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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 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.
eImprove 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 60
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 60 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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CONVERSION FACTORS AND ABBREVIATIONS

Multiply By To obtain
acre 0.4047 hectare
cubic foot per second (ft*/s) 0.02832 cubic meter per second
cubic foot per second per mile [(ft3/s)/mi] 0.01676 cubic meter per second per kilometer
mile (mi) 1.609 kilometer
million gallons per day (Mgal/d) 0.04381 cubic meter per second
pound (Ib) 0.4536 kilogram
pound per day (1b/d) 0.1826 ton per year
square mile (mi%) 2.59 square kilometer
ton 0.9072 megagram
ton per year (ton/yr) 0.9072 megagram per year

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equation: |

°F = 9/5 (°C) + 32.

ADDITIONAL ABBREVIATIONS

mg/L milligram per liter

VI CONTENTS

maximum contaminant level



Sources and Loads of Nutrients in the South Platte River,
Colorado and Nebraska, 1994—95

By David W. Litke
ABSTRACT

The South Platte River Basin was one of
20 river basins selected in 1991 for investigation
as part of the U.S. Geological Survey’s National
Water-Quality Assessment (NAWQA) Program.
Nationwide, nutrients have been identified as one
of the primary nationwide water-quality concerns
and are of particular interest in the South Platte
River Basin where nutrient concentrations are
large compared to concentrations in other
NAWOQA river basins. This report presents esti-
mates of the magnitude of nutrient-source inputs
to the South Platte River Basin, describes nutrient
concentrations and loads in the South Platte River
during different seasons, and presents compari-
sons of nutrient inputs to instream nutrient loads.

Annual nutrient inputs to the basin were
estimated to be 306,000 tons of nitrogen and
41,000 tons of phosphorus. The principal nutrient
sources were wastewater-treatment plants, fertil-
izer and manure applications, and atmospheric
deposition.

To characterize nutrient concentrations and
loads in the South Platte River during different
seasons, five nutrient synoptic samplings were
conducted during 1994 and 1995. Upstream from
Denver, Colorado, during April 1994 and January
1995, total nitrogen concentrations were less than
2 milligrams per liter (mg/L), and total phosphorus
concentrations were less than 0.2 mg/L. The water
in the river at this point was derived mostly from
forested land in the mountains west of Denver.
Total nutrient concentrations increased through
the Denver metropolitan area, and concentration
peaks occurred just downstream from each of
Denver’s largest wastcwater-trecatment plants with
maximum concentrations of 13.6 mg/L total nitro-
gen and 2.4 mg/L total phosphorus. Nutrient con-
centrations generally decreased downstream from
Denver.

Upstream from Denver during April 1994
and January 1995, total nitrogen loads were less
than 1,000 pounds per day (Ib/d), and total
phosphorus loads were less than 125 1b/d. Total
nutrient loads increased through the Denver
metropolitan area, and load peaks occurred just
downstream from each of Denver’s largest waste-
water-treatment plants, with a maximum load of
14,000 1b/d total nitrogen and 2,300 Ib/d total
phosphorus. In April 1994, nutrient loads
generally decreased from Henderson, Colorado,
to North Platte, Nebraska. In January 1995,
however, nutrient loads increased from Henderson
to Kersey, Colorado (maximum loads of
31,000 1b/d total nitrogen and 3,000 Ib/d total
phosphorus), and then decreased from Iersey to
North Platte.

Seasonal nutrient loads primarily were
dependent on streamflow. Total nitrogen loads
were largest in June 1994 and January 1995 when
streamflows also were largest. During June,
streamflow was large, but nitrogen concentrations
were small, which indicated that snowmelt runoff
diluted the available supply of nitrogen. Total
phosphorus loads were largest in June, when
streamflow and phosphorus concentrations were
large, which indicated an additional source of
phosphorus during snowmelt runoff. Streamflow
along the South Platte River was smallest in April
and August 1994, and nutrient loads also were
smallest during these months.

The downstream pattern for nutrient loads
did not vary much by season. Loads were large
at Henderson, decreased between Henderson and
Kersey, and usually were largest at Kersey. The
magnitude of the decrease in loads between Hend-
erson and Kersey varicd between synoptics and
was dependent on the amount of water removed by
irrigation ditches. Nutrient loads leaving the basin
were very small compared to the estimated total
nutrient inputs to the basin.
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Streamflow balances indicated that the
South Platte River is a gaining river throughout
much of its length; streamflow-balance residuals
were as large as 15 cubic feet per second per mile.
Nutrient-load balances indicated that increases in
river nitrate loads were, in some places, due to
nitrification and, elsewhere, were due to the influx
of nitrate-enriched ground water to the river.
Nutrient-load balances also indicated that the
South Platte River was effluent-dominated from
Denver to about 60 miles downstream from
Denver.

INTRODUCTION

In 1991, the U.S. Geological Survey (USGS)
began to implement the full-scale National Water-
Quality Assessment (NAWQA) Program. The goals of
the NAWQA Program are to describe the status and
trends in the quality of a large, representative part of
the Nation’s surface- and ground-water resources and
to provide a sound, scientific understanding 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).

Nutrients are essential substances for plant
growth and were identified as one of the primary water-
quality concerns in the Nation. Nutrients are of partic-
ular interest in the South Platte River Basin because
they occur in large concentrations; a comparison of
historical nutrient-concentration data determined that
nitrate and phosphorus concentrations in the South
Platte River Basin were among the largest in the first
20 NAWQA study units (Mueller and others, 1995).

In water, nutrients are dissolved or can be
attached to suspended sediment, suspended organic
matter, and bottom materials. Because dissolved
nutrients can be rapidly assimilated by plants, their
concentrations in natural water usually are small.
Nutrients can be adsorbed to or released from sediment
or organic matter. Excessive concentrations of nutri-
ents in rivers, lakes, and reservoirs can accelerate the
growth of algae and other aquatic plants, causing prob-
lems such as clogged pipelines, fishkills, and restricted
recreation. Phosphorus generally is the controlling
factor for reservoir eutrophication, and the U.S. Envi-
ronmental Protection Agency (USEPA) has recom-

mended that total phosphorus concentrations be less
than 0.1 mg/L in rivers and less than 0.05 mg/L where
rivers enter lakes and reservoirs (U.S. Environmental
Protection Agency, 1986). The USEPA also has seta
maximum contaminant level (MCL) of 10 mg/L for
nitrate, as nitrogen, in drinking water (U.S. Environ-
mental Protection Agency, 1990).

Purpose and Scope

This report presents estimates of the magnitude
of nutrient-source inputs to the South Platte River
Basin, describes nutrient concentrations and loads in
the South Platte River during different seasons, and
presents comparisons of nutrient inputs to instream
nutrient loads. Nutrient samples were collected before
the irrigation season (April 1994), during the irrigation
season (May, June, and August 1994), and after the irri-
gation season (January 1995). Samples were collected
from among 41 sites located on the South Platte River
and its tributaries from Denver, Colorado, to North
Platte, Nebraska. Nitrogen and phosphorus species
are the nutrients discussed in this report and include
dissolved ammonium, dissolved nitrite, dissolved
nitrite plus nitrate, dissolved organic nitrogen, total
organic nitrogen, dissolved phosphorus, and total phos-
phorus. In this report, all nitrogen species are reported
as nitrogen, and all phosphorus species are reported as
phosphorus.
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DESCRIPTION OF BASIN

The South Platte River Basin (fig. 1) has a drain-
age area of about 24,300 mi?; 79 percent of the basin is
in Colorado, 15 percent is in Nebraska, and 6 percent is
in Wyoming (Dennehy, 1991). The South Platte River
originates in the mountains of central Colorado and
flows about 450 mi northeast across the Great Plains to
the confluence with the North Platte River at North
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nitrate concentrations also were large and increased
from Henderson to Kersey. Agricultural nonpoint
sources of nitrate occur in this area; the largest concen-
trations of nitrite plus nitrate measured as part of this
sampling occurred in small agricultural tributary
streams [23.0 mg/L at site 17, Lower Latham Drain at
La Salle, Colorado; 16.0 mg/L at site 22, Crow Creek
at mouth at Kuner, Colorado (table 3)]. These large
concentrations occurred in January 1995 when water
in these streams consisted primarily of ground-water
discharge from the underlying aquifer.

Dissolved nitrite averaged only 3 percent of the
concentration of dissolved nitrite plus nitrate at sites in
the South Platte River. Nitrite concentrations in the
South Platte River were largest downstream from
wastewater-treatment plants and decreased quickly
downstream as nitrite was oxidized to nitrate. Nitrite
concentrations in the South Platte River were smaller
than State of Colorado stream-segment standards
during the five synoptic samplings.

Total organic nitrogen composed an average
of 14 percent of the total nitrogen concentration at sites
along the South Platte River (figs. SBand 6B8). Concen-
trations were largest at Henderson and gradually
decreased downstrcam.

Dissolved-phosphorus concentrations in
the South Platte River (figs. SDand 6 D) generally were
larger from Denver to Balzac than the USEPA recom-
mended limit for control of eutrophication (0.1 mg/L).
Dissolved orthophosphate composed an average of
90 percent of the dissolved-phosphorus concentration.
Suspended-phosphorus concentrations were small and
composed an average of 20 percent of the total phos-
phorus concentration.

Upstream from Denver, total nitrogen concentra-
tions (figs. SBand 6B) were less than 2 mg/L, and total
phosphorus concentrations (figs. SDand 6 D) were less
than 0.2 mg/L. The water in the river upstream from
Denver was derived mostly from forested land in the
mountains. Total nutrient concentrations increased
through the Denver metropolitan area with concentra-
tion peaks just downstream from each of Denver’s larg-
est wastewater-treatment plants, and maximum
concentrations were 13.6 mg/L total nitrogen and
2.4 mg/L total phosphorus. Total nitrogen concentra-
tions then decreased from Henderson to Balzac, except
for a local peak near Kersey; total phosphorus
concentrations decreased from Henderson to Balzac.
From Balzac to North Platte, Nebraska, nutrient
concentrations varied little. Concentrations generally

were similar for the April 1994 and January 1995 syn-
optic samplings, except that concentrations upstream
from Balzac were larger in January than in April.

Load Variation

Total nitrogen and phosphorus loads in the
South Platte River during April 1994 are shown in
figures SC and SE, and loads for January 1995 are
shown in figures 6C and 6E. Loads calculated from a
single sample are instantaneous loads because they
represent a single point in time. In most of the river,
conditions do not change greatly in the course of a day,
so loads can be extrapolated to pounds per day (Ib/d),
which is the unit used in figures S and 6. A scale for
tons per year (tons/yr) also is depicted in figures 5 and
6 so that instream loads can be compared to nutrient-
source inputs, but extrapolation to this time scale is
Very approximate.

Upstream from Denver, total nitrogen loads
(figs. SC and 6C) were less than 1,000 Ib/d, and total
phosphorus loads (figs. SE and 6E) were less than
125 Ib/d. Total nutrient loads increased through the
Denver metropolitan area, and load peaks occurred
Just downstream from each of Denver’s largest waste-
water-treatment plants, with a maximum load of
14,000 Ib/d total nitrogen and 2,300 Ib/d total phospho-
rus. In April 1994, nutrient loads generally decreased
from Henderson to North Platte. In January 1995,
however, nutrient loads increased from Henderson to
Kersey (maximum loads of 31,000 Ib/d total nitrogen
and 3,000 Ib/d total phosphorus) and then decreased
from Kersey to North Platte.

Nutrient loads are the product of concentration
and streamflow, and streamflow variations were large
during April 1994 and January 1995 synoptics (figs. SA
and 6A). Surface-water inputs to the river were similar
during both synoptics: wastewater-treatment plants in
the Denver area added about 200 ft*/s to the river, and
three large tributary streams added about 400 ft*/s to
the river between Henderson and Kersey. The stream-
flow patterns depended primarily on which irrigation
diversions were active. Thirty-nine irrigation ditches
were active during April 1994 and removed a total
of 2,000 ft/s of water from the river. These small
diversion ditches were in operation primarily to satu-
rate the water table beneath ditches and to wet the soil
profile in fields. Most diversions were small (average
of 52 ft*/s) and occurred all along the river. The river
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maintains streamflow due to ground-water discharge
into the river. During January 1995, only nine ditches
were active, and they removed a total of 1,400 ft*/s of
water from the river. Most of the large ditches are
located downstream from Kersey and generally operate
from November through April to fill offstream irriga-
tion reservoirs. During January, no ditches were in
operation from Henderson to Kersey, so streamflow
increased throughout the reach.

Nitrogen-load patterns had the same general
shape as the streamflow patterns, which indicated that
water inputs to the river had nitrogen concentrations
similar to nitrogen concentrations already in the river.
However, the composition of the nitrogen load in the
river changed from equal proportions of ammonium
and nitrate near Henderson to a nitrate-dominated load
at and downstream from Kersey. Phosphorus-load
patterns did not match streamflow patterns as well,
especially downstream from Kersey, where phospho-
rus loads did not increase as streamflow increased.
This lack of increase indicated that water inputs to the
river have smaller phosphorus concentrations than the
concentrations already in the river.

Seasonal nutrient loads primarily also were
dependent on streamflow as indicated by data from the
five synoptic samplings conducted during 1994-95
(fig. 7). In this figure, loads are shown only for the
10 main-stem sites that were sampled during all five
synoptic samplings. Total nitrogen loads were largest
in June 1994 and January 1995 when streamflows also
were largest. During January, streamflow was moder-
ately large, whereas nitrogen concentrations were
large. During June, streamflow was large, whereas
nitrogen concentrations were small, which indicated
that snowmelt runoff diluted the available supply of
nitrogen. Total phosphorus loads were largest in June,
when streamflow and phosphorus concentrations were
both large, which indicated an additional source of
phosphorus during snowmelt runoff, most likely from
overland runoff or resuspension of bed material. This
conclusion is supported by the fact that, at Kersey dur-
ing June, about 70 percent of the phosphorus was in the
suspended phase, whereas in January, only 3 percent
was in the suspended phase. Data from NAWQA mon-
itoring sites in agricultural areas in the South Platte
River Basin (Ugland and others, 1994, 1995) also indi-
cated that particulate nutrients (suspended organic
nitrogen and suspended phosphorus) increased as
streamflow increased during runoff. Streamflow and

nutrient loads in the South Platte River generally were
smallest in April and August 1994.

The downstream pattern of nutrient loads did not
vary much between the five synoptic samplings (fig. 7).
During each of the five synoptic samplings, loads were
large at Henderson, decreased between Henderson and
Kersey, and usually were largest at Kersey. The mag-
nitude of the decrease in loads between Henderson and
Kersey varied between synoptic samplings and was
dependent on the amount of water removed by irriga-
tion ditches. During each of the five synoptic sam-
plings, loads decreased to low levels downstream from
Kersey. Nutrient loads at North Platte, Nebraska, did
not vary much between the five synoptic samplings
compared to loads at other sites. The median nitrogen
load at North Platte was 1,800 Ib/d, which is equivalent
to 340 tons/yr; and the median phosphorus load was
66 1b/d, or 12 tons/yr. These annual nutrient loads
leaving the basin were very small compared to the esti-
mated total nutrient inputs to the basin and were even
small compared to the wastewater-treatment-plant
inputs.

Sources of Instream Loads

The source of nutrient loads in the South Platte
River can be estimated through the use of nutrient-load
balances, which can be calculated for reaches along the
South Platte River by using the data collected during
the April 1994 and January 1995 synoptic samplings.
As a first step, streamflow balances for reaches along
the South Platte River were calculated by summing
surface-water outputs along a reach and subtracting
surface-water inputs along that same reach. Positive
streamflow-balance residuals were attributed to
ground-water discharge from the alluvial aquifer to the
river. Streamflow balances were only calculated for the
river downstream from river mile 80. Hourly flow
variability in the river upstream from this point was
large due to fluctuating wastewater-treatment-plant
discharges. These fluctuating discharges cause
ground-water-discharge rates to change in magnitude
and in direction of flow during the course of a day
(McMabhon and others, 1995). Also, during January
1995, the river was affected by ice cover and ice jams
downstream from river mile 260, which caused chan-
nel storage so that streamflow balances could not be
computed for the affected reaches.

14 Sources and Loads of Nutrients In the South Platte River, Colorado and Nebraska, 1994-95
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Streamflow-balance residuals were positive dur-
ing both synoptic samplings (fig. 8). Residuals gener-
ally were similar in April 1994 and January 1995. Near
Kersey, the median residual was about 3 [(ﬂ3/s)/mi].
Median residuals increased to about 15 [(ft}/s)/mi] just
downstream from Kersey and then generally decreased
in a downstream direction to about 1 [(fX*/s)/mi]. In
April 1994, residuals increased to about 6 [(ft3/s)/mi]
near North Platte. The residuals were consistent with
existing literature estimates for ground-water discharge
to the river (Hurr and others, 1975; Ruddy, 1984; Wind,
1994). The downstream variability in streamflow
residuals could be due to aquifer morphology and the
proximity ofirrigation canals, irrigation reservoirs, and
ground-water augmentation ponds to the river. These
large streamflow residuals indicated that the South
Platte River downstream from Kersey is essentially a
recycled river—a substantial part of the water that is
removed from the river for irrigation infiltrates into the
aquifer and eventually returns to the river. Surface
water diverted out of the river downstream from
Kersey during April 1994 (1,485 ft3/s) was replaced by
a similar amount of ground water discharged to the
river (1,430 ft'/s).

18 T T T

Nutrient-load balances also were calculated for
reaches of the river downstream from river mile 80.
Nitrate-load residuals generally were large, nitrite- and
organic-nitrogen-load residuals were small, and
ammonium-load residuals were small and negative.
Dividing load residuals, in pounds per day, by stream-
flow residuals, in cubic feet per second, provided a
residual concentration, in milligrams per liter, for com-
paring reaches; residual concentrations for nitrate and
ammonium during the April 1994 and January 1995
synoptic samplings are shown in figure 9. Near Kersey,
large positive residual concentrations for nitrate and
smaller negative residual concentrations for ammo-
nium were calculated. These residual concentrations
indicated that ammonium was being converted to
nitrate (nitrification). However, farther downstream
from Kersey, residual concentrations for ammonium
were small and residual concentrations for nitrate
remained large, which indicated that most of the
nitrate-load increases in this part of the river were due
to nitrate in ground water discharging to the river.
Nitrate concentrations in alluvial ground water along
the South Platte River were larger than the estimated
residual concentrations for nitrate (Breton W. Bruce,
U.S. Geological Survey, written commun., 1995), indi-
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the April 1994 and January 1995 synoptic samplings.

cating that denitrification of incoming ground water is
an important process throughout the length of the river.
Other USGS data (Peter B. McMahon, U.S. Geological
Survey, oral commun., 1995) indicated that denitrify-
ing bacteria removed from 15 to 30 percent of nitrate in
ground water as it moved from its source beneath agri-
cultural fields to where it discharged into the South
Platte River and that denitrification continued in the
river environment as surface water migrated in and out
of the riverbed sediments as the water traveled down-
stream.

Phosphorus-load residuals were small along the
river, which indicated that ground water was not an
important source of phosphorus to the river. Phospho-
rus concentrations generally were small in alluvial
ground water along the South Platte River—30 wells
sampled by the USGS as part of the NAWQA Program
had a medijan dissolved-phosphorus concentration of
0.05 mg/L (Breton W. Bruce, written commun., 1995).

Nutrient-load data from the April 1994 and
January 1995 synoptic samplings also were used to
estimate the proportional contribution to river nitrogen
loads from wastewater-treatment plants. For each
reach, measured contributions from wastewater-treat-
ment plants were accrued. Removal of water from the

river did not change the source proportion. Ground-
water nutrient input into a reach was assumed to consist
of nonpoint-source nitrogen and, therefore, was
assumed to decrease the wastewater-treatment-plant
proportion. Nitrogen loads in the river at Henderson
(fig. 10A) were almost entirely due to wastewater-
treatment-plant discharges. From Henderson to
Balzac, the wastewater-treatment-plant proportion
steadily decreased as water that was removed from the
river was replaced by ground water. About 60 mi
downstream from Denver (river mile 100), the propor-
tion of the nitrogen load attributable to wastewater-
treatment plants made up less than 50 percent of the
total nitrogen load in the river. Nitrogen loads from
wastewater-treatment plants remained in the river far-
ther downstream in January 1995 than in April 1994
because irrigation diversions between Henderson and
Kersey were smaller in January.

A second measure of wastewater-treatment-plant
contribution to river water is the concentration ratio of
nitrogen to phosphorus in the water. The concentration
ratio for effluent from wastewater-treatment plants in
the South Platte River Basin was 6, whereas the ratio
in nonpoint-source-dominated water generally is
greater than 10 (Sharpley and others, 1994). Based
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Figure 10. Measures of wastewater-treatment-plant contributions to river nutrient loads during the April 1994
and January 1995 synoptic samplings: A, mass-balance estimate of nitrogen-load source; and B, nitrogen/

phosphorus ratio.

on this measure, the river becomes nonpoint-source
dominated (fig. 10B) at about river mile 100, which
also is where nutrient-load-balance data indicated that
the proportion of wastewater-treatment-plant loads was
less than 50 percent.

SUMMARY

The South Platte River Basin was 1 of 20 river
basins selected in 1991 for investigation as part of
the U.S. Geological Survey’s National Water-Quality
Assessment Program. Nutrient concentrations in sur-
face water of the South Platte River are large compared
to concentrations in other NAWQA river basins.
Therefore, the source of nutrients to the surface-water

system is of particular interest in the South Platte River
Basin. This report presents estimates of the magnitude
of nutrient-source inputs to the South Platte River
Basin, describes nutrient concentrations and loads in
the South Platte River during different seasons, and pre-
sents comparisons of these inputs to estimated instream
nutrient loads.

The South Platte River Basin has a drainage area
ofabout 24,300 mi2. The South Platte River originates
in the mountains of central Colorado and flows about
450 mi northeast across the Great Plains to the conflu-
ence with the North Platte River at North Platte,
Nebraska. The South Platte alluvial-aquifer system,
located in the alluvial valley and benchlands of the
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South Platte River and its tributaries, is hydraulically
connected to the river and contributes substantially to
streamflow in the river.

Nutrient sources from urban land use include
wastewater-treatment-plant discharges and urban
fertilizer applications. Discharges from the 29 largest
wastewater-treatment plants in the basin were esti-
mated for 1993 to total 7,000 tons of nitrogen and
1,200 tons of phosphorus. Urban lawn fertilization
was estimated to total 7,000 tons of nitrogen per year
applied to the urban lands in the basin. A part of the
urban fertilizer input can reach strcams through storm
runoff or ground-water discharge; however, a previous
study indicated that storm runoff in the Denver,
Colorado, metropolitan area contributed only 5 percent
of the total instream nutrient load downstream from
Denver.

Nutrient sources from agricultural land use
primarily are through fertilizer and manure that
arc applied to fields and were estimated to be
226,000 tons/yr of nitrogen and 40,000 tons/yr of phos-
phorus for all counties in the South Platte River Basin.
Excess nutrients from these applications can be avail-
able in the soil and might be transported to strcams by
storm runoff or ground-water discharge. In an area
near Greeley, Colorado, previous studies have detected
elevated nitrate concentrations in ground water in agri-
cultural areas surrounding feedlots.

Atmospheric deposition was estimated to con-
tribute 66,000 tons of nitrogen to the basin annually.
About 70 percent of the atmospheric nitrogen input
occurs over the forested or rangeland parts of the basin.
However, previous studies have determined that
streams in forested and rangeland areas have signifi-
cantly smaller nitrogen concentrations than streams in
urban and agricultural land-use areas. These smaller
nitrogen concentrations indicated that large nutrient
concentrations in streams are more dependent on fertil-
izer, manure, and wastewater-treatment-plant inputs
than on atmospheric inputs.

To characterize nutrient concentrations and
loads in the South Plattc River during different seasons,
five nutrient synoptic samplings were conducted dur-
ing 1994 and 1995. Synoptic sampling occurred at a
total of 41 sites. April 1994 and January 1995 synoptic
samplings were designed to occur before and after the
irrigation season to enable calculation of mass balances
while minimizing the effect of irrigation inputs and
outputs. May, June, and August 1994 synoptic sam-

plings were designed to examine variability in nutrient
loads during the irrigation season.

Upstream from Denver during April 1994 and
January 1995, total nitrogen concentrations were less
than 2 mg/L, and total phosphorus concentrations were
less than 0.2 mg/L. The water in the river at this point
was derived mostly from forested land in the moun-
tains west of Denver. Total nutrient concentrations
increased through the Denver metropolitan area, and
concentration peaks occurred just downstream from
each of Denver’s largest wastewater-treatment plants
with maximum concentrations of 13.6 mg/L total nitro-
gen and 2.4 mg/L total phosphorus. Total nitrogen con-
centrations then decreased from Henderson, Colorado,
to Balzac, Colorado, except for a local peak near Ker-
sey, Colorado. Total phosphorus concentrations
decreased from Henderson to Balzac. From Balzac to
North Platte, Nebraska, nutrient concentrations varied
little. Dissolved nitrite plus nitrate was the predomi-
nant nitrogen species in the South Platte River.

Upstream from Denver during April 1994 and
January 1995, total nitrogen loads were less than
1,000 Ib/d, and total phosphorus loads were less than
125 Ib/d. Total nutrient loads increased through the
Denver metropolitan area, and load peaks occurred
just downstream from each of Denver’s largest
wastewater-treatment plants, with a maximum load
of 14,000 Ib/d total nitrogen and 2,300 1b/d total
phosphorus. In April 1994, nutrient loads generally
decreased from Henderson to North Platte. In January
1995, however, nutrient loads increased from Hender-
son to Kersey (maximum loads of 31,000 Ib/d total
nitrogen and 3,000 Ib/d total phosphorus), and then
decreased from Kersey to North Platte.

Nitrogen-load patterns had the same general
shape as the streamflow patterns, which indicated that
water inputs to the river had nitrogen concentrations
similar to nitrogen concentrations already in the river.
However, the composition of the nitrogen load in
the river changed from equal proportions of ammo-
nium and nitrate near Henderson to a nitrate-dominated
load at and downstream from Kersey. Phosphorus-
load patterns did not match streamflow patterns as
well, especially downstream from Kersey, where
phosphorus-load increases did not match streamflow
increases. This lack of increase indicated that water
inputs to the river had smaller phosphorus concentra-
tions than the concentrations already in the river.

Seasonal nutrient loads also primarily were
dependent on streamflow. Total nitrogen loads were
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largest in June 1994 and January 1995 when stream-
flows also were largest. During January, strcamflow
was moderately large, whereas nitrogen concentrations
were large. During June, streamflow was large,
whereas nitrogen concentrations were small, which
indicated that snowmelt runoff diluted the available
supply of nitrogen. Total phosphorus loads were
largest in June, when streamflow and phosphorus
concentrations were both large, which indicated an
additional source of phosphorus during snowmelt
runoff, most likely from overland runoff or resuspen-
sion of bed material. Streamflow in the South Platte
River was small in April and August 1994, and nutrient
loads also were small during these months.

The downstream pattern of nutrient loads did
not vary much between the five nutrient synoptic
samplings. Loads were large at Henderson, decreased
between Henderson and Kersey, and usually were
largest at Kersey. The magnitude of the decrease in
loads between Henderson and Kersey varied between
synoptic samplings and was dependent on the amount
of water removed by irrigation ditches. The median
nitrogen load at North Platte was 340 tons/yr, and the
median phosphorus load was 12 tons/yr. These annual
nutrient loads leaving the basin were very small com-
pared to the estimated total nutrient inputs to the basin.

Streamflow-balance and nutrient-load-balance
residuals were calculated by using the data collected
during the April 1994 and January 1995 synoptic sam-
plings. Near Kersey, streamflow-balance residuals
were about 3 [(ﬁ3/s)/mi]. Residuals increased to about
15 [(f}/s)/mi] just downstream from Kersey and then
generally decreased in a downstream direction to about
1 [(fY/s)/mi]. The large residuals indicated that the
South Platte River downstream from Kersey is essen-
tially a recycled river; a substantial part of the water
that is removed from the river for irrigation infiltrates
into the aquifer and eventually returns to the river. Sur-
face water diverted out of the river downstrcam from
Kersey during April 1994 (1,485 ft*/s) was replaced by
a similar amount of ground water discharged to the
river (1,430 ft¥/s).

For reaches on the South Platte River,
nitrate-load residuals were large, nitritc- and organic-
nitrogen-load residuals were small, and ammonium-
load residuals primarily were small and negative. Near
Kersey, large positive residual concentrations for
nitrate and smaller negative residual concentrations for
ammonium were calculated, which indicated that

ammonium was being converted to nitrate (nitrifica-
tion). However, farther downstream from Kersey,
residual concentrations of ammonium were small, and
residual concentrations of nitrate remained large,
which indicated that most of the nitrate-load increases
in this part of the river were due to nitrate in ground
water discharging to the river. Phosphorus-load resid-
uals were small along the river, which indicated that
ground water was not an important source of phospho-
rus to the river.

Nutrient-load data from the April 1994 and
January 1995 synoptic samplings also were used to
estimate the proportional contribution to river nitrogen
loads from wastewater-treatment plants. Nitrogen
loads in the river at Henderson were almost entirely
due to wastewater-treatment-plant discharges. From
Henderson to Balzac, the wastewater-treatment-plant
proportion steadily decreased as water that was
removed from the river was replaced by ground water.
About 60 mi downstream from Denver, the proportion
of the nitrogen load attributable to wastewater-treat-
ment plants made up less than 50 percent of the total
nitrogen load in the river. Nitrogen loads from waste-
water-treatment plants remained in the river farther
downstream in January 1995 than in April 1994
because irrigation diversions between Henderson and
Kersey were smaller in January.
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