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CONVERSION FACTORS

Inch-pound units used in this report may be converted to metric
(International System) units by using the following conversion factors:

Multiply inch-pound unit By To obtain metric unit

acre-foot per square mile 0.000476 cubic hectometer per
square kilometer

cubic foot per second (ft3/s) 0.028317 cubic meter per second

foot (ft) 0.3048 meter

inch (in.) 25.4 millimeter (mm)

mile (mi) 1.609 kilometer

square foot (ft2) 0.09290 square meter

square mile (mi?) 2.590 square kilometer

ton (short) 0.9072 megagram

ton per day (ton/d) 0.9072 megagram per day ton per

day per foot (ton/d/ft) 0.9072 megagram per day per meter

ton per square mile (ton/mi?) 0.3503 megagram per square
kilometer

Temperature can be converted from degree Fahrenheit (°F) to degree
Celsius (°C) by using the following equation:

°C = 5/9(°F-32).

The following terms and abbreviations also are used in this report:

microsiemens per centimeter at 25 degrees Celsius (pS/cm at 25°C).
milligram per liter (mg/L)
millimeter (mm)

Suspended-sediment concentrations are reported only in milligrams per
liter (mg/L) because these values are (within the range of values presented)
numerically equal to concentrations expressed in parts per million.

Sea level: In this report '"sea level" refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.
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SEDIMENT-TRANSPORT CHARACTERISTICS AND EFFECTS OF SEDIMENT TRANSPORT
ON BENTHIC INVERTEBRATES IN THE FOUNTAIN CREEK DRAINAGE BASIN
UPSTREAM FROM WIDEFIELD, SOUTHEASTERN COLORADO, 1985-88

By Paul von Guerard

ABSTRACT

Sediment and benthic-invertebrate data were collected during water years
1985 through 1988 in the Fountain Creek drainage basin upstream from
Widefield, Colorado. Sediment data collected include suspended-sediment
concentrations and particle-size analysis of suspended sediment, bedload, and
bed material. The smallest median suspended-sediment concentrations were
determined for suspended-sediment samples collected at Monument Creek at
Palmer Lake and Monument Creek above North Gate Boulevard, at U.S. Air Force
Academy. Maximum and median suspended-sediment concentrations were largest at
Fountain Creek near Colorado Springs and Monument Creek at Bijou Street at
Colorado Springs. Sediment-transport equations were derived for total
suspended-sediment discharge and suspended-sand discharge at seven periodic
sampling sites. Annual suspended-sediment loads for water years 1985 through
1988 and mean annual suspended-sediment yields were computed for the seven
periodic sampling sites. Mean annual suspended-sediment yield for 1985
through 1988 increased about 73 percent downstream in the Fountain Creek
drainage basin primarily as a result of sediment discharging from Monument
Creek. Mean annual suspended-sediment yields decreased about 30 percent in
the lower part of the Fountain Creek drainage basin. In the downstream parts
of the Monument Creek drainage basin, mean annual suspended-sediment yield
increased about 608 percent.

The median grain size of all bed-material samples was very coarse sand to
small cobbles, and the median grain size of all bedload samples was coarse
sand to very fine gravel. Bedload discharge was computed at six of the
periodic sampling sites. Measured bedload discharge ranged from 2.6 to
3,570 tons per day. Bedload discharge, as a percentage of total sediment
discharge, ranged from 6 to 92 percent, and the smaller values occurred during
rainfall runoff.

Except for 1988, benthic invertebrates were collected four times annually
at five of the periodic sampling sites. Number of taxa, species density, and
similarity indices were determined for the five sites. At the five benthic-
invertebrate sampling sites, 138 taxa were identified; however only 24 were
common to all sites. At the benthic-invertebrate sampling sites, changes in
streambed elevation was measured periodically during stream-channel cross-
section surveys. The more habitat-sensitive benthic invertebrates--
Ephemeroptera, Plecoptera, and Trichoptera were most abundant and were most
frequently collected at sites where there was little to no change in streambed
elevation.



Multiple comparison tests were used to test for similarity of benthic
invertebrates between the five sites. Multiple-regression analysis was done
to determine the effects of sediment transport on benthic-invertebrate
densities. Median grain size of bed material collected in conjunction with
benthic-invertebrate samples and flooding during the 30 days prior to sampling
consistently accounted for the most variation in mean densities of total
organisms for major taxa groups sampled. Benthic-invertebrate densities were
largest at sites with larger median grain size of bed material and that had
the fewest periods of flooding during the 30 days prior to sample collection.

INTRODUCTION

The Fountain Creek drainage basin in southeastern Colorado (fig. 1) has
been affected by extensive erosion for more than a century. Chapman (1933)
used Fountain Creek as an example of a stream that has been affected by
greater than normal erosion rates, which he believed began in the late 1870's
as a result of agricultural development. Since 1950, much agricultural area
in the basin has been replaced by urban development. Attention of local and
state governments has been focused on the effects of changing land use on
streams and rivers in the area.

In 1985, the U.S. Geological Survey, in cooperation with the City of
Colorado Springs Department of Utilities, began a study to determine the
sediment-transport characteristics and the effects of ‘sediment transport on
benthic invertebrates in the Fountain Creek drainage basin upstream from
Widefield. The study area, hereinafter referred to as the basin, is in
eastern Teller County and northwestern El1 Paso County upstream from Widefield.
The basin includes 495 mi? (square miles) of the Fountain Creek drainage,
which also includes the City of Colorado Springs.

Purpose and Scope

This report defines the sediment-transport characteristics in Fountain
and Monument Creeks and describes the effects of sediment transport omn benthic
invertebrates in Fountain and Monument Creeks. Sediment and benthic-
invertebrate data collection began in 1985 and continued through water year
1988. Suspended-sediment data were collected periodically at seven sites;
periodic sampling of bedload and collection of bed material occurred at six of
the seven sites, and periodic sampling of benthic invertebrates was done four
times annually at five sites, except for water year 1988, when only three
samples were collected (figs. 1 and 2; table 1). Suspended-sediment data were
used to develop suspended-sediment-transport equations that were used to
determine suspended-sediment discharge and yields in Fountain Creek and its
main tributary, Monument Creek.

Bedload and bed-material data and periodic measurements of stream-channel
cross sections were used to describe streambed stability at benthic-
invertebrate sampling sites. The number of organisms, number of taxa, and
similarity indices were determined from benthic-invertebrate data collected at
five sites (fig. 1; table 1). Multiple-comparison tests were used to test for
similarity of the number of benthic invertebrates among the five sites
sampled. Multiple-regression analyses were done to determine the effects of
selected water-quality properties and constituents, size distribution of bed
material, and frequency of flooding on benthic-invertebrate densities. In
this report, the term flooding or flood refers to streamflow resulting from
snowmelt or rainfall runoff.



EXPLANATION

PERIODIC-BIOLOGICAL, SEDIMENT, AND CHEMICAL MEASUREMENT SITE THAT HAS CONTINUOUS
STREAMFLOW GAGING STATION

PERIODIC-SEDIMENT AND CHEMICAL MEASUREMENT SITE THAT HAS CONTINUOUS
STREAMFLOW GAGING STATION

PERIODIC-BIOLOGICAL AND SEDIMENT MEASUREMENT SITE THAT HAS CONTINUOUS
STREAMFLOW GAGING STATION

PERIODIC-SEDIMENT, CHEMICAL, AND STREAMFLOW MEASUREMENT SITE
PERIODIC-CHEMICAL AND STREAMFLOW MEASUREMENT SITE COLORADO
INACTIVE-CHEMICAL MEASUREMENT SITE
NUMBER REFERS TO SAMPLING SITES IN TABLE 1 ﬁ
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Description of Study Area

The basin is located in and along the eastern slope of the Front Range
section of the southern Rocky Mountains. Elevations in the basin range from
5,640 ft (feet) at the outflow of the basin upstream from Widefield to
14,109 ft at the summit of Pikes Peak. C(Climatic conditions range from
semiarid in areas below 6,500 ft to alpine in areas above 11,500 ft.
Precipitation within the basin is distributed seasonally as rain and snow. As
elevation increases, precipitation as snowfall increases as a part of the
total precipitation. Annual precipitation for 1948-87 at the Colorado Springs
airport ranged from 8.6 to 25.4 in. (inches). The mean annual precipitation
at this location is 15.2 in. Mean annual precipitation from 1951 to 1981 for
the entire basin is 18.2 in. (Colorado Climate Center, 1984). Convective
thunderstorms contribute most of the rainfall that occurs during May through
September. Thunderstorms occur an average of 70 days each year (U.S.
Geological Survey 1970, p. 116).

The western one-third of the basin is underlain by granite of Precambrian
age, and the remainder of the basin is underlain by sandstone and shale of
Cretaceous age and alluvial and windlain deposits of Quaternary age. Soils in
the basin tend to be sandy, moderately deep to deep, and well drained to
excessively well drained. A more detailed description of the study area is
discussed in von Guerard (1989).
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SEDIMENT~TRANSPORT CHARACTERISTICS

The instream physical habitat available for benthic invertebrates is
dependent upon the prevailing flow regime and the sediment transport. Stream-
flow in the basin is characterized by base streamflow during November through
February, snowmelt runoff during March through June, and rainfall runoff
during May through October (fig. 2). During most years, there is some overlap
of the snowmelt and rainfall-runoff periods. Sewage-treatment-plant effluent
affects streamflow at Fountain Creek at Security (site F13) year round (fig 1;
table 1) (Kuhn, 1988). Instantaneous minimum, maximum, and mean annual
streamflow for selected sites on Fountain and Monument Creeks are listed in
table 2. The following is a discussion of the characteristics of suspended
sediment and bedload sediment transported in Fountain and Monument Creeks.



Table 2.--Summary of streamflow for selected sites on
Fountain and Monument Creeks

Streamflow
Site U.s. Period (cubic feet per second)
number Geological of
in Survey record . For period of study
fig- station (water For period of record (water years 1985-88)
ure 1 number year)

Instantaneous Mean Instantaneous Mean
Minimum Maximum annual Minimum Maximum annual

F4 07103700  1958-88 2.0 2,630 14.6 2.0 229 18.7

F8 07105500  1922-24; 2.0 6,000 63.4 11 4,450 74.8
1977-88

F13 07105800 1964-88 1.9 25,000 84.5 51 3,800 137

M1 07103747  February .10 216 7.5 .50 204 7.3
1977-88

M5 07103780  April 19, 1.1 372 17.5 1.1 372 17.5
1985-88

M10 07104000  1939-49; 0.0 3,750 28.8 7.1 3,020 39.5

January

1976-88

M16 07104905 &) M H &) M M 245.8

INo continuous streamflow data are collected.
2Mean annual streamflow was computed from streamflow derived by methods
described in von Guerard (1989).

Suspended Sediment

Suspended sediment is the sediment transported in suspension by the
turbulent forces of streamflow or by Brownian movement. Suspended sediment
can be described as either fine (silt and clay) or coarse (usually sand).

Fine sediments, sediments with particle diameters finer than 0.062 mm
(millimeter), once suspended in the water column will stay in suspension for
long periods of time and are transported by most streamflow discharges. The
occurrence of suspended sands, sediments with particle diameters that range
from 0.062 mm through 2.0 mm, is dependent on streamflow. Suspended-sediment
samples were collected periodically at seven sites in the basin during water
years 1985-88 (fig. 1; table 1). The samples were collected monthly, with
increased sampling frequency during periods of snowmelt and rainfall runoff,
by using a DH-48 or a D-74 depth-integrating sampler and the equal-width-
increment (equal-transit rate) method described by Guy and Norman (1970). All
sediment samples were analyzed for suspended-sediment concentration. Selected
samples specifically were analyzed for the percentage of suspended sediment
finer than sand size (less than 0.062 mm) and for complete particle-size
analysis of suspended sediments, including percentage of suspended sediment
finer than coarse clay (in the range of 0.002 to 0.004 mm), very fine to
coarse silt (in the range of 0.004 to 0.062 mm), and very fine to coarse sand
(in the range of 0.062 to 1.0 mm) (Guy, 1969).
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A statistical summary of suspended-sediment concentrations and percentage
of suspended sediment finer than 0.062 mm is listed in table 3. The smallest
median suspended-sediment concentrations were determined for suspended-
-sediment samples collected at Monument Creek at Palmer Lake (site M1) and
Monument Creek above North Gate Boulevard, at U.S. Air Force Academy (site M5)
(hereinafter referred to as Monument Creek at USAFA) (table 3). These sites
are located in the headwater parts of Monument Creek. Maximum and median
suspended-sediment concentrations were largest at Fountain Creek near Colorado
Springs (site F4) and Monument Creek at Bijou Street at Colorado Springs
(site M16) (table 3). For the seven sites sampled, median values for
suspended sediment finer than 0.062 mm ranged from 55 to 69 percent (table 3).

Except for site M1, suspended-sediment samples were collected for
complete particle-size analysis at all suspended-sediment sampling sites
during periods of snowmelt or rainfall runoff. These data are summarized in
table 15 in the "Supplemental Information" section at the back of this report.
Silt (in the range of 0.004 to 0.062 mm) composed 23 to 61 percent of the
suspended sediment. Coarse clay (in the range of 0.002 to 0.004 mm) and
suspended sediments finer than 0.002 mm composed 11 to 62 percent of the
suspended sediment. Most of the suspended sand in transport in Fountain and
Monument Creeks is very fine (in the range of 0.062 to 0.125 mm) to fine (in
the range of 0.125 to 0.25 mm) sand. Medium (in the range of 0.25 to 0.50 mm)
to coarse sands (in the range of 0.50 to 1.0 mm) usually composed less than
10 percent of the suspended sand.

Table 3.--Summary of suspended-sediment concentration and percentage of
suspended sediment finer than 0.062 millimeters at selected sites
on Fountain and Monument Creeks, water years 1985-88

Site U.S. Geolog- Suspended-sediment Percentage of suspended

number ical Survey Numger concentration, in Numger sediment finer than
in station sa oles milligrams per liter samoles 0.062 millimeters

figure 1 number mp Minimum Maximum Median P Minimum Maximum Median
F4 07103700 161 1 41,000 174 141 18 99 69
F8 07105500 194 38 27,100 1,300 187 28 92 59
F13 07105800 163 39 25,900 925 161 10 95 64
M1 07103747 50 1 3,610 21 28 35 97 58
M5 07103780 125 4 7,220 54 100 23 96 55
M10 07104000 146 19 26,200 685 139 20 89 60
M16 07104905 151 53 22,200 1,820 149 28 96 59
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Suspended-Sediment Discharge

Suspended-sediment and streamflow relations were developed using ordinary
least-squares regression (Glysson, 1987). Total suspended-sediment discharge
(suspended clay, silt, and sand), hereinafter referred to as suspended-
sediment discharge, and suspended-sand discharge, were computed for each
sediment-sampling site by applying suspended-sediment-transport equations to
the daily mean streamflow for each day at each site.

The regression equation estimates the mean response of the dependent
variable (suspended-sediment discharge) given known values of the independent

variable (streamflow). The form of the regression equation is a linear
function of the logarithmic-transformed (natural log) variable:

In Y = 1In Bg + By 1n X. (1)

Taking the antilogs, the form of the regression equation becomes:

Y =By X U1, (2)
where Y = suspended-sediment (or suspended-sand) discharge,
in tons per day;
Bp = regression constant;
B; = regression coefficient; and
X = streamflow, in cubic feet per second.

A transformation bias is produced when the logarithms of the estimated
mean response (log of suspended-sediment discharge) is retransformed (eq. 2)
(Miller, 1984; Cohn and others, 1989). This tranformation bias usually
results in underestimation of the retransformed mean response (suspended-
sediment discharge). It is possible, however, to eliminate the major part of
this transformation bias by multiplying the estimated annual suspended-
sediment load by a correction factor (Miller, 1984):

= M
Cb = e0.5MSE (3)
where Cb = transformation bias-correction factor;
e = base of the natural logarithm; and
MSE = mean square error of estimate.

Cohn and others (1989) reported that transformation bias-correction
factors, such as the one described by Miller (1984), may produce unsatisfac-
tory results when sample sizes (n) are small (n<50) and when mean square error
of estimate is large (MSE>1.0). Annual suspended-sediment and suspended-sand
loads computed using the equations in table 4 were adjusted using transforma-
tion bias-correction factors described by Miller (1984) and Cohn and others
(1989). Use of the transformation bias-correction factor proposed by Cohn and
others (1989) resulted in annual suspended-sediment and suspended-sand loads
that were from O to 3 and -1 to 6 percent different than loads obtained using
the transformation bias-correction factor described by Miller (1984). A
possible explanation of the small differences in results obtained using the
two transformation bias-correction factors is that annual suspended-sediment
and suspended-sand loads were determined for streamflows within the range of
streamflows used to define the regression relations listed in table 4.



Table 4.--Suspended-sediment~transport equations derived from
measurements of suspended-sediment discharge for Fountain and
Monument Creeks during water years 1985-88

[n, sample size; Cb, transformation bias-correction factor; R%, coefficient of
multiple determination; MSE, mean square error of estimate, in log of tons;
Qs, total suspended-sediment discharge, in tons per day; Qsa, suspended-sand
discharge, in tons per day; Q, streamflow, in cubic feet per second]

Site U.S. Geological
number in Survey Regression n Cy R? MSE
figure 1 station number equation
1r4 07103700 Qs = 0.009Q2.42 161 2.65 0.64 1.95
Qsa = 0.009Q2%-14 141 1.80 .71 1.18
1r8 07105500 Qs = 0.01Q2.20 194 1.50 .89 .81
Qsa = 0.003Q2%-26 187 1.66 .86 1.01
F13 07105800 Qs = 0.001Q%-45 163 1.24 .91 .58
Qsa = 0.0004Q%-4% 161 1.41 .89 .69
M1 07103747 Qs = 0.35Q0.9° 50 1.45 .68 .75
Qsa = 0.28Q0.94 28 1.85 .60 1.23
M5 07103780 Qs = 0.078Q1-53 125 1.36 .84 .62
Qsa = 0.057Q1-46 100 1.51 .79 .83
M10 07104000 Qs = 0.057Q1-96 146 1.60 .79 .94
Qsa = 0.025Q1-93 139 1.51 .80 .83
M16 07104905 Qs = 0.026Q2-20 151 1.32 .89 .56
Qsa = 0.007Q2-27 149 1.38 .88 .64

lRegression equations significantly different (p<0.05) than equations
used in von Guerard (1989).

Because there is a negligible difference in results obtained using the
two transformation bias-correction factors, and because Miller's correction
factor is more convenient to use because it is applied equally to all stream-
flows, Miller's transformation bias-correction factor was used to correct for
transformation bias in the equations in table 4. The effects of transforma-
tion bias-correction factors for a regression relation of selected suspended-
sediment discharge to streamflow (table 4) is shown in figure 3.

The reliability of the regression equations in table 4 can be evaluated
by examining the values of the coefficient of multiple determination (R?) and
the mean square error of estimate (MSE) for each regression (table 4). The
coefficient of multiple determination is a measure of proportion of total
variation in the dependent variable (suspended-sediment discharge) explained
by the independent variable (streamflow). Mean square error is a measure of
the difference between the predicted and observed values of the dependent
variable. The larger the MSE, the greater the variance about the regression
line.
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Figure 3.--Uncorrected regression line and the regression line corrected
for transformation bias for relation of suspended-sediment discharge
to streamflow for Fountain Creek near Colorado Springs (site F4).

Continuous streamflow records are available from six of the periodic
suspended-sediment sampling sites. The continuous streamflow record available
at Monument Creek at USAFA (site M5), however, began on April 19, 1985
(table 2). Daily mean streamflow at site M5 was estimated for the first
6 months of water year 1985 by comparing the partial record at site M5 with
the corresponding record for Monument Creek at Palmer Lake (site M1). These
data were compared using ordinary least-squares regression and were determined
to be quite similar. The missing record for water year 1985 at site M5 was
estimated using the following equation:

QMS = 6.02 + (2.06 QMl)’ (4)
where QMS = daily mean streamflow at Monument Creek at USAFA (site M5),
in cubic feet per second; and
QMl = daily mean streamflow at Monument Creek at Palmer Lake (site M1),
in cubic feet per second.

For this equation, the coefficient of multiple determination (R%) is 0.95.
Daily mean streamflow at Monument Creek at Bijou Street at Colorado

Springs (site M16) was estimated from daily streamflow records from nearby
sites using techniques described by von Guerard (1989). By use of the
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equations in table 4 for water year 1985, Fountain Creek near Colorado Springs
(site F4), Fountain Creek at Colorado Springs (site F8) and Monument Creek at
Pikeview (site M10) had substantially larger annual suspended-sediment and
'suspended-sand loads than were reported in von Guerard (1989). Regression
equations derived by von Guerard (1989) from data collected in 1985 were
compared to the regression equations listed in table 4 by using analysis of
covariance using dummy variables. All regression equations were determined to
be not significantly different (p>0.05), except for those derived for sites F&
and F8 (p<0.05). Larger suspended-sediment concentrations were determined,
and higher streamflows occurred during water years 1986-88 than during water
year 1985. Regression equations developed by von Guerard (1989), based only
on data collected during water year 1985, did not include the larger
suspended-sediment concentrations at sites F4 and F8 and higher streamflows at
site F8 that occurred during water year 1985. This may account for the
difference in regression equations derived using data collected during water
year 1985 and those derived using data collected during water years 1985-88
for sites F4 and F8.

Annual suspended-sediment and suspended-sand loads and mean annual
suspended-sediment yields for water years 1985-88 at the seven suspended-
sediment sampling sites are summarized in table 5. There is an apparent
decrease in mean annual suspended-sediment load between sites F8 and F13.
However, the difference in suspended-sediment load, about -11 percent, between
sites F8 and F13 is less than the streamflow measurement and suspended-
sediment-sampling error at these sites. Mean annual suspended-sediment yield
increased about 73 percent between Fountain Creek near Colorado Springs
(site F4) and Fountain Creek at Colorado Springs (site F8) (fig. 4, table 5).
Suspended-sediment yield at site F8 is affected greatly by Monument Creek.
Mean annual suspended-sediment yields decreased about 30 percent between
sites F8 and F13. Mean annual suspended-sand load, as a percent of mean
annual suspended-sediment load, was about 21 percent at site F4, about
47 percent at site F8, and about 40 percent at site F13.

Mean annual suspended-sediment load for Monument Creek at Bijou Street at
Colorado Springs (site M16), about 0.75 mi upstream from the confluence of
Fountain Creek and Monument Creek, was about 74 percent of the mean annual
suspended-sediment load at site F8 (table 5). Mean annual suspended-sediment
yield increased about 20 percent between Monument Creek at Palmer Lake
(site M1) and Monument Creek at USAFA (site M5). Between site M5 and Monument
Creek at Pikeview (site M10), mean annual suspended-sediment yield increased
about 608 percent (fig. 5, table 5). Mean annual suspended-sediment yield
increased about 61 percent between site M10 and Monument Creek at Bijou Street
at Colorado Springs (site M16) (fig. 5, table 5). Mean annual suspended-sand
load, as a percent of mean annual suspended-sediment load, was about
88 percent at site M1, 61 percent at site M5, about 36 percent at site MI10,
and about 40 percent at site M16.

Suspended-sediment transport occurs in Fountain and Monument Creeks at
all rates of streamflow. However, the majority of suspended sediment is
transported by streamflows (floods) in excess of mean annual streamflows for
the period of record (figs. 6A-B; table 2). Floods transport the larger part
of the annual suspended-sediment load. For example at site M16, about
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