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SEDIMENT-DATA SOURCES AND ESTIMATED ANNUAL SUSPENDED-SEDIMENT LOADS

OF RIVERS AND STREAMS IN COLORADO

By John G. Elliott and Kenneth L. DeFeyter
ABSTRACT

Sources of sediment data collected by several government agencies through
water year 1984 are summarized for Colorado. The U.S. Geological Survey has
collected suspended-sediment data at 243 sites; these data are stored in the
U.S. Geological Survey's water data storage and retrieval system. The U.S.
Forest Service has collected suspended-sediment and bedload data at an
additional 225 sites, and most of these data are stored in the U.S. Environ-
mental Protection Agency's water-quality-control information system. Addi-
tional unpublished sediment data are in the possession of the collecting
entities.

Annual suspended-sediment loads were calculated for 133 U.S. Geological
Survey surface-water sites using the daily mean water-discharge, sediment-
transport curve method. Sediment-transport curves were derived for each site
by one of three techniques: (1) Least-squares linear regression of all pairs
of suspended-sediment and corresponding water-discharge data, (2) least-
squares linear regression of data sets subdivided on the basis of hydrograph
season, and (3) graphically fitted to a logarithmic plot of data. The curve-
fitting technique used for each site depended on site-specific characteris-
tics. Sediment-data sources and estimates of annual loads of suspended, bed,
and total sediment from several other reports also are summarized.

INTRODUCTION

Interaction between the water and sediment of the fluvial system largely
controls alluvial-channel hydraulics, bed and bank stability, and stream
pattern. The physical properties and volume of sediment transported and
deposited by a stream or river affect the ecology of aquatic and riparian
habitats, the ability of a channel to transport flood waters, the operation of
impoundment and diversion structures, and the quality of water for municipal,
agricultural, industrial, and recreational uses. Interpretation of sediment-
transport data can be useful when estimating average basin erosion rates,
identifying sources of sediment, and characterizing the nature of sediment
movement through the fluvial system.

Sediment data have been collected from sites in Colorado by many govern-
ment agencies and by other organizations. Many of these data are presented in
published hydrologic-data reports or in interpretive reports; however, some
data are not published by the collecting entities, or they are stored in the
entities' computer files. In recent years, there has been no coordinated
effort to compile and analyze all these data. As demand for Colorado's water
resources continues to increase, more accurate and complete assessments of
this valuable resource may be made if all available sediment-data sources are
compiled into a single summary.



The objectives of this study were to:

1. Collate available sediment-data sources in Colorado and summarize
site location, type of data, and location of data storage; and
2. Assess reliability of sediment data and estimate annual suspended-

sediment loads when data are of sufficient quality and abundance.

Purpose and Scope

The purpose of this report is to describe and summarize available
sediment-data sources and to provide estimates of annual suspended-sediment
loads for selected rivers and streams in Colorado. Sediment data are avail-
able for 243 sites monitored by the U.S. Geological Survey, 225 sites moni-
tored by the U.S. Forest Service, and several sites monitored by other Federal
agencies. Annual suspended-sediment loads were calculated using daily mean
discharge values and sediment-transport curves. These suspended-sediment-load
estimates are provided for 133 sediment-data-collection sites. The length of
record for annual suspended-sediment-load estimates ranges between 1 and
37 years.

Approach

Sources of sediment data were identified by several means. Summaries of
site location, type of data, number of measurements, and name of collecting
agency were compiled from retrievals of data from the Master Water Data Index
(MWDI), maintained by the National Water Data Exchange (NAWDEX); from the U.S.
Geological Survey's Water Data Storage and Retrieval System (WATSTORE); and
from the U.S. Environmental Protection Agency's Water-Quality-Control Informa-
tion System (STORET). Additional information was collected from a review of
literature and personal communication with representatives of various govern-
ment agencies and private organizations.

Annual suspended-sediment loads were estimated for sites at many rivers
and streams in Colorado when the instantaneous or daily sediment data were
considered reliable and representative of conditions at the site, and when
daily mean water discharges were recorded for 1 or more complete years.
Sediment data were considered for analysis of annual suspended-sediment load
if samples were collected and processed in a manner consistent with standard
U.S. Geological Survey procedures. These procedures are discussed in detail
in Guy (1970), Guy and Norman (1970), and Porterfield (1972). To be con-
sidered representative of conditions at a site, sediment data needs to be
available for a full range of streamflow conditions, especially during high
flows.

The method for estimating annual suspended-sediment loads used 1 or more
years of daily water-discharge measurements and a site-specific sediment-
transport curve. A sediment-transport curve expresses the relation between
instantaneous sediment discharge and corresponding instantaneous water dis-
charge, or between daily sediment discharge and corresponding daily mean water
discharge. Once this relation has been established, it can be applied to
other water-discharge values to estimate sediment discharges, as long as
conditions that affect the sediment versus water-discharge relation remain
unchanged. Daily suspended-sediment discharges at a site were estimated with



the historical daily mean water-discharge record and the sediment-transport
curve. Daily suspended-sediment discharges were summed to determine estimates
of annual suspended-sediment loads. Annual suspended-sediment loads were
averaged to provide estimates of mean annual suspended-sediment loads.
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SEDIMENT-DATA SOURCES
Sediment data have been collected by several Federal and State agencies
at numerous surface-water sites in Colorado. Each agency publishes or main-
tains a unique data base or filing system. Thus, a comprehensive summary of

available sediment data necessitated a review of several sources.

U.S. Geological Survey Sediment Data

Sediment characteristics have been monitored at 243 sediment-data-
collection sites in Colorado by the U.S. Geological Survey. Instantaneous
sediment data collected periodically at 239 sites are stored in the WATSTORE
Quality of Water (QW) file (U.S. Geological Survey, 1983). These data include
suspended-sediment concentration, suspended-sediment discharge, water dis-
charge, and occasionally suspended-sediment- or bed-material-size distri-
butions. Daily mean suspended-sediment concentrations and suspended-sediment
discharges from 73 sites are stored in the WATSTORE Daily Values (DV) file.
Daily mean water-discharge data also are stored in the DV file. Both files
contain data from active and discontinued sites, and their contents are
updated periodically. All data stored in WATSTORE are available to the public
from the U.S. Geological Survey.

U.S. Geological Survey sediment-data-collection sites are listed in table
1, which lists the site number, station identification number and name, lati-
tude and longitude, number of measurements of variables stored in the QW
or DV files, and period of record for sediment-data collection. Size distri-~
butions of smspended sediment and bed material are available for many U.S.
Geological Survey sites, although these variables are not summarized in
table 1. When collected, bedload data commonly are published in U.S. Geo-
logical Survey reports.

Other Sources of Sediment Data

Suspended~sediment concentration, suspended-sediment discharge, bedload,
and streamflow data also have been collected periodically by other government
agencies and organizations, including the U.S. Forest Service, the U.S. Bureau
of Reclamation, the National Park Service, the U.S. Soil Conservation Service,
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the U.S. Army Corps of Engineers, and the Office of Surface Mining. Most of
the U.S. Forest Service data are stored in STORET (table 2), however, data
from several recent years have not been entered into the STORET system, and
the data remain in the possession of various local U.S. Forest Service
offices. Office of Surface Mining data are contained in unpublished, indi-
vidual mine plan proposals, currently filed at their Denver Technical Center
office. Most U.S. Bureau of Reclamation and U.S. Army Corps of Engineers data
also are unpublished. U.S. Bureau of Reclamation data may be acquired from
their Denver (Platte River basin) and Grand Junction (Colorado River basin)
offices. U.S. Army Corps of Engineers data may be acquired from their Omaha
(Platte River basin) and Albuquerque (Arkansas River basin) District offices.
State agencies, organizations, and municipalities that have collected sediment
data include: the University of Colorado, the Colorado River Water Conser-
vation District, the city of Longmont, and the city of Louisville. Many of
these data are unpublished, are not stored in a machine-readable format, and
must be obtained directly from the collecting agency or organization (Hren,
and others, 1985). The location of sediment-data-collection sites where
sediment data are readily accessible are shown on plate 1.

ESTIMATION OF ANNUAL SUSPENDED-SEDIMENT LOADS

Annual total-sediment load is the quantity of all sediment, expressed in
tons per year, transported through a reach of river or stream. Annual total-
sediment load is composed of bedload, the material moving along or just above
the bed surface, and suspended load, the material suspended in water by
turbulent forces. The percentage of total-sediment load transported in
suspension varies from stream to stream, and varies temporally and spatially
within a stream. Uncertainty exists concerning the percentage of total-
sediment load transported in suspension because the computation of bedload dis-
charge generally is inexact.

Annual suspended-sediment load is the yearly sum of daily suspended-
sediment discharges. Daily suspended-sediment discharge is computed by
multiplying suspended-sediment concentration by water discharge, and by a
conversion factor (Porterfield, 1972). Estimates of bedload discharge can be
made from empirical formulas (Vanoni, 1977, p. 190-214), or from extrapolation
of the quantity of material collected in a bedload trap, such as the Helley-
Smith bedload sampler (Hubbell, 1964; Emmett, 1980). Detailed data necessary
to compute bedload discharge have been collected at relatively few sites in
Colorado, and, therefore, only annual suspended-sediment-load estimates were
made by the authors. Estimates of suspended-sediment load, bedload, and total-
sediment load made by other authors are included in a later section of this
report.

The simplest way of determining annual suspended-sediment load is by
summing measured daily sediment discharges for a given year. However, very
few sediment-data-collection sites in Colorado have 1 or more complete years
of daily sediment-discharge data. For many sediment-data-collection sites
that have some measured sediment-discharge data and a long period of daily
mean water-discharge data, mean annual suspended-sediment loads may be esti-
mated using one of two techniques. Both techniques involve use of a sediment-
transport curve, which expresses the relation between sediment discharge
and water discharge.
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The streamflow-duration, sediment-transport-curve method (Miller, 1951)
estimates mean annual suspended-sediment load and is applicable when the
streamflow-gaging station record is sufficient to define the frequency of
water-discharge occurrence (flow duration), and when sufficient sediment data
are available to construct a relation between sediment discharge and cor-
responding water discharge (sediment-transport curve). Mean annual suspended-
sediment load transported by increments of water discharge is estimated by
combining the sediment-transport curve with the midpoint of incremental water
discharge and weighing by the average frequency of water-discharge occurrence.
The resulting increments of sediment load are summed to derive the mean annual
suspended-sediment load for the period of record defined by the flow-duration
curve.

The use of daily mean water-discharge and a sediment-transport-curve to
estimate daily sediment discharge is applicable when 1 or more complete years
of daily mean water-discharge data are available, and when a sediment-transport
curve has been defined. Daily sediment discharges are estimated from daily
mean water discharges and the sediment-rating curve. Annual suspended-
sediment loads are computed as the yearly sum of the estimated daily sediment
discharges. In this study, the daily mean water-discharge, sediment-transport-
curve method was used because it provides estimates of annual sediment loads
in addition to the mean annual sediment load. The streamflow-duration,
sediment-transport-curve method, based on average streamflow conditions over
a period of years, cannot provide estimates of annual suspended-sediment
loads, only the mean annual sediment load.

Sediment-Transport Curves and Linear Regression

Sediment-transport curves may be derived using either instantaneous
sediment discharge and instantaneous water discharge, or daily sediment
discharge and daily mean water discharge. The latter type of relation is
preferable when a sediment-transport curve is to be used with daily mean water
discharge to predict daily sediment discharge. Instantaneous sediment-
transport curves may be used with daily mean water discharge if water dis-
charge is relatively constant throughout a 24-hour period. Otherwise, sedi-
ment discharge may be underestimated by as much as 50 percent (Walling, 1977).
Sediment-~transport curves are derived by fitting a line to the sediment-
discharge and water-discharge data so that the deviation of all points from
the line is minimized. These curves may be straight, curvilinear, or seg-
mented, and may be fitted to the data mathematically or graphically.

Sediment-transport curves commonly are approximated by a least-squares
linear regression of logarithmic~transformed data (Walling, 1977), and,
as used in this analysis, are expressed in the form of a power equation:

Q. = aQ’; e}
s
where QS = sediment discharge, in tons per day;
a = regression constant, or intercept;
Q = water discharge, in cubic feet per second; and
b = regression exponent, or slope.

Linear regression may not always be appropriate because it assumes that
the linear relation is continuous from low streamflows to high streamflows
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(D.¥W. Hubbell, U.S. Geological Survey, oral commun., 1984). Other types of
curve-fitting techniques are described by Troutman and Williams (1987), but
they indicate that ordinary least-squares regression is an appropriate
technique when prediction of the dependent variable is the objective, and when
the assumption of linearity can be met. When the transport curve is used as a
predictive tool, it usually is used to estimate the mean response of the
dependent variable (estimated sediment discharge) given a value of the inde-
pendent variable (measured water discharge).

Logarithmic transformation of data can result in bias when these data are
used in regression analysis. Because the mean of the log values of sediment
discharges can be different than the log of the mean of nonlog values, nonlog
values of sediment discharge estimated from the regression of log-transformed
data may be biased to varying degrees. Transformation bias occurs when
regression estimates (expressed in log values) are detransformed (to nonlog
values). This transformation bias usually results in underestimation of the
mean response of the dependent variable (estimated sediment discharge).
Transformation bias is greater when the sediment and water-discharge data are
characterized by a relatively large number of measurements at low water
discharges, and when the scatter of data (variance) is great (Jansson, 1985).

Miller (1984) discusses transformation bias in fitting curves to natural
logarithm-transformed data, and shows that for estimates of the dependent variable,
transformation bias is multiplicative, and increases exponentially with the
variance. It is possible, however, to eliminate the major part of this
transformation bias by multiplying estimated sediment discharges by a cor-
rection factor:

0.5s2
Cb = e ; (2)
where Cb = transformation bias correction factor;
e = base of the natural logarithm; and
s? = variance of the natural logarithms.

Methods of Derivation of Sediment-Transport Curves

The suspended-sediment loads of many rivers and streams virtually are
noncapacity loads; they are conditional on sediment supply and availability
and, therefore, the relation between sediment discharge and water discharge
may have considerable variability. Some of this variability also may exist
because of the inaccuracy of field and laboratory procedures, seasonal varia-
bility of tlhte relation between sediment concentration and water discharge, or
adjustments through time of basin response to climate, land use, or geomorphic
changes. The effects of some of this variability may be offset by subdividing
the data set, for example, on the basis of seasonal trends in the streamflow
hydrograph, or water-discharge range. Individual sediment-transport curves
then may be derived for each data subset and sediment discharge estimated for
the respective season or range of water discharges. Walling (1977) discusses
some of the advantages and limitations of sediment-rating-curve estimates
based on subdivided data sets.
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Three techniques of deriving sediment-transport curves were tested with
data from a group of 19 Colorado streams where daily suspended-sediment
discharge and daily water-~discharge measurements have been made for 1 or
more entire years. Sediment-transport curves were derived for each site by:
(1) Least-squares linear regression of all measurements; (2) least-squares
linear regressions of data sets subdivided on the basis of hydrograph periods;
and (3) graphically fitting a curve to a log plot of suspended-sediment
discharge and water discharge. Daily suspended-sediment discharges and annual
suspended-sediment loads were estimated for each technique using the daily
mean water-discharge, sediment-transport-curve method described in the
"Sediment-Transport Curves and Linear Regression'" section. Estimated daily
suspended~sediment discharges and annual suspended-sediment loads were
compared with measured daily suspended-sediment discharges and annual
suspended-sediment loads from the group of 19 Colorado streams to assess the
accuracy of each sediment-transport-curve derivation technique. An analysis
of the residuals of differences between measured daily suspended-sediment
discharge and daily suspended-sediment discharges estimated with the three
sediment-transport-curve fitting techniques were inconclusive, and no one
technique was better than the others. However, an analysis of estimated
annual suspended-sediment loads indicated various techniques could be more
appropriate than others under certain conditions.

The first sediment-transport-curve derivation technique included all
available suspended-sediment-~discharge and water-discharge measurements in the
regression analysis. All pairs of measurements were weighed equally in the
analysis. Evaluation of annual suspended-sediment-load estimates indicated
that this technique worked well when the sample size was small (less than 20
to 30 paired measurements), or when the distribution of the log of daily
sediment discharge versus the log of daily water discharge defined a linear
relation with a small standard error of estimate. A drawback of this tech-
nique was that measurements made during high-flow discharges were given no
greater weight in determining transport-curve plotting position than were
measurements made during low-flow discharges. When there was a proportion-
ately large number of low-flow measurements, variance in distribution of
these points greatly affected the plotting position of the regression line
through the high-flow measurements. High-flow discharges transport a large
percentage of annual suspended-sediment load (Andrews, 1980; Elliott and
others, 1984), and high-flow measurements need to be given a greater weight in
determining sediment-transport-curve plotting position.

The second technique considered seasonal trends indicated by the stream-
flow hydrograph. After examination of the mean annual hydrograph at each
site, the data set was subdivided into rising-stage, falling-stage, and
low-flow periods. Individual sediment-transport curves were derived by linear
regression of data for the rising-stage and falling-stage periods, and daily
suspended-sediment discharges were estimated using daily mean water discharges
from the appropriate period. Daily suspended-sediment discharges for the
low-flow period were estimated using the mean suspended-sediment concentration
of the low-flow period and daily mean water discharges from the low-flow
period. Annual suspended-sediment-load estimates were the yearly sums of
daily sediment discharges. This technique generally produced accurate
estimates of annual suspended-sediment loads for streams that have substantial
snowmelt runoff. This technique also decreased the problem of plotting
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position bias due to variance in the distribution of low-flow measurements
because intermediate- and high-flow measurements, made during rising-stage and
falling-stage periods, were considered separately from low-flow measurements.
Furthermore, this technique accounted for the possible hysteretic effects of
greater daily suspended-sediment concentrations during the rising stage of the
hydrograph than during the falling stage. One drawback of this technique was
that the sample size of each subgroup used to define the regression equation
was much smaller (about 30 to 50 percent) than the sample size if all measure-
ments had been analyzed together. This limited the use of the hydrograph
periods technique to sites that had numerous suspended-sediment-discharge
measurements distributed throughout the year.

The third technique used a hand-drawn rating curve graphically fitted to
a log plot of suspended-sediment discharge versus water-discharge data. These
rating curves were single straight lines, or connected, segmented straight
lines that were described as power equations. As with the hydrograph periods
technique, an advantage of the graphically fitted technique was that curves
could be fitted to intermediate-~ and high-flow measurements without being
affected by inconsequential low-flow measurements. In addition, outliers
could be discounted if their plotting position was dubious, and a rating curve
of connected straight line segments could be drawn if there were inflections
in the plot of data. This analysis indicated that the graphically fitted
technique usually resulted in more accurate estimates of annual suspended-
sediment loads than the other techniques when the standard error of estimate
of the regression equation derived from all pairs of measurements was greater
than about 135 percent. Limitations of the graphically fitted technique were
its subjectivity and potential lack of reproducibility.

Annual Suspended-Sediment Loads

Annual suspended-sediment loads were estimated for rivers and streams in
Colorado where a minimum of 1 complete year of daily mean water discharge
was recorded, and where an adequate data base existed to construct a suspended-
sediment-discharge versus water-discharge curve. The daily mean water-
discharge, sediment-transport-curve method was used to compute daily suspended-
sediment discharges and, hence, annual suspended-sediment loads. Annual
suspended-sediment loads were estimated for most years having daily water-
discharge measurements. This commonly involved extrapolation for years during
which no sediment data were collected.

Sediment-transport curves were derived by one of the three techniques
discussed in the '"Methods of Derivation of Sediment-Transport Curves" section.
Transport curves derived by regression of all pairs of measurements and by
regression on the basis of hydrograph periods had a minimum of 10 measurements
per regression equation and a minimum coefficient of determination (R2) of
0.60. Daily suspended-sediment-discharge estimates from the technique using
all pairs of measurements and the technique based on hydrograph period were
corrected for transformation bias by application of equation 2. Graphically
fitted rating curves usually were used at sites where there was a minimum of
10 measurements, and where the standard error of estimate (SE) of the regres-
sion using all measurements exceeded about 135 percent. Annual suspended-
sediment-load estimates for 133 U.S. Geological Survey sediment-data-
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collection sites are presented in tables 6 through 138 in the "Supplemental
Data'" section at the back of the report. Many other sediment-data-collection
sites in Colorado have both sediment- and water-discharge data; however,
annual suspended-sediment loads were not computed because of small sample
size, inadequate correlation between sediment discharge and water discharge,
incomplete years of daily water-discharge data, or unverified quality control
of the sediment data.

Estimated mean annual suspended-sediment loads for 94 U.S. Geological
Survey sediment-data-collection sites are presented in table 3. Mean annual
suspended-sediment loads for 19 sites are based entirely on annual sums of
measured daily suspended-sediment discharges. Fifteen other sites have 1 or
more years of annual suspended-sediment loads based on measured daily sediment
discharges and additional years of estimated loads. These are noted in the
tables in the "Supplemental Data' section at the back of this report. Mean
annual suspended-sediment loads for the remaining sites are based entirely on
estimated daily sediment discharges.

The period of record used to estimate mean annual suspended-sediment
loads in this report was a minimum of 5 years and extended from the 1940's or
1950's through water year 1984, even though daily water-discharge records
existed for earlier decades at some sites. When daily water-discharge records
were available for several decades, no more than about 35 years were selected
for computation of mean annual suspended-sediment loads because averages from
recent decades represent contemporary fluvial conditions more accurately than
do averages based on extremely long periods of record. Several rivers and
streams were regulated by impoundments or diversions. When the period of
discharge record included completion of a major impoundment or diversion
structure, mean annual suspended-sediment loads of the more severely regulated
rivers were estimated for periods prior to and following completion of the
structure. The location of 94 sediment-data-collection sites where mean
annual suspended-sediment loads have been estimated are shown on plate 2.

Mean annual suspended- and total-sediment loads have been estimated for
numerous sites in Colorado by other authors (table 4). Mean annual suspended-
sediment loads for some sites in table 4 may be different than mean annual
suspended-sediment loads in table 3 because of differences in the period of
record used to estimate loads, use of different sediment-transport curves, or
use of different suspended-sediment-load computation techniques. No attempt
has been made to verify the published data summarized in table 4. Also, some
additional sediment studies are summarized in table 5. Included in these
reports are some of the following types of information: daily or monthly
suspended-sediment discharges, bedload discharges, sediment-rating curves,
sediment-size distributions, applications of empirical bedload and total load
formulas, and estimates of reservoir sedimentation rates.
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SUMMARY AND CONCLUSIONS

This report presents a collation of available sediment-data sources and
estimates of annual suspended-sediment loads from selected rivers and streams
in Colorado. Sediment data have been collected and analyzed by several govern-
ment agencies at numerous sediment-data-collection sites in Colorado, but
sources of these data have not been compiled previously in a single reference.

Sediment data from 243 sites have been collected by the U.S. Geological
Survey and are located in the WATSTORE data storage and retrieval system. The
data include: site number, station identification and name, suspended-
sediment concentration, suspended-sediment discharge, water discharge, and
occasionally suspended-sediment- or bed-material-size distributions. Sediment
data also are routinely collected by the U.S. Forest Service, and many of
these data are located in the STORET water-quality-control information system.
Several other Federal and State agencies collect and analyze sediment data,
but do not publish them. These data are in the possession of the collecting
agency and are not included in this report.

Annual suspended-sediment loads were estimated for 133 U.S. Geological
Survey sediment-data-collection sites using the daily mean water-discharge,
sediment~transport-curve method. This method computed estimates of daily
suspended-sediment discharges that were summed to produce estimates of annual
suspended-sediment loads. Estimates of annual suspended-sediment loads were
limited to U.S. Geological Survey sites because quality control of data
collection and analysis at other agencies' sites was not verified. Sedi-
ment-transport curves were derived for each site by one of the following
techniques: (1) Least-squares linear regression of all pairs of suspended-
sediment discharge and water-discharge data; (2) least-squares linear regres-
sion of data sets subdivided on the basis of hydrograph periods; and (3)
graphically fitted to a log plot of suspended-sediment discharge and water
discharge. Data in each regression were log-normal transformed.

The accuracy of the three sediment-transport-curve derivation techniques
was assessed by comparing annual suspended-sediment loads estimated by each
technique with measured annual suspended-sediment loads from 19 control sites
where daily suspended-sediment discharge measurements were available. No
single rating-curve estimation technique consistently produced the best esti-
mates; however, there was some indication that each technique was suitable
under different conditions. The first sediment-transport-curve estimation
technique, using all measurements, produced good estimates of annual suspended-
sediment loads when the sample size was small (less than about 20 or 30), or
when the distribution of the logarithm of sediment discharge and the logarithm
of water dischdrge was linear and had a small standard error of estimate.

The second technique, based on hydrograph periods, produced good estimates of
annual suspended-sediment loads when streamflow was characterized by a pro-
nounced snowmelt hydrograph, or when daily suspended-sediment discharge had
seasonal hysteretic effects. The third technique, using a graphically fitted
line, generally produced better estimates of annual suspended-sediment loads
when there was an inflection in the sediment-discharge versus water-discharge
plot, or if there was large variance in the data (standard error of estimate
greater than about 135 percent). Annual suspended-sediment loads were esti-
mated for each sediment-data-collection site using one of the three transport
curves when at least 1 entire year of daily water-discharge data was available.
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Estimated mean-annual suspended-sediment loads for 94 U.S. Geological
Survey sediment-data-collection sites that have a minimum of 5 years of water-
discharge record are presented in table 3 and on plate 2. Mean annual sus-
pended-sediment loads from 19 of these sites are based entirely on measured
daily suspended-sediment discharges. Some sediment-data-collection sites in
the analysis had several decades of daily water-discharge record, but no more
than about 35 years of record were used to compute the mean annual suspended-
sediment load. The streamflows of several rivers with extensive discharge
records were interrupted by construction of dams and diversions. When the
effect of these structures was determined to be significant, mean annual
suspended-sediment loads were computed for periods prior to and following
completion of the structure.

Additional estimates of mean annual suspended-sediment loads for selected
sediment-data-collection sites in Colorado have been cited in previous
studies; suspended-sediment load estimates for the same site may vary because
of use of different periods of record, use of different sediment-transport
curves, or use of different suspended-sediment-load computation techniques.
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SUPPLEMENTAL DATA
(The site numbers in the following tables correspond to site numbers
shown on plates 1, 2, or both.)
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Table 6.--Annual streamflows and estimated annual suspended-sediment
loads for station 06611100 Grizzly Creek near Spicer (site 1)

Latitude: 40°29'36" Longitude: 106°26'57"

Drainage area: 118.0 square miles

Published mean annual streamflow: (none) acre-feet, 3 years

Annual suspended-sediment-load estimation technique: All measurements

Estimated
annual
suspended-
ke Annual sediment
year streamflow load
(acre-feet) (tons)
1977 12,360 569
1978 58,030 7,200
1979 62,410 8,510
Total 132,800 16,279
Mean 44,270 5,430

Table 7.-~-Annual streamflows and estimated annual suspended-sediment
loads for station 06611200 Buffalo Creek near Hebron (site 2)

Latitude: 40°31'23" Longitude: 106°22'07"

Drainage area: 56.3 square miles

Published mean annual streamflow: (none) acre-feet, 4 years

Annuval suspended-sediment-load estimation technique: All measurements

Estimated
annual
suspended-
w:;ir Annual sediment
¥ streamflow load
(acre-feet) (tons)
1977 953 _ 39
1978 1,980 82
1979 6,370 269
1980 5,100 216
Total 14,403 606
Mean 3,600 152

47



Table 8.--Annual streamflows and estimated annual suspended-sediment loads
for station 06611300 Grizzly Creek near Hebron (site 3)

Latitude: 40°33'27" Longitude: 106°23'22"

Drainage area: 223.0 square miles

Published mean annual streamflow: (none) acre-feet, 4 years

Annual suspended-sediment-load estimation technique: All measurements

Estimated
annual
suspended-
Wzter Annual sediment
year streamflow load
(acre-feet) (tons)
1977 5,930 183
1978 45,630 2,780
1979 66,760 4,800
1980 45,560 3,080
Total 163,880 10,840
Mean 40,970 2,710

Table 9.--Annual streamflows and estimated annual suspended-sediment
loads for station 06611800 Little Grizzly Creek above Coalmont (site 4)

Latitude: 40°34'24" Longitude: 106°30'34"

Drainage area: 35.4 square miles

Published mean annual streamflow: (none) acre-feet, 3 years

Annual suspended-sediment-load estimation technique: All measurements

Estimated
annual
suspended-
Water Annual sediment
year streamflow load
(acre-feet) (tons)
1977 4,400 174
1978 - 31,050 2,700
1979 27,400 2,610 '
Total 62,850 5,484
Mean 20,950 1,830

48



Table 10.--Annual streamflows and estimated annual suspended-sediment
loads for station 06611900 Little Grizzly Creek above Hebron (site 5)

Latitude: 40°37'57" Longitude: 106°26'58"

Drainage area: 52.2 square miles .

Published mean annual streamflow: (none) acre-feet, 4 years

Annual suspended-sediment-load estimation technique: All measurements

Estimated
annual
suspended-
Watir Annual sediment
yea streamflow load
(acre-feet) (tons)
1977 6,660 321
1978 37,760 3,340
1979 32,410 2,920
1980 29,460 2,560
Total 106,290 9,141
Mean 26,570 2,280

Table 11.--Annual streamflows and estimated annual suspended-sediment
loads for station 06619400 Canadian River near Lindland (site 6)

Latitude: 40°41'43" Longitude: 106°03'56"

Drainage area: 44.0 square miles

Published mean annual streamflow: (none) acre-feet, 5 years

Annual suspended-sediment-load estimation technique: Measured daily and
hydrograph periods

Estimated
annual
suspended-
W::ir Annual sediment
y streamflow load
{(acre-feet) {tons)
1979 12,660 1533
1980 13,060 1522
1981 10,750 1311
1982 15,690 508
1983 37,480 2,440
Total 89,640 4,314
Mean 17,930 863

1Computed from measured daily suspended-sediment discharges.
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Table 12.--Annual streamflows and estimated annual suspended-sediment
loads for station 06619450 Canadian River near Brownlee (site 8)

Latitude: 40°48'29" Longitude: 106°14'09"

Drainage area: 158.0 square miles

Published mean annual streamflow: (none) acre-feet, 5 years

Annual suspended-sediment-load estimation technique: Measured daily and
hydrograph periods

Estimated
annual

suspended-

Water Annual sediment
year streamflow load
(acre-feet) (tons)
1979 20,560 12,090
1980 24,540 12,890
1981 12,480 1528
1982 23,480 1,540
1983 70,410 12,800
Total 151,470 19,848

Mean 30,290 3,970

lComputed from measured daily suspended-sediment discharges.
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Table 13.--Annual streamflows and estimated annual suspended-sediment
loads for station 06620000 North Platte River near Northgate (site 9)

Latitude:

Drainage area:
Published mean annual streamflow:
Annual suspended-sediment-load estimation technique:

40°56'10"

Longitude: 106°20'21"
1,431.0 square miles
318,800 acre-feet, 69 years

All measurements

Estimated Estimated
annual annual
suspended~- suspended-
Water Annual sedgment Water Annual sedgment
year streamflow load year streamflow load
(acre-feet) (tons) (acre-feet) (tons)
1950 242,200 11,500 1968 288,900 15,800
1951 327,000 19,700 1969 287,100 15,300
1952 493,700 48,400 1970 386,000 26,400
1953 197,400 8,910 1971 400,500 27,100
1954 104,900 2,160 1972 237,300 12,200
1955 161,200 5,570 1973 405,800 32,000
1956 271,500 16,000 1974 417,000 36,000
1957 563,200 63,100 1975 304,600 19,400
1958 273,800 16,400 1976 196,600 7,310
1959 219,400 10,000 1977 84,990 1,710
1960 273,700 14,600 1978 362,900 26,600
1961 233,600 10,600 1979 407,100 33,100
1962 522,500 46,300 1980 373,600 31,700
1963 182,900 6,730 1981 114,400 2,940
1964 174,000 6,890 1982 351,100 20,500
1965 411,100 32,000 1983 567,800 57,300
1966 162,400 4,150 1984 614,500 68,600
1967 274,300 14,900
Total 10,888,990 771,870
Mean 311,100 22,100
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Table 14.--Annual streamflows and estimated annual suspended-sediment
loads for station 06698500 Tarryall Creek near Jefferson (site 21)

Latitude: 39°17'42"  Longitude: 105°43'05"

Drainage area: 183.0 square miles

Published mean annual streamflow: 30,650 acre-feet, 9 years

Annual suspended-sediment-load estimation technique: Graphical fit

Estimated
annual

suspended-

WZZir Annual sediment
¥y streamflow load
(acre-feet) (tons)
1978 21,000 851
1979 29,990 1,570
1980 32,560 1,540
1981 6,170 69
Total 89,720 4,030
Mean 22,430 1,010

52



Table 15.--Annual streamflows and estimated annual suspended-sediment loads
for station 06707000 North Fork South Platte River at South Platte (site 22)

Latitude:

Drainage area:

39°24'32"

Longitude:
479.0 square miles

Published mean annual streamflow:

105°10'31"

110,800 acre-feet, 70 years
Annual suspended-sediment-load estimation technique:

Hydrograph periods

Estimated

annual
suspended-

z::ir Annual sediment
streamflow load
(acre-feet) (tons)
1950 62,750 1,460
1951 94,110 6,260
1952 110,500 13,500
1953 74,390 2,940
1954 42,290 353
1955 63,800 1,100
1956 76,710 3,180
1957 162,900 24,400
1958 99,150 8,000
1959 70,900 2,080
1960 90,420 3,640
1961 95,480 3,140
1962 106,900 4,560
1963 40,650 279
1964 81,500 1,870
1965 181,200 22,700
1966 86,210 1,780
1967 122,100 3,780

Estimated
annual
suspended-
Water Annual sedgment
year streamflow load
(acre-feet) (tons)
1968 129,600 4,510
1969 195,800 28,000
1970 209,300 35,100
1971 129,900 5,700
1972 124,800 8,160
1973 174,900 37,000
1974 124,600 5,900
1975 158,100 13,600
1976 144,300 11,900
1977 145,600 5,570
1978 190,100 13,400
1979 192,800 19,900
1980 217,100 38,800
1981 159,400 6,280
1982 158,400 9,740
Total 4,116,660 348,582
Mean 124,700 10,600
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Table 16.--Annual streamflows and estimated annual suspended-sediment
loads for station 06710000 South Platte River at Littleton (site 24)

Latitude: 39°37'08" Longitude: 105°01'07"

Drainage area: 3,069.0 square miles

Published mean annual streamflow: 193,400 acre-feet, 9 years

Annual suspended-sediment-load estimation technique: All measurements

Estimated
annual

suspended-

szer Annual sediment
year streamflow load
(acre-feet) (tons)
1976 94,210 4,090
1977 80,180 2,970
1978 63,770 2,270
1979 135,600 10,200
1980 356,900 47,700
1981 56,560 1,510
1982 92,190 4,350
1983 456,600 61,400
1984 405,800 50,000
Total 1,741,810 184,490
Mean 193,500 20,500
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Table 17.--Annual streamflows and estimated annual suspended-sediment
loads for station 06719505 Clear Creek at Golden (site 27)

Latitude: 39°45'11" Longitude: 105°14'05"

Drainage area: 400.0 square miles

Published mean annual streamflow: 142,000 acre-feet, 10 years

Annual suspended-sediment-load estimation technique: Hydrograph periods

Estimated
annual

suspended-

wzzir Annual sediment
y streamflow load
(acre-feet) (tons)
1975 142,000 17,100
1976 96,650 6,800
1977 78,730 4,980
1978 123,000 12,000
1979 144,400 15,700
1980 188,300 21,600
1981 79,440 5,140
1982 119,400 11,700
1983 228,500 37,000
1984 223,400 28,300
Total 1,423,820 160,320
Mean 142,400 16,000
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Table 18.--Annual streamflows and estimated annual suspended-sediment
loads for station 06719725 Ralston Creek near Plainview (site 28)

Latitude: 39°51'04" Longitude:
Drainage area: 36.9 square miles
Published mean annual streamflow:

Annual suspended-sediment-load estimation technique:

105°17'53"

(none) acre-feet, 1 year

All measurements

Estimated
annual
suspended-
WZ;:r Annual sediment
y streamflow load
(acre-feet) (tons)
1984 8,150 509

Table 19.--Annual streamflows and estimated annual suspended-sediment loads
for station 06719735 Ralston Creek below Schwartzwalder Mine near
Plainview (site 30)

Latitude: 39°50'37" Longitude:
Drainage area: 38.9 square miles
Published mean annual streamflow:

Annual suspended-sediment-load estimation technique:

105016'33"

(none) acre-feet, 1 year

All measurements

Estimated
annual
suspended-
W:;ir Annual sediment
y streamflow load
(acre-feet) (tons)
1984 9,880 811
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Table 20.--Annual streamflows and estimated annual suspended-sediment loads
for station 06719740 Ralston Creek above Ralston Reservoir near Plainview
(site 31)

Latitude: 39°49'17" Tongitude: 105°15'40"

Drainage area: 42.7 square miles

Published mean annual streamflow: (none) acre-feet, 1 year

Annual suspended-sediment-load estimation technique: All measurements

Estimated
annual
suspended-
wzzir Annual sediment
¥ streamflow load
(acre-feet) (tons)
1984 7,240 506

Table 21.--Annual streamflows and estimated annual suspended-sediment loads
for station 06720330 Grange Hall Creek at Grant Park, at Northglenn (site 32)

Latitude: 39°53'17" Longitude: 104°58'55"

Drainage area: 0.54 square miles

Published mean annual streamflow: (none) acre-feet, 1 year

Annual suspended-sediment-load estimation technique: All measurements

Estimated
annual
suspended-
W:;ir Annual sediment
¥ streamflow load
(acre-ft) (tons)
1979 295 133

Table 22.--Annual streamflows and estimated annual suspended-sediment loads
for station 06720415 Grange Hall Creek at Northglenn (site 33)

Latitude: 39°53'21" Longitude: 104°57'40"

Drainage area: 3.08 square miles

Published mean annual streamflow: (none) acre-feet, 2 years

Annual suspended-sediment-load estimation technique: All measurements

Estimated
annual

suspended-

szir Annual sediment
¥y streamflow load
(acre-feet) (tons)
1979 1,510 3,260
1980 1,290 1,710
Total 2,800 4,970
Mean 1,400 2,480
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Table 23.--Annual streamflows and estimated annual suspended-sediment loads
for station 06724000 Saint Vrain Creek at Lyons (site 3¢)

Latitude: 40°13'05" Longitude: 105°15'34"

Drainage area: 212.0 square miles

Published mean annual streamflow: 93,460 acre-feet, 93 years

Annual suspended-sediment-load estimation technique: All measurements

Estimated Estimated
annual annual
suspended- suspended-

Water Annual sed?ment Water Annual sediment
year streamflow load year streamflow load
(acre-feet) (tons) (acre-feet) (tons)

1950 63,530 1,280 1968 67,290 1,270
1951 113,600 2,760 1969 131,200 3,930
1952 127,400 3,210 1970 98,480 2,130
1953 66,360 1,310 1971 103,400 2,320
1954 33,500 483 1972 65,240 1,240
1955 48,930 848 1973 103,900 2,440
1956 63,680 1,300 1974 69,180 1,330
1957 159,000 4,570 1975 90,840 2,010
1958 88,930 2,120 1976 54,700 952
1959 75,040 1,600 1977 40,110 609
1960 74,750 1,460 1978 101,400 2,430
1961 96,920 2,280 1979 119,300 2,890
1962 77,260 1,460 1980 145,200 3,850
1963 57,820 1,050 1981 42,590 623
1964 49,510 872 1982 86,720 1,880
1965 113,000 3,030 1983 144,900 3,770
1966 38,550 567 1984 125,200 2,910

1967 78,090 1,750

Total 3,015,520 68,534

Mean 86,160 1,960
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Table 24.--Annual streamflows and estimated annual suspended-sediment loads
for station 06725450 Saint Vrain Creek below Longmont (site 37)

Latitude: 40°09'29" Longitude: 105°00'53"

Drainage area: 424.0 square miles

Published mean annual streamflow: 84,770 acre-feet, 6 years

Annual suspended-sediment-load estimation technique: All measurements

Estimated
annual

suspended-

wzzir Annual sediment
¥y streamflow load
(acre-feet) (tons)
1977 39,680 4,800
1978 79,400 41,400
1979 111,600 77,000
1980 171,000 161,000
1981 44,610 5,930
1982 61,920 18,800
Total 508,210 308,930
Mean 84,700 51,500
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Table 25.--Annual streamflows and estimated annual suspended-sediment Iloads
for station 06733000 Big Thompson River at Estes Park (site 38)

Latitude: 40°22'42" Longitude: 105°30'48"

Drainage area: 137.0 square miles

Published mean annual streamflow: 92,010 acre-feet, 38 years

Annual suspended-sediment-load estimation technique: All measurements

Estimated Estimated
annual annual
suspended- suspended-
Water Annual sediment Water Annual sediment
year streamflow load year streamflow load
(acre-feet) (tons) (acre-feet) (tons)
1948 91,400 2,440 1967 80,710 2,140
1949 137,100 5,890 1968 80,730 2,150
1950 95,600 3,350 1969 103,500 3,430
1951 116,000 4,160 1970 106,500 3,480
1952 118,000 4,310 1971 104,800 3,500
1953 84,050 2,580 1972 77,250 1,940
1954 45,830 622 1973 100,300 3,280
1955 63,660 1,190 1974 79,560 2,000
1956 84,940 2,520 1975 93,950 2,860
1957 135,500 6,080 1976 65,140 1,350
1958 90,000 2,980 1977 46,790 714
1959 79,930 2,240 1978 113,100 4,550
1960 88,160 2,340 1979 112,400 4,100
1961 93,040 2,800 1980 119,300 4,850
1962 102,700 2,690 1981 55,740 1,100
1963 72,700 1,530 1982 89,690 2,410
1964 67,630 1,490 1983 133,800 6,020
1965 126,400 5,330 1984 114,500 3,740
1966 59,560 924
Total 3,429,960 109,080
Mean 92,700 2,950
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Table 26.--Annual streamflows and estimated annual suspended-sediment Ioads
for station 06752000 Cache La Poudre River at mouth of Canyon
near Fort Collins (site 39)

Latitude: 40°39'52" Longitude: 105°13'26"

Drainage area: 1,056.0 square miles

Published mean annual streamflow: (none) acre-feet, 25 years

Annual suspended-sediment-load estimation technique: Hydrograph periods

Estimated Estimated
annual annual
suspended- suspended-
Water Annual sediment Water Annual sediment
year streamflow load year streamflow load
(acre-feet) (tons) {acre-feet) (tons)
1950 212,700 8,170 1968 217,100 8,940
1951 297,100 15,400 - 1969 191,400 7,200
1952 273,500 12,100 1970 262,800 12,600
1953 162,800 5,720 1971 311,100 15,400
1954 100,100 2,220 1972 177,600 - 6,250
1955 144,300 4,640 1973 321,500 17,200
1956 216,000 8,800 1974 268,200 11,100
1957 322,500 20,700 1975 221,400 12,200
1958 240,700 10,300 1976 156,000 5,630
1959 213,500 7,980 1977 93,410 2,410
1960 205,500 7,790 1978 270,100 14,100
1961 270,300 11,900 1979 291,600 15,300
1962 273,400 10,800 1980 425,100 22,200
1963 110,900 2,600 1981 138,100 4,030
1964 160,700 5,800 1982 250,900 14,200
1965 281,100 16,300 1983 644,800 51,400
1966 98,290 2,160 1984 386,100 18,700
1967 166,200 6,730
Total 8,376,800 398,970
Mean 239,300 11,400
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Table 27.--Annual streamflows and estimated annual suspended-sediment loads
for station 06754000 South Platte River near Kersey (site 40)

Latitude: 40°24'44"  Longitude: 104°33'46"

Drainage area: 9,598.0 square miles

Published mean annual streamflow: 1,035,300 acre-feet, 9 years since
completion of Chatfield dam

Annual suspended-sediment-load estimation technique: All measurements

Estimated Estimated
annual annual
suspended- suspended-

Water Annual sediment Water Annual sediment
yeat streamflow load year streamflow load

(acre~feet) (tons) (acre~feet) (tons)
1951 352,400 232,000
1952 560,200 417,000
1953 264,000 57,800
1954 181,400 32,900
1955 159,000 25,100
1956 188,000 38,900
1957 846,200 1,350,000
1958 922,900 1,790,000
1959 402,500 148,000
1960 489,400 242,000
1961 767,800 1,110,000
1962 840,600 567,000
1963 294,000 115,000
1964 247,000 65,800
1965 812,000 1,780,000
1966 354,900 135,000
1967 510,100 428,000 1976 428,900 157,000
1968 324,400 85,700 1977 330,000 104,000
1969 896,200 2,100,000 1978 460,300 247,000
1970 1,229,000 1,710,000 1979 1,054,000 2,220,000
1971 944,000 922,000 1980 1,830,000 5,570,000
1972 465,500 226,000 1981 423,100 163,000
1973 1,599,000 5,220,000 1982 476,900 324,000
1974 684,700 397,000 1983 2,629,000 9,010,000
1975 611,400 391,000 1984 1,686,000 2,680,000
Total 14,946,600 19,586,200 Total 9,318,200 20,475,000
Mean 597,900 783,000 Mean 1,035,000 2,275,000

(Prior to completion of dam)

(Since completion of dam)
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Table 28.--Annual streamflows and estimated annual suspended-sediment Iloads
for station 06758000 Kiowa Creek at Elbert (site 41)

Latitude: 39°12'35" Longitude: 104°32'00"

Drainage area: 28.6 square miles

Published mean annual streamflow: 644 acre-feet, 10 years

Annual suspended-sediment-load estimation technique: Graphical fit and
measured daily

Estimated
annual
suspended-
wzzir Annual sediment
¥y streamflow load
(acre-feet) (tons)
1956 0 0
1957 129 864
1958 19 34
1959 0 0
1960 857 6,550
1961 7 4
1962 11 1
1963 0 0
1964 0 0
1965 5,420 1314,000
Total 6,443 321,453
Mean 644 32,100

1computed from measured daily suspended-sediment discharges.
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Table 29.--Annual streamflows and estimated annual suspended-sediment loads
for station 06758100 West Kiowa Creek at Elbert (site 42)

Latitude: 39°12'38" Longitude: 104°32'16"

Drainage area: 35.9 square miles

Published mean annual streamflow: (none) acre-feet, 2 years

Annual suspended-sediment-load estimation technique: Measured daily

Estimated
annual

suspended-

WZ:ir Annual sediment
y streamflow load
(acre-feet) (tons)
1963 172 11,530
1965 2,220 196,400
Total 2,392 97,930
Mean 1,200 49,000

1Computed from measured daily suspended-sediment discharges.

Table 30.--Annual streamflows and estimated annual suspended-sediment loads
for station 06758200 Kiowa Creek at Kiowa (site 43)

Latitude: 39°20'14" Longitude: 104°28'30"

Drainage area: 111.0 square miles

Published mean annual streamflow: 2,750 acre-feet, 10 years

Annual suspended-sediment-load estimation technique: Graphical fit and
measured daily

Estimated
annual

suspended-

Water Annual sediment
year streamflow load
(acre-feet) (tons)
1956 1,050 17,800
1957 5,230 1100,000
1958 1,570 13,280
1959 886 1,170
1960 5,870 125,000
1961 1,930 13,870
1962 1,930 1903
1963 1,060 12,300
1964 873 1,370
1965 7,190 1353,000
Total 27,589 618,693
Mean 2,760 61,900

IComputed from measured daily suspended-sediment discharges.
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Table 31.--Annual streamflows and estimated annual suspended~sediment loads
for station 06758500 South Platte River near Weldona (site 44)

Latitude: 40°19'19" TLongitude: 103°55'17"

Drainage area: 13,245.0 square miles

Published mean annual streamflow: 753,500 acre-feet, 9 years

Annual suspended-sediment-load estimation technique: Hydrograph periods
and measured daily

Estimated
annual

suspended-

szir Annual sediment
¥y streamflow load
(acre-feet) (tons)
1976 251,500 54,600
1977 167,400 30,500
1978 218,800 142,600
1979 680,900 435,000
1980 1,399,000 1,120,000
1981 269,200 59,500
1982 252,100 88,500
1983 2,168,000 2,290,000
1984 1,370,000 864,000
Total 6,776,900 4,984,700
Mean 753,000 554,000

1Computed from measured daily suspended-sediment discharges.
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Table 32.--Annual streamflows and estimated annual suspended-sediment loads
for station 06764000 South Platte River at Julesburg (site 45)

Latitude: 40°58'46" Longitude: 102°15'15"

Drainage area: 23,138.0 square miles

Published mean annual streamflow: 385,400 acre-feet, 82 years

Annual suspended-sediment-load estimation technique: All measurements

Estimated Estimated
annual annual
suspended- suspended-
gzzir Annual sediment ¥:§§r Annual sediment
streamflow load streamflow load
(acre-feet) (tons) (acre-feet) (tons)

1951 193,600 78,000 1968 201,800 171,000
1952 337,700 234,000 1969 475,700 780,000
1953 148,100 51,600 1970 816,600 1,060,000
1954 101,000 29,400 1971 588,100 580,000
1955 73,100 17,300 1972 200,400 86,100
1956 55,390 10,300 1973 1,101,000 2,420,000
1957 379,800 557,000 1974 487,200 382,000
1958 657,600 888,000 1975 255,400 154,000
1959 249,200 142,000 1976 162,000 69,000
1960 202,600 96,900 1977 110,300 35,300
1961 327,200 407,000 1978 72,520 16,700
1962 614,600 517,000 1979 474,800 679,000
1963 183,100 82,600 1980 1,370,000 3,060,000
1964 102,500 28,000 1981 233,000 120,000
1965 438,200 1,250,000 1982 138,700 52,900
1966 374,900 253,000 1983 2,087,000 5,270,000
1967 259,200 218,000 1984 1,287,000 1,900,000

Total 14,759,310 21,696,100

Mean 434,100 638,000
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Table 33.--Annual streamflows and estimated annual suspended-sediment loads
for station 06822000 North Fork Republican River near Wray (site 46)

Latitude: 40°04'24"  Longitude: 102°17'06"

Drainage area: 1,019.0 square miles

Published mean annual streamflow: 16,000 acre-feet, 17 years

Annual suspended-sediment-load estimation technique: Measured daily

Estimated
annual
suspended-
WZ:ir Annual sediment
¥y streamflow load
(acre-feet) (tons)
1952 17,080 ()
1953 16,300 €
1954 15,840 (3
1955 16,180 (%)
1956 16,110 €]
1957 17,100 (2
1963 16,340 13,230
1964 16,100 )
Total 131,050 (%)
Mean 16,380 )

1Computed from measured daily suspended-sediment discharges.
2Insufficient measured or estimated daily suspended-sediment discharges.
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Table 34.--Annual streamflows and estimated annual suspended-sediment Ioads
for station 07083000 Halfmoon Creek near Malta (site 47)

Latitude: 39°10'20" Longitude: 106°23'19"

Drainage area: 23.6 square miles

Published mean annual streamflow: 21,010 acre-feet, 38 years

Annual suspended-sediment-load estimation technique: Hydrograph periods

Estimated Estimated
annual annual
suspended- suspended-
Water Annual sediment Water Annual sediment
year streamflow load year streamflow load
(acre-feet) (tons) (acre-feet) (tons)
1948 19,820 326 1967 16,340 231
1949 22,090 378 1968 19,800 306
1950 15,600 224 1969 18,370 250
1951 23,430 376 1970 26,810 487
1952 25,370 425 1971 21,380 346
1953 19,670 311 1972 19,950 342
1954 14,040 178 1973 19,670 310
1955 15,240 199 1974 15,450 235
1956 17,310 295 1975 20,000 289
1957 33,530 593 1976 15,560 220
1958 21,090 377 1977 10,370 121
1959 20,260 352 1978 22,950 409
1960 21,690 350 1979 24,020 425
1961 18,120 255 1980 24,330 484
1962 25,570 400 1981 14,680 190
1963 14,640 188 1982 22,300 322
1964 16,200 208 1983 27,740 456
1965 29,660 478 1984 35,560 669
1966 18,460 242
Total 767,070 12,247
Mean 20,730 331
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Table 35.--Annual streamflows and estimated annual suspended-sediment loads
for station 07093740 Badger Creek, Upper Station, near Howard (site 48)

Latitude: 38°39'25" Longitude: 105°48'45"

Drainage area: 106.0 square miles

Published mean annual streamflow: (none) acre-feet, 3 years

Annual suspended-sediment-load estimation technique: Graphical fit

Estimated
annual

suspended-

W:Zir Annual sediment
¥y streamflow load
(acre-feet) (tons)
1982 3,370 3,500
1983 4,210 30,800
1984 3,580 4,440
Total 11,160 38,740
Mean 3,720 12,900

Table 36.--Annual streamflows and estimated annual suspended-sediment loads
for station 07093775 Badger Creek, Lower Station, near Howard (site 49)

Latitude: 38°57'59" Longitude: 105°51'06"

Drainage area: 211.0 square miles

Published mean annual streamflow: (none) acre-feet, 3 years

Annual suspended-sediment-load estimation technique: Graphical fit

Estimated
annual

suspended-

W::er Annual sediment
year streamflow load.
(acre-feet) (tons)
1982 3,840 550
1983 7,740 50,600
1984 6,520 67,600
Total 18,100 118,750
Mean 6,030 39,600
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Table 37.--Annual streamflows and estimated annual suspended-sediment loads
for station 07094500 Arkansas River at Parkdale (site 50)

Latitude: 38°29'14" Longitude: 105°22'23"

Drainage area: 2,548.0 square miles

Published mean annual streamflow: 579,600 acre-feet, 30 years

Annual suspended-sediment-load estimation technique: All measurements

Estimated Estimated
annual annual
suspended- suspended-
Water Annual sediment Water Annual sediment
year streamflow load year streamflow load
(acre-feet) (tons) (acre-feet) (tons)
1969 572,300 158,000
1970 711,400 324,000
1946 485,100 116,000 1971 603,800 151,000
1947 655,700 352,000 1972 530,000 132,000
1948 682,300 376,000 1973 590,600 226,000
1949 702,100 409,000 1974 510,400 86,300
1950 475,200 96,800 1975 601,100 245,000
1951 552,300 171,000 1976 464,800 66,500
1952 744,300 504,000 1977 288,600 11,400
1953 556,500 247,000 1978 479,100 179,000
1954 351,400 29,600 1979 658,500 412,000
1955 385,800 45,400 1980 755,300 600,000
1965 747,700 438,000 1981 375,200 30,800
1966 516,500 57,500 1982 607,300 170,000
1967 432,300 62,700 1983 885,700 872,000
1968 554,900 163,000 1984 921,000 763,000
Total 7,842,100 3,068,000 Total 9,555,100 4,427,000
Mean 560,200 219,000 Mean 597,200 277,000
(Prior to completion of dam) (Since completion of dam)
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Table 38.--Annual streamflows and estimated annual suspended-sediment loads
for station 07096000 Arkansas River at Canon City (site 51)

Latitude: 38°26'02" Longitude: 105°15'24"

Drainage area: 3,117.0 square miles

Published mean annual streamflow: 518,000 acre-feet, 93 years

Annual suspended-sediment-load estimation technique: All measurements

Estimated Estimated
annual annual
suspended- suspended-
Water Annual sedgment Water Annual sedgment
year streamflow load year streamflow load
(acre-feet) (tons) (acre-feet) (tons)
1950 403,100 62,400 1966 474,700 64,700
1951 456,200 85,400 1967 390,500 62,000
1952 625,400 171,000 1968 538,100 128,000
1953 468,800 107,000 1969 516,700 117,000
1954 284,800 25,300 1970 747,700 235,000
1955 329,900 37,900 1971 555,800 111,000
1956 415,000 84,400 1972 456,700 87,700
1957 909,500 552,000 1973 580,500 166,000
1958 600,100 147,000 1974 449,400 73,000
1959 393,900 61,600 1975 573,200 158,000
1960 518,400 110,000 1976 414,800 61,600
1961 449,400 73,600 1977 238,100 15,700
1962 691,400 167,000 1978 433,700 105,000
1963 327,000 33,600 1979 596,200 201,000
1964 378,600 64,400 1980 703,800 261,000
1965 771,900 294,000 1981 310,700 26,900
Total 16,004,000 3,950,200
Mean 500,100 123,000
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Table 39.--Annual streamflows and estimated annual suspended-sediment loads
for station 07097000 Arkansas River at Portland (site 52)

Latitude: 38°23'18" Longitude: 105°00'56"

Drainage area: 4,024.0 square miles

Published mean annual streamflow: 557,900 acre-feet, 23 years
Annual suspended-sediment-load estimation technique: Graphical fit

Estimated
annual

suspended-

g:;ir Annual sediment
streamflow load
(acre-feet) (tons)
1940 262,300 29,800
1941 553,300 349,000
1942 880,100 914,000
1943 601,700 242,000
1944 515,700 262,000
1945 445,400 152,000
1946 433,500 130,000
1947 663,200 591,000
1948 683,300 511,000
1949 680,800 643,000
1950 401,700 116,000
1951 428,800 160,000
1952 612,300 422,000
1975 563,100 371,000
1976 414,900 120,000
1977 228,100 17,300
1978 404,000 216,000
1979 573,800 467,000
1980 750,000 858,000
1981 304,900 33,900
1982 569,300 236,000
1983 906,600 1,120,000
1984 954,500 1,100,000
Total 12,831,300 9,061,000
Mean 557,900 394,000
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Table 40.--Annual streamflows and estimated annual suspended-sediment loads
for station 07099200 Arkansas River near Portland (site 53)

Latitude: 38°20'14" Longitude: 104°56'18"

Drainage area: 4,280.0 square miles

Published mean annual streamflow: 565,800 acre-feet, 10 years
Annual suspended-sediment-load estimation technique: Graphical fit

Estimated
annual
suspended-
wzzir Annual sediment
¥ streamflow load
(acre-feet) (tons)
1965 749,700 1,320,000
1966 550,700 293,000
1967 411,200 237,000
1968 543,700 535,000
1969 556,200 518,000
1970 757,400 968,000
1971 569,800 414,000
1972 457,800 325,000
1973 623,700 827,000
1974 439,400 230,000
Total 5,659,600 5,667,000
Mean 566,000 567,000
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Table 41.--Annual streamflows and estimated annual suspended-sediment loads
for station 07099400 Arkansas River above Pueblo (site 54)

Latitude: 38°16'17" Longitude: 104°43'06"

Drainage area: 4,670.0 square miles

Published mean annual streamflow: 499,900 acre-feet, 10 years

Annual suspended-sediment-~load estimation technique: Hydrograph periods

Estimated Estimated
annual annual
suspended- suspended-
Water Annual sed?ment Water Annual sediment
year streamflow load year streamflow load
(acre-feet) (tons) (acre-feet) (tons)
1975 497,200 1,240,000
1976 359,300 433,000
1966 412,200 340,000 1977 191,900 86,500
1967 334,300 346,000 1978 349,100 598,000
1968 454,700 771,000 1979 511,900 1,300,000
1969 437,700 689,000 1980 718,800 2,160,000
1970 677,500 1,360,000 1981 269,800 223,000
1971 477,900 530,000 1982 522,500 1,120,000
1972 398,300 466,000 1983 688,400 2,660,000
1973 532,400 1,140,000 1984 890,600 3,310,000
Total 3,725,000 5,642,000 Total 4,999,500 13,130,500
Mean 465,600 705,000 Mean 500,000 1,310,000
(Prior to completion of dam) (Since completion of dam)
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Table 42.--Annual streamflows and estimated annual suspended-sediment loads
for station 07099500 Arkansas River near Pueblo (site 55)

Latitude: 38°16'02" Longitude: 104°39'26"

Drainage area: 4,686.0 square miles

Published mean annual streamflow: 513,700 acre-feet, 80 years

Annual suspended-sediment-load estimation technique: All measurements

Estimated
annual

suspended-

§:Z§r Annual sediment
streamflow load
(acre-feet) (tons)
1950 342,900 300,000
1951 346,100 362,000
1952 557,400 1,050,000
1953 386,200 554,000
1954 224,600 117,000
1955 266,300 335,000
1956 336,300 479,000
1957 980,100 5,530,000
1958 497,000 720,000
1959 337,100 257,000
1960 467,600 482,000
1961 423,400 404,000
1962 633,900 821,000
1963 283,300 141,000
1964 319,700 295,000
1965 743,000 2,400,000
1966 438,800 329,000
1967 338,300 289,000
1968 491,100 711,000
1969 455,900 545,000
1970 691,500 1,280,000
1971 507,100 505,000
1972 407,700 444,000
1973 570,000 1,080,000

Total 11,045,300 19,430,000

Mean 460,200 810,000
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Table 43.--Annual streamflows and estimated annual suspended-sediment loads
for station 07118500 Apishapa River at Aguilar (site 56)

Latitude: 37°24'01" Longitude: 104°38'29"

Drainage area: 149.0 square miles

Published mean annual streamflow: (none) acre-feet, 4 years

Annual suspended-sediment-load estimation technique: Graphical fit

Estimated
annual

) suspended-

Wa;ir Annual sediment
ye streamflow load
(acre-feet) (tons)
1939 2,510 10,500
1979 2,370 23,600
1980 10,030 141,000
1981 3,850 33,800
Total 18,760 208,900
Mean 4,690 52,200

Table 44.--Annual streamflows and estimated annual suspended-sediment loads
for station 07124050 Middle Fork Purgatoire River at Stonewall (site 58)

Latitude: 37°09'10" Longitude: 105°00'45"

Drainage area: 52.1 square miles

Published mean annual streamflow: (none) acre-feet, 3 years

Annual suspended-sediment-load estimation technique: Hydrograph periods

Estimated
annual

suspended-

wZZir Annual sediment
y streamflow load
(acre-feet) (tons)
1979 13,110 1,220
1980 17,780 2,040
1981 9,920 750
Total 40,810 4,010
Mean 13,600 1,340
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Table 45.--Annual streamflows and estimated annual suspended-sediment loads
for station 07124120 Sarcillo Canyon near Segundo (site 60)

Latitude: 37°07'26" Longitude: 104°45'49"

Drainage area: 35.3 square miles

Published mean annual streamflow: (none) acre-feet, 1 year

Annual suspended-sediment-load estimation technique: Graphical fit

Estimated
annual
suspended-
wzzir Annual sediment
y streamflow load
(acre-feet) (tons)
1979 1,570 102,000

Table 46.--Annual streamflows and estimated annual suspended-sediment loads
for station 07124200 Purgatoire River at Madrid (site 61)

Latitude: 37°07'46" Longitude: 104°38'20"

Drainage area: 550.0 square miles

Published mean annual streamflow: 49,120 acre-feet, 12 years

Annual suspended-sediment-load estimation technique: Graphical fit and
measured daily

Estimated
annual

suspended-

gzzir Annual sediment
streamflow load
(acre-feet) (tons)
1973 45,900 66,200
1974 15,640 1,180
1975 34,850 32,900
1976 23,320 30,500
1977 19,080 5,680
1978 35,280 58,900
1979 57,520 1696,000
1980 75,550 1122,000
1981 53,300 11,450,000
1982 65,750 134,000
1983 105,000 553,000
1984 58,530 92,000
Total 589,720 3,242,360
Mean 49,140 270,000

IComputed from measured daily suspended-sediment discharges.
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Table 47.--Annual streamflows and estimated annual suspended-sediment loads
for station 07124220 Reilly Canyon at Cokedale (site 63)

Latitude: 37°08'43" Longitude: 104°37'07"

Drainage area: 35.1 square miles

Published mean annual streamflow: (none) acre-feet, 1 year

Annual suspended-sediment-load estimation technique: Graphical fit

Estimated
annual

suspended-

Wztir Annual sediment
yea streamflow load
(acre-feet) (tons)
1979 1,110 59,300

Table 48.--Annual streamflows and estimated annual suspended-sediment loads
for station 07124410 Purgatoire River below Trinidad Lake (site 65)

Latitude: 37°08'37" Longitude: 104°32'49"

Drainage area: 672.0 square miles

Published mean annual streamflow: 59,920 acre-feet, 7 years

Annual suspended-sediment-load estimation technique: Measured daily

Estimated
annual
suspended-
Water Annual sediment
year streamflow load
(acre-feet) (tons)
1978 30,970 123,800
1979 35,650 134,400
1980 53,530 (%)
1981 55,940 (®)
1982 62,320 (%)
1983 106,100 12,810
1984 75,610 12,640
Total 420,120 63,650
Mean 60,020 15,900

IComputed from measured daily suspended-sediment discharges.
2Insufficient measured or estimated daily suspended-~sediment discharges.
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Table 49.--Annual streamflows and estimated annual suspended-sediment loads
for station 07126300 Purgatoire River near Thatcher (site 66)

Latitude: 37°21'30" Longitude: 103°53'44"

Drainage area: 1,791.0 square miles

Published mean annual streamflow: 64,340 acre-feet, 8 years

Annual suspended-sediment-load estimation technique: Graphical fit

Estimated Estimated
annual annual
suspended- suspended-
Water Annual sediment Water Annual sediment
year streamflow load year streamflow load
(acre-feet) (tons) (acre-feet) (tons)
1967 61,560 1,020,000 1977 29,440 375,000
1968 37,110 165,000 1978 24,700 222,000
1969 46,230 2,130,000 1979 45,150 744,000
1970 26,580 16,500 1980 54,620 498,000
1971 18,250 6,000 1981 131,000 10,600,000
1972 14,920 52,400 1982 50,330 278,000
1973 41,760 231,000 1983 127,400 1,270,000
1974 10,770 1,230 1984 52,020 60,000
1975 8,460 4,810
1976 8,910 26,800
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