximum
daily concentrations for the same seven stations
ranged from 501 to 27,900 mg/L. The largest concen-
trations were observed at Big Raccoon Creek near Fin-
castle. Large suspended-sediment concentrations at
several stations were associated with storms but not
always with peak streamflow. Some peak suspended-
sediment concentrations preceded peak streamflow by
as much as 18 to 30 hours during storms. Concentra-
tions were generally largest during storms that ended a
period of low flow, when large amounts of sediment
were eroded and transported into the stream and little
base streamflow was available for dilution.

Most of the suspended sediment was transported
in a few days each year. On the basis of an average of
daily records data, about 75 percent of the total sus-
pended-sediment load was transported during 10 per-
cent of the time; about 30 percent of the total
suspended-sediment load was transported during only
1 percent of the time. High flows (water discharge
equaled or exceeded 1 percent of the time) transported
an average of only 24 percent of the total suspended-
sediment load. Two-thirds to three-fourths of the
annual suspended-sediment load occurs from Decem-
ber through April. Mean monthly suspended-sediment
discharge typically was largest in March.

Median suspended-sediment concentrations
ranged from 6 to 539 mg/L at the 70 partial-record sta-
tions. The largest instantaneous suspended-sediment
concentration observed was 44,500 mg/L. This con-
centration, at Big Raccoon Creek near Fincastle, was
eight times the maximum concentration observed at
any other partial-record station.

Silt- and clay-sized material (particles between
0.062 and 0.004 and less than 0.004 mm in diameter)
were the dominant fraction of the suspended sediment
in most Indiana streams. Materials of this size consti-
tuted an average 90 percent of the suspended sediment
for the stations sampled.

Suspended-sediment yields at daily record sta-
tions ranged from 186 to 1,914 (tons/mi2)/yr. The sed-
iment-transport, flow-duration-curve method was used
to estimate suspended-sediment yields for the 70 par-
tial-record stations; yields ranged from 11 to 2,310
(tons/mi2)/yr. All but seven of the estimates were less
than 400 (tons/mi2)/yr. However, because of the poor
correlation between suspended-sediment concentra-
tion and streamflow, these estimates are imprecise.

Linear regression was used to obtain a relation
between suspended-sediment yield and drainage-basin
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characteristics for the partial-record stations. The
equation that best explained the variability in the data
was

¥=1.096 exp [1.615] exp [-0.062S] CDA?-186
FL-0.16117p 100951

where
Y is the estimated yield, in tons per square mile
per year;
exp indicates that the base of the natural loga-
rithm, approximately 2.718, is raised to the
power expressed by the quantity inside the
brackets; :
S is the channel slope, in feet per mile;
CDA is the contributing drainage area in square
miles;
FL is the amount of forested land in the drainage
basin, in percent; and
UPI0 is the peak unit discharge, in cubic feet per
second per square mile.
This equation explained about 64 percent of the varia-
tion in the data and has a standard error of 49 percent.
The equation applies to stations having drainage areas
between 10 and 2,500 mi2. Estimates of suspended-
sediment yield obtained from this equation are subject
to considerable error but are probably better than esti-
mates obtained from other methods, such as extrapo-
lating data from nearby stations. Suspended-sediment
yields for 102 stations in the U.S. Geological Survey
stream-gaging network, for which no suspended-sedi-
ment data were available, were estimated by this
equation.

Suspended-sediment yields in the northern
moraine and lake region of Indiana were smalier than
in other regions of the State. Yields in this region
ranged from 11 to 202 (tons/mi2)/yr compared with 50
to 2,310 (tons/mi2)/yr for the other areas of the State.
Mean suspended-sediment concentrations were also
smalier in the northern moraine and lake region than in
other areas of the State. Suspended-sediment yields
and concentrations varied greatly throughout the rest
of the State; no other regional trends were apparent.

Enough data were available to test for trends at
32 partial-record and 4 daily record stations, but at
most of these, no significant trends occurred. A signif-
icant trend in the flow-adjusted suspended-sediment
concentration was observed at only 9 of the 36 sta-
tions. 1Six of the nine significant trends were down-
ward.
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TABLES 1-15

Table 1.

Summary of daily mean suspended-sediment concentration data

Suspended-sediment concentration
{milligrams per liter)

Susgended- Drai
sediment rainage Period of  Number
saszl:il‘i’r'\‘g- S&ﬁt’; Station name e o record  ofobser- Mean Median Minimum Maximum Interraqu‘.ugaenile
number miles) (water year) vations
(fig. 6)
16 03328500 Eel River near Logansport 789 1969-72, 3,630 89 53 5 1,790 52
1974-80.
22 03335500 Wabash River at Lafayette 7,267 1978-80 784 61 45 5 677 44
26 03340800 Big Raccoon Creek near 139 1960-71, 6,050 262 41 0 27,900 86
Fincastle. 1974-79.
42 03361000 Big Blue River at Carthage 184 1978-80 1,048 77 47 7 1,550 59
48 03365500 East Fork White River at 2,341 1966-80 5,538 87 54 2 1,560 62
Seymour.
64 04182000 St. Marys River near Fort 762 1953-67 5,264 155 61 0 12,000 101
Wayne.
66 05516500 Yellow River at Plymouth 294 1979-81 839 40 24 2 501 31
Table 2. Summary of daily mean suspended-sediment discharge data
Suspended-sediment discharge
(tons per day)
St Drai
sedimen' nage poriodof N i
sampling-  Station Station name (sQuare fecord oft::rjb‘g::- Mean  Median Minimum Maximum '“'er':},"'ga""e
r};:mber nﬂles) (water year) vations
Ig. 6)
16 03328500 Eel River near Logansport 789 1969-72, 3,601 396 46 1 26,400 109
1974-80.
22 03335500 Wabash River at Lafayette 7,267 1978-80 784 1,882 451 21 79,600 1,341
26 03340800 Big Raccoon Creek near 139 1960-71, 5,889 743 3 0 295,000 29
Fincastle. 1974-79.
42 03361000 Big Blue River at Carthage 184 1978-80 1,048 114 20 1 7,100 47
48 03365500 East Fork White River at 2,341 1966-80 5,529 1,177 196 1 179,000 653
Seymour.
64 04182000 St. Marys River near Fort 762 1953-67 4,116 360 14, 0 30,800 117
Wayne.
66 05516500 Yellow River at Plymouth 294 1979-81 799 52 8 0 1,230 24
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Table 3. Summary of daily mean suspended-sediment transport during periods of heavy suspended-sediment or water

discharge
Percentage of
total daily
suspended-
sediment load
contributed by
suspended-sedi-
ment discharge Percentage of total daily
equaled or suspended-sediment load
exceeded transported by water discharges
during: equaled or exceeded during:
Suspended- 1per- 10per- 1
- - per- 10per- 25per- 50 per-
:::i%f‘m_ Station Dr:inage Period of  Number cegt of cer?t of centof centof ce:t of cer?t of
sta't" "9 by Station name rea record of period period perlod period period period
ber um (mrasr)e (wateryear)  days of of of of of of
(fig. 6) e record record record record record record
16 03328500 Eel River near Logansport 789 1969-72, 3,601 30 82 18 77 91 96
1974-80.
22 03335500 Wabash River at Lafayette 7,267 1978-80 784 20 64 18 58 79 93
26 03340800 Big Raccoon Creek near 139 1960-71, 5,889 69 97 61 94 99 99
Fincastle. 1974-79.
42 03361000 Big Blue River at Carthage 184 1977-81 1,048 24 74 12 68 87 95
48 03365500 East Fork White River at 2,341 1966-81 5,529 28 71 23 64 84 96
Seymour.
64 04182000 St. Marys River near Fort 762 1953-67 4,116 63 93 20 73 95 99
Wayne.
66 05516500 Yellow River at Plymouth 294 1979-81 799 18 73 9 45 78 95
36 Suspended-Sediment Characteristics of Indiana Streams, 1952-84
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Table 5. Summary of suspended-sediment concentration

. i i f
Suspended- Station Station name Dr::::ge Pf;%cll’: Number of
seg:::%nr: :3:‘%2?9- number (square miles) (water year) observations
(fig. 6)

1 03274750  Whitewater River near Hagerstown 58.7 1978-81 73

2 03275000 Whitewater River near Alpine 529 1968-79 46

3 03275600 East Fork Whitewater River at Abington 200 1967-79 116

4 03276000 East Fork Whitewater River at Brookville 380 1964-77 56

5 03276500 Whitewater River at Brookville 1,224 1975-84 83

6 03276700 South Hogan Creek near Dillsboro 38.1 1969-84 73

7 03291780 Indian-Kentuck Creek near Canaan 27.5 1978-81 20

8 03303000 Blue River near White Cloud 476 1968-82 61

9 03303300 Middle Fork Anderson River at Bristow 39.8 1964-80 103
10 03322900 Wabash River at Linn Grove 453 1971-82 69
11 03323000 Wabash River at Bluffton 532 1968-71 29
12 03324000 Little River near Huntington 263 1970-78 67
13 03324300  Salamonie River near Warren 425 1964-76 118
14 03325500 Mississinewa River near Ridgeville 133 1976-82 50
15 03327520  Pipe Creek near Bunker Hill 159 1978-81 20
16 03328500 Eel River near Logansport 789 1973-79 49
17 03329400 Rattlesnake Creek near Patton 6.83 1979-81 15
18 03329700 Deer Creek near Delphi 274 1969-80 73
19 03331500 Tippecanoe River near Ora 856 1968-79 48
20 03333450  Wildcat Creek near Jerome 146 1979-82 100
21 03335000 Wildcat Creek near Lafayette 794 1968-80 84
22 03335500 Wabash River at Lafayette 7,267 1964-82 59
23 03335690 Mud Pine Creek near Oxford 394 1979-81 15
24 03339500 Sugar Creek at Crawfordsville 509 1972-79 56
25 03340000  Sugar Creek near Byron 670 1968-70 14
26 03340800 Big Raccoon Creek near Fincastle 139 1973-80 25
27 03342150  West Fork Busseron Creek near Hymera 14.4 1978-81 21
28 03342300 Busseron Creek near Sullivan 138 1978-82 73
29 03347000  White River at Muncie 241 1978-80 27
30 03347500 Buck Creek near Muncie 355 1979-82 62
31 03348020 Killbuck Creek near Gaston 25.5 1978-80 27
32 03348500 White River near Noblesville 828 1968-74 41
33 03350700 Stony Creek near Noblesville 50.8 1979-82 104
34 03351500  Fall Creek near Fortville 169 1964-79 38
35 03353180 Bean Creek at Indianapolis 4.40 1978-80 113
36 03353200 Eagle Creek at Zionsville 103 1969-79 70
37 03353800 White Lick Creek near Mooresville 212 1978-82 24
38 03354000  White River near Centerton 2,444 1964-77 34
39 03354500 Beanblossom Creek at Beanblossom 14.6 1978-82 154
40 03357500 Big Walnut Creek near Reelsville 326 1969-82 73
41 03358000 Mill Creek near Cataract 245 1969-80 51
42 03361000 Big Blue River at Carthage 184 1979-81 20
43 03361500 Big Blue River at Shelbyville 421 1968-80 76
44 03361850 Buck Creek at Acton 78.8 1978-81 69
45 03362500  Sugar Creek near Edinburgh 474 1968-79 68
46 03363500  Flatrock River at St. Paul 303 1969-82 76
47 03365000 Sand Creek near Brewersville 155 1969-80 44
48 03365500 East Fork White River at Seymour 2,341 1973-82 56
49 03366500 Muscatatuck River near Deputy 293 1968-78 51
50 03369500  Vernon Fork Muscatatuck River at Vernon 198 1978-81 12
51 03372300 Stephens Creek near Bloomington 10.9 1978-82 151
52 03373700 Lost River near West Baden Springs 287 1978-81 19
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and discharge data collected at partial-record stations

Suspended-sediment concentration Suspended-sediment discharge
(milligrams per liter) (tons per day)
Inter- Esam:_ted Inter- Es:’i;na-ted
Median  Minlmum Maximum quartile weighted Median Minimum Maximum quartile wel ‘I'xlted
range mean range mean

56 3 1,540 53 63 7 0 3,210 18 29
78 3 1,430 172 91 76 1 23,300 723 520
25 0 1,220 47 60 6 0 17,500 25 130
35 1 687 72 66 15 0 2,470 75 160
56 5 1,770 58 84 107 9 19,200 348 460
40 3 442 47 53 1 0 1,220 4 26
20 10 234 28 43 0 0 439 2 7
49 1 983 82 75 71 0 19,800 271 450
21 1 578 39 38 2 0 739 9 12
86 3 992 88 120 17 0 15,600 91 220
84 20 368 141 120 35 2 3,700 190 230
52 i1 720 69 79 8 1 1,960 40 88
54 5 567 83 87 12 0 9,480 50 300
24 2 1,310 59 66 1 0 13,800 9 85
45 6 141 48 49 4 0 56 21 22
347 51 1,230 482 150 3,320 55 20,100 6,264 520
43 6 683 172 51 0 0 223 26 3
60 14 1,800 98 92 22 1 26,200 96 170
25 6 112 28 30 53 4 894 121 75
53 3 3,240 90 110 12 0 20,600 134 120
58 3 1,058 68 91 50 1 31,400 134 480
66 6 980 74 87 714 13 81,500 1,726 2,700
46 0 977 320 130 3 0 5,250 71 42
49 8 2,350 84 88 30 2 49,900 391 330
69 10 397 62 69 56 5 10,600 340 290
539 0 11,900 1,862 550 1,085 0 55,900 13,068 880
41 0 780 108 75 0 0 1,940 2 6
40 6 1,930 95 120 4 0 4,670 49 150
63 8 1,060 113 54 10 1 15,500 412 97
158 24 2,990 139 150 17 1 6,690 87 24
55 20 2,070 50 67 2 0 5,640 11 9
34 6 909 43 53 33 0 5,080 126 230
53 2 544 57 61 4 0 820 14 17
45 6 164 64 53 11 0 1,200 27 36
30 1 951 39 48 0 0 379 0 2
48 11 843 67 69 6 0 9,400 27 58
86 4 956 198 84 57 0 24,200 450 190
32 4 893 69 88 120 5 7,160 801 1,400
17 0 1,150 27 39 0 0 2,490 1 14
80 5 1,420 237 110 59 0 21,100 483 380
80 6 4,250 158 130 47 0 9,850 1,324 210
127 15 804 265 94 110 3 8,080 1,061 110
73 11 581 100 75 85 3 8,520 256 190
53 5 986 70 69 5 0 10,400 22 38
59 12 618 51 72 37 3 7,760 146 190
68 8 2,010 137 87 61 0 15,600 386 360
36 4 5,160 59 110 5 0 32,900 28 190
286 14 1,210 297 240 5,570 20 56,700 10,717 2,700
34 3 274 54 46 8 0 3,270 83 110
77 4 372 219 83 39 0 2,960 1,004 264
6 0 319 8 16 0 0 444 0 2
71 8 267 88 83 35 0 3,750 163 150
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Table 5. Summary of suspended-sediment concentration and

. " Period of
Suspended- Station Drainage Number of
sedime:t sampling-  number Statlon name areag (wgfecfrgar) observations
station number (square miles) Y
(fig. 6) :
53 03374100  White River at Hazelton 11,305 1974-84 86
54 03376500 Patoka River near Princeton 822 1964-80 67
55 03378500 Wabash River at New Harmony 29,234 1975-84 67
56 03378550 Big Creek near Wadesville 104 1978-82 23
57 04095000 Little Calumet River near McCool 149 1978-80 14
58 04095300 Trail Creek at Michigan City 54.1 1978-81 29
59 04096100 Galena River near La Porte 17.2 1978-81 22
60 04099510  Pigeon Creek near Angola 106 1978-81 140
61 04100222  North Branch Elkhart River at Cosperville 142 1978-82 21
62 04100500 Elkhart River at Goshen 594 1964-77 33
63 04180000 Cedar Creek near Cedarville 270 1979-81 9
65 05515000 Kankakee River near North Liberty 174 1978-81 132
66 05516500 Yellow River at Plymouth 294 1979-82 95
67 05517890 Cobb Ditch near Kouts 303 1979-80 9
68 05518000 Kankakee River at Shelby 1,179 1964-79 30
69 05519000 Singleton Ditch at Schneider 123 1979-82 14
70 05521000 Iroquois River at Rosebud 35.6 1978-80 16
71 05524500 Iroquois River near Foresman 449 1968-80 63
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discharge data collected at partial-record stations—Continued

Suspended-sediment concentration

Suspended-sediment discharge

(milligrams per liter) (tons per day)
inter- Es;:g\:fed Inter- Esg;n‘:fed
Median  Minimum Maximum quartile weighted Median Minimum Maximum quartile weighted

range mean range mean

109 14 513 101 140 2,420 67 30,700 8,115 5,700
40 2 570 71 66 85 0 2,710 459 280
116 27 601 148 150 6,240 391 76,600 22,080 16,000
74 8 2,240 110 190 2 0 2,800 15 200
20 5 67 . 28 20 11 2 54 21 5
33 5 182 53 37 4 1 368 14 12
33 7 94 27 36 2 0 14 3 3
22 2 143 26 28 2 0 139 5 7
25 4 188 58 46 9 1 207 22 17
25 6 105 13 26 34 2 964 72 44
53 11 267 52 75 6 1 786 202 80
50 5 188 39 51 17 2 133 26 23
17 3 519 26 34 11 1 1,510 22 69
40 30 166 112 77 2 1 39 23 13
59 19 183 60 65 294 30 1,240 462 300
73 17 945 200 83 19 3 3,600 254 51
21 11 261 25 26 1 0 266 3 2
79 9 520 66 100 72 2 1,520 79 80
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Table 6. Effect of short-duration, intense storms on suspended-sediment concentration during low flow for two selected

periods of runoff, Big Raccoon Creek near Fincastle

[n.d., no data]
Mean daily Instantaneous Instantaneous Percentage by
suspended- suspended- Time of streamflow Mean daily Flow weight of clay- and
Date sediment sediment instanta- at time of streamflow duration silt-sized particles
(1971) concentration concentration neous sampling (cubic feet (percent) (<0.062 millimeter) in
(milligrams (milligrams sampling (cubic feet per second) p instantaneous
per liter) per liter) per second) samples
June 11 2,190 nd. n.d. n.d. 69 41 n.d.
12 11,300 122,600 1300 23,820 2,570 4 97
13 1,540 n.d. n.d. n.d. 657 4 n.d.
July 18 60 n.d. nd. n.d. 23 67 nd.
19 24,100 344,500 0700 2700 462 6 98
20 2,260 n.d. n.d. n.d. 119 26 n.d.

{Sample was collected during rising stage of runoff period.
2Estimated.

3Sample was collected near peak stage of runoff period.
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Table 7. Summary of particle-size analyses of suspended sediment

[n.d., no data]
Particle-size percentage by weight
Suspended- Sediment Clay and silt Cla
:::"p"l‘ii';'_ Station dis ch;’:;?:m gel concentra- (particles less than 0.062 (particles Ies.sy than 0.004
station number Station name {cubic feet per ::zi?l {arr:.gr:s millimeters in diameter) millimeters in diameter)
number second) per ?iler) Number Number
{tig. 6) of Range Mean of Range Mean
samples samples
1 03274750 Whitewater River near Hagerstown 47-1,790 97-1,540 7 84-100 95 0 n.d. n.d.
2 03275000 Whitewater River near Alpine 998-11,800 133-1,430 8 76-98 90 6 38-68 51
3 03275600 East Fork Whitewater River at Abington 1,440-8,020 197-1,220 5 76-94 85 4 38-57 48
5 03276500 Whitewater River at Brookville 960-6,260 56-433 6 78-99 90 1 n.d. 80
6 03276700 South Hogan Creek near Dillsboro 3.7-1,100 45-328 9 74-100 95 5 53-85 72
8 03303000 Blue River near White Cloud 6,080~11,000 312-636 2 88-98 93 2 34-58 46
9 03303300 Middle Fork Anderson River at Bristow 45-987 77-238 5 86-99 95 4 64-98 78
10 03322900 Wabash River at Linn Grove 108-5,810 74-992 10 58-100 95 10 38-92 81
1 03323000 Wabash River at Bluffton 201-3,720 313-368 2 97-98 97 3 88-93 91
12 03324000 Little River near Huntington 644-3,230 85-720 5 83-98 94 5 36-80 65
13 03324300 Salamonie River near Warren 488-5,940 122-567 8 95-100 99 10 32-96 84
14 03325500 Mississinewa River near Ridgeville 151-2,190 39-266 3 95-97 96 1 n.d. 88
15 03327520 Pipe Creek near Bunker Hill 16-81 40-65 2 76-92 84 0 n.d. n.d.
16 03328500 Eel River near Logansport 216-8,210 51-2,130 60 48-100 86 25 53-88 72
17 03329400 Raitlesnake Creek near Patton 1.7 102 1 n.d. 84 0 n.d. n.d.
18 03329700 Deer Creek near Delphi 328-2,850 178-1,800 5 74-99 88 6 43-72 6l
21 03335000 Wildcat Creek near Lafayette 3,170-11,000 249-1,060 10 62-96 78 7 45-73 53
22 03335500 Wabash River at Lafayette 5,220-23,600 98-185 6 93-98 95 3 54-88 68
23 03335690 Mud Pine Creek near Oxford 28-1,990 333-977 4 98-98 98 0 n.d. n.d.
24 03339500 Sugar Creek at Crawfordsville 1,880-8,030 163-817 7 77-98 87 5 47-64 59
25 03340000 Sugar Creek near Byron 1,530-9,850 304-397 3 68-96 81 4 37-64 50
26 03340800 Big Raccoon Creek near Fincastle 7-7,270 135-44,500 45 72-100 97 42 17-95 47
27 03342150 West Fork Busseron Creek near Hymera 0.5-1,850 50-780 5 81-94 89 0 n.d. n.d.
29 03347000 White River at Muncie 256-4,040 113-622 6 85-99 95 2 76-78 77
30 03347500 Buck Creek near Muncie 25-862 37-944 47 58-99 83 0 n.d. n.d.
31 03348020 Killbuck Creek near Gaston 24-171 98-186 2 94-95 94 0 n.d. n.d.
32 03348500 White River near Noblesville 1,830-8,280 80-909 3 89-100 95 3 78-83 80
33 03350700 Stony Creek near Noblesville 24-643 82-448 7 65-98 87 0 n.d. n.d.
34 03351500 Fall Creek near Fortville 1,200-1,740 100-163 2 92-98 95 1 n.d. 78
35 03353180 Bean Creek at Indianapolis 1.9-355 35-845 9 63-91 83 0 n.d. n.d.
36 03353200 Eagle Creek at Zionsville 500-3,980 67-709 9 77-99 95 5 62-84 76
37 03353800 Whitelick Creek at Mooresville 1,760-11,500 473-956 5 58-96 79 0 n.d. nd.
38 03354000 White River near Centerton 5,780 268 1 n.d. 78 1 n.d. 51
39 03354500 Beanblossom Creek at Beanblossom 33-435 38-428 2 83-95 89 0 n.d. n.d.
40 03357500 Big Walnut Creek near Reelsville 316-7,030 192-1,420 7 73-99 84 5 31-58 43
41 03358000 Mill Creek near Cataract 1,140-6,890 134-1,240 8 86-98 91 5 49-62 56
42 03361000 Big Blue River at Carthage 102-4,070 110-804 6 85-97 90 0 n.d. n.d.
43 03361500 Big Blue River at Shelbyville 1,390-7,990 172-581 7 85-97 94 6 58-70 64
44 03361850 Buck Creek at Acton 23-2,410 51-495 13 70-99 92 0 n.d. n.d.
45 03362500 Sugar Creek near Edinburgh 1,220-10,200 139-419 7 73-99 91 7 69-94 79
46 03363500 Flatrock River at St. Paul 1,190 379 l nd. 98 I nd. 62
47 03365000 Sand Creek near Brewersville 964-1,090 354-584 2 99-99 99 3 60-72 66
48 03365500 East Fork White River at Seymour 1,940-35,600 111-1,210 55 70-100 94 30 40-89 67
49 03366500 Muscatatuck River near Deputy 3,480 205 1 nd. 98 2 44-61 52
50 03369500 Vemon Fork Muscatatuck River at Vernon 2,950 372 1 n.d. 75 0 nd. n.d.
55 03378500 Wabash River at New Harmony 26,100-75,800 197-324 2 90-98 94 2 33-74 54
58 04095300 Trail Creek at Michigan City 40 38 i n.d. 76 0 n.d. nd.
59 04096100 Galena River near La Porte 11-50 45-94 2 79-99 84 0 nd. n.d.
60 04099510 Pigeon Creek near Angola 21-373 20-143 6 90-99 95 0 nd. n.d.
64 04182000 St. Marys River near Fort Wayne 1,730-2,720 446-576 2 98-98 98 2 91-93 92
65 05515000 Kankakee River near North Liberty 78-374 63-188 13 68-93 81 0 n.d. n.d.
66 05516500 Yellow River at Plymouth 66-110 81-179 2 84-97 90 0 n.d. n.d.
70 05521000 Iroquois River at Rosebud 9.5-378 63-261 2 57-98 77 0 n.d. n.d.
71 05524500 Iroquois River at Foresman 2,480-2,930 74-192 3 99-99 99 4 43-94 79

IThe water discharge and sediment concentration ranges shown are the ranges that correspond to the clay and silt (particles less than 0.062 millimeters in diameter) samples.

They do not correspond to the clay samples.
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Table 8. Mean suspended-sediment yield at long-term, daily record stations

Suspended- Mean : .
sediment  iuion | Yews suspended. '[ociifiepercent
sampling-station number Station name of sediment yield (tons per square

number record (tons per square mile per year)
(fig. 6) mile per year) pery

16 03328500 Eel River near Logansport 8 188 109-267

26 03340800 Big Raccoon Creek near Fincastle 14 1914 886-2,942

48 03365500 East Fork White River at Seymour 15 186 145-227

64 04182000 St. Marys River near Fort Wayne 9 202 123-281
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Table 9. Computation of mean annual suspended-sediment yield for the Whitewater River near Hagerstown

Q) ] 3 4 (5) ®) Y] (8) ()]
Suspended-
lggan hvavater Mean sclllisperr';ded- Wate'rti diis‘c:%rge :Iedltr‘nent

Percentage  Percentage folrsif-nterregl dl::hamee for ml:cegtae e of mul?lc "aergg IFex IF ex 1Fex

interval ot time {cubic feet interval time (cubl% feet percgntagey [EIBIp [Eimqu [Eimél
per second) (tons per day) per second) of time (tons
per day)

0.00-0.05 0.05 1,690.0 2,280.0 84.5 114.0 0.896834 0.896834 6.665706
05-.11 .06 1,400.0 1,690.0 84.0 101.0 794138 794138 5.752919
.11-30 .19 1,200.0 1,310.0 228.0 250.0 1.960716 1.960716 13.901626
30-.41 Nl 1,005.0 987.0 111.0 109.0 .852540 .852540 5.893389
41-.82 41 840.0 739.0 3440 303.0 2.378810 2.378810 16.017481
.82-1.37 .55 705.0 557.0 388.0 306.0 2.404877 2.404877 15.771660
1.37-1.81 44 590.0 418.0 260.0 184.0 1.443192 1.443192 9.207742
1.8i-2.16 35 500.0 320.0 175.0 112.0 878796 .878796 5.461370
2.16-2.82 .66 425.0 246.0 280.0 162.0 1.274713 1.274713 7.714677
2.82-3.70 .88 355.0 184.0 3120 162.0 1.271051 1.271051 7.463760
3.70-4.38 .68 295.0 136.0 201.0 92.8 728409 728409 4.142443
4.38-5.45 1.07 250.0 104.0 267.0 112.0 .877402 877402 4.844538
5.45-6.54 1.09 210.0 78.8 229.0 85.9 674516 674516 3.606707
6.54-8.21 1.67 175.0 58.7 292.0 98.0 769920 769920 3.976474
8.21-9.94 1.73 150.0 45.8 259.0 79.2 621859 621859 3.115907
9.94-12.13 2.19 130.0 36.3 285.0 79.6 624818 .624818 3.041323
12.13-15.41 3.28 109.0 273 358.0 89.7 704123 704123 3.303287
15.41-19.35 3.94 90.0 20.1 355.0 79.1 620830 620830 2.793617
19.35-24.94 5.59 75.5 15.1 422.0 84.5 .663302 663302 2.868204
24.94-31.51 6.57 63.5 11.4 417.0 75.1 589521 .589521 2447126
31.51-39.58 8.07 53.5 8.7 432.0 69.9 .549109 549109 2.185278
39.58-46.81 7.23 45.0 6.6 325.0 47.4 372057 372057 1.416296
46.81-53.90 7.09 38.0 5.0 269.0 35.4 277695 277695 1.010140
53.90-61.54 7.64 320 38 2440 28.9 226737 226737 785809
61.54-66.90 5.36 27.0 29 145.0 15.4 120911 120911 .398504
66.90-74.46 7.56 230 22 174.0 16.8 131643 131643 412767
74.46-81.80 7.34 19.5 1.7 143.0 12.5 097910 097910 290833
81.80-89.27 7147 16.5 1.3 123.0 9.7 076089 076089 213304
89.27-95.02 5.75 135 9 71.6 5.4 042361 042361 110252
95.02-96.58 1.56 1.5 7 17.9 1.1 008871 008871 021667
96.58-98.22 1.64 9.9 .6 16.3 9 007383 007383 016962
98.22-99.29 1.07 8.2 4 8.8 4 003525 003525 007416
99.29-99.75 46 6.9 3 32 1 001147 001147 002215
99.75-100.00 25 5.8 2 1.5 1 .000471 .000471 000828
Total? 7,330 2,920 22.946273 22946273  134.862225

Term from equation 13 used to calculate variance of mean daily suspended-sediment discharge.
2Cotumns may not add to totals because of rounding.
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Table 10. Suspended-sediment yields

[b0, b1, b2, and b3 are the regression coefficients; POLY | indicates the function used to
POLY?2 indicates the function used to describe the suspended-sediment transport curve is
suspended-sediment transport curve is a third-order polynomial (equation 9); and HOERL
function described by

Suspended- e of function
seSIment . Station Station name Base period :;:mf::::i :I: St::iarrd w%escribing
sampling-station number (water years) (R-square) (percent) sediment-
number . transport curve
{fig. 6)
1 03274750 Whitewater River near Hagerstown 1971-80 0.88 88.3 POLY1
2 03275000 Whitewater River near Alpine 1951-80 91 97.7 POLY1
3 03275600 East Fork Whitewater River at Abington 196680 85 1309 POLY1
4 03276000 East Fork Whitewater River at Brookville 1956-80 69 158.0 POLY |
5 03276500 Whitewater River at Brookville 1951-80 66 115.0 POLY
6 03276700 South Hogan Creek near Dillsboro 1962-80 .89 101.9 POLY2
7 03291780 Indian-Kentuck Creek near Canaan 1970-80 .87 113.6 POLY1
8 03303000 Blue River near White Cloud 1951-80 .90 96.4 POLY1
9 03303300 Middle Fork Anderson River at Bristow 1962-80 .89 113.5 POLY|
10 03322900 Wabash River at Linn Grove 1965-80 .86 1234 POLY 1
11 03323000 Wabash River at Bluffton 1951-71 .88 95.4 POLYL
12 03324000 Little River near Huntington 1951-80 .88 82.6 POLY1
13 03324300 Salamonie River near Warren 1958-80 .88 96.1 POLY2
14 03325500 Mississinewa River near Ridgeville 1951-80 .84 162.6 POLY1
15 03327520 Pipe Creek near Bunker Hill 1969-80 .68 120.7 POLY2
16 03328500 Eel River near Logansport 1951-80 .68 96.1 POLY1
17 03329400 Rattlesnake Creek near Patton . 1969-80 94 98.4 POLY3
18 03329700 Deer Creek near Delphi 1951-80 90 89.6 POLY1
19 03331500 Tippecanoe River near Ora 1951-80 74 74.9 POLY2
20 03333450 Wildcat Creek near Jerome 1962-80 83 172.6 POLY1
21 03335000 Wildcat Creek near Lafayette 1955-80 92 76.0 POLY |
22 03335500 Wabash River at Lafayette 1951-80 .88 62.3 POLY1
23 03335690 Mud Pine Creek near Oxford 1972-80 93 137.1 POLY1
24 03339500 Sugar Creek at Crawfordsville 1951-80 91 96.5 POLY1
25 03340000 Sugar Creek near Byron 1951-71 .89 89.7 POLY1
26 (3340800 Big Raccoon Creek near Fincastle 1958-80 .85 395.1 POLY2
27 03342150 West Fork Busseron Creek near Hymera 1967-80 91 154.7 POLY1
28 03342300 Busseron Creek near Sullivan 1967-80 93 97.1 HOERL
29 03347000 White River at Muncie 1951-80 90 108.8 POLY1
30 03347500 Buck Creek near Muncie 1955-80 .84 79.2 POLY1
31 03348020 Killbuck Creek near Gaston 1969-80 93 73.4 POLY2
32 03348500 White River near Noblesville 1951-74 .82 1105 POLY1
33 03350700 Stony Creek near Noblesville 1968-80 .85 95.7 POLY1
34 03351500 Fall Creek near Fortville 1951-80 .83 91.9 POLY |
35 03353180 Bean Creek at Indianapolis 1971-80 79 1293 POLY3
36 03353200 Eagle Creek at Zionsville 1958-80 94 84.3 POLY2
37 03353800 White Lick Creek near Mooresville 1958-80 93 88.9 POLY1
38 03354000 White River near Centerton 1951-80 .90 83.2 POLY2
39 03354500 Beanblossom Creek at Beanblossom 1952-80 .88 100.2 POLY2
40 03357500 Big Walnut Creek near Reelsville 1951-80 93 90.6 POLY
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estimated from partial-record data

describe the suspended-sediment transport curve is a first-order polynomial (equation 7);

a second-order polynomial (equation 8); POLY3 indicates the function used to describe the
indicates the function used to describe the suspended-sediment transport curve is the

Hoerl (1954) (equation 10)]

Ratio of . Ratio °f.
Mean Standard . highest daily s::igi:ueesr:t':;ies?:xer:e
. suspended- deviation of dls-chal:ge used in used in estimating
Blas. sediment yleld mean suspet)ded- estimating yield to yield to highest
correction sedimentyield highest instanta- A
factor (tons per {tons per neous discharge __InStantaneous
square mile square mile observed during sedimentdischarge
per year) per year) sediment data obs:_rved td:ritt;g
Model coefficients collection sec;?::ﬁo:
b0 (] b2 b3

-4.5075 1.6145 0.0000 0.0000 1.27 182 30 0.93 0.71
-7.2539 1.8862 .0000 .0000 1.34 357 83 1.96 6.97
-6.5668 1.7922 0000 .0000 1.68 245 54 .95 1.22
-5.0463 1.5040 .0000 .0000 1.66 156 66 10.91 13.01
—-4.1387 1.3223 .0000 .0000 1.64 138 26 7.60 2.44
-2.6053 .8101 0764 0000 1.37 252 102 3.15 9.82
-3.0773 1.2136 .0000 .0000 1.51 91 37 2.01 1.05
-6.3234 1.7150 0000 .0000 1.33 342 74 2.36 448
-3.4149 1.2384 .0000 .0000 1.02 109 16 3.04 2.66
-2.8108 1.2661 .0000 .0000 1.42 174 43 1.42 50
-2.7289 1.261S .0000 .0000 1.30 160 47 2.16 1.95
-3.1262 1.2918 .0000 .0000 1.30 122 21 1.12 1.54
-.7083 2079 1034 .0000 1.32 257 61 1.58 3.03
—-4.3996 1.5063 .0000 .0000 1.83 233 104 2.58 1.74
-3.9542 1.6756 -.0620 .0000 1.34 50 53 8.95 6.19
-4.6581 1.5477 .0000 .0000 1.32 240 37 1.57 1.44
-2.4741 7250 0871 0224 1.26 149 65 1.61 6.61
—-4.8204 1.6138 .0000 .0000 1.30 220 39 1.45 1.29
-94274 2.7865 -.1140 .0000 1.22 32 4 1.28 77
-4.5012 1.5803 .0000 .0000 2.16 310 64 77 61
-5.9744 1.6792 .0000 .0000 1.24 220 30 1.64 1.69
—-6.5993 1.5832 .0000 .0000 1.16 135 19 ’ 1.61 1.44
-3.4565 1.6006 .0000 .0000 1.57 386 203 73 1.08
-4.9877 1.5549 .0000 .0000 1.40 237 45 224 90
—-4.8986 1.4998 .0000 .0000 1.25 156 62 241 3.20
15.8997 -5.7906 -.3280 .0000 232 2,310 3,354 1.70 65
-2.4971 1.2363 .0000 .0000 1.83 156 68 40 27
-5.2125 1.8310 -.0005 0000 1.49 392 67 91 .86
-5.1311 1.5808 .0000 .0000 1.42 147 43 1.87 1.16
-2.6958 1.4701 .0000 .0000 1.25 246 28 1.37 41
-1.5901 4779 1265 .0000 1.20 128 27 92 42
-5.8813 1.5549 .0000 .0000 1.54 99 25 258 458
-3.9526 1.5293 .0000 .0000 1.30 122 18 1.53 141
-3.6820 1.3104 .0000 .0000 1.33 78 17 211 234
-3.2287 1.15%4 2330 -.0262 1.48 159 41 42 64
—-2.0961 0.6890 0741 .0000 1.37 204 33 1.32 1.63
-4.8835 1.6315 .0000 .0000 1.26 319 86 87 132
-11.6113 2.7327 -.0577 .0000 1.38 207 83 295 11.94
-3.4191 7320 1447 .0000 1.49 355 L15 1.51 522
-5.2118 1.6807 .0000 0000 1.31 ' 423 73 246 4.49
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Table 10. Suspended-sediment yields

Suspended- Type of function
sediment Station Station name Base period 3;:?,',,?::&:,', St::lgarrd describing
sampling-station number (water years) (R-square) (percent) sediment-
number sq P transport curve
(fig. 6)
41 03358000 Mill Creek near Cataract 1951--80 90 116.9 POLY1
42 03361000 Big Blue River at Carthage 1951-80 92 64.6 POLY2
43 03361500 Big Blue River at Shelbyville 1951-80 92 59.8 POLY1
44 03361850 Buck Creek at Acton 1968-80 .88 102.6 POLY!1
45 03362500 Sugar Creek near Edinburgh 1951-80 .89 70.9 POLY !
46 03363500 Flatrock River at St. Paul 195180 93 82.9 POLY2
47 03365000 Sand Creek near Brewersville 1951-80 .88 179.2 POLY1
48 03365500 East Fork White River at Seymour 1951-80 .90 70.2 POLY2
49 03366500 Muscatatuck River near Deputy 1951-80 93 82.0 POLY |
S0 03369500 Vernon Fork Muscatatuck River at Vernon 1951-80 .87 228.5 POLY1
51 03372300 Stephens Creek near Bloomington 1971-80 .84 99.6 POLY3
52 03373700 Lost River near West Baden Springs 1966-80 .89 94.2 POLY1
53 03374100 White River at Hazelton 1951-80 .83 723 POLY2
54 03376500 Patoka River near Princeton 1951-80 .95 729 POLY3
55 03378500 Wabash River at New Harmony 1951-80 .87 58.0 POLY?2
56 03378550 Big Creek near Wadesville 1966-80 .88 1712 POLY!
57 04095000 Little Calumet River near McCool 1951-80 34 93.7 POLY1
58 04095300 Trail Creek at Michigan City 1970-80 81 81.7 HOERL
59 04096100 Galena River near La Porte 1970-80 63 70.7 POLY2
60 04099510 Pigeon Creek near Angola 1951-80 .56 108.7 POLY!
61 04100222 North Branch Elkhart River at Coéperville 1972--80 A5 135.7 POLY2
62 04100500 Elkhart River at Goshen 195180 .88 55.7 POLY2
63 04180000 Cedar Creek near Cedarville 1951-80 95 59.5 POLY2
65 05515000 Kankakee River near North Liberty 1952-80 55 67.8 POLY!1
66 05516500 Yellow River at Plymouth 1951-80 72 95.1 HOERL
67 05517890 Cobb Ditch near Kouts 1969-80 93 48.8 POLY2
68 05518000 Kankakee River at Shelby 1951-80 64 68.6 POLY2
69 05519000 Singleton Ditch at Schneider 1951-80 .88 94.1 POLY!
70 05521000 Iroquois River at Rosebud 1951-80 .94 529 POLY3
71 05524500 Iroquois River near Foresman 1951-80 .65 91.8 POLY2
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estimated from partial-record data—Continued

. Ratio of
Ratio of . .
Standard highest daily highest pl:edlcted
Mean . . sediment discharge
deviation of  discharge used in N o
. suspended- . used in estimating
Bias sediment yield Mean suspended- estimating yield to ield to highest
correction (tons :r sedimentyield highest instanta- ‘c tanta gou
factor pes (tons per neous discharge ns neous
square mile square mile observed durin sediment discharge
per year) a " S observed during
per year) sediment data sediment data
Model coefficients collection collection
b0 b b2 b3
-3.3207 1.3539 0.0000 0.0000 1.83 317 54 1.49 1.81
-12.8500 4.3553 -.2201 .0000 1.16 225 37 1.46 62
—4.8863 1.5392 .0000 0000 1.16 166 17 1.55 2.05
-3.4380 1.3722 .0000 0000 1.35 175 34 .82 27
-4.2025 1.4125 .0000 .0000 1.24 148 21 1.68 227
-1.9136 .3280 1193 0000 1.30 430 113 352 12.00
—4.2647 1.5358 .0000 .0000 1.90 441 189 1.51 1.71
-17.8317 49177 -.2131 .0000 1.21 420 43 1.56 74
-3.7655 1.3126 .0000 .0000 1.25 131 27 5.01 573
-5.1983 1.6021 0000 .0000 227 488 479 9.31 54.68
—-3.8069 4853 0643 0187 1.55 53 13 74 1.34
-3.8315 1.3683 .0000 .0000 1.42 186 49 93 1.40
-11.5128 3.0189 —-.0952 .0000 1.20 183 21 1.92 2.01
—-3.5423 1050 3403 -.0243 1.27 118 14 1.28 69
—25.8579 5.4410 -.1942 .0000 1.15 203 25 245 1.94
—-2.6401 1.3836 .0000 .0000 1.78 685 443 5.15 725
-3.9012 1.1885 .0000 .0000 1.28 11 5 5.25 451
-7.1579 2.1231 —.00t1 .0000 1.24 80 18 1.43 2.15
-4.6630 1.9826 —-.0885 .0000 1.17 59 11 2.57 353
-3.5361 1.1568 .0000 .0000 1.42 23 3 1.42 55
-9.4343 3.9043 -.2937 .0000 1.54 44 16 1.03 .26
-6.7839 1.9756 -.0510 .0000 1.13 27 3 1.30 58
—-6.9900 2.5961 -.1036 .0000 1.11 108 35 3.10 2.55
-4.2986 1.4370 .0000 .0000 1.18 48 3 1.30 1.38
-8.9163 2.1178 -.0002 0000 1.57 86 19 2.35 344
-4.7906 2.0839 —.0446 .0000 1.08 151 122 6.38 21.44
—27.8545 7.9313 —.4595 .0000 1.17 63 8 - 1.04 .55
-4.6439 1.6534 .0000 .0000 1.29 152 50 1.80 1.47
-5.6273 45173 —-1.2823 1421 1.10 23 4 1.03 1.45
4276 3732 0432 .0000 1.28 65 9 1.92 .86

Tables 49



Table 11.

flow-duration-curve methods

Comparison of suspended-sediment yields estimated by the daily record and the suspended-sediment transport,

Darir‘l‘ét':gg'd Suspended-sediment transport, flow-duration-curve method
S:zgﬁ“ng::l- Suspended-sediment transport Suspended-sediment transport curve
sampling- Station Stath Yield curve based on daily record data based on partial-record data
y ation name
:&f:"g:r number (tn?:rse ’:ﬁi‘e (t Jﬂg'g or _Percentage Yield Percentage
(fig. 6) sq square difference from (tons per difference from
per year) e daily record square mile daily record
per year) method per year) method
16 03328500 Eel River near 188+79 144+13.5 =23 236+74 26
Logansport.
26 03340800 Big Raccoon Creek near 1,914+1,028 2,620+725 37 1,819+5,170 -5
Fincastle.
43 03365500 East Fork White River near 186+41 181£7.6 3 46694 151
Seymour.
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Table 12. Suspended-sediment yields estimated from regression equation based on drainage-basin characteristics

¢ d Peak unit s ;
A Amount o ischarge with uspended-
Channel ch::;:::t:\g forested land recurrgence segiment
Station Station name Latitude Longitude slope areag in drainage interval of two yield
number (N.) (w.) (feet per (square basin years (tons per
mile) miles) (percentof  (cubic feetper square mile
total area) second per per year)
square mile)
03274650  Whitewater River near Economy 40°00'05"  85°06'56" 11.8 10.4 7.6 89.7 210
03275500 East Fork Whitewater River at
Richmond. 39°48'24"  84°54'26" 12.8 121 8.8 96.7 320
03277000 Laughery Creek near Farmers Retreat 38°57'08"  85°04'15" 6.6 248 30.5 835 390
03294000  Silver Creek near Sellersburg 38°22'15"  85°43'35" 55 189 39.9 66.7 310
03302220  Buck Creek near New Middletown 38°07'13"  86°05'16" 18.6 37.1 295 310.0 460
03302300 Little Indian Creek near Galena 38°19'19"  85°55'53" 19.0 16.1 255 332.1 420
03302500 Indian Creek near Corydon 38°1635"  86°06'35" 6.3 118 327 123.7 500
03302680  West Fork Blue River at Salem 38°36'19"  86°05'40" 36.8 19.0 10.1 178.9 91
03302800 Blue River at Fredericksburg 38°26'02"  86°11'31" 6.5 206 23.7 102.9 480
03322100 Pigeon Creek at Evansville 38°00'14"  87°32'19" 2.4 323 10.0 24.6 200
03322500 Wabash River near New Corydon 40°33'50"  84°48'10" 32 262 79 245 190
03323500 Wabash River at Huntington 40°5120"  85°29'53" 2.0 721 9.6 17.3 170
03324200 Salamonie River at Portland 40°25'40"  85°02'20" 58 85.6 11.0 383 190
03324500 Salamonie River at Dora 40°48'42"  85°41'02" 2.7 557 10.7 22.3 190
03325000 Wabash River at Wabash 40°47'25"  85°49'13" 2.5 1,768 10.7 212 230
03326000 Mississinewa River near Eaton 40°19'08"  85°19'10" 3.0 310 9.3 423 320
03326070  Big Lick Creek near Hartford City 40°25'20"  85°21'04" 4.2 29.2 13.4 43.8 190
03326500 Mississinewa River at Marion 40°34'34"  85°39'34" 29 682 8.5 282 260
03327000 Mississinewa River at Peoria 40°43'24"  85°57'27" 33 808 9.6 274 250
03328000 Eel River at North Manchester 40°59'55"  85°45'50" 2.1 417 11.0 15.6 140
03330500 Tippecanoe River at Oswego 41°19'14"  85°4721" 3.6 113 13.2 57 36
03331110  Walnut Creek near Warsaw 41°12'17"  85°52'11" 55 19.6 7.5 17.3 73
03332300 Little Indian Creek near .
Royal Center. 40°52'53"  86°35'26" 7.1 35 53 125 56
03332400 Big Monon Creek near Francesville 49°59'03"  86°51'43" 2.4 152 134 15.6 110
03333500 Wildcat Creek at Greentown 40°2725"  85°57'24" 33 168 4.9 30.7 230
03333600 Kokomo Creek near Kokomo 40°26'28"  86°05'20" 45 24.7 7.8 30.7 140
03333700 Wildcat Creek at Kokomo 40°2824"  86°09'26" 2.7 242 6.6 303 240
03334000  Wildcat Creek at Owasco 40°27'50"  86°38'15" 33 396 9.1 22.1 180
03334500 South Fork Wildcat Creek near
Lafayette. 40°25'04"  86°46'05" 7.1 243 8.3 39.5 230
03335700 Big Pine Creek near Williamsport 40°19'03"  87°1726" 4.4 323 3.2 28.5 240
03339108 East Fork Coal Creek near Hillsboro 40°06'06"  87°07'54" 11.6 334 4.0 68.6 220
03341000 Big Raccoon Creek at Mansfield 39°40'32"  87°06'05" 6.7 248 14.6 66.9 350
03341200 Little Raccoon Creek near Catlin 39°40'38"  87°13'38" 11.4 133 23.8 112.8 360
03342500 Busseron Creek near Carlisle 38°58'26"  87°25'33" 2.9 228 222 25.5 170
03348000 White River at Anderson 40°06'20"  85°40'16" 4.4 406 .97 33.7 250
03348350 Pipe Creek at Frankton 40°13'38"  85°45'58" 4.5 113 5.8 254 160
03349000 White River at Noblesville 40°02'50"  86°01'00" 3.9 858 9.1 214 190
03349500 Cicero Creek near Arcadia 40°10'34"  85°5943" 4.0 131 7.8 23.1 150
03349700 Little Cicero Creek near Arcadia 40°10'32"  86°02'45" 6.2 40.4 39 55.2 260
03350100 Hinkle Creek near Cicero 40°06'05"  86°05'10" 18.7 18.5 12.2 158.4 240
03351000 White River near Nora 39°54'35"  86°06'20" 3.7 1,219 8.5 16.6 160
03351310  Crooked Creek at Indianapolis 39°49'47"  86°12'22" 14.8 17.9 9.3 167.0 330
03352200 Mud Creek at Indianapolis 39°53'30"  86°00'57" 6.7 42.4 6.5 325 140
03352500 Fall Creek at Millersville 39°51'07"  86°05'15" 53 298 10.3 19.0 130
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Table 12. Suspended-sediment yields estimated from regression equation based on drainage-basin
characteristics—Continued

A . ; Pzak uniti hos
mount o discharge wit uspended-
Channel c%':;rir:t:'g forested land recu:;’ence seSiment
Station Station name Latitude Longitude slope are. ag in drainage interval of two yield
number (N.) (w.) (fee't per (square basin years (tons per
mile) miles) (percentof  (cubic feet per square mile
total area) second per per year)
square mile)
03353000 White River at Indianapolis 39°45'05"  86°1030" 35 1,635 9.0 21.7 230
03353160 Pleasant Run at Brookville Road,
Indianapolis. 39°45'52"  86°05'43" 15.8 10.1 25 205.0 410
03353500 Eagle Creek at Indianapolis 39°46'33"  86°15'01" 6.8 174 11.9 63.8 320
03353620 Lick Creek at Indianapolis 39°4221"  86°06't3" 11.5 15.6 8.6 137.8 340
03353700 West Fork White Lick Creek at
Danville. 39°45'36"  86°30'47" 10.6 28.8 10.3 116.3 330
03359000 Mill Creek near Manhattan 39°29'22"  86°55'50" 5.1 294 20.9 23.0 140
03359500 Deer Creek near Putnamville 39°34'04"  86°52'00" 12.6 59 55.7 163.1 360
03360000 Eel River at Bowling Green 39°22'58"  87°01'14" 5.8 830 26.2 33.0 220
03361650  Sugar Creek at New Palestine 39°42'51"  85°53'08" 9.9 93.9 58 204 90
03362000  Youngs Creek near Edinburgh 39°25'08"  86°00'18" 43 107 44.7 70.9 310
03363000 Driftwood River near Edinburgh 39°20121"  85°59'H1" 59 1,060 8.0 27.8 230
03363900 Flatrock River at Columbus 39°14'06"  85°55'36" 5.0 534 8.0 212 210
03364000 East Fork White River at Columbus 39°12'00"  85°55'32" 3.8 1,707 7.6 27.1 280
03364200 Haw Creek near Clifford 39°16'04"  85°5122" 8.9 475 1.1 51.8 250
03364500 Clifty Creek at Hartsville 39°1625"  85°42'10" 10.3 914 4.6 85.6 350
03366000 Graham Creek near Vernon 38°55'47"  85°33'45" 9.4 77.2 30.3 159.3 490
03367000 Muscatatuck River near Austin 38°46'13"  85°4921" 6.2 359 50.5 76.6 370
03368000 Brush Creek near Nebraska 39°04'13"  85°29'10" 28.1 11.4 32.1 309.6 200
03369000 Vernon Fork Muscatatuck River near
Butlerville. 39°02'55"  85°32'40" 12.2 859 314 139.7 370
03371520 Back Creek at Leesville 38°50'48"  86°18'06" 28.4 24.1 36.3 292.5 210
03371600  South Fork Salt Creek at Kurtz 38°57'46"  86°12'12" 13.0 38.2 54.2 149.5 300
03371650  North Fork Salt Creek at Nashvilie 39°12'06"  86°14'51" 13.5 76.1 69.6 87.8 190
03372000 North Fork Salt Creek near Belmont 39°09'00"  86°20'14" 9.0 120 88.4 99.2 290
03372700  Clear Creek near Harrodsburg 39°02'03"  86°34'01" 19.1 478 311 172.0 260
03373000  Salt Creek near Peerless 38°56'36"  86°30'36" 2.0 573 66.9 342 230
03373200 Indian Creek near Springville 38°57'01"  86°40'30" 12.5 60.7 385 101.5 240
03374455  Patoka River near Hardinsburg 38°26'41"  86°23'14" 23.6 12.8 76.6 268.8 210
03374500 Patoka River near Elisworth 38°2629"  86°43'31" 32 171 458 332 180
03375500 Patoka River at Jasper 38°24'49"  86°52'36" 2.4 262 47.6 304 180
03375800 Hall Creek near Saint Anthony 38°21'45"  86°49'43" 18.2 21.8 24.0 175.2 260
03376260  Flat Creek near Otwell 38°26'12"  87°07'52" 6.4 213 10.0 64.8 230
03376300 Patoka River at Winslow 38°22'48"  87°13'00" 1.3 603 39.1 17.7 140
03376350  South Fork Patoka River near Spurgeon ~ 38°17'50"  87°15'39" 9.9 42.8 30.9 90.9 250
04093500 Burns ditch at Gary 41°34'30"  87°17'20" 3.2 160 6.0 15.5 110
04094000 Little Calumet River at Porter 41°37'18"  87°05'13" 6.2 66.2 18.1 30.7 130
04094500  Salt Creek near McCool 41°35'48"  87°08'40" 4.7 74.6 12.6 259 130
04099750  Pigeon River near Scott 41°44'56"  85°34'35" 35 307 6.8 6.3 53
04100252  Forker Creek near Burr Oak 41°19'58"  85°25'25" 10.0 19.2 32.0 142 36
04100465 Turkey Creek at Syracuse 41°25'35"  85°45'16" 10.2 43.8 5.6 3.7 15
04177720  Fish Creek at Hamilton 41°31'55"  84°54'12" 16.0 375 6.0 13.1 34
04178000  Saint Joseph River near Newville 41°22'29"  85°48'41" 6.2 610 6.3 1.9 95
04179500 Cedar Creek at Auburn 41°21'57"  85°03'08" 8.0 87.3 10.0 15.5 71
04180500 Saint Joseph River near Fort Wayne 41°10'41"  85°03'19" 2.3 1,060 9.8 10.7 110
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Table 12. Suspended-sediment yields estimated from regression equation based on drainage-basin
characteristics—Continued
Peak unit
— Amountof discharge with Suspended-
Channe! Cc;r:;ri:):t:\g forested land recur?ence seziment
Station Station name Latitude Longitude slope 9 indralnage interval of two yield
number (N.) (w.) (feet per (square basin years {tons per
mile) miles) (percentof (cubic feet per square miie
total area) second per per year)
square mile)
04181500 Saint Marys River at Decatur 40°50'S5"  84°56'16" 2.1 621 5.1 15.6 160
04182590 Harber ditch at Fort Wayne 41°0027" 85°10'58" 39 21.9 4.6 40.5 200
04183000 Maumee River at New Haven 41°05'06"  85°01'19" 29 1,967 8.1 9.7 110
05515500 Kankakee River at Davis 41°24'00"  86°42'04" 1.3 400 94 3.8 38
05516000 Yellow River near Bremen 41°25'11"  86°10'14" 5.0 131 11.2 13.2 78
05517000 Yellow River at Knox 41°18'10"  86°37'14" 23 384 12.9 9.7 82
05517500 Kankakee River at Dunns Bridge 41°13'17"  86°57'52" 9 1,160 114 4.1 49
05519500 West Creek near Schneider 41°12'52"  87°29'36" 23 54.7 10.2 29.8 170
05522000 Iroquois River near North Marion 40°58'12"  87°06'50" 29 144 10.3 9.7 68
05522500 Iroquois River at Rensselaer 40°56'00"  87°07'44" 25 203 8.1 9.1 72
05523000 Bice ditch near South Marion 40°52'00"  87°05'32" 6.4 21.8 53 373 150
05523500 Slough Creek near Collegeville 40°53'30"  87°09'17" 2.2 83.7 79 247 160
05524000 Carpenter Creek at Egypt 40°51'58"  87°12'20" 6.4 448 1 46.7 290
05536190 Hart ditch at Munster 41°33'40"  87°28'50" 74 70.7 59 30.7 150
05536195 Little Calumet River at Munster 41°34'07"  87°31'18" 4.6 90 79 12.2 73

Table 13. Percentage distribution of suspended-sediment
yields estimated from partial records

Percentage of partiai-record
stations where estimated
suspended-sediment yieid
was equaled or exceeded

Estimated suspended-

sediment yieid

(tons per square mile per year)

10

390
245
160
106
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Table 14. Seasonal Kendall test results for trends in streamflow and suspended-sediment concentration, flow-adjusted
suspended-sediment concentration, and suspended-sediment discharge at daily record and partial-record stations

Flow-adjusted

Suspended- Suspended-
Suspended- . Streamflow sediment s::gie':g::i- sec‘;iment
sediment Penfod concentration concentration discharge
sampling-  Station N 0!
sta':iong number Station name '°°°t;d Trend Trend ven Trend
number (water  proha.  (cubic  Proba-  (milli-  Proba (percent Proba- qonc e
(fig. 6) years) pility feetper  bility grams  bility (PECENt piiry (0N Pl
level second level perliter level ‘;ar) fevel Za':?
per year) per year) Y 4
Daily Record Stations
16 03328500 Eel River near Logansport 1969-81 0.147 -7.6 0.155 -1.3 0001 42 0240 -1.0
26 03340800 Big Raccoon Creek near Fincastle 1960-79  .001 1.4 .007 1.0 109 1.8 .001 2
48 03365500 East Fork White River at Seymour 1966-81  .004 25.0 019 1.1 .668 3 017 42
64 04182000 St. Marys River near Fort Wayne 1953-67 020 -1.3 .096 ~-1.1 d19 -15 424 -1
Partial-Record Stations
2 03275000 Whitewater River near Alpine 1968-79  .646 64.2 298 21.0 108 18.1 358 325
3 03275600 East Fork Whitewater River at
Abington. 1967-79  .664 -6 .076 1.0 .043 5.4 256 1
5 03276500 Whitewater River at Brookville 1975-84 .186 45.0 1750 7 .856 1.0 466 32
6 03276700 South Hogan Creek near Dillsboro 1969-84  .870 .0 .661 4 209 24 783 .0
8 03303000 Blue River near White Cloud 1968-82 295 49 765 -8 455 27 .654 5
9 03303300 Middle Fork Anderson River at
Bristow. 1964-80 .018 2.7 .063 9 217 4.7 016 2
10 03322900 Wabash River at Linn Grove 1971-82 .037 -8.5 139 —4.5 S =22 018 -12
12 03324000 Little River near Huntington 1970-78  .074 -4.9 .041 -4.1 022 -87 .083 1.1
13 03324300 Salamonie River near Warren 1964-76  .147 22 .869 3 223 33 198 3
14 03325500 Mississinewa River near Ridgeville 1976-82 .007 9.1 .001 10.1 .181 37.1 .001 8
18 03329700 Deer Creek near Delphi 1969-80  .218 -5.3 019 -74 062 -6.8 037 22
19 03331500 Tippecanoe River near Ora 1968-79 673 1.1 .669 -9 1.000 -3 .673 35
21 03335000 Wildcat Creek near Lafayette 1968-80 553 -4.0 412 -1.3 523 -1.8 218 -19
22 03335500 Wabash River at Lafayette 1964-82 029 2143 784 7 274 -1.5 132 370
24 03339500 Sugar Creek at Crawfordsville 1972-79 267 17.5 026 6.0 .081 8.2 .057 5.0
32 03348500 White River near Noblesville 1968-74 413 11.2 .623 1.2 .870 4.2 .870 1.0
36 03353200 Eagle Creek at Zionsville 1969-79 737 3 254 2.6 .546 1.2 .381 A
39 03354500 Beanblossom Creek at Beanblossom  1978-82 558 2 .010 35 011 29.1 137 0
40 03357500 Big Walnut Creek near Reelsville 1969-82 1.000 3 750 -2.0 671 =23 915 -1
41 03358000 Mill Creek near Cataract 1969-80  .028 19.4 927 2.0 144 63 144 25
43 03361500 Big Blue River at Shelbyville 1968-80 .017 452 .288 5.1 288 25 029 117
45 03362500 Sugar Creek near Edinburgh 1968-79 017 29.8 1.000 -2 145 56 .180 3.8
46 03363500 Flatrock River at St. Paul 1969-82  .883 1.7 .883 5 .556 25 .556 4
47 03365000 Sand Creek near Brewersville 1969-80  .006 19.4 .049 11.0 116 9.6 031 24
48 03365500 East Fork White River at Seymour 1973-82 260 -197.6 060 -67.5 060 -14.6 133 -894.4
49 03366500 Muscatatuck River near Deputy 1968-78  .051 34.4 1.000 -2 445 9.0 051 2.3
51 03372300 Stephens Creek near Bloomington 1978-82 479 -2 184 1.0 616  14.0 811 .0
53 03374100 White River at Hazelton 1974-84 558 -152.5 259 1.8 .867 4 .802 9.6
54 03376500 Patoka River near Princeton 1964-80  .090 235 924 0 188  -6.9 .060 1.7
55 03378500 Wabash River at New Harmony 1975-84 241  850.0 443 22 .639 .6 159 450.0
60 04099510 Pigeon Creek near Angola 1978-81 263 7.2 .012 -3.7 002 -293 .093 -3
71 05524500 Iroquois River near Foresman 1968-80  .845 1.1 .001 -6.4 001 -98 067 -3.7
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Table 15. Summary of trend test results at the 90-percent
confidence level for streamflow and suspended-sediment
concentration, flow-adjusted suspended-sediment concen-
tration, and suspended-sediment discharge at daily record

and partial-record stations

Type of data

Number of stations showing:

Downward
trend No trend
Daily Record Stations

Streamflow 1 1
Suspended-sediment

concentration. 1 1
Flow-adjusted

suspended-sediment

concentration. 1 3
Suspended-sediment

discharge. 0 2

Partial-Record Stations

Streamflow 2 21
Suspended-sediment

concentration. 5 21
Flow-adjusted

suspended-sediment

concentration. 5 24
Suspended-sediment

discharge, 5 20
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