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FOREWORD

The mission of the U.S. Geological Survey (USGS) is to assess the quantity and quality of the earth resources
of the Nation and to provide information that will assist resource managers and policymakers at Federal, State, and
local levels in making sound decisions. Assessment of water-quality conditions and trends is an important part of
this overall mission.

One of the greatest challenges faced by water-resources scientists is acquiring reliable information that will
guide the use and protection of the Nation’s water resources. That challenge is being addressed by Federal, State,
interstate, and local water-resource agencies and by many academic institutions. These organizations are collecting
water-quality data for a host of purposes that include: compliance with permits and water-supply standards;
development of remediation plans for a specific contamination problem; operational decisions on industrial,
wastewater, or water-supply facilities; and research on factors that affect water quality. An additional need for
water-quality information is to provide a basis on which regional- and national-level policy decisions can be based.
Wise decisions must be based on sound information. As a society we need to know whether certain types of water-
quality problems are isolated or ubiquitous, whether there are significant differences in conditions among regions,
whether the conditions are changing over time, and why these conditions change from place to place and over time.
The information can be used to help determine the efficacy of existing water-quality policies and to help analysts
determine the need for and likely consequences of new policies.

To address these needs, the Congress appropriated funds in 1986 for the USGS to begin a pilot program in
seven project areas to develop and refine the National Water-Quality Assessment (NAWQA) Program. In 1991, the
USGS began full implementation of the program. The NAWQA Program builds upon an existing base of water-
quality studies of the USGS, as well as those of other Federal, State, and local agencies. The objectives of the
NAWQA Program are to:

* Describe current water-quality conditions for a large part of the Nation’s freshwater streams, rivers, and aquifers.
» Describe how water quality is changing over time.
* Improve understanding of the primary natural and human factors that affect water-quality conditions.

This information will help support the development and evaluation of management, regulatory, and monitoring
decisions by other Federal, State, and local agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being achieved through ongoing and proposed investigations of 59
of the Nation’s most important river basins and aquifer systems, which are referred to as study units. These study
units are distributed throughout the Nation and cover a diversity of hydrogeologic settings. More than two-thirds
of the Nation’s freshwater use occurs within the 59 study units and more than two-thirds of the people served by
public water-supply systems live within their boundaries.

National synthesis of data analysis, based on aggregation of comparable information obtained from the study
units, is a major component of the program. This effort focuses on selected water-quality topics using nationally
consistent information. Comparative studies will explain differences and similarities in observed water-quality
conditions among study areas and will identify changes and trends and their causes. The first topics addressed by
the national synthesis are pesticides, nutrients, volatile organic compounds, and aquatic biology. Discussions on
these and other water-quality topics will be published in periodic summaries of the quality of the Nation’s ground
and surface water as the information becomes available.

This report is an element of the comprehensive body of information developed as part of the NAWQA
Program. The program depends heavily on the advice, cooperation, and information from many Federal, State,
interstate, Tribal, and local agencies and the public. The assistance and suggestions of all are greatly appreciated.

Robert M. Hirsch
Chief Hydrologist
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Water-Quality Assessment of the South Platte
River Basin, Colorado, Nebraska, and
Wyoming—Environmental Setting and

Water Quality of Fixed Sites, 1993-95

By David W. Litke and Robert A. Kimbrough

ABSTRACT

In 1991, the U.S. Geological Survey
(USGS) began full-scale implementation of the
National Water-Quality Assessment (NAWQA)
Program, with the objectives of describing the
status and trends in the quality of a large, repre-
sentative part of the Nation’s surface- and ground-
water resources and of providing a sound scien-
tific understanding of the primary natural and
human factors affecting the quality of these
resources. The South Platte River Basin was
among the first 20 NAWQA study units selected
for study under the full-scale implementation
plan. Twelve fixed sites were established on
streams in the South Platte River Basin to provide
data to support the objectives of the NAWQA
study. The sites were selected to represent forest
land use (three sites), agricultural land use
(three sites), urban land use (three sites), mixed
urban/agricultural land use (two sites), and range-
land use (one site). This report describes the envi-
ronmental setting and hydrologic conditions at
the sites, summarizes monthly data collected at
the sites, discusses the effects of land use on
concentrations, evaluates historical trends in
concentrations at selected sites, and presents esti-
mates of stream loads for selected constituents.

The 12 fixed sites were sampled monthly
from March 1993 to September 1995. Constitu-
ents determined from monthly sampling included
field measurements and concentrations of major
constituents, organic carbon, nutrients, and
suspended sediment. Concentration data were

compared to stream standards as points of refer-
ence for water quality. There were occasional
occurrences of constituent concentrations
exceeding chronic stream-segment standards for
sulfate, iron, nitrite, and un-ionized ammonia.
However, there were more common exceedances
of chronic standards for manganese at one forest
site, two urban sites, and one mixed urban/agri-
cultural site. The U.S. Environmental Protection
Agency (USEPA) recommended limit for total
phosphorus concentrations in streams (0.1 milli-
gram per liter) for the control of eutrophication
was exceeded at all urban, agricultural, and mixed
urban/agricultural sites and at one forest site; the
minimum measured phosphorus concentration at
most of these sites also exceeded the recom-
mended limit.

Land use was a statistically significant
classifying variable for all of the water-quality
constituents. For some constituents (specific
conductance, water temperature, dissolved solids,
and sodium), each land use was significantly
different from all others. For other constituents
(for example, nitrite plus nitrate), there were as
few as two significant classes. Water quality
generally was best (significantly smaller median
concentrations) for rangeland and forest land use.
Mixed urban/agricultural land use had the poorest
water quality (significantly larger median concen-
trations) among the land uses sampled, which was
attributed to the combined inputs of urban and
agricultural land use.

Abstract 1



Seasonal Kendall trend tests on combined
USGS and USEPA data for 1963-96 detected
downward trends in salinity at sites along the
South Platte River, whereas nitrate concentrations
had upward trends. Streamflow had upward
trends at sites along the river, but the salinity
and nitrate concentration trends still were
significant after being adjusted for variability in
streamflow.

Daily loads were estimated at the fixed
sites for dissolved solids, total nitrogen, total
phosphorus, and suspended sediment for March
1993 to September 1995. Loads were largest at
South Platte River near Kersey, Colorado,
where streamflow also was largest; mean annual
loads at this site for water years 1994-95 were
810,000 tons of dissolved solids, 510,000 tons of
suspended sediment, 880 tons of total phos-
phorus, and 6,400 tons of total nitrogen. The
downstream pattern of mean annual loads along
the South Platte River was similar for the four
constituents; loads increased from Denver to
Kersey, Colorado, and decreased from Kersey to
North Platte, Nebraska.

INTRODUCTION

In 1991, the U.S. Geological Survey (USGS)
began full-scale implementation of the National
Water-Quality Assessment (NAWQA) Program. The
objectives of the NAWQA Program are to describe the
status and trends in the quality of a large, representa-
tive part of the Nation’s surface- and ground-water
resources and to provide a sound scientific under-
standing of the primary natural and human factors
affecting the quality of these resources (Leahy and
others, 1990). The South Platte River Basin was
among the first 20 NAWQA study units selected for
study under the full-scale implementation plan
(Dennehy, 1991).

Fixed sites are an integral element of the
surface-water design for NAWQA study units
(Gilliom and others, 1995). They are sites on streams
where streamflow is measured and samples are
collected monthly to assess the broad-scale spatial and
temporal character and the transport of inorganic
constituents of stream water in relation to environ-

mental setting and hydrologic conditions. Twelve
fixed sites were established in the South Platte River
Basin and were sampled from March 1993 to
September 1995. Data were collected on water-
column chemistry (discussed in this report); on
organic compounds and trace elements in streambed
sediment and fish tissue (Tate and Heiny, 1996;
Heiny and Tate, 1997); on algal, benthic-invertebrate,
and fish communities (Tate and Heiny, 1995); and on
aquatic habitat (C.M. Tate, U.S. Geological Survey,
oral commun., 1997).

Purpose and Scope

This report (1) describes the environmental
setting at the 12 fixed sites in the South Platte River
Basin, (2) summarizes water-quality concentration
data collected at the fixed sites during the study
period, (3) discusses the effects of land use on concen-
trations at the fixed sites, (4) evaluates historical
trends in concentrations at selected sites, and
(5) presents estimates of stream loads for selected
constituents. The descriptions of environmental setting
focus primarily on land use and on hydrologic condi-
tions at the sites—characterization of land use for a
site requires some knowledge of the source of water at
that site. The presentation of data focuses on those
constituents collected as part of regular monthly
sampling; namely, field measurements and concentra-
tions of major constituents, organic carbon, nutrients,
and suspended sediment (table 1). The discussion on
the effect of land use on concentrations examines the
variability of water quality between and within land
uses. Historical trends in concentrations at five
selected sites on the South Platte River are analyzed
by combining NAWQA data with data from other
agencies that are available through the U.S. Environ-
mental Protection Agency Storage and Retrieval
System (STORET). Daily stream loads during March
1993 to September 1995 are estimated for dissolved
solids, total nitrogen, total phosphorus, and suspended
sediment, and loads are compared between sites.

Description of South Platte River Basin
The South Platte River Basin (fig. 1) hasa

drainage area of about 24,300 mi2; 79 percent of the
basin is in Colorado, 15 percent is in Nebraska, and

2  Water-Quality Assessment of the South Platte River Basin, Colorado, Nebraska, and Wyoming—Environmental Setting and
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Table 2. Selected site characteristics for the fixed sites in the South Platte River Basin

[USGS, U.S. Geological survey; miZ, square miles; ft3/s, cubic feet per second; ft/s, feet per second; ft/mi, feet per mile; ft, feet; --, no data]

Site . Drainage . . Pre- Fixed-
number Site name USGS number II;?;:':; arezag Phﬁ:ﬁ;i’;h'c Bi‘;;?k dominant  site
(fig. 1) (mi<) land use  type
1 Cherry Creek at Denver, Colorado 06713500  39° 44’ 58” 409  Great Plains Sedimentary Urban Indicator
105° 00" 08”
2 South Platte River at Denver, Colorado 06714000 39° 45’ 35” 3,861 Great Plains Sedimentary Urban Indicator
105° 00" 10”
3 Clear Creek at Golden, Colorado 06719505  39°45" 11”7 400  Southern Rockies Crystalline Forest Indicator
105° 14’ 05”
4 South Platte River at Henderson, 06720500  39°55"19” 4,713 Great Plains Sedimentary Urban Indicator
Colorado 104° 527 00"
5 St. Vrain Creek at mouth, near 06731000  40° 15"29” 976  Great Plains Sedimentary Urban/ Integrator
Platteville, Colorado 104° 52" 45”7 agricultural
6  Big Thompson River below Moraine ~ 402114105350101  40° 21" 14” 39  Southern Rockies Crystalline Forest Reference
Park, near Estes Park, Colorado 105° 35" 01”7
7 Cache la Poudre River at mouth of 06752000  40° 39" 52”7 1,056  Southern Rockies Crystalline Forest Indicator
canyon, near Fort Collins, Colorado 105° 13" 26"
8 Lonetree Creek at Carr, Colorado 06753400  40° 53" 54” 167  Great Plains Sedimentary Rangeland Indicator
104° 527 03”
9 Lonetree Creek near Greeley, Colorado 06753990  40° 26" 33" 567  Great Plains Sedimentary Agricultural Indicator
104° 35" 18”
10 South Platte River near Kersey, 06754000  40° 24" 44” 9,598 Great Plains Sedimentary Urban/ Integrator
Colorado 104° 33" 46” agricultural
11 South Platte River at Cooper Bridge, 06759910  40°21’23” 16,852  Great Plains Sedimentary Agricultural Indicator
near Balzac, Colorado 103° 317307
12 South Platte River at North Platte, 06765500  41°07°05” 24,300  Great Plains Sedimentary Agricultural Indicator
Nebraska 100° 467 227
Mean Median Stream Mean Percent Pre-
Site name streamflow’ velocity2 gradient Stream type Sinuosity3 width open Ba_n.k dominant
() (fs)  (fUmi) (f) canopy?® SO’ Cipctrate
Cherry Creek at Denver, Colorado 28 1.47 27.4 Channelized 1.07 32 53 4.0 Sand
South Platte River at Denver, Colorado 400 1.36 18.9 Channelized 1.04 122 61 4.0 Sand
Clear Creek at Golden, Colorado 233 2.02 57.2 Meandering 1.02 42 57 3.1 Cobble
South Platte River at Henderson, Colorado 610 143 6.72 Meandering 1.13 109 80 34 Cobble
St. Vrain Creek at mouth, near 322 2.00 598 Meandering 1.23 74 88 29 Gravel
Platteville, Colorado
Big Thompson River below Moraine Park, - -- 410 Meandering 1.20 -- -- -- --
near Estes Park, Colorado
Cache la Poudre River at mouth of canyon, 366 1.14 29.1 Meandering 1.36 100 72 3.1 Cobble
near Fort Collins, Colorado
Lonetree Creek at Carr, Colorado 0.5 0.45 35.1 Meandering 1.38 10 64 38 Gravel/cobble
Lonetree Creek near Greeley, Colorado 15 1.43 23.2 Straight 1.36 12 100 2.8 Sand
South Platte River near Kersey, Colorado 1,330 2.19 6.19 Meandering 1.14 122 72 2.3 Gravel
South Platte River at Cooper Bridge, near 891 1.66 7.83  Braided 1.17 302 81 2.7 Sand
Balzac, Colorado
South Platte River at North Platte, 719 - 8.04  Braided 1.06 177 83 32 Sand
Nebraska

For period of study, March 1993—September 1995.

"Median of mean velocity at time of site visits during period of study, March 1993-September 1995.

3River distance divided by straight-line distance; a value of 1.00 is a straight line.

4Expressed as percent of open viewing angle; 100 percent indicates no canopy.

SRated on a scale from 1 (signifying less than 25 percent of banks are covered with vegetation or gravel or larger material) to 4 (signifying more than 80
percent of banks are covered with vegetation or gravel or larger material).
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More than 34 riparian and instream habitat
characteristics (Meador and others, 1993) were
measured at NAWQA fixed sites to document the local
stream environment in which the local biota (algae,
macroinvertebrates, and fish) live. Several of the
habitat characteristics also could relate to stream water
quality and are listed in table 2. For example, median
velocity, stream gradient, bank stability, and predomi-
nant substrate are all related to the power of a stream
to transport suspended loads of sediment and nutri-
ents. Analysis of NAWQA data has determined signif-
icant relations between stream water quality and
habitat characteristics (C.M. Tate, U.S. Geological
Survey, oral commun., 1997).

Hydrologic conditions can have a substantial
effect on water quality due to the quantity of water in
rivers. Increased streamflow can improve water
quality by dilution, but increased flow also can impair
water quality by mobilizing and transporting addi-
tional material. Streamflow statistics for the study
period for the fixed sites (table 3) indicated that
streamflow varied substantially from year to year.
Data in this table are summarized by water year, which
begins in October; water year 1993, for example,
includes October 1, 1992, through September 30,
1993. Compared with the 20-year (1976-95) mean

streamflow, flow at the fixed sites averaged 69 percent
of the mean during water year 1993, 56 percent of the
mean during water year 1994, and 180 percent of the
mean during water year 1995. Water year 1993 had
substantially less than normal flows mostly at plains
sites, whereas water year 1994 had less than normal
flows at mountain and plains sites. Water year 1995
had a large snowpack in the mountains in addition to a
rainy May in the plains, which resulted in flooding in
both environments and in the largest sustained 60-day
flows of record at many of the fixed sites.

Hydrologic conditions also can affect water
quality due to changing sources of water. In the South
Platte River Basin, as in other parts of the arid West,
water is routed through a variety of artificial structures
to meet water demands of cities and agricultural users.
As a result, the contributing sources of water at a fixed
site can vary daily, with each source being affected by
different land uses, and characterization of the land
use at a site requires information about the various
water sources. Because water is removed from the
entire length of the river, water at a site often is
derived more from local sources than from upstream
sources, resulting in local land use being more impor-
tant than basinwide land use.

Water-Quality Assessment of the South Platte River Basin, Colorado, Nebraska, and Wyoming—Environmental Setting and
Water Quality of Fixed Sites, 1993-95
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Cherry Creek at Denver, Colorado

Cherry Creek originates on the southern border of
the South Platte River Basin (fig. 3) and flows northward
through rangeland, valley-bottom hay fields, and occa-
sional low-density residential developments before
entering Cherry Creek Reservoir, located on the southern
edge of the Denver, Colorado, metropolitan area. Down-
stream from the reservoir, Cherry Creek flows through
predominantly urbanized land before flowing into the
South Platte River in downtown Denver. The fixed site is
located 0.5 mi upstream from the confluence with the
South Platte River.

Cherry Creek flows through the Great Plains phys-
iographic province. The basin is underlain by lower
Tertiary to Upper Cretaceous sandstone and shale of the
Denver Formation, which occasionally crop out in the
streambed, but alluvium and coltuvium as much as 200 ft
thick overlie most of the basin.

The active channel of Cherry Creek is incised
about 15 ft below the land surface and is channelized
through most of the lower basin. The stream in the 5-mi
reach just downstream from the reservoir generally flows
through wetlands and parks and is constrained by natural
banks. The stream in the 5-mi reach just upstream from
the fixed site is constrained by retaining walls at a level
about 15 ft below street level. The retaining walls create
an artificial canopy cover for the creek, allowing sunlight
to reach the water only about 50 percent of the time.
Residential construction; channel improvements,
including bike-path construction; and the construction of
a highway underpass adjacent to the channel were done
during the study period. Because the stream channel has
been modified by man, the sinuosity (1.07) is among the
lowest of the sites, and the bank stability (4.0) is among
the largest of the sites (table 2).

Land use in the entire 409-mi’ Cherry Creek
Basin upstream from the fixed site at Denver, Colorado,
is 40 percent rangeland, 30 percent agricultural, 15
percent urban, 5 percent forest, and 10 percent other
(Fegeas and others, 1983) (fig. 3). However, most of the
water at the fixed site originates in the 23-mi’ lower
basin located downstream from Cherry Creek Reservoir
(area of blowup in fig. 3). Land use in this part of the
basin is almost entirely urban and is categorized as
48 percent residential, 18 percent commercial and indus-
trial, 18 percent other urban land, and 16 percent other
land use (Rodrigo, 1994). Much of the lower basin is
covered with impermeable urban materials, and
numerous urban drainage pipes discharge into the creek.
The site is representative of urban land use.

Although Cherry Creek downstream from Cherry
Creek Reservoir is classified for recreational use
(secondary contact), water supply, and agricultural use,
water from Cherry Creek is not removed for offstream
use. However, ground water is pumped from the allu-

vium for drinking water. Surface-water rights to Cherry
Creek are appropriated, but diversion points are located
farther downstream along the main stem of the South
Platte River.

Mean streamflow at Cherry Creek at Denver,
Colorado, during the study period was 28 ft3/s (table 2);
annual mean streamflows were less than the 20-year
mean during water years 1993 and 1994 and greater than
the 20-year mean during water year 1995 (table 3). The
daily mean streamflow hydrograph for this site (fig. 3)
shows that daily mean streamflows were fairly uniform,
except when interrupted by short-term peaks caused by
runoff from storms. Runoff from storms (rain storms and
snowstorms) can occur throughout the year, and precipi-
tation in the urban area in excess of about 0.1 in. can
cause Cherry Creek to rise suddenly. During these
storms, water in Cherry Creek changes from clear to
black in color, and floating urban detritus (such as plastic
containers and lawn clippings) is abundant. The lack of
corresponding increased releases from Cherry Creek
Reservoir during storms indicated that stormwater was
derived almost entirely from the lower basin.

Releases from Cherry Creek Reservoir during the
study period (fig. 3) contributed about 30 percent of the
flow at the fixed site during February through July, but
only about 10 percent of the flow from August through
January. About 5 percent of the flow at the site was
contributed by a small wastewater-treatment plant
located in the lower basin that has a yearly discharge of
about 1 Mgal/d (1.5 ft3/s). On almost all days during the
study period, most of the flow at the site was derived
from urban base flow or urban storm runoff. Flow
measurements along the creek that were done as part of
the NAWQA studies during low-flow periods in 1993
and 1994 indicated that urban base flow consists prima-
rily of water from the wastewater-treatment plant,
discharge from the surrounding alluvial aquifer, and
water discharged from urban drainage pipes, which
also is mostly pumped or intercepted ground water
(D.W. Litke, U.S. Geological Survey, unpublished data).

Forty-three water-quality samples were collected
during the study period at Cherry Creek at Denver, Colo-
rado (fig. 3). The range in flow conditions was well
represented; the minimum flow sampled was 7.9 ft3/s,
and the maximum flow sampled was 1,650 ft3/s. Samples
sometimes were collected during flows considerably
larger than the daily mean flow (fig. 3); these are storm
samples that were sampled near the peak flow, which
may only last for a few hours. About 15 samples were
collected during urban storm runoff.
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Table 6. Summary of water quality for major land-use categories

[Letter indicates significantly different median concentration as determined by using Tukey multiple comparison test at significance level of 0.05; A represents
highest value or concentration, successive letters correspondingly smaller median concentrations]

Land use
Water-quality constituent Urban Mixe.d urban/ Agricultural Forest Rangeland
agricultural
Field measurements
Water temperature (hourly for 1 year) A B C E D
Dissolved oxygen C BC AB A AB
pH C BC A D D
Specific conductance C B A E D
Laboratory analyses
Major constituents:
Dissolved solids C B A E D
Major ions and metals:
Calcium C B A D C
Chloride A B A D C
Fluoride AB A B C D
Iron B C D A BC
Magnesium B A A C B
Manganese A AB C ABC BC
Potassium B B A C B
Silica C CD B D A
Sodium C B A E D
Sulfate C B A D D
Organic carbon:
Suspended B A AB C C
Dissolved A A A B B
Nutrients:
Nitrogen:
Total organic nitrogen plus ammonia A A B C C
Dissolved organic nitrogen plus ammonia A A B C C
Ammonia A A B C C
Nitrite A A B C C
Nitrite plus nitrate A A A B B
Suspended nitrogen (calculated) A A A B B
Total nitrogen (calculated) A A A B B
Phosphorus:
Total A A B C C
Total dissolved A A B C C
Orthophosphate A A B C C
Suspended phosphorus (calculated) A A A B B
Suspended sediment B A A C B
unique water-quality group (in table 6, forest land use manganese (as discussed in the “Concentrations”
usually does not share letters with other land uses), section of this report), corresponding to the
except for nutrients, where forest land use often magnitude of wastewater-treatment-plant discharges
grouped with rangeland. Although forest land and mining land use upstream from the three forest
use generally formed a unique water-quality group, land-use fixed sites. Dissolved-solids and suspended-
substantial differences in concentrations occurred sediment concentrations also varied within forest
within forest land use for nutrients and iron plus land use, corresponding to the level of development in
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the three basins. These differences indicated that
secondary land uses had a substantial effect on water
quality at forest land-use sites.

Urban land use had the largest median concen-
trations or values (or was tied for the largest concen-
trations or values) for 16 constituents (table 6), but
only 1 constituent (water temperature) was uniquely
largest in urban land use. Urban land use often
grouped with mixed urban/agricultural land use,
which indicated that the urban contribution to mixed
urban/agricultural land use was substantial. Most of
the variability within urban land use (see figs. 18 and
19) occurred for concentrations of nutrients, dissolved
iron plus manganese, and dissolved organic carbon,
and the differences corresponded to the magnitude of
inputs from wastewater-treatment plants upstream
from the three urban land-use fixed sites. These differ-
ences indicated that wastewater-treatment-plant
discharges were a substantial factor in determining
urban water quality.

Agricultural land use had the largest median
concentrations or values (or was tied for the largest
concentrations or values) for 17 constituents (table 6).
Agricultural land use was a unique group for 10
constituents, and had the largest median concentra-
tions or values for seven of these (pH, specific conduc-
tance, dissolved solids, calcium, potassium, sodium,
and sulfate). Agricultural land use was tied with mixed
urban/agricultural land use for the largest concentra-
tions of suspended sediment, and because urban land
use had smaller concentrations, it may be assumed that
agricultural land use was the primary source of
suspended sediment. There was substantial variability
in concentrations within agricultural land use.
Concentrations of most constituents (figs. 18 and 19)
were largest at Lonetree Creek near Greeley, Colo-
rado; second largest at South Platte River at Cooper
Bridge, near Balzac, Colorado; and smallest at South
Platte River at North Platte, Nebraska. Local land use
is similar at these sites, but the hydrology is quite
different. The agricultural fixed site on Lonetree Creek
derives all of its water from local agricultural sources.
The fixed sites on the South Platte River near Balzac
and at North Platte derive substantial water from local
agricultural return flows, but also derive water from
mixed urban/agricultural land-use areas further
upstream. Also, the agricultural return flows to the
sites on the South Platte River primarily are ground-
water return flows, so the resultant water quality is
affected by regional aquifer water quality and by

processes that change ground-water quality as it
migrates from fields to the river.

Mixed urban/agricultural land use had the
largest median concentrations (or was tied for the
largest concentrations) for 17 constituents (table 6).
Overall, mixed urban/agricultural land use had larger
median concentrations (more A’s and B’s in table 6)
than any other land use. The relatively poor water
quality in this land use is due to the combined effects
of urban and agricultural land use. Variability of
concentrations within this land use was small (figs. 15,
18, and 19), which indicated that the integration of
combined land uses produces similar water quality in a
medium-sized (St. Vrain Creek at mouth, near Plat-
teville, Colorado) and a large-sized (South Platte River
near Kersey, Colorado) basin.

Temporal Trends in Concentrations

Long-term temporal trends in concentrations
can be evaluated at fixed sites by combining NAWQA
data with earlier data collected by the USGS and other
agencies. The most commonly sampled fixed sites are
those along the South Platte River (Denver, Hend-
erson, Kersey, and Balzac in Colorado and North
Platte in Nebraska), and data for these sites from about
1950 are available from the USEPA Storage and
Retrieval (STORET) system. However, not all sites
have data from 1950, and some sites have gaps in the
record; for this comparison, 1963-96 was selected
because these years had the best data overlap between
sites. Sufficient data for trend analysis are available
only for several commonly analyzed constituents,
namely dissolved oxygen, specific conductance, hard-
ness, chloride, sulfate, nitrate, and total phosphorus.
The USGS data for total phosphorus for 1980-81 were
excluded from this analysis because of a positive bias
identified in the analytical results from that time
period.

The seasonal Kendall test was used to detect
trends. This nonparametric test is applicable to water-
quality data because it is suitable for data that are not
normally distributed and because it accounts for
seasonal variability in data by only comparing data
collected during the same season. A computer
program developed by the USGS called EStimate
TREND (ESTREND) (Schertz and others, 1991) was
used to compute the test statistics. This program also
has the capability of adjusting concentrations for
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streamflow before performing the trend tests, which
can reduce variability due to such factors as climatic
conditions (wet years and dry years) and sampling bias
(an unbalanced focus on high or low streamflows). A
level of significance of 0.05 was selected to evaluate
the results of the trend tests; that is, the test will be
correct 95 percent of the time in indicating no trend
when there actually is no trend.

The results of the seasonal Kendall test for
trends are listed in table 7. Three fixed sites on the
South Platte River (sites at Henderson, Colorado, near
Kersey, Colorado, and at North Platte, Nebraska) had a
significant upward trend in instantaneous flow (flow
measured at time of sample collection). A data set of
monthly mean streamflows for 1963-96 also was
tested for trends for comparison with the results from
instantaneous flows, and an upward trend in flow was
detected at all five sites along the South Platte River.
Increasing flows in the South Platte River Basin prob-
ably are due to increasing amounts of water imported
into the basin via transmountain diversions.

Most water-quality constituents had statistically
significant trends. The results of trend testing were the
same for flow-adjusted data and non-flow-adjusted
data, except that the magnitude of change was larger
for the non-flow-adjusted data. Upward trends in
dissolved-oxygen concentrations occurred at the fixed
sites at Denver, Colorado, and at North Platte,

Nebraska, whereas no trend occurred at Henderson,
Colorado (table 7). Upward trends for dissolved
oxygen might be due to improved wastewater-
treatment processes or to a decrease in wastewater
discharges to streams. There was a downward trend in
specific conductance at upstream sites (Denver, Hend-
erson, and Kersey in Colorado), but no trend or an
upward trend at downstream sites (near Balzac, Colo-
rado, and at North Platte, Nebraska). Constituents that
contribute to specific conductance (hardness, chloride,
and sulfate) also had downward trends, except for an
upward trend in chloride near Balzac. Because these
trends occur for flow-adjusted data, the results may
indicate that the sources of these constituents have
declined, except in the lower river where salinity prob-
lems may be on the increase. Nitrate concentrations
had upward trends at all sites along the river from
Henderson downstream to North Platte (insufficient
data were available to test for a nitrate trend at
Denver). Increasing nitrate concentrations were partic-
ularly evident near Balzac (table 7 and fig. 21), where
the increase was about 4 percent per year. The increase
in nitrate concentrations might be due to increasing
concentrations from wastewater-treatment plants as
nitrification facilities are installed or from increased
nitrates from agricultural sources through irrigation
return flows. There were no trends for total phos-
phorus concentrations (table 7).

Table 7. Historical trends in selected water-quality constituents at the fixed sites along the South Platte River, 1963-96

[Significant trends determined by use of seasonal Kendall test at significance level of 0.05; f, upward trend; U, downward trend; <, no trend; e, insufficient
data for trend test]

Result of seasonal Kendall trend test for constituent

Monthly

Site name mean Instantaneous  Dissolved Specific Hardness Chloride Sulfate Nitrate Total
streamflow streamflow oxygen conductance phosphorus

South Platte River at i . 1] J . . . . .
Denver, Colorado

South Platte River at ) ) = U U U = ) =
Henderson, Colorado

South Platte River ) ) . U U . U ) =
near Kersey, Colorado

South Platte River at ) . . = U ) U f =
Cooper Bridge,
near Balzac, Colorado

South Platte River at T ] m ) . . . ) .
North Platte,
Nebraska
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Figure 21. Concentrations of dissolved nitrate at South Platte River at Cooper Bridge, near Balzac, Colorado, 1963-96.

Loads

Daily loads for dissolved solids, total nitrogen,
total phosphorus, and suspended sediment were esti-
mated for 11 of the 12 fixed sites for the study period
(March 1993 to September 1995) using daily mean
streamflow data and constituent-concentration data
from the fixed-site sampling. Daily loads were calcu-
lated by multiplying daily mean streamflow by a
constituent concentration estimated for each day.
Concentrations were estimated for each day by using a
linear time-based interpolation between concentra-
tions on sampled dates, modified by discharge-based
interpolation during storms. Daily loads were summed
for October 1993 through September 1995 so that a
mean annual load could be calculated for the 2 water
years (table 8). Mean annual loads for the four constit-
uents were smallest at Lonetree Creek at Carr,
Colorado, where mean streamflow was smallest
during the study period (table 2); and mean annual
loads for these constituents were largest where mean
streamflow was largest, at South Platte River near
Kersey, Colorado (810,000 tons of dissolved solids,
6,400 tons of total nitrogen, 880 tons of total phos-
phorus, and 510,000 tons of suspended sediment).

The downstream pattern of loads along the
South Platte River was similar for the four constitu-
ents; loads increased from Denver to Kersey, Colo-
rado, and decreased from Kersey to North Platte,
Nebraska. Between Kersey and North Platte, total-
nitrogen and total-phosphorus loads decreased by a
factor of about 5. Synoptic nutrient sampling along the
South Platte River has indicated that large proportions
of the nitrogen and phosphorus loads are removed
from the river by irrigation ditches, whereas smaller
loads are added to the river by ground-water discharge
to the river (Litke, 1996). Between Kersey and North
Platte, dissolved-solids loads decreased by a substan-
tially smaller factor (about 1.4) than did nitrogen and
phosphorus loads, which indicated that dissolved-
solids loads added to the river in this segment are large
compared to the inputs of nitrogen and phosphorus.

It is common to standardize loads between
basins by calculating basin yield, which is load
divided by contributing drainage area. However, this
standardization is not meaningful for most fixed sites
in the South Platte River Basin because diversion
ditches remove varying quantities of water and load
from the streams. It is more meaningful to compare
loads at pairs of fixed sites that have similar character-
istics. The sites at Cherry Creek at Denver, Colorado,
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Table 8. Mean annual loads at the fixed sites for selected water-quality constituents

[<, less than]

Mean annual load (water years 199495}

(tons)
Site name Total
Dissqlved Total r_|itrogen, phosphorus, Susp_ended
solids as nitrogen as phosphorus sediment

Cherry Creek at Denver, Colorado 15,000 78 11 5,600
South Platte River at Denver, Colorado 120,000 1,400 230 150,000
Clear Creek at Golden, Colorado 19,000 100 26 79,000
South Platte River at Henderson, Colorado 240,000 3,300 610 180,000
St. Vrain Creek at mouth, near Platteville, Colorado 170,000 1,100 170 170,000
Cache la Poudre River at mouth of canyon, 16,000 94 6 10,000

near Fort Collins, Colorado
Lonetree Creek at Carr, Colorado 180 <1 <1 24
Lonetree Creek near Greeley, Colorado 15,000 88 4 5,000
South Platte River near Kersey, Colorado 810,000 6,400 880 510,000
South Platte River at Cooper Bridge, 630,000 3,000 430 380,000

near Balzac, Colorado
South Platte River at North Platte, Nebraska 600,000 1,300 180 180,000

and Lonetree Creek near Greeley, Colorado, were
similar in magnitude of mean streamflow during

the study period [28 ft3/s and 15 ft3/s respectively
(table 2)]. Loads of dissolved solids, total nitrogen,
and suspended sediment at these two sites were quite
similar (table 8), which indicates that urban land use
(Cherry Creek) and agricultural land use (Lonetree
Creek) were both sources for these constituents. There
was about one-half as much water in Lonetree Creek
than in Cherry Creek, but concentrations of dissolved
solids, total nitrogen, and suspended sediment were
correspondingly larger in Lonetree Creek. Total-
phosphorus loads were twice as large at the urban site
than at the agricultural site, which indicates that urban
land use was a more important source of phosphorus.

Clear Creek at Golden, Colorado, and Cache la
Poudre River at mouth of canyon, near Fort Collins,
Colorado, are similar because both are forest sites.
Although mean streamflow during the study period
(table 2) was about 1.5 times larger at the Cache la
Poudre site than at the Clear Creek site, loads were
larger at the Clear Creek site than at the Cache la
Poudre site, particularly for total phosphorus (26 tons
and 6 tons, respectively) and for suspended sediment
(79,000 tons and 10,000 tons respectively). This
comparison illustrates the large differences in water
quality, which may be due to small differences in land

use. The Clear Creek site has 3.1 percent urban land
use (fig. 5) whereas the Cache 1a Poudre site has 0.3
percent urban land use (fig. 9). The Clear Creek site
also is affected by mining development, which is indi-
cated by the relatively large proportion of barren land
(1.1 percent) in the basin.

South Platte River near Kersey, Colorado, and
St. Vrain Creek at mouth, near Platteville, Colorado,
are similar because both sites are Integrator Sites
affected by urban and agricultural land use. Mean
streamflow during the study period (table 2) was about
4 times larger at the South Platte River site than at the
St. Vrain Creek site. Loads at the South Platte River
site were similarly larger than at the St. Vrain site for
dissolved solids (about 4.8 times larger), total nitrogen
(about 5.8 times larger), total phosphorus (about
5.2 times larger), and suspended sediment (3.0 times
larger). This comparison indicated that mixed
urban/agricultural land use produced proportionately
similar water quality in streams of quite different
sizes.

For three sites along the South Platte River,
daily loads for total nitrogen and suspended sediment
were summed by month to examine the seasonal vari-
ability in loads. Monthly total-nitrogen loads (fig. 22)
were fairly constant during 1993 and 1994 at the fixed
site at Denver, Colorado. Much of the nitrogen at this
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Figure 22. Monthly total-nitrogen loads at three fixed sites along the South Platte River, May 1993 through September

1995.

site is derived from the year-round discharges from
wastewater-treatment plants. During 1993 and 1994,
nitrogen loads at the site at North Platte and especially
at the site near Kersey, Colorado (fig. 22), had a
seasonal pattern similar to the seasonal pattern of
streamflow at those sites (figs. 12 and 14), with
streamflow and loads largest during the winter. This
indicates that loads are largest when irrigation ditches
do not remove upstream water from the river. During
the May-July 1995 rainfall-runoff event, nitrogen
loads increased substantially at all three sites. Total-
nitrogen loads during these 3 months accounted for an
average of 37 percent of the total-nitrogen load during
the entire 31-month study period at the fixed sites
along the South Platte River. The increase in load,
however, was substantially smaller than the increase in
streamflow at these sites during the runoff event,
which indicates that rainfall runoff may have contrib-
uted some additional nitrogen load to the river, but
some of the load increase might be attributed to
ditches closing during the event and allowing urban
nitrogen loads to pass downstream. Monthly load esti-
mates for dissolved solids indicated that loads during
May—July 1995 accounted for an average of

40 percent of the total dissolved-solids load during the

entire 3 1-month study period at sites along the South
Platte River, and load estimates for total phosphorus
indicated that 50 percent of the total load occurred
during this period. These larger percentages indicated
that rainfall-runoff contributions are larger for
dissolved solids and total phosphorus than for
nitrogen.

In contrast to total-nitrogen loads, monthly
suspended-sediment loads (fig. 23) generally were
largest during runoff events and small at other times,
which indicated that the principal sources of
suspended sediment were overland runoff and the
channel erosion that occurs during runoff events.
Suspended-sediment loads at the fixed site at Denver,
Colorado, were larger during 1994 than during 1993,
perhaps due to construction in the channel during
1994. Suspended-sediment loads during the May-July
1995 rainfall-runoff event accounted for an average of
83 percent of the total suspended-sediment load during
the entire 31-month study period at sites along the
South Platte River. This percentage is the largest
among the four constituents examined, which also
indicated the importance of runoff events as sources of
suspended sediment.
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Figure 23. Monthly suspended-sediment loads at three fixed sites along the South Platte River, May 1993 through September
1995.
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SUMMARY

In 1991, the U.S. Geological Survey (USGS)
began full-scale implementation of the National
Water-Quality Assessment (NAWQA) Program, with
the objectives of describing the status and trends in the
quality of a large, representative part of the Nation’s
surface- and ground-water resources and of providing
a sound scientific understanding of the primary natural
and human factors affecting the quality of these
resources. The South Platte River Basin was among
the first 20 NAWQA study units selected for study
under the full-scale implementation plan. Twelve fixed
sites were sampled from March 1993 to September
1995 as part of the NAWQA study. Constituents deter-
mined from monthly sampling include field measure-
ments and concentrations of major constituents,
organic carbon, nutrients, and suspended sediment.
This report describes the environmental setting at the
sites, summarizes water-quality concentration data,
discusses the effects of land use on concentrations,
evaluates historical trends in concentrations at selected
sites, and presents estimates of stream loads for
selected constituents.

Fixed sites are an integral element in the
surface-water design of the NAWQA Program. There

are two types of fixed sites. Integrator Sites are chosen
to represent water-quality conditions of rivers in heter-
ogenous large basins that are affected by complex
combinations of environmental settings. For the South
Platte River Basin, two Integrator Sites were selected
that represent mixed urban/agricultural land use. Indi-
cator Sites are chosen to represent water-quality
conditions of streams in relatively homogenous areas.
Four predominant environments exist in the South
Platte River Basin as determined by a stratification
scheme using physiographic province, geology, and
land use; one stratum predominates for each of the
four major Iand uses that occur in the basin. Three
Indicator Sites were selected to represent the agricul-
tural land-use stratum; three sites to represent the
urban Iand-use stratum; three sites to represent the
forest land use stratum; and one site to represent the
rangeland-use stratum.

Major anthropogenic features that occur
upstream from the fixed sites and might affect water
quality at the sites include wastewater-treatment-plant
discharges, transmountain water imports, water diver-
sions, rural development, mining, and agricultural
features such as cropland and feedlots. In the South
Platte River Basin, as in other parts of the arid West,
water can be routed through a variety of artificial
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structures to meet water demands of cities and agricul-
tural users. As a result, the contributing sources of
water at a fixed site can vary daily, with each source
being affected by different land uses, and characteriza-
tion of the land use at a site requires information about
the various water sources. Because water is removed
from the river all along its length, water at a site often
1s derived more from local sources than from upstream
sources, resulting in local land use being more impor-
tant than land use in the entire basin. Water discharge
from the alluvial aquifer to the river is important at
many sites because the aquifer is recharged by irriga-
tion return flows. Climate conditions varied during the
study period; the first 2 years of the study were dry
years, and streamflow at the sites was smaller than the
long-term (1976-95) mean (69 percent of the mean
during water year 1993 and 56 percent of the mean
during 1994). The last year of the study included an
unusually large snowmelt-runoff peak that was supple-
mented by large amounts of spring rainfall, which
resulted in higher than normal streamflow (180
percent of the long-term mean during 1995).

Water-quality samples were collected at each
fixed site during March 1993 to September 1995 as
part of regular monthly sampling or sampling of
runoff events. Data from quality-assurance sampling
(33 blank samples and 31 pairs of replicate samples)
indicated that results were accurate and precise.
Concentration data were compared to stream standards
as points of reference for water quality. There were
occasional occurrences of constituent concentrations
exceeding chronic stream-segment standards for
sulfate (one exceedance at an urban site), iron (one ata
forest site), nitrite (one at an urban site), and un-
ionized ammonia (three exceedances at urban sites).
However, there were more common exceedances of
chronic standards for manganese at one forest site, two
urban sites, and one Integrator Site. The USEPA
recommended limit for total phosphorus concentra-
tions in streams (0.1 mg/L) for the control of eutrophi-
cation was exceeded at all urban, agricultural, and
mixed urban/agricultural site, and at one forest site;
the minimum measured phosphorus concentration
exceeded the recommended limit at most of these
sites.

Boxplots of principal water-quality constituents
indicated differences in the distribution of concentra-
tion data among the sites. Statistical tests (Kruskal-
Wallis and Tukey’s multiple comparison) detected
significant differences in median values between sites.

Median water temperatures were highest at urban
sites. Specific conductance ard dissolved-solids
concentrations were largest at two sites representing
agricultural land use and smallest at the three sites
representing forest land use. Median specific conduc-
tance increased in the South Platte River in a down-
stream direction from Denver, Colorado, to Balzac,
Colorado, and then decreased between Balzac and
North Platte, Nebraska. Calcium and sulfate were the
predominant ions in water at agricultural sites. Water
from urban sites had more sodium plus potassium and
chloride than water from agricultural sites. Calcium
and bicarbonate predominated at the forested sites
(except the Clear Creek site) and the rangeland site.
Concentrations of iron plus manganese generally were
largest at forest and urban sites and smallest at agricul-
tural sites, but variation in land uses was large. Total
nitrogen concentrations were large in urban, mixed
urban/agricultural, and agricultural land uses and
small in forest and rangeland use. Suspended-sedi-
ment concentrations were largest for sites in agricul-
tural and mixed urban/agricultural land use and
smallest for sites in forest land use.

The NAWQA hypothesis that water quality is
different for different land uses was tested by
combining data for fixed sites according to land use
and then testing for significant differences. Land use
was a statistically significant classifying variable for
all of the water-quality constituents. For some constit-
uents (specific conductance, water temperature,
dissolved solids, and sodium), each land use was
significantly different from all others. For other
constituents (for example, nitrite plus nitrate), there
were as few as two significant groupings.

Water quality generally was best (significantly
smaller median concentrations) for rangeland and
forest land use. Although forest land use generally
formed a unique water-quality group, substantial
differences in concentrations occurred within the
forest land use that were attributed to differences in
the magnitude of wastewater-treatment-plant
discharges and mining land use upstream from the
three forest land-use fixed sites and to differences in
the level of development.

Urban land use had the largest median concen-
trations or values (or was tied for the largest concen-
trations or values) for 16 constituents, but only water
temperature was uniquely largest in urban land use;
generally urban land use was not significantly
different from mixed urban/agricultural land use. Most

58 Water-Quality Assessment of the South Platte River Basin, Colorado, Nebraska, and Wyoming—Environmental Setting and

Water Quality of Fixed Sites, 1993-95



of the variability within urban land use was attributed
to the magnitude of inputs from wastewater-treatment
plants upstream from the three urban land-use fixed
sites.

Agricultural land use had the largest median
concentrations or values (or was tied for the largest
concentrations or values) for 17 constituents. Agricul-
tural land use was a unique group for 10 constituents
and had the largest median concentrations or values
for 7 of these constituents (pH, specific conductance,
dissolved solids, calcium, potassium, sodium, and
sulfate). Agricultural land use was tied with mixed
urban/agricultural land use for the largest concentra-
tions of suspended sediment, and because urban land
use had smaller concentrations, agricultural land use
was assumed to be the primary source of suspended
sediment. There was substantial variability in
constituent concentrations within agricultural land use.
This variability was attributed to differing proportions
of water sources at the three agricultural sites.

Mixed urban/agricultural land use had the
poorest water quality (greatest number of large median
concentrations) among the land uses sampled, which
was attributed to the combined effects of urban and
agricultural land use. Variability of concentrations
within this land use was small, which indicated that
the integration of combined land uses produces similar
water quality in medium- and large-sized basins.

Historical concentration data (1963-96) from
USGS and USEPA data bases for fixed sites along the
South Platte River were analyzed for trends using the
seasonal Kendall test. The results indicated downward
trends in salinity at sites along the South Platte River,
whereas nitrate concentrations had upward trends.
Streamflow had upward trends at sites along the river,
but the salinity and nitrate concentration trends still
were significant after being adjusted for variability in
streamflow.

Daily loads were estimated at the fixed sites for
dissolved solids, total nitrogen, total phosphorus, and
suspended sediment for March 1993 to September
1995. Among the sites, loads were largest at South
Platte River near Kersey, Colorado, where streamflow
also was largest; mean annual loads at this site for
water years 1994-95 were 810,000 tons of dissolved
solids, 510,000 tons of suspended sediment, 880 tons
of total phosphorus, and 6,400 tons of total nitrogen.
The downstream pattern of mean annual loads along
the South Platte River was similar for the four constit-
uents; loads increased from Denver to Kersey, Colo-

rado, and decreased from Kersey to North Platte,
Nebraska. Between Kersey and North Platte, total-
nitrogen and total-phosphorus loads decreased by a
factor of about 5, whereas dissolved-solids loads only
decreased by a factor of 1.4. This difference was
attributed to smaller local inputs of nitrogen and phos-
phorus in this segment compared to inputs for
dissolved solids.
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